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PREFACE 

This report examines the policy and research issue s bas ic to the 
relationship between new medical technology and the e ffic iency 
and e f fectiveness of the health care system . The National Re
search Council ' s  Committee on Technology and Health Care , orga
nized j o intly in 1976 by the As sembly o f  Engineering and the 
Institute of Medic ine , has assessed the process by which tech
nology finds its way into the heal th care system, ident i fying and 
analyz ing succe sses and failures in the process of technologi cal 
change . Ideal ly , the more e ffective and e f ficient technologies 
should be introduced quickly: others should not . The committee 
has attempted to determine the extent to wh ich these ideal re
sults actually do occur and , when they don ' t, why not . In our 
review of the evidence bearing on this question, we have identified 
areas where more research is needed . 

SCOPE AND LIMITATIONS 

The committee l imited its inquiry to an examination o f  " equipment
embodied technology , "  which is the equipment, procedure s, services , 
or systems that depend primari ly upon capital equipment . Fetal 
monitoring equipment , coronary care units, fiber-optic endoscopic 
procedures ,  and medical information systems, diverse though they 
are , all  fall  within the study ' s  purview . The study excluded 
other important technological innovations in health care, such as 
new therapeutic drugs or new surgical procedure s for whi ch par
ticular equipment was not required. 

As a first approximation of the is sues to be addressed, the 
committee identi fied a series of questions : 

v 
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• What is known about the re lationship of equipment-embodied 
technology to health care costs and social bene fits? Are there 
categories of such technology that are worth their cost and 
others that are not? 

• What factors determine the way decisions are made about the 
acceptance of new equipment-embodied technology into health care? 
Are there particular categories of technology that are l ikely to 
be adopted too rapidly and uncritically or too s lowly? To what 
extent do current public pol icies contribute to such problems? 

• How is information about the effectiveness and e fficiency of 
new technology developed and used? At what stage in the process 
of technical change i s  information generated? To what extent 
does the development and dissemination of information about med
ical technology need to be improved? 

From the outset the committee decided not to review the state of 
the art in developing particular k inds o f  medical technology nor 
did it attempt to identi fy significant opportunities for R&D of 
new technology--although the committee is  quite certa�n such a 
study could be useful to those federal agencies that are respon
s ible for supporting R&D activities . The committee did not ana
lyze the substantial number o f  is sues associated with biomedical 
research policy , such as the re lative merits of targeted versus 
untargeted investigations or of large grants over small grants , 
the continuity of research funding , the peer review of research 
proposals , and the organizational structure or process most con
duc ive to innovations in medical technology. These were ruled 
out for two reasons : The issues had j ust been considered by the 
President ' s  B iomedical Research Panel , and the time avai lable for 
the study of medical technology did not allow for expanding the 
scope of the committee ' s  work . 

The committee imposed several additional limitations upon it
self in recognition of the constraints of t ime and the absence of 
obj ective studies on certain topics. Thus , it did not deliberate 
the technical issues associated with deve loping equipment-embodied 
technology , including the need for trained technical manpower or for 
R&D settings in which the col laboration of medicine and engineer
ing can be most productive . *  It did not examine fully the influ
ence of the biomedical electronics and equipment industries on the 
process of techni cal change in health care� nor did it evaluate 
the extent to which the industry determines the directions of 

*One committee member, William Yamamoto , has taken exception 
the l imited scope of the study in this connection as well as 
of the implications of the conclusions and recommendations . 
dis senting view appears as Appendix A .  

to 
some 
His 
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development and distribution of new medical technology or simply 
responds to the demands and needs of the health care system, 
mainly because reliable data about the activities of equipment 
makers are virtually unattainable . Indeed , the committee assumed 
in its deliberations that new medical technology results largely 
from the demand expressed in the "market , "  which , in the case of 
the health care system , means physicians , hospitals ,  other provid
ers , and the public . Consequently , the committee assessed the 
nature of the market signals in some depth and not the extent to 
which the biomedical equipment industry may be a powerful force 
in creating a market for its products .  

Finally , the study did not deal with the issues o f  ethical and 
social choices now made possible by the availability of medical 
equipment to prolong l i fe or the financial costs of such technol
ogy on either the individual patient and the immediate family or 
the rest of society . Medical technology raises many fundamental 
questions about previously uncontrol led aspects of life. It pos
sesses an implicit power to redistribute wealth in the society and 
to confer bene fits upon some of the most underprivi leged . It en
dows health practitioners with new powers over l i fe and death . It 
creates new j obs and displaces old j obs . While the committee recog
nizes the differential impacts of technological change on society 
that medicine now possesses , such ethical and social questions 
have not been addressed in the study. The committee ' s  main focus 
has been on the costs and e ffectiveness of the process of techno
logical change , not on the equity of its consequences . 

METHODOLOGY 

The committee , cons isting of specialists in engineering , medicine , 
economics , soc iology , and health care administration , met four 
times to deliberate the issues , reach conclus ions , and develop a 
set of recommendations for policy and research that bear on medi
cal technology. In addition , the committee reviewed a series of 
study papers that it commiss ioned. Four of the papers were case 
studies of particular equipment-embodied technology . The other 
papers included an analysis of property r ights policies related 
to the introduction of new medical technology , an e xamination o f  
the impact o f  state and local regulations on medical technology , 
and an assessment of the economic cost of equipment-embodied tech
nology . While the commiss ioned papers provided one of its prin
cipal sources of information , the committee did not always accept 
or agree with their findings and conclusions . Some of the papers 
are included here ( Appendixes B-G) so that readers may have access 
to these otherwise unpublished documents . 
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The committee held an open meeting to collect the views o f  con
cerned citizens on the critical problems of technological change 
in the health care system. The publ ic ' s  views were the subj ect 
of another deliberative meeting by the committee. 

ORGANIZATION OF THE REPORT 

This report contains an introduction and summary , four subsequent 
chapters , and appendixes .  Chapter 2 reviews what is known about 
the economic costs of the various types of medical technology. 
Chapter 3 analyzes the adoption and use of new technology in the 
health care system, identi fying speci fic factors that may tend to 
either inhibit or encourage the process. Chapter 4 explores the 
policy options to deal with the problems in the adoption and use 
of medical innovations. Chapter 5 discusses the critical question 
of how evaluative information is generated and disseminated through
out the process of technological change and how that process can 
be improved. 

There are e ight appendixes to the report . Appendix A is the 
dissenting opinion of committee member Wil l iam s. Yamamoto. Ap
pendixes B through G are six commiss ioned papers to assist the com
mittee in its analys is of the pertinent issues and to provide case 
studies of particular technologies . Appendix H is a listing of 
individuals who attended the open meeting on the process of tech
nological change. 

ANOTHER WORD 

When this study was undertaken , the committee chairman was Jordan 
J. Baruch , Professor of Engineering and Business Administration 
at Dartmouth Col lege. Dr. Baruch and another original member , 
Karen Davis of the Brookings Institution , left the committee a 
few months afterward when they were appointed to positions in 
President Carter ' s  Administration. Three other members left the 
committee after partic ipating in its initial deliberations. They 
are Edward Burger , Clinical Assistant Professor at Georgetown Uni 
vers ity Medical Center ;  Alain G. Enthoven , the Marriner s. Eccles 
Professor of Public and Private Management at Stan ford University ; 
and Walter A. Rosenblith , Provost o f  the Mas sachusetts Institute 
of Technology. 

The committee is grate ful to these people for their incisive 
ideas in the early months of this study . 
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1 INTRODUCTION AND SUMMARY 

Medical technology has unquestionably advanced at a prodigious 
pace in the past 20 years , changing both the capability of Amer
i can medicine to detect and treat disease and the public ' s  expec
tations of medical care . The continued rapid growth in biomedical 
and related scientific knowledge is l ikely to stimulate further 
s igni ficant advances. 

Some new technology has reduced the cos t of providing health 
care , some has increased access to health care services , and some 
has measurably improved the outcome of medical care. In fact , in 
the recent past , several panel s  and committees , not unlike our own , 
were active ly deliberating on how the vast potential of the new 
medical technology could be tapped most e f fectively . For example ,  
in 1967 the National Academy of Engineering ' s  Committee on the In
terplay of Engineering with B iology and Medicine was established 
to " investigate how technology can contribute to the achievement 
of health care goals." 8 3  In 1972 , a conference sponsored by the 
Nat ional Institutes of Health explored factors underlying and 
particularly inhibiting the spread of new medical technology , 4 1  

and the National Center for Health Services Research and Develop
ment held a conference to cons ider priorities for deve lopment of 
health care technology for the 1980 ' s. 1 7  More recently , the Pres
ident ' s  B iomedical Research Pane l , as part of its major inquiry , 
investigated how the movement of research findings into practical 
use could be enhanced. 1 3 1 The problem of how to facilitate the 
transfer of new technology to the practice of medicine remains a 
maj or concern today. 

In the past 5 years more skeptical voices have been heard. 
Those who shape and influence national health pol icy have shown 
increas ing concern ove r the way in which new technology is 

1 
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developed and introduced into the health care system. New equip
ment , procedures , or systems appear to some to be introduced by 
hospitals and physi cians without knowledge of , or concern for , 
their relative effectiveness or e fficiency . Technology purport
edly follows its own imperative , eluding e f fective control by reg
ulatory or financing agencies . 9 6  Most important , new technology 
is accused of raising the cost of providing health care . Gaus,35 for 
one , has observed that: 

the long-term cumulative effect of adopting new health care 
technologies is a maj or cause of the large yearly increases 
in national health expenditures and in total Medicare and 
Medicaid benefit levels . 

Medical technology has clearly acquired a bad name in some c i r
cles . Whereas j ust 5 years ago it was held out as a major oppor
tunity for improvement in the cost and qual ity of , and access to , 
health care , today it represents to many a maj or cause of prob
lems in these areas. Increasingly , pol icies to assess , evalu
ate , or control the introduction of new technology on the federal 
and state levels have been suggested as cost-containment strate
gies . 36 , 96 , l 0 3 , l 37 Debates have occurred over the nation ' s  con
tinued ability to pay for new technology as it has in the past. 79 

These charges and recommendations merit further investigation . 
They were the starting point for the study reported here. But , 
upon reflection , it i s  clear that the source of the " technology 
problem , " if there is one , is not technology itsel f ,  but the be
havior of those who make decis ions about how , when , and where new 
health care technology will be introduced. This is , then , a re
port on the behavior of the health care system with respect to new 
equipment-embodied technology. 

As a guiding principle ,  new technology should be introduced 
into the practice of health care when its bene fits to society out
weigh its costs. We are aware , however ,  that early knowledge of 
the bene fits or costs of a new technology is often impossible to 
obtain at the time that decisions regarding its dissemination and 
use are fi rst made. Such decisions are always made in the face 
of great uncertainty , and hinds ight inevitably reveals mistakes. 
Our goal has been not to recommend ways to stamp out all such 
errors. That would be imposs ible. Rather , the committee has con
s idered the systematic forces that foster appropriate or inappro
priate decisions and has assessed the extent to which additional 
investment in information about the use fulne ss of new technology 
is warranted. 

Equipment-embodied health care technology can be classified ac 
cording to the funct ion it performs. In thi s  study we have found i� 
useful to distinguish three maj or kinds o f  health care technology: 
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• Clinical technology--that used in the provis ion of direct 
patient c are , including surgical and medical serv ices . 

• Ancillary technology--that used directly to support c lin
ical services , such as diagnostic radiology , radiation therapy , 
c l inical laboratory , anesthesiology , and respiratory therapy . 

• Coordina tive technology--that used to facilitate and sup
port the provision o f  health care services but not directly 
associated with patient care , including administration , trans
portation , and communication both within and among health care 
facil ities . 

Other health care technology , inc luding educational and research 
technology , have important functions , but they are not central 
to our study. 

These three major kinds of technology can be applied at any 
stage in the medical care process--prevention , diagnos is , treat
ment , or rehabi litation--and in any setting--hospitals , physi
c ians ' offices , c linics , or combinations of these. 

Figure 1 presents a typology of equipment-embodied technology 
categorized by function and stage in the medical care process. 
It includes example s of particular technology for each category. 
Such examples illustrate the broad range of equipment and 
equipment-embodied techniques , procedures , and systems that con
cern the committee. Moreover , the typology serves as a use ful 
tool for analyzing problems in the process of technological 
change. Technologies in particular categories are likely to be 
subj ect to similar problems associated with their development and 
di ffus ion . For example , surgical technologies delivered in hos
pitals are l ikely to fol low paths of development and diffusion 
that are quite di fferent from diagnostic anci llary services pro
vided in the phys ician ' s  of fice. The motivations and obj ectives 
of decis ion makers along the way are likely to be quite di fferent 
from one another , as are the organizational , financial , and reg
ulatory environments af fecting technologies in these categories . 
Thus , it may be possible to determine which forms of technology 
require particular policy solutions . 

THE PROCESS OF TECHNICAL CHANGE 

Technical change is a dynamic process for developing and adopting 
new methods in health care services. The process of technical 
change involves decis ions that result in the application of new 
medical technology or new combinations of existing technology. 
Such decisions are made by many individuals and institutions. De
cisions at any point in the process influence the resulting pat
tern of technical change not only for a particular technology but 
also for related technologies . 
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COORDINATING SERVICES Computerized health care information sylteml 
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EDUCATION 
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RESEARCH Epidemiological Clinical 
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�----

FIGURE 1 Functional classification of equipment-embodied technology for health care (with 
selected examples ) . 
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research development practice 

\ 
Development Abandonment 

Diffusion 

F IGURE 2 The process of technological change in health care . Adapted 
from u. s. Congress , Off ice of Technology Assessment , Development of 
Medi cal Technology (Washington , D . C . : u. s. Government Printing Office ) . 
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Although the process of technological change is complicated 
and iterative , two general stages can be considered separate ly-
development and diffusion . Development re fers to activities 
directly or indirectly intended to produce new capabilities or 
alter the characteristics o f  an existing technology . Diffusion 
i s  the application of a new technology in the provision of health 
services . Figure 2 presents a s impli fied model of development 
and diffusion as if they occurred in chronological sequence , when 
in fact the process of di f fusion often reveals that a technology 
needs further development , and dif fus ion may sometimes parallel 
the development o f  a new technology . The two stages in the pro
cess are described more fully below . 

Development of Equipment-Embodi ed Technology 

The development of equipment-embodied technology re fers to cre
ative activities culminating in new technical capabi l ities . The 
development o f  such technology requires a unique blending of clin
i cal , b iomedical , and engineering talent in varied proportions ,  de
pending upon the particular application . According ly , development 
takes place in a number of settings , including university medical 
centers , physicians ' o f fices , independent research and development 
laboratories , and commercial manufacturing firms . It is impos s ible 
to generalize , therefore , about who develops new technology and 
where the ideas come from . Following the typology of such tech
nology presented in Figure 1 ,  the development of clinical technol
ogy would fol low quite di fferent pathways from the development of 
ancillary diagnostic technology . For instance , surgical technol 
ogies are often developed within the medical care system , most 
commonly in the academic medical centers . By contrast , new lab
oratory tests are probably developed more frequently in indepen
dent research laboratories , where the need to combine the research 
and development with direct patient care is not so apparent . 

Little i s  known about the magnitude of R&D efforts in the 
various settings in which development takes place or about the 
relative contributions of the government and the private sector 
to development . Although data are available on government and 
private funding of research and development as a whole , it is im
possible to separate work on equipment-embodied technology from 
other scienti fic or biomedical technology. There is also a dearth 
o f  information on how much equipment-embodied medical technology 
emerges from the upgrading or reworking of existing technology 
that has been developed in other industries. Certainly , the use 
of d igital computers and nuclear medicine , which have wrought a 
revolution in health care , came in large part from developments 
wholly outside the f ield of medicine. 
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All types o f  equipment-embodied technology require the develop
ment of a prototype at some po int to demonstrate the technical 
feas ibility of the concept . Even systems combining existing 
equipment , such as special care units and computer-based med ical 
information systems , require a field demonstration to determine 
if certain obj ectives wi ll be met when the components are brought 
together in a specific configuration . Once medical equipment 
moves beyond thi s  experimental stage into more general use , dif
fusion begins . 

The d i f ficulty o f  tracing the general pattern of deve lopment 
of technology through its several stages is nowhere better i l lus
trated than by the history of automated drug infusion , the use of 
a computer to administer medications to patients in appropriate 
doses .  The application of this technology has fol lowed a complex 
and intricate set of events that have been as much influenced by 
individuals as by forces of the marketplace. In fac t , it i s  di f
ficult to identify any innovative breakthrough as a clear begin
ning o f  the use o f  the technique . No c linical trials to test the 
value o f  automated drug infusion have been conducted , and , indeed , 
the technique has not yet been firmly established in health care 
delivery. 

The concept of automated drug in fus ion emerged from e f forts to 
delive r  cancer chemotherapy at decentralized faci l ities. Pumps 
appropriate for thi s  purpose were adapted from science laboratories.  
S imultaneously , wide interest in the adaptation of digital com
puters to phys iological monitoring and record keeping in intensive 
care was being fostered by Dr.  Homer Warner and his colleagues . 
In 1969 , the National Center for Health Services Research and De
ve lopment , which had supported Warner ' s early work , provided funds 
for four demonstration proj ects for the application of computer
ized princ iples in intensive care. The proj ects , cal led "Medlab" 
demonstrations , were eventual ly phased out as a result of an un
favorable evaluation. But in one of the demonstrations , at the 
University of Alabama , the computer aspects of the system had been 
applied in cardiac surgery. One component o f  the Alabama system 
was the use of fluids infusion under closed- loop control . As a 
result o f  this experience , the University of North Caro l ina and 
the University of Pennsylvania , where s imi lar clinical components 
had been deve loped , sought the comme rcial manufacture o f  computer
driven infus ion systems for postsurgical patients. Roche Bioelec
tronics undertook to produce such units with the expectation that 
a much larger market existed for other uses. 

The technical concept of the c losed- loop control of medication 
has appeared in other contexts as well , such as automated anesthe
s iology . The starts have all been fitful , due large ly to tech
nical problems , but it seems a durable idea that may someday form 
the basis of a line of commercial products. Microprocessors may 
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be the missing element that wil l  provide the standardization and 
re liability that allow insertion or substitution of one subsys
tem for another . 

In any event , prior to the actual marketing of a developed 
technology , a long period of custom design sometimes takes place . 
This period i s  often influenced by the individual s who work with 
the technology along the way . Alabama ' s  success with fluids in
fus ion is as much a result of the lead surgeon ' s  ability to as
sociate with cardiologists and to inspire hi s staff to dedicated 
performance as it is to the technology itsel f .  

The transition from development to di f fusion depends largely 
upon the successful commercialization of an equipment-embodied 
technology . Commercialization begins with an organization or 
individual willing to manu facture and market the equipment . The 
closer an idea is to the market , and the more certain the market 
for the technology , the more likely that success ful commercial
ization wil l  take place . As the case o f  automated drug infusion 
i llustrates , commerc ial manufacturing firms may enter very late , 
often after a success ful prototype has been developed . By contrast , 
there are many other instances of technology developed from scratch 
by commercial firms . 

Di ffusion of New Equipment -Embodi ed Technology 

The di ffusion process for new medical equipment is often expressed 
as the number of health care providers adopting a new technology 
as a function of the time or distance from its first availability 
on the market . Studies of the diffusion of technology usually 
attempt to explain it on the basi s  of characteristics of the tech
nology , the adopters , or the environment or conditions facing the 
adopters . 

The decision to adopt a new technology is c losely related , but 
not identical to , the actual use of the new technology . Indeed , 
for much equipment-embodied technology , the two actions may be in
dependent . Because the adoption of such technology requires capi
tal expendi tures , the determination of whether and when a provider 
has adopted a new technology is general ly figured from the time 
that money has been committed to the acquisition of the equipment . 
Stil l , the act of adopting each new piece of equipment does not 
guarantee its use .  The decision to use such technology i s  made 
most frequently by health care practitioners . Thus , the acquis i
tion , or adoption , o f  an automated cl inical chemi stry analyzer by 
a hospital laboratory may be the decis ion of the hospital adminis
trator , but the use i s  determined by the ordering phys icians . 

In some instances adoption and use are synonymous , as with med
ical information or communications systems . Here the installation 
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implies util ization. The services provided by such technologies 
cannot be broken down into discrete units of uti lization. 

The process of diffusion of new medical technology l ies at 
the heart of the process of technological change . The potential 
adopters o f  any technology represent its "market . "  The speed and 
ultimate level of diffusion among providers of health care dic
tate the rewards to developers and marketers of the technology. 
Although developers and marketers can and do influence individua1 
adoption decisions , the ultimate success or fai lure of a technol
ogy to di ffuse rapidly and thoroughly to the user community is a 
function o f  the health care community ' s  characteristics , includ
ing the payment system . 

The Management of Techni cal Change 

The development and diffusion of new equipment-embodied technol
ogy are everywhere influenced and shaped by public and quasi
public policies , some expressly designed to faci litate or control 
the process and others with unintended consequences. Taken to
gether ,  the polic ies help to form the environment within which 
deve lopment and diffusion occur. The environment provides the 
setting for the management of technical change . Although the 
term "management " connotes active intervention in the process o f  
technical change , public management policy also can imply an ab
sence of control . 

The management environment in which technical change occurs 
has an enormous influence on the e fficiency of the process . Pub
lic management policies that are intended to directly affect the 
process fall into three general categories : ( a ) funding policies 
designed to promote or subsidize particular activities , such as 
development proj ects or purchase of new equipment by providers� 
(b) control policies that are intended to directly intervene or 
regulate"dec is ions regarding development or di f fusion� and ( c )  
facilitating policies that are intended to enhance the e f ficiency 
of decis ions by providing information relevant to development or 
diffus ion or protective policies such as patents. 

Other policies may indirectly and unintentionally affect the 
process o f  technical change. These are also part of the manage
ment environment . Thus , health care reimbursement policies and 
facility licensure programs have been developed for reasons wholly 
unrelated to technical change . Yet they each may have a powerful 
influence on patterns of development and diffusion . 

Copyright © National Academy of Sciences. All rights reserved.

Medical Technology and the Health Care System: A Study of the Diffusion of Equipment-Embodied Technology
http://www.nap.edu/catalog.php?record_id=18439

http://www.nap.edu/catalog.php?record_id=18439


11 

The term "technology transfer" has been def ined and inter
preted in various ways . *  Within the context of the management of 
technical change , technology transfer refers to a particular sub
set of management po l icies that are intended to facil itate the 
transition of good ideas and technologies from development stage 
to diffusion . Technology transfer encompasses the dissemination 
of information to physicians about promising innovations and 
patent policies. In later chapters ,  publ ic management policies 
that fit within thi s  definition of technology transfer wi ll be 
evaluated , although the polic ies wil l  not be identified as such , 
because technology transfer i s  a special case within the array 
o f  management alternatives that are available to influence the 
process of technical change . 

SUMMARY OF FINDINGS AND RECOMMENDATIONS 

Recommendations for additional research are inc luded in the body 
of the report and are italicized throughout the report for each 
re ferenc e .  This section summarizes our major policy findings and 
recommendations . 

Finding 

In general , equipment-embodied technology used in hospital , c l in
ical , and anci llary services is subj ect to strong pressures for 
adoption and use , whereas coordinative technology , such as medi-
cal in formation systems or emergency medical communications sys
tems , faces pressures against adoption and use . In fact , all 
equipment-embodied technology that must be applied across insti
tutions suffers from barr iers to adoption and use. In addition , 

*Some de finitions o f  technology trans fer inc lude : 

1 .  "The process o f  col lection , documentation , and succes s ful 
dissemination of scientific and technical information to a re
ceiver through a number of mechanisms , both formal and informal , 
passive and active . "8lt 

2 .  "The process through which government research and technol
ogy i s  transformed into processes , products , or services that can 
be applied to actual or potential public or private needs . " 1 2 9 

3 . "The movement of new product and process ideas from seller 
(usual ly an inventor , university, or research institute ) to buyer 
(an industrial organization or company ) . " 27 
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preventive technology , particularly mass screening , whose ben
e fits can be ful ly realized only when prevention is integrated 
with treatment and fol low-up , is also subj ect to barriers to adop
tion and use . 

A maj or factor affecting the adoption and use of new equipment
embodied technology is the prevail ing methods of reimburs ing pro
viders for health services. The current provider reimbursement 
methods create improper incentives for the adoption of new tech
nology . Cl inical and anci llary technology , particularly that ap
plied in hospitals , is encouraged by the reimbursement system. 
Coordinative and preventive technology is discouraged. 

1 .  Recommenda tion The prevailing methods of reimburs ing pro
viders for health care services should be revised to promote ap
propriate incentives with respect to the adoption and use of 
equipment-embodied technology. Because reimbursement pol icy is 
central to all aspects o f  containing health care costs and 
d irectly af fects the redistribution of wealth and income , the 
precise avenues of reimbursement reform must be chosen in a 
larger context . Prospective reimbursement of hospitals and the 
capitation method of payment are especially promising in alter
ing incentives to adopt and use new equipment-embodied tech
nology . 

2 .  Recommenda tion Public subs idy may wel l  be warranted for 
the development of coordinative technology , such as medical in
formation systems and emergency medical technology , as wel l  as 
for preventive technology . 

I f  these recommendations are implemented , health care organ
izations wi l l  have to consider the bene fits and costs of adopting 
new technology and us ing existing technology in the presence of 
l imited resources . This wi ll undoubtedly result in more e ffec
tive institutional and regional planning of service delivery . 

In addition , the support of development e fforts wi l l  encourage 
the further development of coordinative and preventive technology 
and bring them closer to a point of market viability .  

Finding 

Current methods for evaluating new equipment-embodied techno l 
ogy are inadequate because they are neither timely nor coordinated . 
Moreover, they do not consider economic criteria . 

3 .  Recommendation A mechanism for evaluating and reporting 
on the performance, costs, and bene fits of equipment-embodied 
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(and perhaps other) technology should be developed. A national 
coordinating body should be established to: 

• Identify the need for evaluative information on equipment
embodied (and perhaps other ) technology . 

• Fund planning and evaluation studies where existing fund
ing programs are not adequate . 

• Col lect and disseminate available information regarding 
new and exi sting technology to users . 

• Encourage and foster national and international efforts 
to standardize equipment-embodied technology to achieve economy 
of equipment design , safety , and comparabil ity of data . 

• Conduct and sponsor research into methodologies for evalu
ating medical technology. 

• Coordinate evaluative programs of federal agencies . 

I f  thi s  recommendation i s  accepted , deci sions regarding the 
adoption and use of new equipment-embodied technology wi l l  be 
based on better information , regardless of the management policies 
adopted .  

Finding 

The process by which new equipment-embOdied technology is de
veloped and introduced into the health care system is already 
greatly affected by myriad regulatory programs at federal , state , 
and local l evels . These regulations are costly , administratively 
burdensome , duplicative , and o ften confl i cting . They affect every 
point in the process of technical change . 

4 .  Recommenda tion Solutions to the problems of adoption and 
use of new equipment-embodied technology should be evaluated in 
terms o f  their regulatory burden . In the committee ' s  view , poli
cies that alter incentives without the need for detailed regula
tion are pre ferable to policies based on new or additional 
regulation . In addition , the existing regulatory structure could 
be improved at all leve ls of government .  Regulatory programs in
fluencing the introduction of new medical technology should be 
reexamined c losely with the goal o f  re lieving the system of unco
ordinated , duplicative , or confl icting regulatory processes. 
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2 ECONOMIC COSTS 

Questions have been raised about the rel ationship between medical 
technology , particul arly equipment-embodied technology , and the 
cost of health care . Technology has been identi fied as a major 
cause of increas ing health care expenditures , 35 with the implica
tion that controlling new technology is required to contain health 
care costs . The committee bel ieves that the full economic impact 
of changes in medical technology can be assessed only by compar
ing resulting changes in health care costs with net social bene
fits . Such bene fits may be measured in terms of decreasing rates 
o f  mortal ity and morbidity and improving quality of l i fe .  Studies 
of the impact of different c lasses of medical technology on hospi
tal or health care expenditures alone i gnore such bene fits , but 
they do indicate the kinds of technology l ikely to increase costs 
(that is , to lead to increases in total per-capita health care 
outlays ) and the need o f  demonstration of improved patient bene
fits . Consequently , the committee has assessed the evidence on 
the relationship between medical technology (particularly 
equipment-embodied technology) and health care expenditures ,  as 
wel l  as the evidence relating these costs to the social benefits 
that may follow .  

CONCEPTS OF ECONOMIC COSTS 

The economic cost of new technology can be measured at three 
levels : 

• Di rect costs associa ted wi th the opera tion and use of tech
nology. These inc lude the capital costs assoc iated with the pur
chase or lease of equipment and the related facilities neces sary 

14 
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to use the technology , as wel l  as the direct costs of operating 
the equipment and faci l ities . Direct cost estimates are o ften 
made for a speci fic technology or class of technology in order to 
determine the burden on payers . An example is an estimate by 
Neuhauser and Jonsson that coronary bypass surgery , if performed 
on 700 , 000 patients annually , as predicted by some experts , could 
cost in excess of $5 b i l l ion per year . BB 

• Indi rect heal th care costs or savings . Pitted against the 
direct costs of operating a technology are the additional costs 
or savings ( negative costs) resulting from changes or substitution 
in the del ivery of other medical services . The costs of a length
ened hospital stay due to the use of a new procedure would be in 
this category . S imi larly , savings from the substitution of a new 
technology for more costly technology that previously performed 
the same tasks would also be considered indirect. 

• Social costs or benefi ts .  The measurement o f  al l costs as
sociated with a new technology , including direct and indirect 
health care costs , as well as costs accruing outside of the health 
care system , represents the highest level o f  measurement . In
creases in productivity , reduction in pain , improvement in the 
qual ity of l i fe ,  and increases in l i fe spans are benefits ( or nega
tive costs ) , although assign ing dol lar values to such benefits i s  
difficult . Changes in the risk of morbidity or mortality result
ing from new technology also need to be included in the social 
cost or bene fit calculation . 

Research and development costs are not included here in the 
measurement o f  the economic costs of new technology for two rea
sons: ( a )  a large part of the research and development of 
equipment-embodi ed technology occurs in industrial settings , where , 
it is assumed , costs wil l  be reflected in the price of the resulting 
equipment� and ( b )  it is virtually impos sible to assign research 
and deve lopment costs funded by the government to particular 
c lasses of technology . 

THE DIRECT COSTS OF EQUIPMENT-EMBODIED TECHNOLOGY 

There is no question that the use of medical equipment in provid
ing health care services has increased dramatically over the past 
5 years alone . Total domestic shipments of x-ray apparatus and 
electromedical devices increased from $ 444 million in 1972 to an 
estimated $ 1 . 3 billion in 1977 , an annual growth rate of about 24 
percent over the past 5 years . 1 2 2  Predi ctions for 1978 are that 
the industry wi ll sell $1 . 6  b i l l ion of this sophisticated medical 
equipment , an increase of 20 percent over 1977. 1 2 2  Alone , this 
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trend is not revealing , for the increase in equipment purchases 
could be substituting for expens ive labor and might actually be 
moderating the rate of increase in health care expenditures .  
More analysis is needed to determine the total direct costs of 
all this equipment . 

Only one study has attempted to measure the direct contribu
tion of equipment-embodied technology to increases in health care 
costs . That study , by Cromwell et a1 . , 1 9 estimated the direct con
tribution of equipment to changes in the level of hospital costs 
in 15 Bos ton hospitals . In a 10-year period ( 1965- 7 5 ) , Cromwel l  
and h i s  col leagues found , total capital equipment expenditures 
in these hospitals rose by 2 3  percent , accounting for 9 percent 
of the total annual increase in hospital costs in the 10-year 
study period . Moreover , in a paper commissioned by this  commit
tee , Warner extended the estimate by inc luding the costs of com
plementary inputs associated with the operation of equipment and 
estimated that "on average the operating ( variable )  costs associ
ated with capital-embodied technologies at least equal , and prob
ably exceed by a factor of 2 or 3 ,  the capital costs " ( see Append i x  
G) . There fore , equipment ma y  have accounted for 17 t o  34 percent 
of the total increase in hospital costs in recent years . Warner 
pointed out the problem of using a sample of 15 Boston-area hospi
tals as a bas is for a national estimate , especially because such 
hospitals have heavy teaching respons ibi l ities and serve as re
gional re ferral centers . The estimate would the re fore need to be 
revised downward . 

The rising equipment expenditures documented by Warner include 
not only the costs of new or updated technology , but also the costs 
of buying additional units of existing equipment in response to 
increased demand for hospital services and beds during the study 
period . Furthermore ,  some o f  the new or updated technology adopted 
by the hospitals during the study period may have replaced inputs 
in other categories ( such as labor ) . Nevertheless , the estimates 
by Cromwell and Warner are the only reasonable attempts to measure 
the total direct costs of equipment-embodied technology . 

Much of the circumstantial evidence l inking equipment-embodied 
technology to increased hospital and health care costs is based 
on recent studies of the increased input intensity in the provi
s ion of health care services .  In 19 72 , Waldman 133 estimated that 
increases in real inputs ( labor and material ) accounted for 50 per
cent of the annual changes in per diem hospital costs between 19 5 1  
and 1970 . Similar findings by Worthington143 and , most recently , 
Feldstein and Taylor2 9  have demonstrated the changing nature of 
hospital services .  Feldstein and Taylor found that about 75 per
cent of  the rise in hospital costs relative to the general economy 
can be attributed to increases in labor and nonlabor inputs per 
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patient day.29 Increasing intensity of care as measured by in

creasing inputs cannot be assumed to be synonymous with changes 

in technology. However, Waldman133 implies that it is, and more 

recent analysts--such as Gaus and Cooper36--have even labeled the 

increases in input intensity as the "technology factor." This 

label is misleading; as Warner has observed, "the only conclu

sions warranted by these data is a tautological restatement of 

what was calculated: half of hospital cost increases has been 

due to unit price increases; the other half represents increases 
in the quantities of inputs" (see Appendix G). 

Further evidence about the nature of the increasing intensity 

of services provided in the hospital has been offered by Redisch,99 

who found that approximately 40 percent of the rise in hospital 

operating costs per admission results from increased use of nine 
ancillary services, most under the control of physicians. Such 

services include pathology tests, nuclear medicine procedures, 
anesthesiology, pharmacy items, lab tests, radiological proce

dures, therapeutic x-ray, and blood bank units. More than any other 

medical care services, these ancillary services are equipment

intensive. Of course, the increasing use of these types of ser

vices may be as much a function of increasing demand as it is a 

function of technological change in the services. Neither Redisch 
nor any other student of the problem has attempted to analyze the 

various causes of utilization increases. 

THE IMPACT OF MEDICAL TECHNOLOGY ON TOTAL HEALTH CARE COSTS 

Several studies have attempted to measure the total impact of medi

cal technology on health care expenditure increases using a resid

ual approach. These studies attempt to account for all other 

sources of health care expenditure increase, and the unexplained 

residual of changes over time is assumed to measure the effects of 

technological change. 
In a study of the impact of new technology on the costs of hos

pital care, Davis21 used data from approximately 200 nonprofit 

hospitals for the period 1962-68 . She found that when effects of 

demand and supply variables had been determined, 38 percent of 

the annual increase in hospital expenses per admission remained 
unaccounted for. This residual represented a 2 percent annual in

crease in hospital expenses per admission and was attributed to 
technological change. 

The residual in Davis's study cannot be assumed, however, to 

represent only the effects of technological change. Other gradual 

changes in behavior over time, which were not represented by ex

plicit variables in her model, could contribute to the residual 

increase in costs. Changing attitudes about hospital care and 
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improved methods o f  ambulatory care are examples of other possib l e  
contributing factors . Davis suggests that a t  least the residual 
provides an upper limit for the effects of technological change . 
This is not the case , however . Unknown factors affecting the re
sidual could decrease costs over time and thus mask some of the 
e ffects of technological change . The residual in her model could 

therefore underestimate cost increases precipitated by techno
logical change . Davis ' s  approach is further l imited in its applica
bil ity to this study in that it does not differentiate between the 
e f fects of equipment-embodied technology and those of other tech
nology . 

Several investigators have used the residual approach to esti
mate the impact of biomedical advances on total medical care cost s . 
Mushkin et al .B2 analyzed the total . impact o f  biomedical research 
and technology on health expenditures between 19 30 and 1975 . Bio
medical research and technological change were estimated to cause 
annual reductions in total health expenditures of 0 . 5  percent . 
This compares favorably with a 20-year study by Fuchs , 3 2 which 
found that technological change had a pos itive residual effect on 
total health care expenditures of 0 . 6  percent annual ly between 194 7 
and 1967 . The difference in these two studies may be attributable 
to di fferences in the periods and in the factors examined . 

Again, the residual approach employed in these studies has some 
major l imitations . These long-term longitudinal studies include 
the effects on the cost of medical care of the s ignificant advances 
in the treatment of communicable diseases during the period under 
study . They also include the net effect of shifting disease pat
terns of the population . Thus , the relatively favorable outcome 
with respect to the role of technology and biomedical research over 
the entire study per iod obscures the e ffects of more recent changes 
in technology . Moreover , both Mushkin and Fuchs are concerned 
with technological change in its ful lest sense ; the impact of 
equipment-embodied technology cannot be separated from that of 
drugs , procedures ,  and other technology in these studies . 

Scitovsky and McCall l 0 9 have analyzed the changes in costs of 
medical care associated with selected illnesses . The net increase 
in the average cost of treatment of an episode of illness from 1964 
to 1971 was calculated for eight conditions--otitis media , foreann 
fracture , appendicitis , maternity care , cancer of the breast , pneu
monia , duodenal ulcer , and myocardial infarction . In almost every 
instance , there were both cost-raising and cost-saving changes in 
treatment . However , Sc itovsky and McCal l  note that " the costs of 

treatment of conditions requiring hospitalization rose at a con
siderably faster rate than those of conditions treated on an ambu
latory basis . " 1 0 9 Among the factors leading to higher costs were 
shifts to more expensive drugs , increases in the number of lab
oratory tests per case , and more miscellaneous inpatient and 
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output patient services . The most dramatic cost increases oc
curred in the treatment of myocardial infarction . Such changes 
were traced principally to the increasing use of intensive care 
units . Thus , treatment cost increases were found to arise pri
marily from a shift in the setting of care within the hospital from 
less specialized to more specialized units . Unfortunately , only 
a few conditions were studied , and trends detected in this small 
sample of conditions cannot be assumed representative of all con
ditions . Therefore , the results of the analysis cannot be used 
to identify net e f fects of technological change on total health 
care expenditures . 

THE SOCIAL BENEFITS AND COSTS OF NEW MEDICAL TECHNOLOGY 

While the application of bene fit-cost analysis to health programs 
has a long history , 6 8 the committee is aware o f  only one study 
that has attempted to measure the " social " costs of a broad clas s 
of technological advances . This study , conducted by the American 
College of Surgeons , 4 estimated the net contribution of research 
in surgery to medical and social costs . Using the life-cycle 
earnings approach to valuing changes in morbidity and mortality , 
the study found that the most significant research contributions 
had resulted in a net saving of $2 . 8  bi llion for the year 1970 , 
an impressive saving on its face . However ,  the study deals only 
with selected successful surgical advances , and the results are 
therefore biased . The study methodology el iminated from consider
ation surgical advances that have been considered marginal and 
even dangerous to the health of patients . I t  is likely that had 
these advances been included in the study , their net social costs 
would have partially or total ly offset the net social savings re
sulting from the success ful advances studied . 

Study of the economics of equipment-embodied technology ulti
mately rests on analysis o f  specific procedures or equipment whose 
costs have been weighed against their benefits . Even in cases 
where the bene fits are l i fe-saving , as in renal dialysis , program 
costs can seem staggering from a social perspective . The costs 
of the End Stage Renal Disease Program have exceeded all expecta
tions . 1 0 1 Computed tomographic ( CT) scanning is frequently cited 
as a technology whose direct costs will far outweigh the indirect 
savings and social bene fits that wi ll derive , although this hypoth
esis is based largely on conj ecture at this point . a In a case 
study of gastric freezing (Appendix D) , F ineberg has shown that 
direct costs for the purchase of the freezing equipment amounted 
to approximately $ 500 , 000 over a 2- to 4-year period . This , plus 
the fees for the surgery that used the new technology were largely 
wasted , because the procedure was found to be of dubious value to 
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patients . For additional instances , see  Russell and Burke , 1 0 5 

who have shown large expenditures for uncertain , unproven , or 
disproved equipment technologies . But other case studies show 
savings that are attributable to the introduction of spec i fic new 
equipment-embodied technology . In Appendix B of this report , 
Col len shows that net savings to the health care system would ac
crue from a yearly program of mammography screening for breast 
cancer among women aged 50 and over provided that each test could 
be per formed at a cost o f  $ 14 or less . Collen infers that phy
s icians , consumers , and third-party payers should consider this 
opportunity ser iousl y .  

THE DISTRIBUTION OF COSTS AN D  BENEFITS OF 
NEW EQUIPlo!ENT-EMBODIED TECHNOLOGY 

Who bene fits from and who pays for changes in equipment-embodied 
techno logy? It is wel l  known and to be expected that health care 
resources are disproportionately devoted to the seriously ill . 
For example , in 197 5 , over 55 percent of spending for acute medi 
cal services in the United States was on behal f of j ust 4 percent 
of the patient population . l 1 4 Intensive care and coronary care 
beds totaled 5 percent of al l short-stay hospital beds in the 
United States in 197 5 , but approximately 15 percent of hospital 
costs in that year were attributed to intens ive care (Appendix G) • 

More important than this concentration of resources per se is  
whether it has been intens i fying over time . The evidence points 
to a slow but steady increase in the concentration of resources on 
those who are most seriously i l l . Hospital care expenditures rep
resent an increas ing proportion of total personal health care ex
penditures ( up from 39 percent in 1965 to 46 percent in 197638 ) ,  
while patient days per thousand population have remained fairly 
constant . This trend is only partially accounted for by the aging 
of the populat ion . Part of the increase must be attributed to 
changes in prices of hospital inputs and intens ity of  health ser
vices del ivered in the hospital setting re lative to those del ivered 
in other settings . ·  

Trapnell and McFadden 1 1 4 have studied the distribution of an
nual expenditures for insured health care services between 1965 
and 1975 in a large group health insurance plan . They found that 
" there is a s igni ficant but smal l trend toward increas ing con
centration of spending on those with the highest expenditures . " * 

*The trend is probably understated because the spending analys i s  
was based upon hospital charges, wh ich do not accurately reflect 
the cost o f  providing individual services . It is o ften asserted 
that certain technology- intens ive services such as special care 
units are subs idized by other hospital services . Hel l inger 53 has 
shown that charges are often manipulated to maximize hospital 
revenue from Medicare . 
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In a recent study of the benefits of critical care rendered 
in intens ive care units ( ICU ' s ) , CUllen et a1 . 2 0 found that 27  
percent o f  the patients in a wel l-run unit survive only 1 year , 
resulting in a per-survivor cost of $ 5 2 , 000 , and only 12 percent 
are restored to ful l  function after 1 year . The per-survivor 
cost is calculated on the assumption that the ICU was a neces
sary condition for survival . I f  some patients would have sur
vived without the benefit of intensive care , the cost would have 
to be adj usted upward . Of course , the application of technology 
to serious and li fe-threatening problems provides a measure o f  
hope to al l patients , including those who do not survive . By 
increas ing probabilities of survival ( i f only marginal ly) , this 
equipment-embodied technology does provide some valuable bene fits 
to all patients . 

The question reduces to one of wil lingness to pay for these 
bene fits . According to CUl len , "Quite properly , those responsible 
for advancing medical frontiers do not cons ider the financial im
pact o f  providing increasingly cos tly , high qual ity intensive care 
on a large scale . Yet , economically , these costs are becoming in
tolerable and wil l  be self-l imiting in yet undetermined ways . "  

CONCLUS IONS 

As purchases of capital equipment by hospitals have increased , the 
direct cost of hospital care al so has risen . But no evidence 
exists to compare the increase in hospital costs with the savings 
to the health care system that come from the increased use of equip
ment or with the bene fits to society . The evidence does show that 
this application of medical technology as a whole ( including drugs 
and procedures as well as equipment) probably has not increased 
hospital or total health care costs substantially . But noth ing 
can be said about the contribution of the equipment-embodied com
ponent of medical technology to total health care costs . In fact , 
costs o f  equipment-embodied technology could be offsetting savings 
from other technological advances , including new drugs , procedures ,  
o r  methods for organiz ing health care del ivery . 

There is evidence that hospital resources are increasingly con
centrated on the care of a smal ler proportion of patients--those 
requiring critical or special ized care . Although critical care 
implies the intens ive application of labor as wel l  as equipment , 
it is obvious that critical care and special ized care units are 
equipment- intensive relative to unspec ial ized hospital beds . 
Today ' s  increasing al location of health care resources to the 
care o f  fewer patients is a trend whose ultimate bene fits are 
largely unknown . 
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Health care financing policies have encouraged the increased 
emphas is on critical care medicine . The Health Insurance Insti
tute 5 1 recently documented the rapid increase in dollar limita
tions on group health insurance plans. Today , about 80 percent 
of all group health insurance bene fit packages include a total 
coverage l imit of $ 100 , 000 or more , whi le as recently as 1971 
fewer than 1 percent had such a l imit. Consumers increasingly 
demand financial access to services for catastrophic i l lnes s  even 
when those services appear to provide only marginal improvements 
in patient outcomes . 
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3 PROBLEMS IN ADOPTION AND USE 

Signi ficant empirical evidence suggests that the d i f fusion of new 
equipment-embodied medical technology often diverges from soc ially 
optimal paths . Decisions by health care providers and practition
ers to adopt and use equipment and its related procedures in pa
tient care do not appear to be based on a comparison of their 
bene fits and costs to society . Some examples wi l l  i l lustrate this 
point : 

• Fetal moni tors have diffused wide ly into the practice o f  
obstetrical care , but the bene fits are not yet clear . 4 9 

• Computed tomographi c scanners have been adopted by more 
than 500 hospitals in the past 3 years , wel l  in advance of the 
col lection of information on their e ffectiveness as diagnostic 
procedures . 3 1  

• Gastric freezing was d iffused widely as a surgical technique 
used for the treatment of duodenal ulcers and was large ly abandoned 
be fore definitive evaluation of its bene fits could be publi shed 
( Appendix D) . 

• Medical information systems have followed a fit ful process 
o f  diffus ion , encountering signi ficant barriers except in the few 
research centers currently funded to demonstrate and develop such 
systems ( Appendix E ) . 

• Rehabi l i tative technologies have not developed in accordance 
with predictions of their great potential benefits to recipients � 7  

The committee has attempted to analyze the causes of such prob
lems . In part icular , it has been interested in ident i fying sys
tematic tendenc ies of the health care delivery system to encourage 

2 3  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

M e d i c a l  T e c h n o l o g y  a n d  t h e  H e a l t h  C a r e  S y s t e m :  A  S t u d y  o f  t h e  D i f f u s i o n  o f  E q u i p m e n t - E m b o d i e d  T e c h n o l o g y
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 4 3 9

http://www.nap.edu/catalog.php?record_id=18439


24 

or inhibit the diffus ion of particular classes of equipment
embodied technology . It finds Lhat , in general , equipment
embodied technology in hospital , cl inical , and anc illary servic e s  
i s  subject to strong pressure for adoption and use with few coun
terval ing forces . Conversely , coordinative equipment-embodied 
technologies , particularly those relying on coordination among 
providers within the health care system to achieve full realiza
tion of bene fits , face strong pressures against adoption and use . 
In fact , when equipment-embodied technology must be appl ied 
acros s institutions or requires the integration of services to 
ful ly realize its potential bene fits , it suffers from barriers 
to its adoption and use . Preventive technology , particularly mass 
screening , and coordinative technology fall into this category . 
The remainder of  this chapter summarizes the evidence that exists 
to support these findings . 

The committee is acutely aware of  the limitations of the avai1-
able evidence . Although several empirical studies of the diffu
sion of hospital technology have provided valuable insight into 
the characteristics of innovative indiv�duals and organizations , 
the impact on diffusion of the most important policy-related 
factors--the re imbursement system , the malpractice system, and 
the organization of medical care del ivery--has generally not been 
studied . Consequently , the committee has had to rely on empirical 
evidence and its own j udgment in as sessing the impact that the 
factors have had on the adoption and use of equipment-embodied 
technology . In mak ing its analysis , the committee has been sen
sitive to the need for addit ional research and has identified 
areas where opportunities exist for better understanding of the 
di ffusion process . These research recommendations are ita l ic ized 
throughout the text . 

THEORIES OF HOSPITAL BEHAVIOR 

The dec ision to adopt equipment-embodied technology is based on 
resource allocation . It requires the allocation of scarce capita1 
resources to the purchase of equipment , and it further implies an 
al location of the productive resources of the health care organiza
tion to the provision of certain services . Because the hospital 
is the major repository of equipment-embodied technology , the way 
in which hospitals al locate resources is of interest here . Are 
there de finable attributes of hospital behavior that would explain 
why equipment-embodied technology as a whole , or certain kinds of 
equipment-embodied technology , would be adopted more or less 
readily than othe r productive resources ? 

There are two sets of theories of hospital dec is ion making that 
bear on the question of  equipment adoption . The first assumes that 
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the hospital , while organizational ly complex , possesses de fined 
institutional obj ectives on whose basis its behavior can be pre
dicted . The obj ectives of hospitals have alte rnative ly been 
postulated as : *  maximization of quantity of services produced : 2 2  

maximizat ion o f  qual ity o f  services produced : 2 8 maximi zation o f  a 
weighted function of the quantity and quality of services pro
duced ; 8 9  maximization o f  the relative prestige of the hospital 
in the community ; 6 9  and maximization of the j oint incomes of the 
physician sta f f . 7 2 With the exception of the last hypothesis , 
which is the mos t divergent and novel articulation of hospital 
obj ective s , the alternatives all can be expressed as special cases 
of the third obj ective , the maximiz ation o f  a weighted combination 
of the qual ity and quant ity of hospital services produced . 

I f  quality and quantity of services are in fact the attributes 
of interest to the hospital , then the way in wh ich quality is pe r
ceived , not only by the hospitals ' decision makers , but also by 
the patients who wi ll generate demand for services , has a major 
inf luence on the behavior o f  the hospital . Feldstein 2 8 has theo
r ized that hospital decis ion makers perce ive qual ity of services 
as a function o f  the amount o f  labor and nonl abor inputs devoted 
to the production of medical care . A hospital that del ivers care 
with greate r service intens ity would thus be perceived as a higher 
quality institution . However , perceived qual ity may be correlated 
as much with the level of soph istication of those input s as with 
the ir aggregate amounts . 4 6 I f  pat ients themse lve s ident i fy hos
pital qual ity with the avai labil ity of capital- intens ive equipment 
and systems , or special ized labor , then hospital s wishing to max
imize the quantity of services provided would respond by emphasiz
ing these inputs relative to others in order to increase the demand 
for the hospital ' s  services .  Thus , the wi l l ingness o f  hospitals 
to adopt new technology may rest on the de�ree to which patients 
and hospital dec is ion makers equate hospital quality with the 
availabil ity of this technology . Empirical research on percep
tions of hospital qual ity by heal th pro fessionals and patients is 
lacking : however , at least one practitioner has observed that 

*These obj e ctives have been postulated for private , nonprofit hos
pitals , which const itute the majority ( 56 percent ) of the approx i
mately 6 , 000 non federal , short-term hospitals in the United States . 
The remainder are government owned ( 3 1 percent ) or private , for
profit hospitals ( 1 3  percent) , which are l ikely to have different 
ob j ective s  from those o f  voluntary hospital s .  However , of the 
hospital s  with 300 or more beds , 81 percent are private , nonpro fit 
institutions . It is legitimate to concentrate on this ownership 
form since , to a large extent , standards of hospital care wi l l  be 
dictated by this subset of hospitals . 
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pro fess ionals may be " • • • charmed by blinking l ights and cathode 
ray tubes into adopting a technology that wi l l  decrease the fre
quency o f  contact between the human monitor and the pat ient . " 7 7 

Th i s  theory would also imply that technology in cl inical setting s , 
wi th its high use and visibil ity in patient care , would be favored 
over administrative technology . 

A second set of theories of hospital behavior rests on the as
sumption that hospitals are complex organizat ions where dec isions 
cannot be predicted from a s ingle obj ective . Instead , dec i s ions 
to adopt new technology are assumed to be a func tion of the struc
ture o f  the hospital organization and the relat ive dominance o f  
competing interest groups . l 2 4 Hospital deci s ions are made on the 
bas is of intra-organ izational pol itics rather than on the bas is 
o f  a s ingle goal . According to Tushman , l 1 6 the politics of orga
nizations is the " s tructure and process of the use of power to a f 
fect goals ,  directions , and maj or parameters . "  The political view 
o f  hospital behavior sees it "not wholly determined by environ
mental conditions or constrained to cooperative or goal-oriented 
behavior but as a complex of cross-cutting strategic decisions and 
exchanges at all leve l s  of the organiz ation . " 1 1 6 Us ing th is per
spective , one is led to seek out the organizational subgroups that 
affect and are af fected by decis ions regarding the adoption of new 
medical techno logy . 

A leading theory of hospital behavior fo llowing th is l ine of 
reasoning has been described as the "physic ian dominance "  theory . 9 3 

Accord ing to this argument , the hospital is in e f fect run by the 
attending phys ic ian staff , because it is phy s icians who d irect the 
patients to the hospital . Therefore , to understand the behavior o f  
hospitals , i t  i s  necessary to examine the goals o f  different k inds 

o f  physicians and to examine the coal ition behavior o f  these 
groups . The physician dominance theory has been criticized by 
Greer4 4 and others . 9 3 According to Greer ,  the hospital adminis
trat ion and hospital boards may have as much or more power than 
any individual physician or group of phys ic ians . It may also be 
true that hospital dec i s ions about hospital technology result more 
often from the coinc idence of goals among var ious groups than the 
dominance of particular groups . In the absence of a budget con
s traint , the hospital administrator can meet all demands over time . 

What , then , can one infer from this body of theory with respec t  
t o  hospitals ' adoption o f  new equipment-embodied technology ?  Al
though there is l ittle available in the way o f  deductive infer
ences , the theories do suggest a number of reasons why c l inical 
equipment-embodied technology is valued in the hospital . It is 
an input in hospitals ' production o f  both quantity and pe rce ived 
quality of services ; some equipment inc reases the product ivity o f  
attending physic ians and some contributes to the prestige o f  the 
institution and its affil iated phys icians . 
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EMPIRICAL EVIDENCE ON THE DIFFUSION OF 
EQUIPMENT-EMBODIED TECHNOLOGY 

2 7 

Because theory provides only broad predictions about factors 
a f fecting the adoption of equipment-embodied technology , it is 
use ful to examine empirical studies of d i f fus ion both for cor
roboration of theory and for a better understanding of the nature 
of the d i f fus ion process . Three central questions are of interest : 
( i ) What attributes of equipment-embod ied technologies influence 

the ir rate and pattern of adopt ion? ( i i )  What attr ibutes of the 
potent ial adopters of equ ipment-embodied technology in fluence the 
process? ( ii i )  What factors in the environment in which potential 
adopters operate influenc e the process? Each of the questions is 
d i scussed in turn . 

Attributes of the Technology 

One would expect certain attributes of a technology or innovation 
to influence the speed of di f fus ion . Tanon and Rogers 1 1 3 have 
suggested that the following are l ikely to affect the speed of 
d i f fus ion : 

• Relative advantages over ex isting technology 
• Compatibil ity with ex ist ing values of the inst itution 
• Complexity--the degree to which it is easy or difficult to 

under stand and use 
• Relat ive ease in experimenting or trying out the innovat ion 

on a l imited basis 
• Observabil ity-- the degree to which the results of innovation 

are v i s ible to others . 

No systematic study o f  the impact of these or other attributes on 
the speed of d i f fusion of equipment-embodied medical technology 
has been attempted.  However , there is some indirect evidence to 
suggest that at least some of these characteristics are important 
determinants . The relative advantages of a new technology , either 
in improving patient outcomes or reducing pat ient ri sks , has been 
shown to be a strong impetus to di f fus ion . Greer� �  has documented 
the re luctance of ophthalmologists in one commun ity to adopt a new 
equipment-embodied cataract removal procedure , phakoemulsi fication , 
because o f  its added pat ient risk in the abs ence of clear thera
peutic bene fit , in spite of signi ficant savings in pat ient recov
ery time and opportunities for phys icians to augment their incomes . 
Fineberg ' s  study of gastric freez in� ( Appendix D) demonstrates the 
sensitivity of physicians to the pain and risk o f  a new procedure 
in the absence of unequivocal evidence of e f fectiveness . This 
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procedure was large ly abandoned several years be fore the first 
de finitive study of its e ffectivenes s  in treating duodenal ulcers . 
Computed tomographic scanning has rapidly replaced more 
dangerous , pa inful , and invas ive proc edures for detect ing bra in 
lesions . The more unplea sant the existing alternat ive pro 
cedures , the faster the substitution proce ss has occurred . l 2 0 

Warne r 1 3 6 showed that the d i f fus ion o f  new drugs for treatment 
o f  a desperate condition occurs extreme ly rapidly compared to 
drugs used for less serious i l lness . 

Studies o f  the di f fus ion of innovations in other indus tries 
have demons trated the importance o f  certain innovation character
istics . The industrial l iterature 7 8 , l 0 2 shows that the s i ze of 
the investment required for adoption of the technology ( relative 
to firm s ize) is important in determining the speed o f  di f fusion . 
Presumably , the larger the required investment , the more risk the 
firm faces and the greater the prob lems of capital availability .  
Hospitals , too , face capital constraints , but they are l ikely to 
be resolved differently f rom those of industry . In hospital s the 
r i sk assoc iated with cap ital investment is great ly reduced by 
the predominant cost or charge-based methods o f  hospital r e im
bursement . 

The abi l ity o f  an innovation to reduce co sts and inc rease 
pro fitabil ity has been shown to be important in studies o f  agr i
cultural innovation4 5 and industrial innovation . 7 8 I n  hospital s 
these financ ial advantage s are l ike ly to be less important than 
cons iderations of e ffectiveness and sa fety . Indeed , in a study 
of equipment adoption dec is ions in 15 Boston hospital s ,  Cromwe l l 1 9 

found that criteria such as " improvements in patient care , "  " l i fe 
saving capabi l ity , "  and "pat ient safety " were much more important 
to hospital administrator s than were the f inanc ial or cost-
saving attributes o f  equipment . 

Characteristics of Adopters 

Of course , the potential adopter ' s  perceptions about technology 
depend upon his own character istics , and , for this and a variety 
of other reasons , such characteri stics play a ro le in the di ffu
s ion o f  technology . 

A number of studies o f  the d i f fus ion of hospital c l inical tech
nologies have attempted to i solate attr ibutes of the hospital re 
spons ible for rapid or s low responses to new technology . Gordon 
et a1 . 4 0 showed that the adoption of accepted medical technology 
( re spiratory therapy equipment) is related to the degree of vis i 

bil ity o f  consequences and the degree o f  decentralization o f  re
source al loc ation dec is ions within the hospital . The study also 
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revealed that hospital s with highly trained medical staffs tend 
to be more innovat ive than other s .  

As expected , hospital size and medical school affiliation have 
been shown to be important determinants of early adoption of new 
cl inical equipment-embodied technology . 1 9 • 9 8 In a study of nu
clear medicine fac il ities , Rapoport9 8 -

showed that the existence 
o f  a high percentage o f  hospitals with medical school affil iat ion 
in a state s lowed down the di f fus ion of a new technology in unaf
fil iated hospitals . The leadersh ip role played by teaching hos
pital s in the adoption of new technology i s  hypothes i zed to have 
had a dampening e f fect on compet ition among nonaffil iated hos
pital s . In a study on the diffus ion o f  innovative health care 
services in hospitals , Kaluzny et a1 . 6 6  conc luded that larger 
hospital s ,  particularly in urban areas , adopt innovations earl ier 
and more quick ly than smaller hospital s .  Cromwe l l ' s  study indi
cates that bed size influences adoption only in nonteaching hos
pital s . 1 9 

Other studies suggest that the more comprehensive a hospital ' s  
services are , the more l ikely the hospital i s  to be h ighly innova
tive . Rapoport9 8 noted that hospitals that adopted nuclear med
ic ine fac il ities early tended to be one s al ready wel l  equipped 
with spec ialized services . S imilarly , Cromwel l l 9  found in an 
intrastate study of hospital di f fus ion that the range and number 
o f  other complex services ( for example , inten�ive care unit , ra
dium therapy , cardiac catheter lab) o f fe red by a hospital is 
po s itive ly correlated with adoption . 

The profit or nonpro fit status o f  a hospital should also de
termine its adoption behav ior . Theoret ically , prof it-making hos
pitals should be s lower in adopting new cl inical technology , 
particularly cost-rais ing technology . However , Cromwe l l ' s  study 
showed no cons is tent tendency for pro f it-mak ing hospitals to 
adopt new equipment more s lowly . 1 9 

The organizat ional factor s respons ible for patterns of d i f fus ion 
of clearly disproven equipment-embodied technology have not been 
studied in detail . Thus , we have no in formation on whether the 
organi zational factors identi fied in the l i terature as important 
determinants of adoption of accepted technology are also those 
that encourage the adoption of poor technology . Perhaps hospitals 
affil iated with medical schoo l s  are better at d i scr iminat ing be
tween effective and ineffective techno logies than unaf f i l iated 
hospita l s . Unfortunately , there is no information to test th is 
hypothe s i s . The reason is obvious . The few data sources avai lable 
to support research on the d i f fusion of equipment-embodied tech
nology do not compile data on ephemeral technology . There fore , 
the study of fa iled techno logy would enta i l  retrospective pr imary 
data col lection , a costly and perhaps even infeas ible undertaking . 
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Environmental Factors 
Hospitals encounter var ious constraints on the ir operat ions from 
numerous external sources . The nature of the se constraints can 
be expected to be a maj or determinant of the patterns of d i f fus ion 
for new hospital equipment . 

The impact of hospital competition on the adoption o f  
equipment-embodied technology has been studied from several van
tage points . In his study of the di ffus ion of nuc lear medical 
fac i l i ties , Rapoport 9 B  attempted to measure the impact of inter
hospital competition on adopt ion , using the proport ion of a state ' s  
population res iding in urban areas as the measure of the compet i 
tive environment . H e  hypothes i zed that more urban envi ronments 
would experience more competition among hospital s .  The variable 
was found to be s i gn i f icant in explaininq statewide rates o f  
adoption of nuc lear medic ine . Rapoport9 9 a l s o  hypothesized that 
states with re latively few physic ians might see higher rates of 
equipment adoption due to competitive forces , because hospital s 
in these states would have to compete for scarce physician staff . 
However ,  physicians also generate demand for service s ,  so the net 
impact of physician availabil ity is not clear . Indeed , Rapoport 
found that physician availabi l i ty is not s igni ficantly re lated to 
statewide diffusion rates for nucl ear med ic ine . Cromwel l 1 9 also 
studied the impact o f  the number of phys ic ians in a s tate on the 
number of hospitals posses s ing an equipment- intensive facil i ty . 
The tota l number of physicians per capita was found to be posi
tively re lated to the number o f  hospi tals adopting a technology , 
and the ratio of special ists to nonspecialists was also important 
for most services . In fact , the more special ized the equipment ,  
the stronger was th is relationsh ip . Thus , i t  appears that the 
demand-generating role that physic ians play is more important 
than competition among hospitals for physic ian s taff in affecting 
adoption rates . 

Certainly , regulation is l ikely to a f fect di ffus ion of 
equipment- embodied technology . Some inferences can be drawn from 
related si tuat ions . For e xample , public uti l ities subj ect to 
rate-of- return regul ation appear to have little incent ive to in
novate , although they have a greater incentive to invest heavily 
in capital assets . 6 Indeed , the major incentive seems to come 
from the delays inherent in such regulation--that is , the 
" regulatory lag . " 7 

The major regul atory policies directly a f fecting adoption de
c i s ions by hospitals are the state cert i ficate of need ( CON) and 
capital expenditure approval programs . These laws mandate review 
and approval of large capital expenditures ( generally in excess 
o f  $ 100 , 000 ) by local and state health planning agencies , with 
various sanct ions applied to a hospital that goes ahead with an 
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expenditure without this approval . A priori , one would expect 
this law to s low down the d i f fusion of expens ive equipment .  
However , th e  evidence suggests j ust the reverse . The introduc
tion of CON may have increased diffusion of expens ive technology , 
especially in the early years of each state ' s  program . 5 3  Crom
wel l  et al . 1 9  tested whether the existence o f  a CON law has a 
signi ficant e f fect on the adoption of equipment- intens ive cl in
ical services . CON was found to be significantly and negatively 
related to rates of adoption of x- ray , cobalt , and radium ther
apy service s , but it was not a s igni ficant explanatory variable 
for othe r  services , including intensive care , open-heart surgery , 
and diagnostic nuc lear medic ine--three services for which it 
should have been affected . 

Other forms of health care regulation have also been posited 

to affect the dif fus ion of technology . Institutional l icensure , 
accreditation , and cert i fi cation programs dictate standards of 
hospital construction and operation . State licensure programs 
focus largely on fire and l i fe safety , water sanitation , minimum 
service standards , and guidelines for staffing and staff quali
fications ( Appendix E ) J accreditation by the Joint Commission 
on the Accreditation of Hospitals ( JCAH ) also concentrates on 
these aspects of hospital operation . The net e ffect of these 
regulations is unclear , s ince considerable capital funds can be 
tied up in meeting l icensure and accreditation requi rements ,  
thereby reducing availability o f  capital for equipment and fac il
ities acquis ition . Needleman and Lewin ( Appendix F )  conc lude 
that the ef�ect of faci l i ty l icensure and certi fi cation programs 

on hospi tal adoption decisions i s  not wel l understood and should 

be investigated further . 

Pe rhaps the mos t important factor bearing on the adoption be
havior of hospital s  is unique to the health care industry--the 
system of third-party payment .  That the methods of paying for 
health care services would in fluence the patterns of adoption of 
equipment-embodied technology seems obvious . Yet , there i s  very 
l ittle empirical study o f  the impact of methods o f  financing 
and reimbursement on the adoption of new technology by hospital s . 
This is the result largely of data limitations and the ubiquitous 
nature of prevailing reimbursement systems , l imiting the oppor
tunity for comparative studies . 

Only one study has attempted to measure the e f fect of a change 
in health care financing on the adoption of equipment . Russell 1 0 4  

investigated the rates o f  dif fus ion o f  three kinds o f  equipment
embodied technology-- intensive care units , nuclear medicine , and 
electroencephalography- -be fore and after the inception of Medicare . 
The results of the study are equivocal . The increase in funding 
impl ied by the introduction of Medicare did appear to speed up 
the adoption of some services in hospitals with in speci fic size 
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categories , but the result was not uni form acros s all the tech
nologies studied or across al l hospital size categories . A ma j or 
l imi tation o f  this study was the inabil ity to control for changes in 
technology that independently a f fect the di f fus ion proces s .  Com
parati ve empirical studies in this area are warranted . To what  
extent does charge- or cost-based retrospecti ve  reimbursement of 
hospi tals lead to adoption behavior that is different from such 
behavior under prospecti ve budgeting or formula rate-setting? 
How has the di ffusion of new technology in other countries wi th 
di fferent methods of financing heal th care di ffered from experi 
ence in the Uni ted States? These comparati ve studies can be 
augmented by comparison of adoption behavior over time as changes 
in reimbursement methods are introduced wi thin the United States . 

Lessons from the Empirical Studies 
The empirical studies of d i f fus ion , though se lective , reveal a 
pattern to the d i f fus ion process for cl inical and anc i llary hos
pital technology . At least for the equipment and equipment
intensive services studied , earlier adopters are large hospital s 
with decentralized organizations and hospitals affil iated with 
medical schools . There is strong indirect evidence that compet i 
tive factors also play a role i n  enhancing the di f fus ion proce s s . 
Direct regulation o f  the process o f  d i f fus ion has not had much 
e ffect . 

Although there has been l i ttle systematic study o f  the attri
butes o f  technology itse l f  that a f fect di f fus ion , perce ived medi 
c a l  promi se appears t o  dominate financ ial o r  cost-saving attr ibutes 
in hospitals '  priority setting . But the stud ies shed no l ight 
on how wel l  hospitals discriminate among d i f ferent kinds of cl in
ical technology in thi s  regard . I f , for example ,  there is a 
systematic tendency for hospitals to over- or under-value part icu
lar categor ies of equipment-embodied technology ( see Figure 1 )  
relative t o  one another , studies have not revealed it . Biases 
against adoption are d i f ficult to detec t .  Technologies that have 
not di f fused are not highly vis ible and do not lend thems elves to 
empirical s tudy . Cons equently , it is dif ficult to ident i fy par
ticular procedures or equipment that are fully developed and 
ready for widespread use that have not been d i f fused . At best , one 
can identi fy instances of promis ing demonstrat ions or individual 
applications that have not been pursued much beyond the develop
ment phase . 

Little empirical evidence is available on the impact o f  the 
system of financ ing and del ivering health services on technology 
d i f fus ion . In particular , the impact of the sys tem of pay ing 
for health care services on the adoption of dif ferent kinds of 
health care technology has not been s tudied . Nor has there been 
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a systemati c  analysis of the impact o f  the medical inj ury com
pensation sys tem ( malpract ice ) on the adoption or use of new 
equipment-embodied techno logy . The e f fect o f  the organization 
of health care de l ivery on the adoption of d i f ferent kinds o f  
equipment-embodied technology also remains unexplored . 

The lack of appropri ate control groups and data has hindered 
this kind of study . Nevertheles s , the importance of all three 
factors in determining the patterns of di f fus ion o f  di f ferent 
kinds of technology suggests a closer look at each of them . The 
remainder o f  th is chapter is devoted to an assessment o f  the 
role that these factors play in d i f fus ion based on the indi rect 
and fragmentary evidence that exists and upon the combined j udg
ment of the commi ttee . 

THE IMPACT OF THE HEALTH CARE FINANCING SYSTEM ON THE ADOPTION 
AND USE OF EQUIPMENT-EMBODIED TECHNOLOGY 

Four aspects o f  the present system for financ ing health care must 
be analyzed . These are : 

• Methods fur re imburs ing hospitals fur routine services 
• Methods for reimburs ing hospitals fur anci l lary service s 
• Methods for reimburs ing physic ians 
• Limits to thi rd-party re imbursement • 

Each is di scussed below .  

Methods for Reimbursing Hospi tals for Routine Services 

As it is presently structured , the health care financing system 
provides hospitals with strong positive incent ives to adopt and 
use certain kinds o f  equipment-embodied technology . Payment for 
hospital services is almos t tota l ly covered by third parties 
( insurance companies , unions , and governments that reimburse 

hospitals for the provis ion of covered services to their members ) . 
Typi cally , these payers reimburse hospitals on the bas is o f  
charges or costs and pas s  the expenses o n  t o  consume rs through 
periodic premium payments or taxes . For the most part , reim
burs ement for routine hospital services is restrospective . *  

*Several innovative reimbursement programs have been deve loped 
over the past 5 years , some on an experimental and some on a 
permanent bas i s . The se new programs have been based on a pros
pective payment concept , where hospital payment rates or budgets 
are determined in advance for a speci fied period . Often , the se 
programs contain incentives to the hospital to introduce cost
saving procedures or technologies . 
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That is , the level of payment is based on actual costs incurred . 
I f  hospital costs increase , they are reflected in higher rates 
of hospital reimbursement . Given this "pass-through " capac ity , 
third-party hospital reimbursement provides incentive s  to hospi
tal s to push the adoption o f  equipment-embodied technology to 
the l imit of the avai labil ity o f  capital . I f  hospital s seek to 
maximize a combination of quant ity and qual ity , then third-party 
charges or retrospective cost reimbursements would lead hospita l s  
t o  increase both the quantity and quality of services beyond a 
soc ially e f ficient level . 8 9  Thi s  tendency would be checked only 
by l imitations on funds available for investment in any period 
or by l imitations on patient demand for hospital care . 

Some evidence is available indicating that hospital s do , in
deed , tend to push capital expenditures to the limits of capital 
avai labi l i ty .  Ginsburg 3 9  has shown ·that the trade-off between 
capital spending for general bed capacity and special ized equip
ment depends on how crowded the hospital is . I f  occupancy rates 
are low , the money will be spent for capital equipment 1 if oc
cupancy rates are high , pressures for new additions to the hos
pital wi l l  mount and capital funds wi l l  be channel led in that 
direction . Salkever and Bice 1 0 6  have shown that when capital ex
penditures for new bed capacity have been l imited through regu
latory action , capital spending has merely shi fted to new 
equipment 1 in th is case , total capital spending is unaffected . 

How is capital availability determined? Cap ital funds for the 
acquis ition o f  new equipment and facil ities come from a variety 
of sources whose relative importance has been shifting over time 
in a cl ear direction . These sources include phi lanthropy , pub
l i c  bonds , federal subsidies , and debt financ ing . The proportion 
o f  hospital capital spending made possible through debt financ ing 
has increased dramat ical ly over the past 10 years , as reflected 
in the fol lowing figures on construction capital : 

Percentage o f  total 
construction funds 
from debt financing 

1969 

32\*  

197 3 1975 1977 

54 . 3\t 56 . 8\t approx . 67\* 

Sources : *Iglehart , John K .  " Stemming Hospital Growth--The Flip 
Side o f  Carter ' s  Cost Control Plan . " National Journal , 
June 4 ,  1977 : 850 . 

t"AHA Research Capsule No . 24 : Sources of Funding for 
Construct ion . "  Hospi tals 51 : 59 .  

This increase in the importance o f  debt is itsel f a re flection 
o f  the retrospective cost-based system o f  re imbursement . S ince 
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cove rage of hospital costs is guaranteed , lenders incur very 
little risk in making loans to nonpro fit vo luntary hospitals . 
Hospitals use debt to augment their sources of capital f inanc
ing . There are , of course , l imits to the absolute dol lars avail
able to an ins titution in any s ingle time period . Hel l inger 5 4 

has tested the hypothes is that the hospital follows a gradual 
adj ustment process in its investment plans . Th i s  is consistent 
with the investment behavior of most bus inesses and with the 
natural conservatism of lenders . 

In an attempt to deal with the problem of insuffic ient risk 
assoc iated with hospital capital expenditure s ,  Congress amended 
the Social Security Act in 1972 to restrict Medi care re imburse
ment for capital costs to those capital expenditure s approved by 
a des ignated state health planning agency . P . L . 92-603 , Section 
112 2 , was intended to increase the financ ial risk to the 
hospital ( and therefore to prospective l ender s )  assoc iated 
with capital expenditures that are not in the public interest . 
The law has not been e ffective to date because it doe s not re
strict funding o f  the noncapital costs as soc iated with the ser
vice , nor does it restrict hospitals from us ing endowment and 
philanthropic funds to cover unapproved capital expenses . Most 
important , howeve r ,  up to th is time few expenditures for capital 
equipment have been denied by health planning agencies . 7 0  

Methods for Reimbursing Hospitals for Ancillary Services 

Certain hospital services denoted as anc i l l ary services are 
bil led separately from the routine daily rate in hospitals . 
These commonly inc lude laboratory , radiology , ane sthesiology , 
pharmacy , and certain special therapeutic procedure s .  Depending 
upon the particul ar hospital reimbursement program , the se ser
vices can generate substantial revenue surpluses for the hos
pital , which can be applied agains t losses to other insufficiently 
re imbursed services . As new ancillary procedures are introduced 
in a hospital , reimbursement is usually guaranteed . Thus , the 
incentive to adopt new ancil lary technology is even stronger 
than for other services , because it often expands the pool of 
fund s available for capital or operat ing expend itures . 

Some hospitals are re imbursed by Blue Cross , Med icare , and 
other payers on the bas is of a predetermined pe r diem rate that 
inc ludes anc illary services . Although these per diem reimburse
ment methods di ffer in their particulars , they all reimburse on 
the bas is o f  a fixed amount per day rather than on the bas is of 
the volume o f  services consumed . One would there fore expect 
these systems to create less incentive for the adopt ion and use 
of new equipment in the ancil lary services . This hypothe sis has 
not been tes ted . 
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Methods for Reimbursing Physicians 
As the primary gatekeeper for the us e of cl inica l and anc i l lary 
equipment- embodied technology* and as an important partic ipant 
in the operation of the hospital , the physician is a key deter
minant o f  dec i sions bearing on the adoption and use of medical 
technology . Cons equently , the methods of paying for phys icians ' 
services must have a s igni ficant e f fect on the kinds of equipment
embodied technology that wi l l  be adopted and used . Several theo
ries of physician behavior have been advanced . The s implest and 
pe rhaps the most questionable is that the physician chooses to 
provide the number and kind of services that will maximize his 
income subj ect to legal and moral constraints . l 1 2  A more elab
orate theory is that the phys ician seeks to reach a " target" 
leve l  o f  income subj ect to constraints on leisure and prestiqe . 2 6 

Income , prestige , and leisure are reasonable and expected goals 
o f  any pro fess ional ; the ethical goal , de l ivery o f  qual i ty medi 
c a l  care t o  patients , mu s t  also be cons idered i n  a n  examination 
of physician behavior .  

The thi rd-party fee- for- service system of physic ian re imburse
ment , which rewards physicians on the bas is o f  the number o f  pa
tient vis its or procedures pe rformed , should have a s igni ficant 
impac t on physicians ' decisions to use health care services , 
especially in the absence o f  s igni ficant perceived financial or 
medical risks to the patient . t  To what extent does th is tendency 
to ove ruse health services in general trans late into a special 
problem for equipment-embodied techno logy? 

I f  the abi l ity to perform a procedure depends upon the ava i l 
abi l ity o f  equipment , then it is incumbent upon the physic ian 
de s i ring to per form the procedure to see that the equipment is 
adopted by a hospital in which he has sta f f  privileges . The 
equipment becomes the phys ician ' s  " tools of the trade . "  To the 
extent that the fee- for- service system l inks the physician ' s  in
come to his abi l ity to per form the procedure , it strengthens the 

*Most diagnos tic and therapeutic services mus t be ordered by the 
physic ian or under the physic ian ' s  direction . The patient may in
fluence use by seeking out a particular service or by refus ing ser
vices . However ,  the power o f  the patient to influence decis ions 
is l imited , and it is not clear that the patient shou ld be en
couraged to take this role . The more technologically sophist icated 
a procedure or instrument , the less l ikely is the patient to be 
able to adequately assess its rel evance to a particular clinical 
situation . 
t

The importance o f  medical risk in a f fecting physician dec is ions 
is described on page 27 above . 
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imperative that the hospital supply the physicians with these 
tools . The pro l i ferat ion o f  open-heart surgery units in the 
United States , to the point whe re the qual ity of care del ivered 
in these units has been cal led into question , 6 3  has allegedly 
resulted from this phenomenon . As teach ing hospitals train 
cardiovas cular surgeons and then c lose the ir doors to the gradu
ates of their residency programs , these physicians mus t find a 
hospital either with an existing capabi l ity or with the wi l l ing
ness to establ ish such a capability in order to make a living in 
the field for which they were trained . In the view of this com
mittee , th is example i l lustrates the combined impact that fee
for-service , interhospital competition for prestige and patients , 
and the system of graduate medical education has on the rate o f  
diffus ion o f  c l inical equipment-embodied technology . 

Once a phys ician has access to the equipment necessary to per
form a procedure , then the cr iteria he invokes to determine the 
necessity or appropriateness of use are likely to be sens itive 
to the procedure ' s  income-generating potent ial in some instances 
( again , tak ing into account the risk factors ) .  However , the 

magnitude of th is e f fect on the use of equipment-embodied pro
cedures by phys icians is unknown . Other factors , such as de fen
s ive medicine , scienti fic curios ity , and commi tment to high
quality care in the absence of financ ial barriers to patients 
may be equally or more important than is the fee- for- service sys
tem . Indeed , the use of many diagnostic procedures , particularly 
those per formed in hospital s ,  may not be strongly in fluenced by 
the fee- for- service system , s ince for the most part the phys ic ian 
who orders a test is not paid for per forming it . However , the 
admitting physician does receive a fee for in-hospital vi s its 
that might be j u st i fied by order ing test s . 

In some cases , physic ian income is directly tied to the per
formance of tests . Some examples are : 

• Laboratory tests ordered by physicians in private practice-
in some locations and under some third-party payment mechanisms 
the ordering physician may pro fit from the test . 
• CT brain scans performed by neuro logi sts in private practice . 
Often a patient is referred to the neuro logist for a neuro log
ical workup ; it is the specialist ' s  dec i s ion whether to order 
a CT examination . I f  the special ist also per forms the examina
tion , the clear incent ive to overuse exists . 
• Some diagnostic surgery , such as gastroendoscopy . 
• Diasnostic x-ray procedures in physic ians ' o f fices on a 
nonre ferral bas i s . 

Hospital -based physic ians ( for example , rad iolog ists ,  pathol 
ogists , and anesthesiologi sts) are paid b y  hospitals for services 
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per formed in a number o f  ways , including salary , fee-for-service , 
and percentage of gross revenues of the ir respective departments . 
Except in the case of salar ied phys icians , involving approximately 
25 percent of pathologi s ts and 10 percent of radioloqists , 1 8  their 
income varies directly with the number and type of services per
formed . Therefore , it is in the financial interest of the 
hospital-based phys ic ian to adopt technolog ies that wil l  maximize 
volume , regardless o f  expense incurred . Labor-saving technology 
will benefit the hospital-based phys ician when the labor being 
saved is his own . Thus , technology that s tandardizes results , im
proves reliability , increases e f fectiveness , or shortens the 
physic ian ' s  time is clearly in his economic interest . 

Administrat ive hospital technologies , includ ing medical infor
mation systems and hospital communication systems , are in a per
verse position with respect to phys ician intere sts . Often the 
establishment of a new administrative technology involves s i gnifi
cant t ime and inconvenience for a hospital ' s  medical staff . When 
the new administrat ive technologies have been inc remental , have 
not invo lved ma jor changes in the organization of medical del ivery , 
and have s igni ficant bene fits clearly demonstrable to the physi
cian , resis tance on the part o f  physician staff has been minimal . 
Electronic paging systems are an example . By contrast , establ ishing 
on- l ine medical in formation systems with the capabil ity of process
ing patient care in formation and per forming certain hospital func
tions automatically has encountered more res i s tance from hospital 
medical s taffs . The introduction o f  these systems involves sign i f
icant , i f  temporary , inconvenience to physicians with patient 
bene fits that are di fficult to demonstrate ( Appendix E) • 

Limd tations on Third-Party Payment Coverage 
The prevai ling system of third-party coverage does not include a l l  
types o f  health care services . Where coverage is lacking o r  in
adequate , techno logy is at a particular disadvantage . 

One obvious example o f  the e f fect o f  coverage l imitation is the 
exc lus ion from most insurance plans of coverage for preventive 
medical care , most notably screening services . This creates a 
bias against the adoption o f  technology in this category by health 
care providers . Mammography screening is a tell ing example . The 
s creening technology has been l argely val idated for women 50 yea�s 
of age and older , yet , outs ide of the federally funded Breast Can
cer Detection and Demonstration Proj ects ( BCDDP ' s ) , there is 
l ittle activity in this area . Fortunately , the technology of 
mammography has developed in response to a market for its diagnos
tic uses , so the prob lem of inadequate technological development 
fol lowing an inadequate market has not occurred . 

Copyright © National Academy of Sciences. All rights reserved.

Medical Technology and the Health Care System: A Study of the Diffusion of Equipment-Embodied Technology
http://www.nap.edu/catalog.php?record_id=18439

http://www.nap.edu/catalog.php?record_id=18439


THE IMPACT OF DEFENSIVE MEDIC INE ON ADOPTION AND 
USE OF NEW TECHNOLOGY 

39 

It is o ften claimed that the medical inj ury compensation system , 
which holds hospitals as wel l  as physicians respons ible for neg
l igence in cases involving inj ury to patients , encourages the 
adoption of equipment-embodied technology . De fensive medi c ine 
is virtually always c ited as an incentive for physicians to over
use diagnostic services , but there are at present no reli able 
studies demonstrating the extent o f  its e f fect . A recent poll 
o f  phys icians conducted by the American Medical As sociation l 4 4  

revealed that a maj ority o f  physicians believe that unnecessary 
tests are ordered as a hedge against malpractice . Certainly the 
evidence i s  strong regarding the us e o f  particular tests . Rou
tine skul l x-rays for all emergency patients with head inj ury 
is a frequently c ited example . 1 3 However , the impact o f  de fen
sive medicine on the overuse o f  existing and establ i shed tests , 
such as skull x-rays , must be dist inguished from the impact o f  
defens ive medicine o n  the overadoption o f  new technology ( new 
tests or more rel iable tests ) . De fensive medicine may we ll be 
a potent force influenc ing use and adoption in the later stages 
of diffusion , but its importance in earl ier stages is questionable . 

Although much is known about the process by which new medical 
procedures become standards o f  medical practice , the point in the 
diffusion process at which the standard become s an important in
f luence on adoption and use and the impact of that timing on the 
pattern of di ffus ion are large ly unknown . It is frequently as
serted that less than 4 years a fter its introduction , cranial 
computed tomograph ic scanning has become a standard of practice 
for diagnos ing certain brain l es ions . What thi s  has meant and 
what it will mean for the use of CT head scanning and the further 
diffus ion o f  the technology is largely unknown . Study of the 
operational meaning of "standard of care" for the diffusion of 
new diagnostic technology is certainly in order . 

THE IMPACT OF ORGANI ZATION OF HEALTH CARE SERVICES 
ON ADOPTION AND USE 

The de live ry of medical care in the United States is character
ized by two related attributes : disaggregation and special iza
tion . Together these two factors have an immense ,  though 
unmeasured , impact on the kinds of technology that are accepted 
and diffused throughout the health care system. To the extent 
that present systems of re imburs ing for health care services 
encourage di saggregation and specialization , the health care 
financing system can be further implicated in creating systematic 
biases in pressures for and against technology adoption . 

.. ... 
Copyright © National Academy of Sciences. All rights reserved.

Medical Technology and the Health Care System: A Study of the Diffusion of Equipment-Embodied Technology
http://www.nap.edu/catalog.php?record_id=18439

http://www.nap.edu/catalog.php?record_id=18439


40 

Disaggregation of Care 
Disaggregation refers to the del ivery of medical care by many 
smal l  provider s who operate es sent ially independently of and in 
competition with one another . Disaggregat ion offers some advan
tages to pat ients . It increases geographical access to med ical 
care , and it increases patient choice. However , disaggregation 
has signif icant impl ications for the adopt ion of equipment-embodied 
techno logy . 

In particular , two kinds of technology are l ikely to be af
fected : 

( i )  Technology offering significant economies of scale in 
relation to the size of providers . A technology i s  subj ect to 
economies o f  scale in the production of services i f  the average 
cost of producing each unit of service decreases as the volume 
of servi ce increases . Most equipment-embodied technology , in
volving as it does high initial capital cos ts , is subject to econ
omies of scal e ,  at least up to the capacity of each machine or 
system. The recent revolution in the automation o f  cl inical 
laboratory procedures ,  beginning with c l inical chemistries in the 
l ate 1960 ' s  and cont inuing into microbiology at present , 1 2 8 is a 
dramatic example o f  the potential for economies of scale in pro
duction . 

Two separate problems stemming from the phenomenon o f  econ
omies of scale in the production of medical services must be 
distinguished . First , there is the problem of a technology whos e 
economies of scale are so great that the entire market for its 
use is too small to sustain its cos ts of development , production , 
and distribution . Second , a technology may be subj ect to econ
omies of scal e that are too large for the markets of individual 
providers . An example wil l  i l lustrate the difference . Suppose 
an automated testing system i s  developed that i s  less costly 
than existing manual methods at volumes above 100 , 000 per year , 
based on the as sumption that at least 100 machines wil l  be pro
duced and sold . Suppos e  also that in the entire country only 1 
mi ll ion tests o f  this type are required in any year . The market 
for the machine is there fore l imited to at most 10 units . The 
costs o f  deve loping , produc ing , and marketing the device are 
thus prohibitive , and the concept may never get beyond a proto
type stage . Th is is the problem of an insuf ficient total market .  

Now suppose that a breakthrough in design enables the machine 
to be less cost ly than manual methods at volumes in excess of 
5, 000 tests per year (with at least 100 mach ines produced) . But 
suppose that each individual provider operates with a market o f  
only 2, 000 tests per yea r .  Individual providers would not real
ize the savings from the economies o f  scale . This is the problem 
of a disaggregated market . 
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Th e  first problem , the lack of a total marke t ,  does not a lways 
argue for pol icy intervention . The technology j ust may not be 
cos t-effective , regardless of its economies of scale in produc
tion . Unless the resource costs of developing , produc ing , and 
distr ibuting the technology could be s igni ficantly reduced through 
some public pol icy , the technology is s imply not ready for dis
tribution . 

Some techno logies may suffer , however , from a lack o f  a total 
market and yet be very much in need o f  publ i c  assistance . For 
example , some rehabilitative technology appears to suf fer from 
the problem o f  an insuffic ient total market . 8 7 The diverse na
ture of the problems faced by the handicapped and the relative } } 
small number o f  individuals who can bene fit from any particular 
device o ften renders the cost of developing and dis tributing new 
devices prohibitive to those who need the as s istance . Yet , from 
soc iety ' s  standpoint , the development of a rehab i l i tative tech
nology may be quite justi fiable . Publ i c  subsidies of deve lop
ment or programs to as sist in paying for new devices may be 
warranted in some cases . 

The second problem, disaggregated markets , lends itse l f  to 
corrective policy s ince it deals with a market structure that i s  
out o f  balance with the economic environment . *  The only way the 
technology wi l l  di ffuse under such c ircumstances is ( a )  i f  each 
provider can manipulate prices or arti fically increase volume to 
pay for the machine or (b )  if providers share the services o f  
a regional technology . The first alternative results i n  over
adoption o f  the technology relative to its net soc ial benefit . 
The present system o f  charge- or cost-based re imbursement , which 
calculates payment on actual volume , and the freedom o f  hospitals 
and phys icians to increase the volume of certain procedures ,  par
t icularly cl inical laboratory tests , have encouraged this result . 
The second alternative , regional ization , may l ead to optimal rates 
o f  diffusion . No diffusion at al l represents a case o f  under
adoption and a loss of the bene fits real izable from the technology . 

" Regionalization" and " sharing o f  services " have a long history 
of proponents who have recognized these problems . 4 Indeed , region
alization has been a ma j or goal of federally mandated health plan
ning programs . But regionali zation o f  services faces strong 
res istance from hospi tals and physicians , and the retrospective 
reimbursement system in operation today does nothing to d iscourage 
that resistance . · The regionali zation concept also has some 
natural l imitations-- for example , when servic es must be provided 
on an emergency basis  or when considerations of patient access 
outweigh economies o f  scale in production . 

*Of course , the level of disaggregation o f  providers may be in 
response to important access cons iderations . 
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( ii )  Technology offering significant benefi ts real i zabl e onl y 
through integra tion of providers or services . Coordinative 
sys tem-wide technology , such as medical information systems and 
emergency medical services systems technology , is often subj ect 
to nonadditive bene fits--that is , the benefits accruing from the 
collaboration of mul tiple providers outweigh the benefits from 
individual adoption . For example , the use fulness of the problem
oriented medical in formation system that records patient data on 
the bas is o f  medical problems i s  to a large extent dependent upon 
the integration o f  ambulatory care and hospital care data . 1 3 4 In 
the words o f  Lindberg ( in Appendix E ) : 

To the extent that health care institutions do not work 
smoothly and sens ibly with one another ,  the medical in
formation system cannot be shared or transplanted . To 
the extent that health care inst itutions are balkanized 
into smal l administrative parce l s , the information systems 
must o f  necessity be small as wel l . It is quite clear why 
mini-computers are so popular in medicine , and why large 
data base systems are so rare . The mini-system matches 
the mini-administrative fie fdom . 

Emergency medical services ( EMS )  systems provide a particu
larly cogent example of the problems of coordinative technology . 
Throughout the country , EMS grew up as a network of independent 
agenc ies , including pol ice , volunteer and for-pro fit ambulance 
services , and hospital emergency rooms . These participants were 
o ften l inked by in formal agreements and sometimes by ad hoc ar
rangements .  In most areas of the country , communication technol 
ogy was rudimentary � few ambulance corps were l inked by radio to 
hospital s ,  and central dispatching was nonexistent . Indeed , 
there was generally no s ingle agency , public or private , respon
s ible for the planning and del ivery of emergency medical services 
on a coordinated basis . The Emergency Medical Services Systems 
( EMSS )  Act o f  1 9 7 3  ( P . L .  93-154)  was deve loped to combat these 
serious de ficiencies . Not only did the act provide for grants 
for the purchase of integrative technology , such as simple com
munications and di spatching systems , but it also provided grants 
for the establ ishment of EMSS agencies whose j ob would be to 
plan and coordinate the development of system-wide approaches to 
EMS de livery . However ,  the EMSS program is based on the assump
tion that at the terminat ion of the grant programs , Ef$S agenc ies 
wil l  achieve financial sel f- suffic iency through state , local , or 
other federal funding sources . Whether the public and quasi
public EMSS agencies wi l l  actual ly be able to ach ieve financial 
independence and maintain their role in the health delivery net 
work remains to be seen . Third-party reimbursement pol icies , 
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wh ich a t  present d o  not generally recogni ze system-wide activities 
and do not provide a leve l o f  reimbursement suffic ient to cover 
the cos ts of operating such a sys tem , could play a maj or role in 
th is regard . 

Speciali zation 

By spec ial i zation we mean the tendency of the health care system 
to funct ion in specialized settings us ing increas ingly special ized 
physicians and nonphy s ic ians . Phys ician spec ialization in par
ticular has a profound influence on the adoption and use of 
equipment-embodied technology , although it i s  not clear whether 
increas ing specialization has caused or resulted from the in
creas ing complexity o f  medical technolo9Y . Mbre study is needed 
of the relationship between technological change and physician 
specialization .  

The increasing special ization o f  phys icians in the United 
States is we l l  documented . The ratio of specialists to general 
prac titioners has increased , and the number of subspec ial ities has 
increased . This phenomenon has been observed even within those 
spec ialties oriented toward primary care , such as internal and 
pediatric medic ine . l 3 9 

What re lationsh ip does th is observed trend in specialization 
have to technological change ? It appears that some specialties 
or subspecialties have developed in response to and around the 
introduction of new equipment-embodied technolo9Y . Many examples 
o f  new procedure-oriented subspecialties can be cited : cardio
vascular surgeons ;  nuc lear med ic ine rad iologists ; u ltrasonog
rapher s ;  and , most recently , gastroendoscopists . Although there 
is no empirical evidence to support the findinq , it is possible 
that the financial rewards inhe rent in special ization have en
couraged the adoption of these technologies . Evans 2 5  theorizes 
that increas ing specialization is l arge ly the result o f  an excess 
supply o f  phys icians , wh ich encourages physic ians "to use tech
nologies which enable them to provide more and d i f ferent services 
to patients ( particularly if the costs of the services are borne 
in a hospital budge t) . "  We ssen 1 3 9  states that : 

the fee- for-service sys tem encourages the use of more and 
more spe c i fic procedures to which charge s can be attached . 
• • • And the tendency of our re imbursement systems to 
value speci fic technological procedures more hi9hly than 
genera l i zed pro fess ional consultations con firms the eco
nomic bias toward the use of spe c i alty services . 
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As the demand for spec ial ists has increased , so has the supply 
of res idencies offered by graduate teaching hospitals . Hadley 
and Re inhardt4 8  hypothesize that hospitals provide residency 
spaces in order to as sist in the production of patient care , and 
that the demand for res idents in a specialty service of a hos
pital is respons ive and secondary to the demand for the medical 
services that res idents supply .  And , because graduate medical 
education is financed l argely through th ird-party reimburse
ment , 6 2 the abil ity of hospitals to provide financial support 
for res idents is also a function o f  patient demand for the spe
cialty services . Sloan 1 1 1  has tested a s imilar hypothesis for 
ophthalmology residency positions and has found that the number 
of pos i t ions offered is negatively rel ated to the stipends hos
pitals must pay res idents . Thus , the introduction o f  new clin
ical or anc i l lary procedures sets in motion a chain of events 
leading to continued training and production of specialty 
phys i cians and , to the extent that physicians can influence 
the demand for such procedures ,  continued increases in their 
frequency o f  use . 

CONCLUSIONS 

Th is chapte r has attempted to bring together our knowledge , both 
formal and in formal , regarding the impact o f  different factors 
on the adoption of equipment-embodied medical technology by 
heal th care providers , particularly hospitals . Although there 
is signi ficant research on the di f fus ion of health care tech
nology , with notable emphas is on hospi tal technology , this re
search has not measured the impact of factors that affect all 
providers and the general environment in which technology dif
fus ion takes place . We are le ft with anecdotal experience , 
logical analys is , and j udgment to ascertain the impact o f  pol icy
re lated factors on adoption and diffusion . The major factors 
incl ude : ( i )  the system of re imburs ing health care providers 
for medical services ; ( i i )  the medical inj ury compensat ion system ; 
and ( ii i )  the organization of med ical services , including dis
aggregat ion of providers and spec ial ization of manpower . More 

s t u d y  i s  n eeded to determine the true impa ct of ea ch of these 

fac tors on the devel opmen t ,  adoption , and di ffus i on of vari o u s  

kinds o f  equipmen t -embodied t echnol ogy . 

In the j udgment of th is committee , the present system of 
th ird-party re imbursement is the primary factor creating sys
tematic biases for and against adoption and use o f  particular 
kinds of equipment-embodied technology . The re imbursement sys
tem encourages the use o f  cl inical and anc i l lary hospital tech
nology and discourages the use of coordinative , system-wide 
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technology . The reimbursement system further encourages spe
cialization of manpower and facilities , which in turn has a 
distorting effect on the adoption and use of new technology . 

4 5  

On balance , the hospital reimbursement system probably creates 
incentives to overadopt new technology with signi ficant economies 
of scale relative to the s ize of individual providers .  However ,  
this kind o f  technology could also be subj ect to an underadoption 
problem in the absence of such a lenient cost-based re imbursement 
system , due to the disaggregation of providers . Were the reim
bursement system to be changed from a cost-based system , region
alization and sharing o f  services would have to be encouraged in 
order to induce providers to adopt new high-volume technology 
whose cost-saving potential l ie s  in its economies o f  scale . 
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4 ALTERNATIVE APPROACHES TO 
TECHNOLOGY MANAGEMENT 

The previous chapter contends that the prevail ing system for re
imburs ing health care providers is singularly responsible for 
persistent biases in the adoption and use of equipment-embodied 
medical technology . The reimbursement system discourages ap
pl i cation o f  economi c criteria in adoption and use decis ions . 
Thi rd-party payers virtually underwrite hospital capital invest
ments ; institutions bear l ittle or no risk for poor decisions . 
MOreover , the system provides no incentives for regional ization 
of services and does not discourage waste ful competition amen� 
hospitals for patients or prest ige . The reimbursement system 
also hinders the introduction of system-wide coordinative tech
nology . To some extent , the reimbursement sys tem creates in
centives for phys ician spec ialization , and the system for 
re imburs ing physicians encourages overutili zation of equipment
embodied procedures . 

Solutions to the problems pf technology adoption and use need 
not include re imbursement re form . Other policies-- for example , 
direct regul ation of the use o f  medical services--could con
ceivably redress the imbalance . But as long as reimbursement 
policies provide incentives (or at least no disincentives)  to 
ove radopt hospital cl ini cal and ancil lary technology and provide 
inadequate incentive s  to adopt coordinative technology , all other 
pol icies to manage the introduction of new technology must coun
teract these e f fects of the re imbursement system. Even with re
form of the re imbursement system , regulatory or enabl ing policies 
des i gned speci fical ly to improve adoption and use decisions might 
be desirable . Consequently , thi s  chapter reviews some policies 
that thi s  commi ttee or othe rs have identified as possible ave
nues for deal ing with the technology problem .  I t  analyzes the 

46 
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expected direction , and , in some cases , magnitude of impact 
that these policies would have on the adoption and use of new 
equipment-embodied technology . 

47 

Policies to influence decisions to adopt and use new tech
nology involve di fferent costs and problems of practicality . 
Perhaps the most important problem is the level o f  detail at 
which a policy mus t  be implemented . Policies requiring knowledge 
o f  many individual transactions are more costly and difficult to 
administer than those providing a structure of incentives which 
individual transactions follow . But direct regulation is o ften 
the only politically feasible alternative , because changes in 
incentives o ften result in fundamental changes in the organiza
tion and delivery of  services . Regulations often impose a layer 
of control over a system that remains essential ly intact . The 
participants in the system wi ll adj ust to the controls . I f  in
centives are radically restructured, the entire system can be 
seriously disrupted , a prospect that most affected parties would 
vigorous ly oppose . Arguments against regulation have been elo
quently stated el sewhere ( see , for example , Noll 9 0 and 
Schultze 1 0 8 ) .  This committee remains committed to seeking out 
policy solutions that minimize the need for detai led knowledge 
o f  many transactions on the part of regulatory bodies . 

The committee also recognizes that the technology problem is 
part of a larger problem of  health resources al location . Many 
of the policy alternatives reviewed in this chapter have been 
widely suggested as more general cost-containment strategies .  
We have analyzed the impact o f  such alternatives only on the 
problem at hand--the adoption and use of equipment-embodied tech
nology--and have not attempted to enumerate the many administra
t ive , ethical , and pol itical aspects of each strategy . 

The policy options fall into s ix categor ies : ( i )  funding o f  
development i ( ii )  direct regulation of sel lers of technology i 
( ii i )  direct regulation of adoption and use ; ( iv )  payment or 
reimbursement polic ies ; (v)  health manpower policies i  and (vi)  
information strategies . Particular policy options within each 
area are discussed below . 

FUNDING OF DEVELOPMENTAL EFFORTS 

As Galbraith 3 4  has emphasized , the development of large-scale 
technological systems requires extraordinari ly large capital in
ves tments , usually over a period of up to 10 years , be fore a 
return can be expected . I f ,  as in the case o f  coordinative 
technology such as computerized medical information systems , the 
ultimate market for the technology is highly uncertain , venture 
capital certainly wi ll not be forthcoming . The development o f  
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the technology may need a boost , either through the creation of 
a more certain market envi ronment or through subsidization of 
development costs , or both . The relative advantages of develop
mental subsidies versus creation o f  a ready marke t must be j udged 
in terms of the present state of development o f  the technology 
( the earlier in development , the more l ikely are subsidies to be 
relatively advantageous ) and the degree to which private develop
ment funds could be reasonably expected to respond to market sig
nal s . Little is known about where private f irms place their 
research and development e f forts . The need for more information 
on the extent to whi ch public support of research and develop
ment augments or merel y substi t utes for pri vate sector commd t
ments has been recognized b y  others . l 32 

In the view o f  thi s  committee , fundi ng o f  large-scale tech
nological development proj ects by the federal government is a 
reasonable approach , particularly for coordinative technologies . 
In the past , the National Center for Health . Services Research 
funded l arge-scale demonstration proj ects for development of 
medical i nformation systems and telemedicine . Currently , the 
National Center funds a special-emphasis Center for Technology 
at the Univers ity o f  Missouri , but decreases in federal funding 
and a shi ft in emphasis from development to evaluation have l e ft 
a void in this are a .  Lindberg ' s  paper o n  medical information 
systems ( Appendix E) documents the catastrophic e f fects o f  on
again off-again federal commitments to development in that area . 

DIRECT REGULATION OF INTRODUCTI ON OF NEW 
EQUIPMENT-EMBODIED TECHNOLOGY 

It has been suggested that new medical technology should be con
strained from diffusing until adequate evaluation takes place . 1 0 3  

A technology would be allowed to di ffuse only upon meeting de
fined evaluative criteria in experimental or demonstration 
se ttings . 

Such controls al ready exist for new "medical devices " in the 
form of premarket clearance requirements pursuant to the Medical 
Devices Amendments o f  1976 ( P . L .  94-295 )  • Third-party payers who 
re fuse to pay for new procedures unless they have been approved 
are also engaged in thi s  kind of control process . Nonpayment 
po licies lack the force o f  law , however ,  and can merely inhibit , 
not stop , diffus ion ; a new procedure can always be performed at 
direct patient expense .  The medical devices law requires manu
facture rs to demonstrate the safety and e ffectiveness of sub
stant ial ly new medical devices prior to commercial distribution . *  

*This law is presently in its earliest stage s of implementation ; 
consequently , procedures outl ined do not represent actual 
operation . 
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P . L . 94-295 spec if ies that ; 

Safety and e f fectiveness o f  a device are to be determined 
( 1 )  with respect to the persons for whose use the device i s  
represented or intended ; ( 2 ) with respect to the conditions 
of use prescribed , recommended , or suggested in the device ' s  
labe l ing ; and ( 3 ) weigh ing any probable bene fit to health 
from the use of the device against any probable risk o f  
illness o r  inj ury from such use . 

The amendments provide for classi fication of devices by the Food 
and Drug Administration ( FDA) into three categories : Class I de
vices need only comply with the general regulatory controls o f  
th e  law ;  Class I I  devices are additional ly subj ect to per formance 
standards promulgated by FDA; and Class I I I  devices are subj e ct 
to premarket approval requirements , including demonstration o f  
e f fectiveness by well-controlled investigations , including cl in
i cal investigation "where appropriate . " 9 

The regulatory scope of the medical devices law i s  wide . The 
federal government holds the authority to prevent introduction o f  
virtually any new technology that depends o n  a new medical device . 
This power is somewhat l imited with respect to equipment-embodied 
technology , however , by two factors : the legal de finition of 
" medical device " is  not entire ly coincident with equipment
embodied technology ; and the interpretation by FDA of " e f fective
ness"  is l ikely to be narrow . 

• Limited coverage . The law de fine s  "medical device " as : 

An instrument , apparatus , implement , machine , contriv
ance , implant , in vitro reagent , or other s imilar or 
re lated article , including any component , part or ac
cessory which is 

( 1 )  recognized in the o f ficial National Formulary , 
or the United States Pharmacopoeia , or any supple
ment to them, 
( 2 ) intended for use in the diagnos is o f  disease or 
other conditions , or in the cure , mitigation , treat
ment , or prevention of disease in man or other animals , 
or 
( 3 ) intended to a f fect the structure or any function 
of the body of man or other animals ,  and wh ich doe s  
not ach ieve any o f  i t s  principal intended purposes 
through chemical action within or on the body o f  man 
or other animals and which does not depend on being 
metabol ized for the achievement of any of its princ i
pal intended purposes . 
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Th is de finition includes most cl inical and anc i l lary equipment
embodied technology , but it does not cover new configurations 
of existing equipment ( for example ,  intens ive care units ) and co
ordinative technology ( for example , medical information systems ) . 

• Limi ted defini tion of effecti veness . Although the law 
reads broadly , its maj or concern is with issue s  of safety . Con
sequently , the FDA is l ikely to interpret e ffectiveness in the 
narrowest sense pos sible consistent with patient safety . Where 
a device poses negl igible safety hazards to patient and user , it 
is unl ikely that the FDA wil l  require evidence of improved pa-
tient outcomes as a condition for premarket clearance . Moreover , 
the law inc ludes no provisions for considerations o f  economic or 
societal criteria in evaluating new devices . The cost-e ffectiveness 
of a new device cannot be cons idered by the FDA under the terms o f  
the law .  

Pol icies to control the introduction o f  new technology suffer 
from inherent l imitations . The most important i s  the " all-or
nothing" nature of the ir e f fect . Although approval of a new 
technology can be l imited to spe c i fied conditions of use ( as in 
the medical devices l aw) , it is di fficult to enforce such limits . 
Indeed , malpractice litigation is the only available sanction 
against inappropriate use of technology short of direct uti l iza
tion controls , and it is applicable only if signi ficant injury 
has been sus tained . 

A hypothetical example i l lustrates the weakness of preintro
duction regulations in affe cting health care costs . A new , con
venient , and relatively inexpensive test could be proven 
cost-effective when used in diagnos is for a particular set of 
presenting symptoms . It would there fore be al lowed to di ffuse . 
I f  it subsequently became overused , its introduction could actu
ally have prec ipitated an inc rease in total diagnostic expendi
tures . There fore , even i f  cost-e f fectiveness were a criterion 
for premarket approval , decreased health care costs could not 
be assured in the absence of utilization controls . 

Premarket testing cannot always detect rarely occurring but 
serious hazards . It is also di fficult to anticipate adverse 
reactions that appear only after a long time interval . Such 
effects can be more consistently detected by long-term postmar
ket monitoring of te chnology usage . 

Premarke t  control o f  the introduction o f  new technology may 
have unintended s ide e ffects , the costs of which outweigh the 
intended bene fits . Studies o f  the regulation o f  new drugs in the 
United States have identi fied and attempted to measure the mag
nitude of such effects , particularly s ince the enactment o f  
amendments i n  196 2 requiring drug manufacturers to demonstrate 
e fficacy as we l l  as safety . Although it is inval id to draw direc t 
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inferences about the effects of  controlling the introduction of 
new equipment-embodied technology from studies of drug regula
tion , the drug studies do provide insights into relevant areas 
of concern . 

Major findings of studies of the impact of premarket drug 
regulation are set forth below : 

• Impact on new product development time and cost .  Several 
s tudies of the drug industry document an increase in development 
time and cost fol lowing enactment in 1962 of amendments adding 
e fficacy requirements to the 1938 Food , Drug , and Cosmetic Act . 
Grabowski and Thomas , 4 2  using cross-national data , attribute 
hal f of the postamendment decline of productivity of the u. s. 
drug research dol lar to the premarket approval process i the other 
hal f is attributed to a worldwide "depletion of research oppor
tunities . "  

• Impact on the producing industry . The increased cost and 
t ime duration of new drug development fol lowing the 1962 amend
ments led to the hypothesis that regulation induces a shi ft in 
the composition of the industry favoring large , multinational 
companies . These companies can afford and compensate for in
creased costs and risks of product development that might cripple 
smaller domestic fi rms .  New drugs introduced in the postamend
ment era were developed by fewer and larger companies than were 
drugs developed prior to 1962 . 4 3  

• Impact on innovation . Several critics of  the premarket 
approval process for drugs contend that it forces manufacturers 
to divert technical and financial resources to the generation of 
l arge amounts of preintroductory evidence while foregoing re
search that might lead to signi ficant new discoveries . l O ? In
creased deve lopment cost per new product decreases the number or 
scope of research and development efforts that each company can 
afford if research and development budgets remain constant . A 
regulation- induced reduction in the number of companies produc
ing new drugs4 3  may also reduce the diversity of research ef
forts undertaken in the drug industry . It is not necessarily 
true , however , that innovation suffers with a reduction of re
search funding . A study of drug companies by Caglarcan et a1 . 1 5 
finds that companies that concentrate research and development 
funds in re lative ly few areas of research tend to produce more 
new chemical entities in the 4 succeeding years than do companies 
with more divers ified research efforts . This finding suggests 
that even if premarket approval does increase development costs 
per new product , innovation rates need not be affected . 

• Impact on patient outcome. Wardel l  and Lasagna 1 3 5  and 
others 1 07 suggest that existing premarket regulation of drugs 
in the United States costs patients more than it bene fits them. 
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Costs include those imposed by delayed introduction of bene ficial 
drugs , Bene fits result from fewer adverse patient reactions to 
new drugs and reduced use of ine ffective drugs . Methodological 
di fficulties in measuring a "drug lag" between the United States 
and other countries and in as sessing its s igni ficance in terms 
of ult imate patient outcome hamper research on this issue . 

Federal legislators have learned from the drug regulation ex
perience . The medical devices amendments were written to avoid 
or reduce many of the problems outl ined above . Medical devices 
regulation wil l  di ffer substantially from drug regulation , offer
ing greater flexibil ity and e f ficiency . Only devices for which 
general regulations and per formance standards are inadequate wil l  
undergo the premarket approval process . Th e  amendments provide 
for use of experts from the sc ienti fic and industrial communities 
on panels to clas s i fy devices and on advisory committees to re
view proposed regulations of performance standards , proposed prod
uct development protocols , and appl ications for premarket 
approval . Manufacturers of Class III medical devices c an submit 
a product development protocol to obtain FDA assurance of the 
adequacy of its product evaluation procedure be fore embarking 
upon it . Manufacturers wil l  thus be able to avoid the risk o f  
committing resources t o  a testing program that is inadequate for 
approval or to one that generates superfluous data . In addition , 
the medical devices amendments require the establ ishment o f  an 
office within HEW to provide technical assistance for small manu
facturers in complying with the law .  These innovations in regu
latory procedure were intended to prevent much of the delay , 
duplication of e f fort , strain on FDA manpower , and inadequate 
communication , which have plagued drug regulation e fforts . How
ever , it is too early to determine the effectiveness of these 
and other provisions in avoiding the unfavorable impacts de
scribed above . 

The l imitations and s ide e f fects inherent in a premarket ap
proval process argue against s igni ficant expansion of th is 
regulatory approach beyond the l imited evaluative criteria o f  
safety and e ffectivene ss currently covered under the medical de
vices law .  Because premarket regulation o ffers l ittle e f fective 
control over the actual use o f  technology that has been approved , 
cons ideration of economic criteria such as cost-e ffectivene ss or 
ne t soc ial bene fit i s  inappropriate . 

DIRECT REGULATION OF THE ADOPTION AND USE OF 
EQUIPMENT-EMBODIED TECHNOLOGY 

A commonly suggested mechanism for alte ring patterns of adoption 
and use is the exercise of direct control over these decisions 
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by a regulatory body . Two regulatory mechanisms currently in 
use exert this control directly : capital expenditures regula
tion and uti lization review . 

Capi tal Expendi tures Regulation 

Two di fferent programs currently exis t  to regulate hospital capi
tal expenditure deci s ions . They are the state- level certificate 
of need ( CON) laws , which exist in approximately 30 states , and 
the regulation of capital expenditures under Section 1 1 2 2  of 
Public Law 92-603 ( 19 7 2 ) . The programs are essential ly the same ; 
they differ only in the definition o f  what constitutes a regulat
able capital expenditure and in the sanctions employed .  Both 
programs call for approval of hospitals '  proposals for large 
( usually at least $ 100 , 000)  capital expenditures by a state 

health planning agency , with local health systems agencies acting 
as the firs t l ine of review . The Section 1 1 2 2  program ties ap
proval to reimbursement by Medicare for the assoc iated capital 
costs ; CON laws are frequently tied to facility l icensure or cer
tification . The National Health Planning and Resources Deve lop
ment Act of 1974 ( P . L .  93-64 1 )  requires universal adoption o f  
CON laws b y  1980 . A t  present , some Blue Cross plans re fuse to 
reimburse health care providers for services that have been dis
approved by the CON agency . 

Capital expenditures review is essentially a negative instru
ment ; it can be used to s low the di ffus ion of new equipment
embodied technology , but it cannot easily be used to speed the 
adoption of underdiffused technology . Except whe re health plan
ning agencies have conditioned approval on the ful fil lment o f  
stipulations unrelated to the appl ication* ( as i n  Massachu
setts l O O ) ,  the regulatory agency is powerless to encourage the 
development o f  coordinative technology . 

The h istory o f  CON and capital expenditures review programs 
is discouraging . Not only have few pro j e cts been disal lowed , 7 0 

but CON appears to have no e f fect on the overall level o f  spend
ing by hospitals . 1 0 6  However , one cannot j udge the potential 
value of this regulatory strategy from experience to date . Ex
isting programs suffer from serious structural weaknesses and 
implementation problems that may be surmountable . 

Among the more obvious problems are the loopholes in existing 
laws . At present , capital expenditures review does not cover 
relatively smal l  investments by hospitals , nor does it cover 

*The legalit0 of conditioned approvals of pro j ects has been 
ques tioned. 1 0 
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noninsti tutional providers ( for example ,  physician groups or 
independent c l inical laboratories ) in most s tate s . It has been 
suggested that CON be extended to noninsti tutional se ttings of 
care 6 0 and to a broader array o f  equipment purchases ( under 
$ 100 , 000 ) . These changes would purportedly close loopholes in 
the laws and provide more influence over technology adoption 
decis ions . 

A problem of equal importance is the lack of budget disci
pline wi thin the program s tructure . The agencies are genera l ly 
free to approve as many projects as they cons ider appropriate 
without cons idering trade-offs among al ternative uses of capital 
funds . Indeed ,  in most areas , the boundaries of the health ser
vice area represented by the CON agency do not coincide with the 
boundaries of col lective payment (which in the case of Medicare 
is the entire country ) . 1hus , the local agency can spread the 
costs of a new service across the s tate or the nation while 
obtaining the bene fits of improved access or quality of care and 
o ften increases in employment as we l l .  

One solution to thi s problem is the adoption of an annual area
wide l imitation on capi tal expenditures subject to CON as has 
been proposed under the present Adminis tration ' s  cos t  contain-
ment bi l l l 2 1  and as under consideration in the State of Maryland . 9 5 

The Health Sys tems Agency ( HSA) would be responsible for al locat
ing these funds among competing proj ects . This approach would 
material ly increase the power and re sponsibi lity of the liSA ' s and 
would require them to make choices they have up to now appeared 
unwi l l ing to make . 7 0 However ,  it is possib le that such a program 
would induce hospitals to merely shi ft capital expenditures to 
the purchase of less expensive capi tal equipment not subj ect to 
the limi t . It is also important that the HSA or local hospitals 
be able to accumulate capital spending al locations over multiple 
years to enable the implementation o f  especial ly large proj ects 
that may be needed . 

Apart from the s tructural problems des cribed above , the agen
c ies suffer from a lack of t ime ly information to as sist in deci
s ion making ,  particularly in regard to new equipment-embodied 

technology . S B 

As suming that the struc tural and implementation problems are 
overcome , capital expenditures review nevertheless presents 
serious generic problems . First , th is regulatory approach re
quires deta�led knowledge of individual equipment adoption de
cis ions by review agenc ies , and the number of decis ions probably 
increases exponentially as the dol lar thresho ld for CON cover
age is decreased . That i s , there are many more di f ferent pieces 
o f  equipment o f fered in the $50 , 000-$ 100 , 000 price range than 
there are in the over-$ 100 , 000 range . Thus , as loopholes are 
closed , implementation problems increase dramatical ly . 
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Second , agency decis ions are l ikely t o  b e  politicized through 
coalitions or compromises . The net e ffect may be expenditure 
decisions that are no improvement over those made by hospitals . 

Third , certi fi cate of need unquestionably adds to the cost of 
adopting new technology , both good and bad , and thus further bi
ases capital expenditure decisions against the introduction of 
potentially cost- reducing coordinative technology such as medical 
information systems . 

The ques tion of whether direct regulation of capital invest
ments by providers is a good approach to control the tendency to 
overadopt clinical and anci l lary hospital technology ultimately 
rests on one ' s  phi losophy toward regulation . The committee rec
ognizes the critical need to make such adoption decisions more 
consistent with the interests of society , but i f  simi lar results 
can be achieved through pol icies that al ter incentives instead of 
counteracting them , then we believe that these other avenues are 
pre ferable to capital expenditures regulation . 

Utiliza tion Review 

The review of the uti lization of equipment-embodied technology 
is a mechanism that could conceivably reduce the tendency to 
overuse clinical and anci llary technologies . The term "uti liza
tion review" re fers to several methods for controlling the use 
of services . These include prior authorization of service de
livery , retrospective evaluation of services rendered , and re
view of claims for payment . 

Various programs have been conducted by hospitals , third
party payers , foundations for medical care , and professional 
standards review organizations ( PSRO ' s ) . For the most part , 
uti lization review has been applied to hospital admission and 
length of stay and to claims for services rendered by physicians . 
Except where hospital admi ssion has been expressly for the per
formance of a particular procedure , review of specific procedures 
has generally not been attempted .  This is  particularly true of 
diagnostic procedures in hospitals . The professional standards 
review organization program is currently encouraging its PSRO ' s  
to begin programs to review the uti lization of ancillary ser
vices . 1 2 5  · 

The e ffectiveness of uti lization review programs as they have 
been implemented has not been �equivocally demonstrated . 5 9  

Some inherent weaknesses i n  the approach are : the need for de
tai led criteria to di fferentiate j us ti fied from un j usti fied util
ization , the costs of implementation , and the potential rigidity 
o f  such a system over time . MOre research is needed on the 

Copyright © National Academy of Sciences. All rights reserved.

Medical Technology and the Health Care System: A Study of the Diffusion of Equipment-Embodied Technology
http://www.nap.edu/catalog.php?record_id=18439

http://www.nap.edu/catalog.php?record_id=18439


56 

effectiveness of utilization review in controll ing the use of 
technology-intensive services , particularly ancillary hospi tal 
services such as laboratory and diagnostic radiology , relati ve 
to more indirect methods of infl uencing the uti l ization of these 
services . 

Both di rect regulation o f  capital expenditures and uti liza
tion review require that regulators have detai led knowledge of 
individual transactions in the health care system . The commit
tee remains cautious about the long-run e f fectiveness of this 
type of approach . 

PAYMENT POLIC IES 

Vi rtually any change in reimbursement strategies wil l  alter in
centives to adopt and use new equipment-embodied technology . 
Desired s trategies are those that reward providers for cost
e f fective adoption and use decisions and penalize them for de
cis ions that clearly are not cos t-e f fective from society ' s  
standpoint . As a coro l lary to this principle , providers should 
bear risk for thei r  adoption decisions , either as a financial 
loss for a poor decis ion or as a loss o f  opportunity to invest 
in more e ffective technology . Several alternatives for changing 
reimbursement methods in this direction have been suggested . 

Coverage Limi tations 

Perhaps the most obvious type of reimbursement re form is the re
fusal to cove r hospital and phys ician expenses incurred for those 
procedures that have not been proven e ffective . The de lay im
posed by the Medicare program in reimburs ing providers for CT 
scanning of the body is an example of such a strategy , as is the 
decision by the National Association o f  Blue Shield Plans not to 
pay for 26 surgical and diagnos tic procedures that have been 
found to be large ly without value . a� The primary problem with 
this approach is that i t  is a gross dis criminator be tween " good" 
and "bad" technology . The decision of whether or not to pay for 
a procedure can be used success fully only for the few procedures 
found to be general ly wi thout value , but i t  is relative ly easy 
to show that a technology has significant value for some patients . 
Consequently , a comprehensive program of noncoverage would have 
to be augmented by detai led uti li zation review . 

Thi rd-party payers could be more ci rcumspect in paying for new 
clinical and anci l lary procedures .  By requi ring more proof o f  
e f fi cacy prior to payment , thi rd-party payers could encourage the 
deve lopment of information on e ffectiveness . However , once a 
procedure i s  approved for payment , even for a limited patient 

Copyright © National Academy of Sciences. All rights reserved.

Medical Technology and the Health Care System: A Study of the Diffusion of Equipment-Embodied Technology
http://www.nap.edu/catalog.php?record_id=18439

http://www.nap.edu/catalog.php?record_id=18439


57 

population , some control over the utilization o f  such services 
would be required if the tendency toward overadoption and over
use of clinical and ancil lary technology is to be checked . 

The commi ttee is concerned about the implications of adding 
an additional layer of control over a process of technological 
change already heavi ly burdened with regulation . It would re
quire most new equipment-embodied clinical and ancillary pro
cedures not only to meet the safety and e fficacy requirements o f  
the medical devi ces l aw ,  but also t o  me e t  more o r  less stringent 
effectiveness or cost-effectiveness standards imposed by dif
ferent payers under a coverage l imit policy . The delay , uncer
tainty , and administrative costs entailed by the addition of a 
second regulatory structure in the prediffusion stage of techno
logical change must be considered in evaluating this alternative . 

Reimbursement of Hospi tals 

The reimbursement of hospitals on a prospective basis has been 
considered by many to be an important and needed change . Pros
pective reimbursement ( PR) merely implies the determination in 
advance of  the payment period of  a rate of payment for services 
rendered by hospitals . There are many variations on this general 
approach . Third-party payers have establ ished rates on the bas is 
o f  negotiated hospital budgets and on cost-based formulas . A few 
have established flat rates of payment unrelated to servi ces ren
dered . In some cases , hospitals bear the risk of de ficits and 
reap the bene fits of surpluses over the payment period . In oth
ers , savings and deficits are shared by the hospital and the 
third-party payers . The essential character of PR is lost , how
ever , if leve ls of reimbursement are routine ly adj usted retro
actively to eliminate al l accumulated surplus or de ficit of the 
hospital . 

In January 1976 , 22 of the nation ' s  74 Blue Cross plans en
rolling from 24 to 80 percent of their area populations were 
negotiating or establishing prospective rates or charges for 
their member hospitals . 1 2  (Nine of these plans in two states 
were operating in cooperation with state rate-setting agencies . )  
Nine s tate governments were administering rate-setting programs 
affecting from 8 to 90 percent of state hospital revenues . These 
state programs impose binding rates of payment under various pay
ers , usually including Medicare , Medicaid , and Blue Cross . 1 2  

The proposed hospital revenue limitations under the Adminis tra
tion ' s hospi tal cost-containment legis lation 1 2 1  is a PR system . 
Each hospital , wi th certain exceptions , will  be limited to a 
predetermined rate of increase of total revenues from one period 
to another .  
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A major problem in the implementation of  PR systems is the 
need to treat di fferent hospitals di fferently . Because hospitals 
vary widely in their mix of patients , and because the prospective 
rate sets up incentives to "dump" complex cases and to change the 
length of stay , it  is imperative that PR systems adj ust rates fo� 
hospital complexi ty or case mix.  This greatly complicates the 
rate-setting process , and it has not been shown that an adequate 
adj us tment method exists . A critical attribute of any prospec
tive reimbursement system is the notion of regulatory lag , the 
time interval between successive rate deci sions . The rates ap
plied during this interval are generally based upon previous ly 
recorded accounting costs , although some systems use a flat rate 
determined not by previous costs but by adminis trative fiat . 
Where rates are cost-based ,  the interval between rate decis ions 
is critical to the method ' s  success in inducing cost-saving in
novations . If costs fall during the period , hospital surplus 
increases , whereas , i f  costs rise , as is like ly in inflationary 
times , de ficits may occur . Many have argued that the regulatory 
lag offers a major and perhaps the only incentive for e fficiency 
in regulated organizations--particularly to apply new cost-saving 
technology . 7 • 1 1 0  Most PR sys tems operate on a 1-year interval . 
The committee debated the merits of lengthening the interval to 
increase incentives to introduce new cost-saving technology . But 
in periods of rapid inflation , the regulatory lag may threaten 
the fiscal integrity of insti tutions . Thus , PR necessitates a 
built-in adj ustment mechanism for pri ce inflation . Apart from 
this  requi rement , however , increasing the regulatory lag would en
courage the introduction of cost-saving technology , but it would 
also discourage the introduction of technology that is both cost
increasing and quality-enhancing . Unlike other regulated indus
tries , hospitals do not produce a uni form product . An implicit 
cost is incurred in increasing the time between rate decisions . 
That cos t is the loss of abi lity to adopt new quality-improving 
technologies . 

In the opinion of  this committee , the potential for increasing 
the regulatory lag as an incentive to efficiency has not been 
fully  explored by ra te-setting agencies . More study of this ap
proach to prospecti ve rate setting is needed . 

Theoretically , PR should have a salutary effect on the adop
tion and use of new clinical and anci llary technology , since it  
requires hospitals to weigh alternative uses of funds . It is not 
clear that this does , in fact , happen . Bauer 1 2  has observed that 
the primary weakness of prospective ly set hospital rates is that 
they do not control the volume of services offered ; these are 
controlled by individual physicians . However , i f  over time rate 
limitations cause decreasing adoption of new technology by hos
pitals , limited capacity can be expected to control utilization . 
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Although there is little de finitive empirical evidence on 
the impact of PR on adoption and use of technology , studies of 
six prospective reimbursement systems sponsored by the Social 
Securi ty Administration provide some pre liminary and indi rect 
information . Prospective reimbursement as it was applied in the 
six situations did not unequivocal ly reduce hospital cost infla
tion . l , 2 3 , 5 5  Moreover , one study showed that PR had not signif
icantly curtai led the use of anci llary services ; 5 5  and in another 
study , the PR system appeared to have a negative impact on the 
number of clinical laboratory tes ts performed per case and a 
positive impact on the volume of radiology procedures per case . 2 3  

It appears that hospital administrators attempt to control costs 
of the services they control , while the use of physician
controlled services does not change . 5 5  However , these programs 
may not have been in effect long enough when studied to induce 
desirable change in adoption behavior that would be re flected 
in later uti lization statistics . 

Reimbursement of Physicians 

Changes in methods of reimbursing physicians have also been sug
gested . Hospital-based physicians ( anesthes iologists , radiolo
gists , etc . ) who control the majority of clinical and anci l lary 
equipment-embodied technology are now paid predominantly by 
methods that reward for high volume . It has been suggested that 
requiring al l hospital-based physicians to enter into salary 
agreements as a condition for third-party payment is a solution 
to the perverse incentives operating in hospitals . l 4 2  But it 
is not clear that this would significantly affect adoption and 
use of new technology . Certainly , for example , the impetus to 
the use of anesthesia is not the anesthes iologis t ,  but the sur
geon . And ordering phys icians large ly determine the use of 
clinical laboratory and radiological procedures in the hospital . 
A salary system might reduce the productivity of hospital-based 
physicians , and thus increase costs without decreasing utiliza
tion . It may appear plausible that i f ,  for example , radiologists ' 
incomes did not vary with the introduction of new equipment , such 
as the CT scanner , there would be less pressure on hospitals to 
adopt this technology . But experience has demonstrated that , at 
least for the head scanner , neuro�ogis ts and neurosurgepns have 
favored adoption j ust as actively as have radiologists . The 
argument for putting hospital-based physicians on salary may be 
j us ti fied on the grounds of equity and income distribution ; it  
i s  not supportable on 'the grounds of improving incentives to 
adopt and use new clinical and ancillary equipment-embodied 
technology . 
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The fee-for-service system , which reqards physic ians for the 
use of procedures , might be altered . Changes in the system could 
range from the institution of a salary system for all physicians 
to changes in the way fees are constructed . At present , fees 
for new procedures are based on historical precedent , not on 
prospective analys is of the resource cos ts to the physician for 
performing the procedure . The " us ua l , customary , and reasonable " 
approach to the establishment of physician fee schedules has been 
shown to be inflationary , and , although l imits have been placed 
on fee increases in recent years , new procedures are generally 
not affected . A new procedure can be introduced at a high rate 
of payment by innovative physicians . This reimbursement rate 
can always be lowered , but the method for determining fees makes 
i t di f fi cult to raise a fee substantial ly once i t  has been estab
lishe d .  Consequently , fees for new procedures are likely to be 
set at high levels . Third-party payers could estab lish fee sched
ules where payment for a procedure is l inked to its e ffectivenes s  
re lative to other procedures or to its s tatus as an experimental 
procedure . These incentive-based fee schedules would offer the 
physician higher economic returns per time period for mre " de 
sirable " procedures than for l e s s  des i rable procedures . 

A major problem with thi s  approach i s  the need to di scriminate 
between appropriate and inappropriate use o f  a procedure . The 
mst valuable procedure can be misapplied . By establishing high 
fees for des irable procedures ,  the policy is like ly to induce too 
much of a good thing . Consequently , the success of incentive
based fee schedules is inextricably linked to the detai led con
trol of uti li zation of procedures .  

Capi tation Payment 
Capitation payment me thods reimburse for an agreed upon set o f  
patient services with fixed periodic payments regardless of the 
value of services actually rendered . In principle , capitation 
rewards provi ders for e f ficient use of resources in producing 
the services covered by the capitation rate and penali zes ine f
ficient providers . 

The most common form of capitation payment i s  the health 
maintenance organi zation ( HMO ) , which includes all  inpatient and 
outpatient services in the services covered by the capitation 
rate . Two compe ting forms o f  HMO are the prepaid group practice , 
whi ch di rectly employs physicians and other health care personne l ,  
and the independent practice association ( IPA) , a federation of 
independent practitioners who agree to participate in the capita
tion plan but who maintain the ir individual practices and are 
o ften individually reimbursed on a fee- for-service basis . The 
degree to which the IPA approaches the prepaid group practice 
HMO i n  organi zation depends on the amount of financial risk that 
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participating physicians take . In some plans , the contract pay
ers like Blue Cross and Medicare require that the third-party 
payers absorb the additional expenses i f  costs exceed the pre
mium base . Here , the participating physician takes very little 
fiscal responsibility for his actions , and the IPA more c lose ly 
approximates the fee- for-service system. 

There is substantial evidence that prepaid group practices and 
IPA ' s do result in some economies of operation . Hospitalization 
rates are lower and lengths of stay in hospitals shorter than in 
the fee- for-service sector . 52  The prepaid group practice appears 
to perform more e fficiently in terms of hospitalization rates than 
do IPA ' s . 3 7  There is also tentative empirical evidence that rates 
of surgery are lower at some HMO ' s  than in the rest of the health 
care system. 7 1  However , evidence on the comparative rates of 
diffus ion of new equipment-embodied techno logies does not exist 
except by way of anecdotes .  A major confound ing problem is that 
relatively few HMO ' s  own their own hospital s .  Most contract for 
hospital services with inst itutions serving a wider population . 
Thus , equipment adoption dec isions are general ly made by hospitals 
with reference to the larger population , and val id inferences about 
HMO adoption behavior are not possible . 

Much of the impetus for the deve lopment and demonstration of  
preventive technologies such as  automated multiphasic health 
tes ting (Appendix C )  and mammography screening (Appendix B)  has 
come from the larger and older HMO ' s ,  whose resources have al 
lowed these e f forts . Much of the earliest and most success ful 
deve lopmental work on medical information systems was performed 
at the Northern Cali fornia Kaiser Health Plan (Appendi x E ) . 

At present HMO ' s  provide health care for about 3 percent of 
the U . S .  population . Numerous hypotheses have been promulgated 
to explain such negligible penetration of the health care de
livery market , including barriers arising from current health 
insurance arrangements and from the very law that was designed 
to encourage HMO ' s ( the Health Maintenance Organization Act of 
1973 , P . L . 93-222 ) . 6 1 Although recent amendments to P . L.  93-222 
have reduced some of these barriers , HMO ' s sti ll face signi ficant 
obstacles . 

Unfortunate ly , HMO ' s are subject to some counterproductive 
incentives that might produce behavior that compromises the qual
ity of  care , underserves subscribers , or se lects subscribers to 
e liminate high-risk members . Thus , surve i l lance and reporting 
of HMO performance is mandated , possibly leading to regulation 
of HMO behavior . s o  This may compromise the adminis trative sim
plicity o f  the concept . Neverthe less , HMO ' s appear to hold 
promise for insti lling appropriate incentives in health care 
providers both to adopt cos t-effective technology and to resist 
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the overadoption and overuse of c l inical and ancil lary hospital 
technology . 

HEALTH MANPOWER POLICIES 

Because of the hypothesi zed e f fect of manpower (particularly 
physician )  specialization on the adoption and use of new cl inical 
and ancillary equipment-embodied technology , it  is often sug
gested that the absolute number and specialty distribution of 
physicians be controlled . Training of new physicians in the 
clinical specialties and subspecialties could be decreased , 
whi le training in areas such as computer applications or medi-
cal information systems could be increased . Three policy ins tru
ments are avai lable to alter the specialty distribution : ( i )  
regulation o f  the number o f  res idency positions offered by teach
ing hospital s ;  ( i i )  third-party reimbursements of res idents ' sti
pends ; and ( i i i )  training grants to teaching institutions . The 
regulation of the number of residency positions offered in any 
specialty or subspecialty is in the hands of the Liaison Commit
tee on Graduate Medical Education , which represents five medical 
profess ional organizations . Se l f  regulation by the profession 
appears to be a viable alternative . In 19 72 , the American Col lege 
of Surgeons conducted a study of surgical services in the United 
States and conc luded that the number of  approved surgical resi
denc ies should be sharply curtailed . 4 Since then the number of 
approved residencies has indeed decreased . 

Whether limitation of  physician specialization wi ll signi fi
cantly affect adoption of  new technology is conjectural at this 
time . It is not c lear that by limiting the number of physicians 
in the technology intensive specialties there will be less use 
of equipment-embodied clinical and ancillary technology . The 
rapid increase in the use of radiology procedures in the past 10 
years has not been met with a proportional increase in the num
ber of radiologists . Between 1964 and 19 70 , the number of radi
ologists increased by approximately 10 percent ; the number of 
diagnos tic x-rays performed in the United States increased by 20 
percent . Increased e fficiency in the use of radiologists ' time , 
substitution of nonphysician manpower for radiologists ' time , 
and increased performance of simple radiologic procedures by non
specialists may account for the di f ference . There is a substan
tial b.ut unknown quantity of " trickling down " of procedures from 
specialist to nonspecialist performance . As specialists become 
bus ier with more sophisticated , newer procedures , the use of 
existing , simple procedures is taken up by nonspecialists . The 
performance of simple surgeries by nonsurgeons and the performance 
of simple laboratory tests outside of the laboratory might be
come commonplace . 
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INFORMATION DISSEMINATION STRATEGIES 

In the previous chapter it is argued that perceptions of "qual
ity" influence the adoption and use of equipment-embodied tech
nology . If patients , physicians , and hospital administrators 
all view technological sophistication as good in and of itse l f  
and ignore cost i n  the ir decis ions , then there i s  like ly to be 
a bias toward the adoption and use o f  new clinical and ancil
lary technology . 

Several information s trategies are possible . These can be 
directed either at consumers ( or their representative s )  or at 
providers of health care services . Consumers ( or consumer rep
resentative s )  include individual patients , third-party payers , 
employees or unions who contribute to group health insurance 
plans , or public bodies such as health planning or rate-setting 
agencies . 

Providers include practitioners , institutions , and profes
s ional associations . Provider education may be directed at the 
physician as gatekeeper of the use of  new technology , at the 
hospital as primary adopter of  new clinical and ancillary tech
nology , or at organizations of professionals ,  including such 
quasi-public agencies as professional standards review organi za
tions ( PSRO ' s ) . 

Suggestions for information strategies directed at physicians 
are based on the premise that medical education inadequately pre
pares the physician to consider cost in decis ions to use ser
vices , 9 6  particularly diagnos tic procedures . Policies to include 
concepts of ·statistical decision theory and cost-e ffectiveness 
in medical education have been suggested as solutions . � b  Recent 
research documents that educating physicians to consider costs 
when making clinical decis ions can significantly affect the num
ber and cost o f  diagnostic tests used . 2 �  Although i t  seems self
evident that medical students should be provided with a basis 
for rational clinical decision making , the e ffect of such a 
strategy on uti lization would only appear after many years of 
such training , i f  at al l .  Moreover , adding required subj ects to 
the medical education curriculum involves sacri fices in other 
areas of learning . 

The education of practicing physicians through PSRO ' s  and 
uti lization review programs has also been attempted . Because 
these programs are of recent origin , their effectiveness in chang
ing physicians ' uti li zation behavior is unknown . 

Hospitals could also use information on the costs and effec
tiveness of new equipment-embodied technology . Hospital adminis
trators claim to have severe problems in evaluating the technical 
merits and cost implications of equipment and instrumentation . l 2 3  

The lack o f  standardization and the complexity of equipment used 
in cl inical and ancil lary services renders hospitals re lative ly 
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ignorant of  the potential hidden costs and technical problems 
of equipment they purchase . Efforts have been made to provide 
hospitals with methods for evaluating equipment prior to pur
chase , 3 but more fundamental information about the effectiveness 
of  new technology is badly needed by hospitals . 

Education of individual patients can e f fective ly improve pat
terns of use of new technology , particularly of screening tech
nology . However , it is unrealistic to as sume that patients can 
or should be gatekeepers for their own use of diagnostic and 
therapeutic services . Patients can be encouraged to seek "sec
ond opinions " prior to acceding to their physicians ' advice , but 
the widespread use of second-opinion strategies has not yet been 
attempted ,  and the ir cost-e ffectiveness in curtai ling utiliza
tion is unknown . 

The information needs of consumers and providers depend , of 
course , upon other policies chosen to manage the introduction of 
new te chnology . I f ,  for example , adoption decis ions were taken 
away from hospitals and put in the hands of regulators ,  then in
formation strategies would be best directed at the regulatory 
agencies . The next chapter of this report dis cusses the process 
for generating and disseminating evaluative information , and ana
lyzes the extent to which changes in that sys tem are warranted . 

A CAVEAT ON THE EXPANSION OF REGULATORY PROGRAMS 

In attempting to array and analyze public policies that can be 
used to influence the process of deve lopment and di ffus ion of 
equipment-embodied technology , the commi ttee was impre ssed by the 
plethora of public policies , particularly regulatory programs , 
already in force governing every stage in the process . A co� 
plex regulatory structure has evolved that at least nominally con
trols many aspects of deve lopment and di ffus ion . In fact , with 
few exceptions noted in previous sections , federal legis lation 
has already authorized direct control of many decisions regarding 
the di ffusion of equipment-embodied technology through three 
major laws--the Medical Devices Amendments of 19 75 ( P . L .  94- 29 5 ) , 
the National Health Planning and Resources Deve lopment Act ( P . L .  
9 3-641 ) , and the profess ional standards review organization ( PSRO) 
provis ions of the Social Securi ty Amendments of 19 72  ( P . L .  9 2-60 3 ) . 
These laws are administered at various levels of  government � the 
medical devices law will be administe red by the federal govern
ment , whi le the planning act and the PSRO program are adminis tered 
at state and areawide leve ls by public and quasi-public agenc ies 
and organizations . 

Leaving as ide the question of each program ' s e f fectiveness in 
accomplishing its legis lative or social ob jectives  (a question 
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discussed above ) , it  is important to cons ider the cumulative 
impact of these essential ly independent regulatory programs on 
the process of technical change . The three mandates constitute 
a regulatory maze through which new technologies must wend their 
way . An equipment-embodied technology must first be approved 
as safe and effective under the Medical Devices Amendments . 
Those whose initial cos t is $ 100 , 000 or more and intended for 
hospitals must usually be granted a certi ficate of need .  Fi
nally , the use of equipment-embodied technology may ultimate ly 
be controlled by uti lization review criteria developed and ad
ministe red by PSRO ' s .  These decisions are made at several di f
ferent points in the process of technological change and , for 
the most part , independent of one another .  The multiple laye rs 
of regulation certainly increase uncertainty about the market
ability of new technology and may require redundant administra
tive costs . 

The problem of regulatory burden goes beyond the se three pro
grams . The deve lopment and di ffusion of equipment-embodied 
medical technology occur in a complex regulatory environment 
involving federal , state , and local governments as we l l  as pri
vate organizations . Table 1 shows the extent of  direct regula
tory authority that impacts on various participants in the 
process of technical change . ( The table does not inc lude the 
indirect impact of funding policies such as manpower training , 
biomedical research , and health care financing programs . )  The 
s i gni ficant potential for redundancy and inconsis tency in re gula
tions relating to a new technology as it works its way through 
development and diffusion is clearly demonstrated by the table . 

While few would dispute the value of some regulation , two re 
s ults seem evident . First , on balance , regulation has or is 
like ly to slow the deve lopment and di ffusion process . Unfor
tunate ly , the extent of such a slowdown and the resulting bene
fits and costs are difficult to evaluate , due partly to the 
newness of the regulatory machinery and to the inadequacy of our 
knowledge about bene fits and costs of new technology . Second , 
the present body of regulations is in many respects duplicative 
and conflicting . The same results--however valuable--could be 
achieved in a s treamlined system at lower cost . 

Among the potentials for redundant regulations is  the plethora 
of state and federal agencies involved in licensure , certi fica
tion , and accreditation of health care faci lities i llustrated in 
Table 1 .  A study conducted in 19 75  by the Task Force on Hospital 
Regulation of the Hospital Association of New York State 5 7 identi
fied a total of 164 regulatory bodies involved with hospitals in 
New York . Of these , 40 are federal and 96 state agencies . Four 
federal and 2 3  state agencies are involved in licensure ; 10 fed
eral and 26 state agencies are involved in accreditation of the 
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TABLE 1 The Impact of Regulation on the Process of Technological Change for Equipment-Embodied Technology 

Parti cipants 
in the 
Proces s  of Major 
Technological Federal 
Change Re gulation� 

Deve lopers 

Manufacturers --Medical devices law 
( P . L .  94-295 ) 

Providers --Health planning 
( P . L .  93-641 ) 
( ce rti ficate of need 

and appropriatenes s  
review) 

Practi tioners --PSRO ' s ( P . L . 92-60 3 )  
( utilization review) 

Other 
Federal 
Regulations 

--NIH Animal We l fare Act 
--Protection of human 

subj ects 
--Radiation Control Act 

( 1968 ) ( P . L .  90-60 2 )  

--Clinical Laboratory 
Improvement Act 
( P . L . 90- 174)  

--Medicare/Medicaid 
(provider certi fi

cation) 

Indi rect federal regulations : --Occupational safety and 
health 

Nonfederal 
Government 
Regulations 

--State medical devices 
safety laws 

--state clinical labora
tory regulation 

--Facility licensure/ 
certi fication 

--State rate-setting 
( hospitals ) 

--Pro fess ional licen
sure 

--Environmental protection 

Nongovernment 
Regulations 

-- Indus trial groups-
standards AAMI , NEMA , 
underwriters 

--Pro fess ional society 
performance standards 
( e . g . , ECG performance) 

--Accredi tation 

- -Ce rti fication of 
health profes
sionals 
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hospitals .  The study clearly documents the duplication of 
inspections , reports , and administrative burdens of the many 
federal and state regulatory aqencies in New York . 

67 

Simi larly , a report on the health care regulatory control 
system in Massachusetts 6 7 identi fies more than 40 discrete ave
nues of health regulation currently in force , an estimate be
lieved to be conservative . The report also documents that 
Massachusetts hospitals underqo at least 5 inspections yearlY i 
nursinq homes underqo at least 14 such inspections . Although 
hospitals in New York and Massachusetts may be subj ect to more 
regulation than facilities in other states , the redundancies 
i llustrated by these examples are indicative of s imilar patterns 
in most other states . 

In sum, the health care industry is hiqhly regulated by all 
leve ls of qovernment and many private associations with varied 
objectives . In assessinq the relative attractiveness of alter
native approaches to improvinq the adoption and use of new 
equipment-embodied technoloqy by the health care system, policy
makers should be extreme ly cautious about the wisdom of deve lop
inq new layers of regulatory authority over those already 
existinq . Moreover , much could be qained by reassessinq the 
l inkaqes amonq existinq regulatory proqrams in an effort to un
cover conflicts , duplication , and incons istencies ripe for re
form. 

SUMMARY 

Two conclusions are c lear : First , it is difficult to predict 
the maqnitude of the impact of most policies on the adoption 
and use of new equipment-embodied technoloqy due to a dearth of 
empirical evidence i and second , no sinqle policy applied in iso
lation appears to be a viable solution to the problem of adoption 
and use of new equipment-embodied technoloqy . 

Nevertheless , certain policies appear more promis inq than 
others . Reform of the reimbursement system to promote appropri
ate incentives re lative to the adoption and use of equipment
embodied technoloqy is pre ferable to direct regulation of such 
decisions . In particular , limitations on third-party payer cov
e raqe of unproven c linical and anci l lary technoloqy , prospective 
reimbursement of hospitals , and especial ly capi tation payment 
merit further exploration . 

Coordinative and preventive technoloqy has laqqed behind clin
ical and ancillary technoloqy in deve lopment and di ffusion , be
cause they are enormous ly costly to deve lop and di fficult to 
inteqrate into the current system of care . There fore , subsidiza
tion of the development of this c lass of equipment-embodied tech
noloqy is j us ti fied.  
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5 THE EVALUATION OF 
EQUIPMENT-EMBODIED TECHNOLOGY 

Providers of health care adopt and use new equipment-embodied 
technology only if they judge it use ful in achieving their goals . 
Chapter 5 explored al ternative approaches to ensuring that the 
goals of decision makers are consistent wi th social obj ectives . 
This chapter addresses the issue of whether the evaluative infor
mation available to support adoption and use decisions is ade
quate , and , i f  it is inadequate , what measures should be taken 
to improve the process by which such evaluative information is 
generated and disseminated to decision makers . 

WHAT SHOULD POTENTIAL USERS OF EQU IPMENT-EMBODIED TECHNOLOGY 
KNOW ABOUT TECHNOLOGY? 

The value of a procedure , product , or system can be measured by 
different criteria . Relevant evaluative criteria vary depe nding 
on characteristics of the user and of the technology , particu
larly the stage that the techno logy has reached in the process 
of technological change . F ive general evaluative criteria , each 
more complex than its predecessor and subsuming the previous 
criteria within its purview , are poss ible . 

Technical Val idity 

Technical validity re fers to the extent to wh ich a product , 
procedure , or sys tem doe s what it purports to do and does it 
safely . I f  a fetal moni tor i s  to measure fetal heartbeat , then 
it mus t do so with reasonable accuracy and precis ion and wi th a 
reasonable degree of safety to mother , fetus , and operator . It 
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might also be e xpected to behave re l iably over some lifetime 
whose length would be an important indicator of the technical 
capability of the equipment . 
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The j udgment of technical val idity requires knowledge of the 
dimens ions of performance and safety that are important to the 
use of the technology . Professional soc ieties  often deve lop 
s tandards for equipment using criteria against which the per
formance o f  a particular manufacturer ' s  equipment can be as
se ssed . The particular dimens ions of performance tnat are 
se lected often have a maj or impact on the design and long-run 
use fulness of the equipment . If the standards neglect important 
dimensions of performance , the equipment of di f ferent makers may 
vary wide ly along this dimens ion . Or , i f  the standards are set 
unreasonably high--for example ,  demanding a leve l  of  precision 
in measurement that is not needed in cl inical decision making-
then the cost of technology is made unnecessarily high . 

Protection of individuals , even in experiments , requires the 
demonstration of reasonable safety prior to cl inical use . As
pects of technical val idity affecting safe ty must there fore be 
ascertained quite early in the development process .  However , 
good performance standards cannot be deve loped unti l  a tech
nology has been in actual use long enough to de termine which 
dimens ions of performance are truly critical . 

Effec tiveness or Efficacy 

Effectiveness re fers to the extent to which a product , proce
dure , or system makes a difference for the ob jective s of  medical 
care--improving the health status of the community . These im
provements are often expressed as changes in patient outcomes , 
measured by indicators such as mortality , morbidity , or patient 
satisfaction . Because of the difficulty in measuring such 
changes , e ffectiveness is usually measured by intermed iate 
results such as changes in therapy or improvements in diagnos tic 
accuracy . 3 0 

The e ffectiveness of a technology may vary wide ly with the 
organi zational se tting in which it is applied or with the leve l  
o f  training o r  competence o f  its operators . Consequently , the 
e f fectiveness of a technology is often differentiated from its 
"efficacy , "  a term sometimes used to denote e f fectiveness when 
measured under optimal clinical conditions . 1 1 9 

Cos t-Effectiveness 

Cos t-e ffectiveness refers to the extent to which a procedure , 
product ,  or system achieves a specified obj ective at a cost be low 
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other methods of achieving the same objective . Alternative ly , 
the most cost-effective option may be the one that achieve s  the 
h ighest leve l of e ffectiveness , as measured by selected indica
tors , for a given leve l of program or system expenditure . 

A cost-effective technology is one that is superior to all 
other alternatives for the specific conditions evaluated . For 
e xample , when a diagnostic technology is found to be cost
e ffective , that finding must usually be qualified by the spe
cific se t of presenting symptoms and the tes ting sequence 
employed in the study . 

Net Social Benefit 

When the introduction of a new technology produces both 
increased expenditures for health care and improvements in 
patient outcome s , then the di fference be tween the value of 
improved outcomes and the additional costs is the net social 
benefit . By reducing all measures to a commensurate scale , 
usually dollars , the net social value (benefit i f  positive , and 
cos t i f  negative ) is calculated . Unfortunately , calculating 
net social benefit is fraught with methodological and e thical 
difficulties , 9 7  including inability to measure the dol lar value 
of l i fe and changes in pain or worry l 3 8 and the relative value 
of benefits accruing in different time periods in the future . 68  

Although significant amounts of research have been devoted to 
the se and other methodological questions , the state of the art 
in measuring bene fits remains l imited . 

When measurement problems cannot be overcome , the physi cal 
benefits accruing from a technology ( improved patient outcome ) 
can be arrayed against the additional program or health care 
expenditures nece ssary to achieve them . Whether these benefits 
are worth the additional costs reduces to a political decis ion . 9 4  

Societal Impact 

The· introduction of new technology may affect the social and 
economic s tructure of communities or nations in addition to gener
ating patient benefits . The environment , ins titutions , social 
structure , culture , values , and the law may be affected . 5 For 
example , automated medical record keeping could threaten bas ic 
privacy rights in the absence of safeguards . 1 4 0  The evaluation 
of a new or developing technology might include a prospective 
look at potential societal impacts in addition to the narrower 
set of patient bene fits included in the previous criterion . 
In essence , thi s  criterion is an extension of the net social 
benefit criterion , where nothing is as sumed constant and all 
effects are assumed to interact . 
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Recent debates over the implications o f  genetic research high
l ight concern about socie tal impacts . This debate is occurring 
at an early stage in the process of technological change with 
respect to genetics . The major concern at present is with the 
s afe ty of  that research . The potential implications of tech
nology that might emerge from such research have been s tudied 
in a few instances . ( See , for example , a recent National Research 
Counc i l  report . 86 ) 

Information regarding these five evaluative criteria always 
e xi s ts , although its quality and the evidence on which i t  is 
based vary wide ly .  At one extreme lies pure opinion , based on 
casual obse rvation of the technology or , indeed,  on no evidence 
at all . At the other extreme are the res ults of formal s tudies 
in which technology has .been scientifically assessed against one 
or more of the evaluative criteria . Decisions based upon opin
ion gleaned from informal observation are not always inferior 
to those based on formal s tudies ;  howe�er ,  it is reasonable to 
as sume that the more val id the information , the more possible 
good decis ions become . 

Ideally , then , one would expect new technology to be evaluated 
at all of the leve ls described above us ing s trict methodologic 
standards . Only those procedures ,  products , or sys tems that are 
truly worth their cost would be deve loped and diffused , and dif
fus ion would be limited to those uses for whi ch the technology 
has been found valid . 

In reali ty , of course , this  rarely occurs due to the existence 
of barriers to the generation and use of evaluative information . 
These barriers inc lude those inherent in the evaluative task 
and those aris ing externally , particularly from the economic 
environment . These two kinds of barriers to evaluation--natural 
and economic--are discussed be low . 

Natural Barriers to the Generation and 
Use of Evaluative Information 

Natural barriers include problems in conducting evaluative stud
ies arising from technical , ethical , cos t , and time constraints 
that l imit the quality of the information achievable . These 
natural barriers argue for a trade-off between the quality of 
information produced and the costs of obtaining it . Two exam
ples wi l l  i l lustrate how they may lead to modi fication of s tudy 
approache s :  the use of randomized c linical trials to measure 
e fficacy and the use of technology assessment to measure societal 
impact .  
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7 2  

Randomi zed Clinical Trials 

It  has been claimed that randomized clinical �rials represent 
the only truly valid technique to measure the e ffectiveness of 
any c l inical intervention . l 6 A randomized clinical trial is  an 
experiment whose des ign assure s that the true effectiveness of 
the technology can be isolated from other factors that might 
affect measured outcomes . Patients are ass igned by chance ac
cording to a fixed probabil ity distribution to alternative kinds 
of treatment , thereby minimizing the chance of biases in the 
selection of patients to one treatment mode or another . The 
des ign of the experiment is usually further re fined to control 
for other possibly confounding e ffects . 

Although such experiments , proper ly conducted , produce the 
highest achievable level  of quality of information on efficacy , 
there are some fundamental problems in the ir implementation . 
Firs t ,  and perhaps most important , randomized cl inical trials 
are cos tly . The National Ins titutes of Health estimates that 
in FY 1975 it supported 465 randomized c l inical trials at a 
total expenditure of approximately $ 7 2 . 8 mil l ion . 6 4  These 
trials di ffer wide ly in scope , duration , and cos t . For example , 
a 10-year study at the Heart Institute on the interactive e ffects 
of risk factors on the incidence of heart disease is  funded at 
$ 1 2 . 4 mi l lion per year . Another 4-year study at the Institute 
of Allergy and Infectious Diseases on the treatment of lethal 
bacteria has been funded at a yearly rate of $69 , 000 . Other 
parameters influencing the cos t of randomized clinical trials 
are the number of subjects involved and their degree of hospital 
ins urance coverage . 

Second , there are often significant ethical problems in con
ducting a trial . When a medical technology is  new , its novel ty 
and potential safe ty hazards often require that patients be 
selected on a nonrandom bas is  from special populations . But 
when early evidence shows promise for the technology , the physi
c ian faces the moral imperative not to deny his patients a pre
ferred treatment regardless of whe ther its superiority has been 
demons trated de finitive ly . 7 2 McDermott7 2  has obse rved that " for 
a phys ician to submit his patients to random dec i si ons regarding 
the ir therapy , he must be genuinely undecided on the value of 
the therapy . " 

Third ,  it  is often necessary to conduct trials over long 
periods of time to obtain enough subj ects for adequate s tatis
tical accuracy or in  some cases to measure long-term consequences 
of a technology . Thi s  de lay in the face of accumulating informal 
evidence about the value of the technology often undermines the 
continuance of the trial . 
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Fourth , th e  proper design o f  a trial requires enough knowledge 
of disease proces se s  to identify important differences in s tages 
and subsets of the disease under s tudy . If  patients are aggre
gated in the s tudy , the e ffectiveness of a technology for a 
particular subset of patients may be obscured . 7 2  

Fi fth , there i s  a severe technological obsolescence problem 
in the conduct of e fficacy studies .  I f  the technolggy is chang
ing rapidly , or if user competence improve s dramatically wi th 
experience over long periods , early resul ts may lose their ap
plicability be fore they are publ ished . 

For these reasons , cl inical inves tigators of e fficacy often 
resort to cheaper , faster , more feas ible me thods for as ses s ing 
e fficacy . These compromises are not necessarily detrimental . 
Judgment is needed to as sess the loss of information content 
against the gains in technical and economic feasibi lity . 

Technology Assessment 

Although formal methods to evaluate the soc ietal impacts of new 
or emerging technology have not been ful ly deve loped or val i
dated,  the "technology asses sment" ( TA) method has beeiJ promul
gated as a logical approach to the identi fication of such impacts . 
The me thod of technology asses sment , whose purpose is to "assess 
holis tical ly the potential short- term impacts and longer-term 
consequences of emerging technologies on society , " 5 sets forth 
a s tep-by-s tep proces s  of identification and analysi s  of impacts . 
The me thod is formal , usual ly employing es timates by experts of 
the expected consequences of a development . However ,  because 
TA focuses on long-run , s tructural impacts , i t  is difficul t to 
validate the technique . It is debatable whether anyone is  able 
t o  foresee major societal shifts resulting from a new technology 
early enough in its development to influence the outcome . A 
s tudy completed for the National Commis sion for the Protection 
of Human Subj ects demonstrates that even experts have dif ficulty 
pred icting what the major technological developments wil l  be within 
a reasonably short ( 20-year ) period . 1 3 0 Thus , in the case of 
the TA method , as in the case of c linical trials , the cos ts of 
the me thod must be weighed against the quality Of the information 
to be obtained . For those technologies wi th major cumulative 
e ffects on society , it is prudent to conduct periodic technology 
assessments , but these technologies need to be selected cau
t ious ly and the resul ts considered in light of the l imitations 
of the methodology at this time . 
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Economic Barriers to the Genera tion and 
Use of Eval uati ve Information 

The primary economic barrier to the generation of evaluative 
information at any criterion level i s  the lack of a market for 
such information . When , for example , dec i sions to adopt and use 
new technology are in the hands of individuals or institutions 
whose obj ective s  differ from those of society , one would expect 
them to ignore evaluations that are irre levant to those obj ec
tives . As the previous chapter contends , hospitals bear little 
or no risk for poor adoption decisions . Even though they may 
be motivated to adopt the most e ffective technology , they have 
an inadequate s take in ascertaining the e ffectiveness of such 
technology prior to the adoption dec i s ion . Also , they are 
c learly unmotivated to determine the cos t-effectiveness of new 
technology . Thus , evaluative s tudies find no ready market for 
their findings . Were the financial incentives facing hospitals 
altered , or were regulatory processes over the adoption process 
instituted , then a market for such information might be created . 

A second major economic barrier to the deve lopment of high
quality evaluative information is the exis tence of economies 
of scale in the production of information . A s ingle patient , 
physician , hospital , or even third-party payer may lack the 
economic resources to conduct independent s tudies of technical 
validity , effectiveness , cost-effectiveness , and so on , of al l 
new procedures , equipment , and systems . Col lective e fforts to 
produce such information are warranted . Ye t collective evalua
tion groups such as independent product-tes ting laboratorie s 
s imilar to those that have developed in other indus tries have 
not deve loped to a large extent in medical ins trumentation , 
probably due to the lack of a market described above . 

The participants in a symposium on procurement practices in 
heal.th care , sponsored by the Experimental Technology Incentives 
Program ( ETIP ) of the National Bureau of Standards in 1975 , 
recognized the waste inherent in uncoordinated information 
generation when it reported that : 

• • •  a number of government agencies , including s tate 
and local , are tes ting and evaluating medical devices 
in varying degrees and at various stages in thei r  l ife 
cycle . When added to testing and evaluation by manu
facturers and associations , there is a tremendous 
amount of useful information being deve loped regard
ing the relative merits of medical devices , much if  
not most of which goe s no farther than the boundaries 
of the organi zation in  which the e ffort takes place . 1 2 3  
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The advent of the medical devices law substantial ly alters the 
s ituation at least with respect to the technical validity crite
rion . Manufacturers will now be responsible for proving that 
their devices e i ther meet established performance s tandards 
(Category I I  devices ) or are "safe and e ffective " (Category I I I  

device s ) . However , the medical devices program will not re
quire s tudie s of the e ffectiveness of new technology in im
proving patient outcomes nor wi ll it consider cos t-e f fectiveness 
or net social benefit . Furthermore , the data developed under the 
program are proprie tary . 

A third e conomic barrier to the deve lopment of  information is 
re lated to the second : The conduct of  evaluative s tudies is sub
j ect to external e f fects . That is , s tudies may often benefit 
those who do not pay for their implementation , but there may be 
no way to appropriate payment for the information provided by 
one organization to another . Here the solution is for colle c-
tive sponsorship o f  such studies and the open publ ication of 
results to all parties represented by the collective body . 

Conclusion 
The natural obstacles to the production o f  high-quality evalua
tive information argue for the exercise of organized judgment in 
selecting technologies to be evaluated , evaluative criteria to 
be employed , methodologies to be used , and the stages in the 
process of technological change at whi ch to perform such s tu
dies . This judgment must reflect the trade-offs between the 
cost of obtaining information and the quality and use fulness 
of the information to decisions . 

The economic barriers to conducting studies argue for col
lective funding and coordination of information generation and 
dissemination . 

TO WHAT EXTENT ARE EXISTING PROCEDURES FOR GENERATING AND USING 
INFORMATION ON EQUIPMENT-EMBODIED TECHNOLOGY INADEQUATE? 

Bow is information on new equipment-embodied technology gener
ated and transmitted to users at present? Each evaluative 
criterion faces a different environment . At present , there i s  
no systematic approach t o  th e  initiation an d  conduct of studies 
to evaluate new equipment-embodied technology except wi th re
spec t  to i ts technical validity . In fact , the only sys tematic 
approach to evaluating equipment-embodied technology is in the 
regulation of medical devices .  As noted above , the law requires 
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manufacturers to collect data documenting their produc ts ' safe 
and effective performance according to the ir claims . 

This does  not imply that studie s of the effectiveness , cos t
e f fectiveness , or bene fits and costs of new medical technologies 
do not occur . In fact , the efficacy and e ffectiveness of new 
medical technology is studied and reported extens ive ly in the 
c linical research literature . However , the qual i ty of the eval
uative information presented in that literature has been ques
tioned by a number of observers . In a recent s tudy of 
innovations in surgery , Barnes 1 0 found that " the most critical 
and central de fect in [ the ]  c i ted s tudies  o f  innovative surgical 
therapy is  the lack of control experience . "  There is some evi
dence that clinical investigators in the United States do not 
make adequate use of scientific opportunities to conduct con
trolled clinical s tudies .  In a review of the international 
literature on gastroenterologic therapy , Juhl et a1 . 6 5 found 
that less than 1 percent of s tudies reporting on nondrug thera
pies followed a preestablished controlled research design , and 
that the Uni ted States lagged behind Britain in the absolute 
number of s tudies performed . 

In the absence of information from valid research designs , 
knowledge of the effectiveness of medical procedures and tech
nologies bui lds up through informal information channels  during 
the diffusion process . The process of collection and digestion 
of information on the effectiveness of medical procedures has 
been characterized as a large , poorly designed clinical trial . 
That is , procedure s and technologies are incorporated into medi
cal practice , experience wi th the technique is obtained , in
formal analyses of the experience are conducted , and informal 
channels  of communication are used to disseminate the results . 
Fineberg ' s  study of gastric freezing (Appendix D)  demonstrates 
how a new technique was used in nonexperimental , direct patient 
care to generate information on its e ffectivenes s ,  risks , and 
s ide e ffects . The medical devices law was not in effect at the 
time that gastric freezing was deve loped . If  i t  had been , it  
is possible that the technique would not have been permi tted 
to di ffuse quickly due to its implications for patient safety . 
However , if the technique had not presented obvious risks to 
patients , its effectiveness in improving patient outcomes would 
not have had to be proven prior to di ffusion under the medical 
devices law . 

It  is  interesting that whi le the protec tion of human subj ects 
in medical experimentation evokes great concern , * this 

*Witnes s  the establishment o f  a National Commission for the 
Protection of Human Sub jects and the promulgation of regulations 
governing the use of humans in experiments . 
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nonexperimental approach to th e  collection of information can be 
mos t harmful to the human subj ects who are participating in an 
experiment under the guise of direct patient care . The cos t of 
this current method of collecting e ffectiveness information is 
part of what is normally re ferred to as the cost of " unnecessary " 
uti lization . Third-party payers and cons umers bear the costs of 
the ine fficient experiments by paying for new procedures as part 
of patient care . 

Until recently , l ittle attention has been given to measuring 
the cost-e ffectiveness or bene fits and costs of new or exis ting 
clinical and ancil lary equipment-embodied technology . *  Why have 
these studies not been forthcoming? Part of the answer l ies  in 
the methodological problems of s tudies of this kind . These 
include the difficulty of identifying val id measures of patient 
outcome , determining the costs unique to the appl ication of a 
technology , and in the case of benefit- cost analysi s , placing 
dollar value s  on benefits . Such s tudies have been further ham
pered by the lack of val id data from clinical studies .  The cos t
e f fectiveness  of a diagnostic test , for example , cannot be 
de termined wi thout information on its sensitivity and specifi
city in particular populations and its impact on the speed of 
diagnosis  and on change s in therapy . When this kind of infor
mation is not avai lable from cl inical studies ,  analysis of 
cos t-e ffectivenes s is impos sible . 

However , the fundamental obs tacle to the conduct of cost
e ffectivene s s  and bene fit-cos t analysis has been the lack of a 
market , either in the private or public sectors , for the results 
o f  such studies . The irrelevance of these results to hospitals 
has been noted above . However ,  even regulatory programs express ly 
intended to control the adoption or use of cl inical technology 
have been singularly uninteres ted in economic evaluations . The 
National Health Planning Act of 1974 ( P . L .  9 3-641 ) ,  which mandates 
the universal es tablishment of state certificate-of-need laws , 
requires agencies reviewing proposals for the adoption of ex
pensive equipment to consider "the need • . • for such services 
[ and ] • • •  the avai lability of al ternative , les s  cos tly , or 

more e f fective me thods of providing such service s . "  However , 

, 
*Several s tudies have been directed at coordinative technologies 
such as mobile coronary care ; 2 automated hospi tal information 
systems ; 1 1 and telemedicine . 8 1 r 9 1  These have generally been 
funded as part of demonstration projects sponsored by the federal 
gove rnment . The National Center for Health Services Research has 
played a major role in seeing that these studies were undertaken , 
but funding cuts in recent years have reduced both the demonstra
tion and evaluation activity dramatically . 
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in actual operation , these agencies generally do not cons ider 
more than medical criteria of need for expens ive c linical equip
ment . The professional standards review program, which has 
established a ne twork of agencies to monitor and control health 
services utilization , focuses on "medical necessity "  as the cri
terion of interest . A tes t  or procedure is conside red nece ssary 
i f  it make s any difference at all to the diagnostic or �e ra
peutic process , not if it is the cheapes t  approach to the man
agement of the patient . It is not clear that the public wishes 
such regulation of the use of clinical technology to be based 
on economic as wel l  as medical cri teria , s ince Congres s  clearly 
had medical cri teria in mind when it drafted the statute creating 
thi s  program . 

The pessimis tic forecast for economic evaluation of c linical 
technology mus t be tempered by noting recent significant con
tributions both to me thodology and to increas ing the awarenes s 
of the medical conununity . For example , a compendium of s tudies 
on the costs , risks , and benefits of surgery published by the 
Harvard Center for the Study of Health Practice 1 4 has c learly 
l inked the medical and economic disciplines in the production of 
use ful case s tudie s .  McNe i l  and her colleagues 7 3 , 7� , 7 5 , 7 6  have 
made maj or contributions to the measurement of the cost
effectivenes s  of diagnos tic and screening technologies , and for 
a number of years inve stigators at the Kaiser health p lans have 
been us ing such analyses to assi s t  in the selec tion and design 
of their preventive programs (Appendixes B and C ) . 

Not surprisingly , technology assessments intended to identify 
the societal impacts of emerging technology have been conducted 
only on a sporadic or demonstration basis and virtual ly always 
federally funded . Another area of inadequate information occurs 
in the development of product s tandards . Whi le s tandards have 
been established for years by voluntary indus trial organizations 
such as the American Association of Clinical Chemis ts and the 
American Hospital Association , and whi le the medical devices 
law mandates deve lopment or adoption of performance s tandards 
for much equipment-embodied technology , these have primari ly 
been concerned wi th safety and reliability and have not addressed 
signi ficant information needs of the health care market and of 
deve lopers . 

In a study of voluntary indus trywide standards in a variety 
of indus tries , Hemenway 5 6 has described the bene fi ts of product 
uni formity standards that s impli fy product compari sons , assure 
interchangeability ,  allow s cale economies , encourage price com
pe tition , and assure future availabi lity .  He concludes that 
whi le such s tandards are least likely to deve lop in a market 
where there is disaggregation of both buyers and se llers , such 
a market is most l ikely to benefit from them . The health care 
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system is such a market . Indeed , perceived equipment requi re
ments may vary from specialty to specialty , from one patient 
population to another , and from one setting of care to another-
a frustrating and costly environment for deve lopers of new 
technology , as described by Gross 4 7 : 

• • • it is not surpri sing that private indus try has 
often found it frustrating to design equipment for 
medical use . One consequence of this procrastination 
in setting s tandards has been the continued fai lure , 
a fter same five years and diverse research proj ects 
to develop a computer terminal that was or is accept
able as a man-machine interface in the hospital ward . 

In l ight of the s igni ficant bene fits pos s ible through standardi
zation and the difficulty faced by vo luntary standardization e f
forts in a market with many buyers and many sel lers , a national 
col lective e f fort to encourage standards development is warranted . 

In summary , the performance of evaluative studies of equipment
embodied clinical technology has been uncoordinated , undirecte d ,  
and , particular ly for economic evaluations , underfunded . Oppor
tunities for obtaining improved information are not seized , 
e i ther becaus e of inadequate funds or lack of a perceived market 
for the information .  Certainly , the lack of interest by regulatory 
agenc ies in economic evaluation constitutes a serious problem , as 
do the barrier s to development of product standards .  The market 
for the results of evaluation must be improved , as must the co
ordination of efforts in producing such information . 

PROPOSED SOLUTIONS TO THE PROBLEM 

The lack of and need for sys tematic approaches to the generation 
and dissemination of evaluative information on medical technolo
gie s have been wide ly recognized . A group of experts cal led 
together b� the National Commis sion for the Protection of Human 
Subj ects 1 3 has suggested that a Board on the Evaluation of 
Therapeutics and Scienti fic Advances be established . In the 
words of the panel ' s  report : 

The precise specifics of any such proposal would need 
very close e xamination . Some very di fferent patterns 
are clearly avai lable : these could range from a pub
licly sponsored agency for "medical consumers , "  by 
way of a c linical research agency empowered to issue 
nonmandatory certificates of efficacy , to a full-s cale 
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regulatory agency s imilar to the FDA , with e laborate 
mandatory powers . At the very leas t ,  al l authenti
cated information about the general e fficacy , l imita
tions and/or s ide e f fects of medical , surgical , 
psychotherapeutic , and other health related procedures , 
should be readily available to " consumers "  of health 
servi ce s , or their organizations ·. Since the aim of 
thi s  proposal would be to bridge the gap between 
"experts " and the lay publ ic , thi s  kind of evaluation 
could not be left to an expert panel alone . Rather , 
what is needed i s  a " consumer oriented" agency , having 
not only the power to assess "efficacy" and " soc ial costs , "  
but also the prestige to influence the direction of 
research on new types of therapy and treatment 
modal ities . 

In 1977 , legislation was introducted in Congress  to establ ish a 
Center for the Study of Medical Practice wi thin the National 
Ins titutes of Health (NIH) . 1 1 7 This proposal recognized the 
serious de ficiency in in formation on the efficacy of medical 
procedures and practices . The legislation focused not only on 
eme rging medical practices ,  but also on existing questionable 
medical practices .  

The National Ins titutes of Health 1 2 7  has recently establ i shed 
a procedure for involving itself in dis seminating information on 
biomedical advances wi th cl inical usefulness to providers and 
practitioners . The procedure involves the establishment of 
advisory pane ls to assess  the impl ications of advances in bio
medical research for the practice of medicine . The intent of 
the NIH proposal is to seek a technical consensus on : 

• • •  the c l inical significance of new findings ; whether 
val idation for e fficacy and safety has been adequate , 
and i f  not , what more needs to be done ; whether cos ts , 
eth ical or other social impacts need to be identified 
as points for caution When formal recommendations are 
made ; whether the technical complexity of the new 
findings suggests the need for further demonstration 
of feas ibi l i ties in  local community settings ; whether 
recommendations are phrased for ready unders tanding and 
acceptance by health practitioners and include all 
appropriate cautions . 

These and other suggestions for establishing systems for eval
uating new technology places this commi ttee ' s  concern about the 
present lack of such systems in the mainstream of current thought.  
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The committee believes that a collective approach to planning , 
funding , and coordinating evaluative s tudies of new equipment
embodied technology is needed . Most important is the coordina
tion function , which is  total ly absent at present . No s ingle 
body , e ither public or private , currently has the authority 
or responsibility to monitor the emergence of new technology ; 
de termine whether , when , and what kinds of evaluative studies 
are needed;  encourage the performance of such studie s through 
funding ; and act as an information clearinghouse for public 
and private users . 

Numerous federal agenc ies are involved in funding , conducting , 
or requiring certain kinds of evaluative studie s ,  but the in
terests of these agencies are narrow , general ly as a result of 
l imi ted legis lative mandates . Certainly the Food and Drug 
Administration (FDA) wi ll have access to information on tech
nical val idity and , in some cases , efficacy of new equipment
embodied technology . However , its legislative mandate is 
l imi ted , and it cannot be expected to extend its concerns to 
other evaluative criteria or to technologies that fal l outs ide 
the de finition of a medical device . The National Ins titutes of 
Health fund clinical trials as part of their research agendas , 
and the commitment of funds for such activi ties relative to 
program s i ze has been increas ing in recent years . l 2 6  But these 
s tudies are selected fundamental ly to support the research 
miss ion of the institutes and not to assist in the allocation 
of health care resources .  The Veterans Administration (VA )  also 
s upports clinical trials , but at much lower funding levels . As 
a sel f-contained heal th care del ivery sys tem, the VA should be 
interes ted in funding s tudies at all criterion levels , but , 
with a small and special patient population , cannot be expected 
to generate all the needed information for the larger civilian 
health care system . The mil i tary medical system is  in a s imilar 
position . The Medical Equipment Tes t  and Evaluation Division of 
the Army ' s  Medical Material Agency represents a useful source of 
specialized evaluative information . The evaluation programs 
funded by other federal agencies , such as the National Center 
for Health Services Research and the Center for Disease Control , 
are other specialized resources that a coordinating body could 
use . 

In the opinion of this committee , a national coordinating 
body should be establ ished . Its purposes would be to :  

( 1 )  identify the need for evaluative information on 
equipment-embodied (and perhaps othe r )  technology ; 
( 2 )  fund planning and evaluation s tudies where exis ting 
funding programs are not adequate ; 
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( 3 ) collect and dis seminate available information 
regarding new and exi sting technologies to users ; 
( 4 )  encourage and fos ter national and international 

e f forts to s tandardize equipment-embodied technology to 
achieve economy of equipment des ign , safety , and 
comparabi l i ty of data ; 
( 5 ) conduct and sponsor research into me thodologies 
for evaluating medical technology ; and 
( 6 )  coordinate evaluative programs o f  federal agencies . 

The proposed coordinating body need not be governmental .  Alterna
tives include a nonprofit organization such as a counc il on tech
nology supported by a consortium of public and private third-party 
payers . However ,  many evaluative s tudies are currently sponsored 
or conducted by federal agencies such as the NIH , FDA , VA , and 
others . Maj or users of the information would be the Medicare 
and Medicaid programs , heal th  systems agencies , and direct 
government delivery systems such as the VA , the military medical 
system , and the Indian Health Service . 'Iherefore , the p lacement 
of such author ity in an existing federal agency appears to be a 
reasonable alternative . 

The bes t  location wi thin the exis ting federal bureaucracy for 
such a function i s  a ques tion that needs more consideration than 
this committee was able to devote to i t .  A thorough analysis of 
the legis lative and administrative mandates , interes ts , and com
petencies of various federal offices and their place wi thin the 
organizational hierarchy of the federal bureaucracy is required . 

Wherever the coordinating function is p laced , i t  is important 
to assure that funds are not merely shi fted from existing federal 
programs to a new agency , but are actually increased . If federal 
agencies with exis ting programs take the opportunity to trans fer 
responsib i l i ty for evaluation to the organization in charge , 
their budge ts should be reduced accordingly . 

Although this committee calls  for an increase in funding for 
evaluation s tudies , this does not necessari ly imply a net in
crease in health care expenditures . At present , third-party 
payers reimburse for new procedures before thei r  effectiveness 
has been definitely established . Becaus e  this is often an ine f
ficient way to assess new technology , third-party payers even 
now bear a high cos t of  information generation and dissemination . 
I f  third-party payers we re required to reimburse for procedures 
conducted on their beneficiaries as part of an evaluative s tudy 
approved by the national coordinating body , then a major cos t  of 
such s tudies would be covered . Third-party payers could refuse 
to pay for procedures performed on patients not participating in 
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such a s tudy when in enough doubt about the procedure ' s  
e f fectiveness . The administrative and analytical cos ts of 
e valuative s tudies should come from a collective funding 
source , which might include federal dollars or represent a 
consortium of payers . 
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GLOSSARY 

Ancillary technology Medical technology used directly to support 
clinical services , including diagnostic radiology , radiation 
therapy , c linical laboratory , and other special services . 

Capi tal equipment Equipment whose use ful l i fe covers an extended 
period , conventional ly assumed to be more than 1 year . 

Clinical technology Medical technology used in the provis ion of 
direct patient care , inc luding medical and surgical services . 

Coordinative technology Technology used to faci litate and support 
the provis ion of health

.
care services but not directly associ

ated with patient care , including adminis tration , transporta
tion , and communication both within and among health care 
facilities . 

Cost-effecti veness The extent to which a medical technology 
achieves a speci fied ob j ective at the lowest possib le cost . 

Effectiveness Extent to which a medical technology makes a di f
ference to the ob jectives of medical care . 

Equipment-embodied technology Medical technology primari ly de
pendent upon capital equipment to perform health care tasks . 

Medical technology Specialized technology applicable to the 
practice of medical care , including te chniques , drugs , pro
cedures ,  products , or systems combining the se element s . 

Net social benefi t The difference in the value of improved out
come s and the additional cos ts resulting from the application 
of a new technology . 

Practi tioner Individual involved in the de livery of health care , 
inc luding physicians , nurses , and allied health care personne l .  

Provider Individual or insti tution that gives medical care , in
cluding instituti ons and individuals who practice independent 
of institutions . 
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Societal impact Changes in the social and economic structure of 
communities or nations resulting from the application of a 
technology . 

Technical change Change in the methods of producing health care 
services . 

Technical validi ty The extent to which a medical technology 
does what it purports to do . 

Technology The body of tools emerging from the interplay of 
s cienti fic knowledge and practical operation applied to 
specialized purpose .  
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APPEN D IX 
A 

A DISSENTING OPINION 

Wi ll iam S .  Yamamoto 

Wh i le I do not disagree with the findings or recommendations of 
the committee either singly or in their collective consequence , 
I am neverthe less le ft with a sense of disquiet . I am moved to 
write to try to identi fy the nature o f  that di fficulty , which 
may concern others who examine this report . The limitations of 
the s tudy and its scope are ful ly s tated in the introduction . 
The limitations , on the one hand , j ustify the character of the 
entire report ,  but also avoid examination in this report of med
ical technology from other perspectives . 

After care ful ly cataloging items that belong under the rubric 
"equipment-embodied technology , "  we treat it as a conceptually 
s imple aggregate like "merchandise . " This approach ignores crit
i cal di fferences such as : ( 1 )  how deve lopment of technology re
lates to advances in the sciences and medicine , ( 2 )  who made each 
i tem and why , ( 3 )  what medical purposes they are intended to 
serve , and ( 4 )  how other technologi cal innovations not directed 
to the concept of large scale address the same medical problems . 

The report seems to assume that technology is an enti ty in 
existence and that the issue o f  technology in medical care is 
that o f  dispos ition , distribution , cost , and management . It 
does not inqui re as to how new equipment-embodied technology 
should come into exis tence , but rather into how the motivations 
of those who use the technology manage it in order to be respon
sive to the current preoccupation of the socie ty with medical 
care costs . However we l l  considered , this report is mos t suc
c intly described as a document that states : Technology exists ; 
i t  should be controlled for the purpose o f  keeping down cos ts . 
Its principal recommendations are directed at the production o f  
dis incentives through economic , financing , and , to a lesser 
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e xtent , cataloging and control procedure s . I t  may we l l  be that 
issue s  that trouble me do not have a substantive body o f  s chol
arly or pub l i c  l i te ra ture from wh ich a commi ttee can organize 
a perspective . It may also be that technological innovation 
proceeds under certain natural pre s s ures and needs no scrutiny , 
or that the appropriate and final ph i losophy should be that 
someone sha l l  c reate and the poli ty sha l l  dispose . 

But the paradigm ,  " I f  ' merchandise ' is a vi l lain whi ch causes 
people to spend money , the wisest course is to take money away 
or somehow make ' merch andise ' unde r s i rab le , "  is disquieting . 
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A P PEN D I X  A CASE S TUDY OF MAMMOGRAPHY 

B Morri s F .  Collen 

INTRODUCTION 

Mammography provides a good case s tudy o f  equipment-embodied 
technology , s ince it exempl ifies many of the problems considered 
i n  this commi ttee ' s  report . I t  is used for diagnos tic purposes 
and involves a s i gni ficant capital inve s tmen t ,  special fac i l 
i ties , equipment ,  and trained personne l .  It h a s  sufficiently 
di f fus ed into the practice of medi cine to have a s i gni ficant 
impact on the diagnos i s  o f  breast cance rs ( the mos t common can
cer in women ) . The current ly evolving policies for its use are 
controversial , s ince i t  has been di f fi cult to e valuate i ts cost
e f fectivene s s . Suffi cient data and expe rience are now avai lab le 
on the use of mammography in older women , so that a reasonab ly 
qood evaiuation can be made o f  its e ffectivenes s  and bene fits . 

The evaluation methodo logy presented in this sutdy is that o f  

cost-e ffectivene s s , i . e . , the comparison o f  the cos ts o f  alte r
native methods for achieving the speci fic ob j ective o f  the de
tection o f  breas t cance rs . Cos t-e f fectiveness analys i s  i s  
usually the mo s t  appropriate me thod for eva zuating equipment
embodied technology . However , a cos t-bene fi t analys i s , although 
more di f ficult to complete , would require pol i cymakers to con
s ide r all the various bene fits in patient outcome s that resul t 
from the di fferent technologies . As wi l l  be seen in this case 
s tudy , mammography can provide increased benefi ts to patients 
from e arl ier detection o f  cancer , but th is i s  only partly recog
nized in a cos t-e ffectivene s s  s tudy . 
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DEFINITIONS AND PURPOSES 

Defini tions 

Mammography is an x- ray examination of the breast that uses 
special roentgen equipment , films , and procedures to provide 
adequate photographic detai ls of the soft tissue s  of the breast 
and expose the patient to a relative ly low dose of radiation . 

Screening mammography i s  the term applied to the procedure 
when used for cancer detection in asymptomati c  women . It usu
ally includes two views ( cephalocaudal and lateral ) of each 
breast .  

Diagnostic mammography i s  the term applied when patients 
with a breast abnormality are re ferred to a radiologist for mam
mography and may include three views . 

Xeroradiography is a modi fied X-ray procedure that records an 
e lectrostatical ly charged image on ( a) a se leni�coated alumi
num plate from which i t  is then printed by e lectrostatically 
charged powder , or (b)  directly onto an electrostatically charged 
plastic fi lm that , after exposure , is dusted with electrostati
cally charged powder .  It produces high-contrast ,  good-quality 
pictures of the breast tissue . 

Cl inical examina tion is the phys ical examination of the 
breast by visual inspection and manual palpation by a physician 
( or other trained health professional s ) . It is  the most commonly 
used method for breast examination ; however , it can only detect 
palpable cancers and those wi th vis ible skin abnormalitie s . 

Purposes 

Generally , women seek advice from a phys ician when they discover 
a lump in the breast or have other breast symptoms , or they become 
anxious when they learn of  someone e lse who has breast cancer . 
In the past decade , pub licity by various media has motivated 
women to undertake periodic breast cancer screening by se l f
examination and/or visits to cancer . detection programs . 

Mammography is used for examination of the breast for both 
benign and malignant disease ; however , i ts primary use is for 
the detection and diagnosis of breas t cancer .  This case study 
wi l l  evaluate its cost-e ffectivenes s  for breast cancer detection . 

Since breast cancer is the most prevalent cancer in women and 
s ince the major decre ase in mortality is achieved by its early 
de tection be fore the cancer has spread to areas outs ide the 
breas t ,  the primary goal of any program for breast cancer control 
should be its earliest detection . 
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When a woman discovers a mass in her breast by self
e�nation , or when a mass i s  de tected in a clinical e�na
tion by a phys ician ,  then the patient is usually re ferred to a 
radioloqist for a diaqnostic mammoqraphy . 

Principl es of Opera tion 

Mammoqraphy provides pictures of the breas t tissue in which cer
tain abnormalities of the qlandular tissue can be visualized . 
The characteristic variations from normal , which are interpreted 
as be inq s uspicious for cancer , include a mass or dens ity with 
i rreqular borders , microcalci fications , skin thi ckeninq , altera
t ion of blood vessel or qlandular duct patterns , or a variation 
in architecture as compared to the same area in the other breast . 
In postmenopausal women (which includes women aqe 50 and over ) , 
the normal increase in fatty tissue in the breas t provides more 
contrast in the mammoqrams and improves the sensitivity and spec
i ficity of  the tes t .  This , plus the higher prevalence of breast 
c ancer in older women , explains the qreater cost-effectiveness 
of screeninq mammoqraphy for pos tmenopausal women as compared to 
p remenopausal women .  

Certain attributes increase the risk o f  breast cancer in 
wamen , 9 , 1 5  and these include : 

• increas inq aqe ; 
• chronic cystic mas titis , sinqle or multiple nodules ,  or 

irreqular ities in the breast ; 
• nipple di scharqe ; 
• history of cancer in the other breast ; 
• fami ly history of breast cancer ;  
• no history of preqnancy be fore 30 years o f  aqe ; 
• early onset of menstruation ( prior to aqe 1 2 ) . 

Accordinqly , the cost-e ffectiveness of a singl e  screeninq 
e xamination can be improved by selective tes tinq of only hiqh
risk cases . This short-term view has qreat implications for 
the lonq--term cos t-e ffectiveness , as wi ll be dis cussed later , 
s ince low-risk cases who later detect breast cancer on self
examination are more like ly to have axi llary node involvement 
and will have increased costs of care . ( See pp . 106- 1 20 . ) 

The most important principle that has evolved from studyinq 
the course of breast cancer is that early detection wh ile the 
cancer is sti l l  limited to the breas t produces the hiqhest lonq
term s urvival rates . Most s tudies show that about one-half of 
women wi th breast cancer with axi l lary node involvement wi ll 
have a recurrence of their cancer within 5 years . l , 7 , 1 4  
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HISTORY OF DEVELOPMENT AND DIFFUS ION 

The h i s tory of cas e - finding for breast c ancer has been reviewed 
by B re s low , 1 Seidman , 1 � and others who reported on the s tability 
o f  breas t cance r mortality in the Uni ted State s from 19 30 through 
the mid- 1960 ' s . More recently , Gi lbertsen 7 reported some i� 
provements in case s urvival rate s from phys ical e xamination a lone . 
Through the mid- 1960 ' s ,  early case- finding o f  breast c ancer was 
principa l ly carried out by pe riodic c lini cal examinations by phy
s i c i ans and by teaching women s e l f-examination of thei r  breas ts . 
In the l ate 1950 ' s , mammography was first advocated for breast 
cancer s c reening by Ger shon-Cohen and Egan . Since the mid-1960 ' s ,  
X- ray and thermography te chniques for breast cancer detection 
have been increas ingly used . In the 1940 ' s ,  about 63 perc ent o f  

women wi th breast cancer had axi l lary node involvement at th e  
t i me  o f  diagnos i s , in the 19 50 ' s  about 5 7  pe rcent , an d  in the 
1960 ' s  about 50 percent . 1 Since the mortality rate from breast 
cancer did not change in 40 years from cl inical examinat ion alone , 
i t  i s  e vident that more sensitive me thods for earlier detection 
of breast cance r are needed . 

Two l arge s tudi es ,  s upported by grants from the U . S .  Public 
Hea l th  Service , e valuated in the early 1960 ' s  the e ffectiveness 
o f  mammography for b reast c ancer s c reening o f  asymptomatic women . 
One s tudy was conducted by Shapiro and Strax at the Health In
s urance Plan o f  New York , 1 8 - 2 � and the other by Grie sbach and 
Eads at the Kaise r- Permanente Plan in Oakland and San Franci s co . 8 

Both s tudies showed gene ral ly simi lar preva lence rates o f  breast 
cancer and e ffe ctivene s s  of mammography . Subsequently , routine 
s c reening mammography was continue d  by Strax at the Guttman 
Breast Diagnostic Ins ti tute in New York City and in the Oakland 
and S an Francisco Kaiser-Pe rmanente Multiphas i c  Health Checkup 
program for women age 48 and over .  

Ove r the pas t 10 years , the technology o f  mammography has been 
modi fied to improve the qua l i ty of image s for more e f fective can

cer de tection , to decrease radiation dosage and to decrease cos ts .  
The National Cancer Insti tute ( NC I )  and the Ame ri can Cancer 

Society (ACS ) are currently sponsoring 27 Breast Cancer De te ction 
Demon s tration Pro j e cts ( BCDDP ) in the Uni ted State s to evaluate 
mammography , xerography , and thermography for breast cancer de
tection and contro l , each center screening annua l ly at least 
5 , 000 asymptomati c  women for 2 years plus a 5-year fol lowup .  

I n  March 19 7 7 ,  the National Cance r Insti tute i ssued guide 
line s  that do not endorse mas s  s creening mammography for women 
under age SO , unless they have a personal or fami ly history o f  
breas t .cance r . 3 This was primari ly because o f  the r i s k  that 
i rradiation may incre ase future breast cance r rates in th is age 
group . 1 5 
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CURRENT STATE OF DEVELOPMENT AND DIFFUS ION 

Diagnostic mammography i s  now gene ra l l y avai lable i n  most radi
o logists ' o f fi ces . Screening mammography i s  now wide ly used for 
b reast cancer de te ction and is being evaluated in the NCI-ACS 
BCDDP mentioned above . 

Present advanced technology for screen ing mammography use s  ar. 
X- ray tube with a molybdenum targe t , a vacuumrpacked rare e artl1 
f l uores cent screen and fi lm , and breast compress ion device s . 
Th i s  provides h i gh- contras t images with good detai l and exposes 
the breast ti s s ue to a re lative ly low X-ray dosage . 

Although mammography i s  no longer cons idered to be experi
mental and i ts e ffectivenes s  for breas t cancer de tection has been 
e s tab l i she d ,  it has the disadvantage of e xposing examinees to 
X- rays . The hazard o f  future cancer from these X-rays themse lves 
i s a smal l risk , and the epidemio logi cal data from Hiroshima and 
Nagasaki h ave recently provide d some me as ure s of this risk . Sev
e ral commi ttees recently reported to the Nationa l Cancer Ins ti
tute on this i s s ue and concluded that pe riodic mammography could 
expose women aged 35 to 50 to s i gn i f icant X-ray dos age during 
the i r  li fetime and potentially incre ase the incidence of breast 
c ancer in the i r  later years ; but the consensus was that for 
women age 50 and ove r ,  the risk was not s igni ficant . Accordingly , 
i t  i s  current generally recommended pol icy 3 that screening mammog
raphy , i f  done , be provided only to asymptomatic women age 50 
and ove r ;  and only diagnos tic mammography be available for symp
tomati c or h igh-risk women under age 5 0 . Thi s  case s tudy there
fore w i l l  e valuate the cos t-e f fectivene s s  o f  periodic s creening 
o f  women age 50 and ove r .  

IMPACT OF PUBLIC POLICY ON DEVELOPMENT AND DIFFUSION 

In the pas t 5 years , the newspaper pub l i c i ty generated by the 
dis covery of breast cancer in a Pre s ident ' s  wi fe and a Vice
Pre s i dent ' s  wi fe resulte d  in a s udden increase in the use of 
mammography by the public and i ts wide spread adoption in roent
genology servi ce s . The fear o f  h aving breast cancer was a 
power ful motivating force that essential ly e s tabl i shed a pub l i c  
policy . 

Currently , publ i c  po l i cy on screening mammography i s  being 
generally set by the National Cancer Institute and the American 
Cancer Society , and the results o f  the ir ongoing early Breas t 
Cancer De tection Demonstration Pro j e cts wi l l  probably e s tab l ish 
policy for the future . 
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EVALUATION OF MAMMOGRAPHY FOR BREAST CANCER SCREENING 

Cri teria for Eval ua tion 

The e valuation of a diagnostic technology require s  information 
on i ts yie ld rate s and costs . Yie ld rate s  depend upon test 
sens i tivi ty and spe c i ficity and disease prevalence . 

A good tes t  sens i tivity i s  critical s ince it measures the 
ab i l i ty o f  the tes t  to dete ct patients with cancer and is repre
sented by the proportion of tes t  positive patients who actually 
have c ancer ( i . e . , the ratio o f  true-pos itives to a l l  of the 
women wi th cancer in the screened population ) . ( Se e  Table 1 . ) 
More serious i s  the e f fect o f  a poor test sensitivi ty , whi ch i s  
repre sented b y  the cases mi ssed ( i . e . , false-negative s ) . 

Tes t  speci fi city is measured by the proportion of patients 
with negative tes ts who actually do not have the disease ( i . e . , 
the ratio o f  true-negatives to a l l  the women without breas t can
cer) . Poor speci ficity give s  a high proportion of false-positive 
tes ts and increases the costs o f  the program. 

The prevalence of the condition in the target population must 
be determined or estimated . The h i ghe r the prevalence , i . e . , 
the more diseased people in the group being tested , generally 
the h i gher the yie ld and the more cost-effective wi l l  be the di
agnostic technology . 

The unit cos ts of the tes t  mus t be e s tab l i shed , as wel l  as 
the costs o f  the fol lowup tests and procedure s necessary to 
i denti fy true-pos i ti ves and true -negative s . 

I f  i t  i s  des i red to add to the evaluation the impact o f  the 
diagnos tic technology on the des i red ultimate outcome of the 
pat ients , then additional information is required on the alter
native treatments l ike ly to be provided , the probable results 
o f  each treatment , the resources used for treatment , and the unit 
costs o f  all treatment procedure s . 

Al terna tive Methods for Breas t Cancer Screening 

In order to detect breas t cancer early ( i . e . , whi le sti l l  local
i zed to the breas t ) , the following alternative methods for breast 
cancer de tection wi l l  be cons idered : 

1 .  Cl inical examina ti on . The physical e xamination o f  the 
bre ast by visual i nspection and manual palpation by a phys i c i an 
(or traine d  nurse ) i s  the most commonly used me thod . 

2 .  Mamrrography . X- ray e xaminations o f  the breast are in
c reasingly being used in breast cancer screening programs because 
mammography is a more sens i ti ve test than c l inical examination , 
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TABLE 1 .  Sens it ivity and Spec ificity of Breast Cancer Screening Modes 
( Proj ected Cumu lative 5-Year Experience for WOmen Age 50+ ) 

Total Cancer 

Tes t  Cancer Not 
Te st Result Results Present Present 

Pos i ti ve  ( + )  Total Tes ts ( + )  True ( + )  False ( + )  
Clinical e xamination 46 7 70 39 7 
Mammography 180 90 90 
Clin . exam. & mammo . 156 9 7  59 

Negative ( - ) Total Tes ts ( - ) False ( - )  True ( - )  
Clinical e xamination 9 , 5 3 3  30 9 , 50 3  

Mammography 9 , 820 10 9 , 810 
C l i n . e xam .  & ma.IIIDO . 9 , 84 4  3 9 , 84 1  

Total Total 

1 07 

Total s  Total Te s ted Cance rs Noncancers 

Sens i ti vi ty 
True ( + '  s )  

Total cancers 

Speci fic i ty 
True ( - ' s )  

Tota l noncancers 

10 , 000 

Clini cal 

Examination 

70 

100 
= 

9 , 50 3  = 
9 , 9 00 

o .  70 

0 . 960 

100 

Ma111110gra12h:i 

90 
100 

= 

9 , 8 !0 = 
9 , 900 

0 . 90 

0 . 99 1  

9 , 900 

Clin . Exam. 
& Mammo . 

9 7  

100 
= 

9 , 84 1  = 
9 , 9 00 

0 . 9 7 

0 . 994 

s ince it can detect some nonpalpable cancers . However ,  some 
solitary dominant masses of the breast wi l l  not be detected by 
mammography , 2 3  especially in premenopausal women . 

3 .  Cl inical examina tion and mammography . Some breast cancer 
detection programs provide both a screening mammogram and a clin
ical examination of the breas ts by phys icians or trained nurses . 

Since there is less controversy in the screening of women 
over age 50 due to their relatively high rate of breast cancer , 
the lower risk of radiation-induced cance r ,  and the increased 
sensi tivi ty of mammography in this age-group , this analysis wi l l  
as s ume  that four groups each of 10 , 000 women age 5 0  and older were 
randomly selected and three wi l l  be tested by one of the above 
modes and one group will serve as controls . 

Accordingly , Figure 1 shows the predicted 5-year experience of 
a control group of 10 , 000 women age 50 or more who are not in
vited to participate in a breast cancer screening program. 
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Figure 2 shows the expected 5-year experience of a s imi lar group 
o f  10 , 000 women who receive an initial and three subsequent an
nual clini cal e xaminations o f  the breast . Figure 3 i s  the antic
ipated flow d iagram for the group that receives an initial and 
three annual screening mammograms . The participants in the 
group in Figure 4 receive both screening mammograms and clinical 
examinations , for the i r  initial and tP ree annual reexaminations .  

The cos ts o f  any test mode could be decreased further by pre
screening out women wi th lower than average risks o f  breas t c an
cer ( i . e . , examining only those with certain types o f  benign 
breast disease , with early onset o f  menses , no pregnancies , with 
a fami ly history of breast cancer , etc . ) .  Howeve r ,  not screen
ing � lower risk women e liminates the poss ibi l i ty of early detec
tion of many cancer case s . 

· Periodi c reexaminations for breast cancer would provide lower 
yield rates than would the ini tial examination ,  depending upon 
the inte rval between reexaminations . Reexaminations ye arly 
would yield s i gni fi cantly fewer positives a fter the fi rst exam
ination , and would probably yield about the same number of posi 
tives each reexamination . Accordingly , estimates could b e  made 
o f  the most cost- e f fective interval between e xaminations for 
various combinations of e xamination modes , e . g . , manual palpa
tion annual ly with mammography every 2 years · or manual palpation 
and mammography the fi rst and second year , then manual palpation 
every 2 years with mammography every 4 years , etc . 5 In this 
example , it i s  assumed that periodic examinations are annual , 
but for purposes of simpli fication the results o f  the second , 
third , and fourth reexaminat ions in the 5-year study per iod are 
assumed to be similar and are combine d .  

Ass umption s  o f  Ca s e  S t udy 

In this analys is , the assumptions made were based upon the 
studies from screening asymptomatic women in prepaid group prac
tices by Shapi ro and Strax 1 7- 2 4  and Grie sbach and Eads , 8 with 
modi fications in es timates o f  sensitivi ty and specificity based 
upon improved current mammography technology as reported from 
BCDDP 1 5 , 3 0 and others . 2 r 4 r 5 In di f ferent populations with di f
ferent examiners the results may be signi ficantly di f ferent . 
The calculations in thi s  case study are not me ant to be de fini
tive and are shown primari ly to demonstrate the evaluation meth
odology for equipment-embodi ed di agnos tic technology . 

The fo llowing assumptions have been made for thi s  case study : 

1 .  For each e xamination mode , the initial e xamination was 
the firs t breas t cancer de tection e xamination for e ach woman . 
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For each group of  10 , 000 asymptomatic women age 50 or o lder , all 
who were invited complied with the initial and three annual re
examinations and wi th any advised fol lowup care . 

2 .  For each 10 , 000 women in this age-group , 100 cases of  
cancer of the breas t would occur in  the 5-year period . This as
sumes an expe cted rate of  40 per 10 , 000 on the initial examina
tion and 20 per 10 , 000 for each of three subsequent annual 
reexaminations . Early data from NCI ' s  BCDDP estimates for 
women age S0-59 an initial screening rate of 57 per 10 , 000 and 
a second screening rate 1 year later of 26 per 10 , 000 . 1 5  To 
s impli fy this analys is , second cancers occurring in the other 
breast were not cons idered . 

3 .  For each single screening examination , the sensi tivity of 
the test made is such that clini cal examination detects 60 per
cent of breast cancers , current mammography technology de tects 
8 5  percent (pre liminary BCDDP data exceed 85  percent sensitiv
i ty1 5 ) ,  and clinical examination plus mammography detects 95  
percent . 

Of those screened as "pos itive "  by a c linical examination 
( i . e . , dominant mass palpated) and/or mammography ( i . e . , sus

picious for cancer ) , al l wil l  receive a diagnostic surgical bi
opsy . For those biopsied for a dominant mass after a positive 
c linical examination alone , 15 percent wi l l  be positive . For 
those biops ied after a positive mammogram alone , 50 percent wi ll 
be posi tive . ( Preliminary BCDDP data indicate about 90 percent 
true-positive mammograms . 3 0 ) For those biopsied following both 
c linical examination and mammography , 90 percent wi l l  be positive 
for cancer in one-hal f  of the patients who have both a palpable 
dominant mass and a mammogram suspi cious for cancer .  For the 
remaining one-hal f  the percentages are as for either test cited 
above , or an overall average of 62 percent of biops ies for this 
group wi l l  be positive . 

The 5-year cumulative experience from four examinations 
wi l l  show pro jected sensitivi ty and specificity of the alterna
tive modes as presented in Table 1 .  

4 .  All false-negatives ( i . e . , women with cancer of  the breas t 
who were not so detected on the screening examination ) returned 
in the intervals between examinations and wi thin the 5 years 
when they detected a lump in the breast ; they then requi red a 
surgical biopsy . 

5 .  For the control group that was not invited to rece ive 
screening examinations , during the 5 years ( al though perhaps 
three- fourths may see a physici an who wi ll  do a routine cl inical 
examination including the breas ts without addi tiona l  charge ) 10 
percent would seek a conventional clini cal examination for a 
breast complaint and incur a separate cost the reby . 
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6 .  Axi l lary node involvement wi l l  be found : in 50 percent 
of the breast cancer cases in the control group , l , l 7- 2 4 and in 
the false-negative and interim cases ; in 30 percent of cases 
with a domi nant mass de te cted by cl inical examination ; and in 
20  percent o f  cases dete cted by mammography . 1 3  

7 .  " Early" cases are de fined here in as those with no axi l
l ary node involvement and cancer loca l i zed to the breast only ; 
and in these 90 percent w i l l  not have a cancer recurrence within 
5 years . " Late " cases are those with axi l lary node involvement 
and 50 percent of these patients wi l l  return within 5 years for 
more me dical care and hospitali zation . This analysi s  does not 
conside r  other bene fits to patients associ ated wi th the varying 
outcomes . 

8 .  In women age 5 0  or older , the long-term e ffects o f  ex
posure to X- rays from mammography are negl igib le . ( In women 
under age SO , the risk o f  increas ing the future incidence of 
cancer from X-ray exposure mus t be conside re d  in any evaluation . )  

9 .  Average cos ts used in these calculations for patients in 
1 9 7 7  for the i r  examinations and treatment procedure s are repre
sentative . It is important to emphas i ze that the calcul ations 
that fo l low are shown primarily to demons trate the eva l uation 
me thodo logy . Since treatment regimens for breast cancer are 
even le ss s tandardized than are diagnos tic procedures , e ach pro
gram should de te rmine its own costs and then can use this mode l  
t o  calculate i ts cos t-e f fectivene s s . Th e  costs used herein are 
general ly based upon the Cali fornia Re l ative Value Studie s ,  and 
are as fol lows : 

Clini cal e xamination of breast and 
axi l lae , by M. D .  

Clinical examination o f  breast and 
axi l l ae , by R. N .  

Average s c reening cos t for 
cl inical e xamination 

Mammography s c reening , bi lateral 
( two vi ews each breas t )  

Breas t biopsy and as sociated workup 
for negative biopsy case 
(biopsy , ane s thetic , operating 
room, frozen s ection , one hospi tal 
day at $ 1 2 5 ) 

Surgery and care for early cancer 
case 
(biopsy , mastectomy , anes the s i a , 

operating room , 6 hospi tal days 
and 5-year fo l lowup vi s i ts ) 

Range ( $ )  Ave rage ( $ )  

10-20 15 

5-10 5 

10 

5-62 20 

750- 1 , 150 9 30 

3 , 500- 5 , 500 4 , 500 

Copyr ight  © Nat ional  Academy of  Sciences.  Al l  r ights reserved.

Medical  Technology and the Heal th Care System: A Study of  the Di f fusion of  Equipment-Embodied Technology
http: / /www.nap.edu/catalog.php?record_id=18439

http://www.nap.edu/catalog.php?record_id=18439


1 1 1  

Range ( $ )  Average ( $ )  

Surgery and care for late cancer 
cases 
(biopsy , surgery as for early 
case plus 5-year fol lowup with 
chemotherapy and/or radiation 
therapy ) 

Late care costs for cancer recur
rence 
( recurrent hospi tali zation for 
14 days and chemotherapy and/or 
pal liative x-ray therapy ) 

Projected Res ul ts 

4 , 500-6 , 500 5 , 400 

4 , ooo- 8 , poo 6 , ooo 

Pigure 1 shows the projected experience for breas t  cancer care 
for the 5-year period for the control ( unscreened) group . I t  is  
predi cted that for the 1 , 000 women who seek care for a breast 
complaint ( at an average cost o f  $ 1 5  an examination ) , 700 wi l l  
receive a c linical workup and surgical biopsy ; and 600 wi ll have 
a negative biopsy and will s tay in the hospital for only 1 day 
w i th total costs ranging from $ 7 50 to $1 , 150 with an average 
cost of $9 30 each patient .  ( Note that the figures show cos ts 
for biopsies for only biopsy-negative cases since for biopsy
posi tive cases the biopsy cos t  is included in the cost for mas
tectomy . ) The remaining 100 wi l l  be found to have a biopsy 
positive for breast cancer .  Of these 100 patients , 50 wi l l  not 
have axi l lary nodes involved and thei r  total hospital and surg
ical care with 5 years of routine fol lowup visits wi ll  cost 
$ 3 , 500 to $ 5 , 500 , with an average of $4 , 500 per patient .  The 
remaining 50 patients wi l l  have axi llary node involvement and 
require , in addition to surgery , followup care for chemotherapy 
and/or radiation therapy for about an added $900 , giving an 
average total cost per patient o f  $ 5 , 400 . Of the 50 patients 
with axi llary nodes involved , 25 wi l l  require subsequent care 
for cancer recurrence with additional chemotherapy and/or radia
tion therapy and an average of 2 weeks hospita lizat ion over 
the 5 year s for a cos t ranging from $4 , 000 to $8 , 000 , or for 
an average cos t of $6 , 000 per case . Of the 50 patients wi thout 
axi l lary node involvement , only 5 wi l l  have a recurrence o f  
cancer and requi re simi lar late hospital care . It  is  expected 
that of the 100 breast cancer patients in the group , 30 wil l  have 
a recurrence or extens ion of cancer in the 5-year period . The 
total projected costs for the 5-year period for breast cancer 
are calculated to be $1 , 248 , 000 . This can be expressed as a 
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FIGURE 1 Nonscreened group : Decision flow diagram for proj ected 5-year experience of women 
age 5 0+ .  (Total proj ected 5-year costs = $ 1 , 248 , 000 . Figures in parentheses are $ costs . ) 
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cos t of $12 , 480 per cancer patient o r  $ 1 2 5  pe r woman i n  the group 
of 10 , 000 for the 5 years . 

Figure 2 presents the predicted expe rience for the group that 
re ceives annual breast clinical examinations from a screening 
program assumed to be able to provide such examinations at a 
cos t of $ 10 per examinee . Over the 5 years , 39 , 790 screening 
examinations wi l l  be thus provided at a cost of $ 100 , 000 for the 
initial examination and $29 7 , 900 for the reexamination . These 
s creening examinations wi l l  generate 46 7 c linical workups and 
surgi cal biopsies for a dominant mass palpated in a breas t ,  and 
70 wi l l  be found to have a positive biopsy for cancer with the 
followup experience shown in Figure 2 .  Over the 5-year period 
at times other than the annual screening examinations , it is 
predicted that 2 30 women wi l l  seek care from their phys icians 
for a breas t complaint and wi l l  undergo a surgical biopsy , and 
30 wi ll  be found to have breast cancer . Of the total 100 breast 
cance r patients in this group , 2 3  wi l l  have some cancer recur
rence in the 5-year period . The total pro j ected cos ts for breast 
cancer care for this group of 10 , 000 women receiving annual 
breast clini cal examinations are $ 1 , 57 3 , 5 10 ,  or $15 , 7 35 per can
cer patien t ,  or $ 1 5 7  per examinee for the 5-year period . 

Figure 3 shows the predicted experience for the 5-year period 
for the group who receive only annual screening mammograms . It 
is expected that 180 patients wi l l  be found to have mammograms 
s uspi cious for cancer from the initial and subsequent annual ex
aminations , and 90 will be proven to have breast cancer by surg
i cal biopsy . Twenty patients wi ll seek care and receive 
mammograms at times other than the screening examinations , and 
10 wi ll  be found to have breast cance r .  Over the 5-year period , 
18 o f  the 100 patients with breast cancer wi ll receive late care 
for cancer recurrence . The cost for providing screening mammog
raphy , two views of each breast , varies considerably from $5 in 
the Oakland Kaiser-Permanente multiphas ic screening program to 
$62 by fee- for-service hospi tal radiologi sts . Excluding the 
10 , 000 initial and 29 , 7 30 reexamination mammograms , the costs 
associated with all the bre ast cancer care in this group are 
projected at $671 , 700 , which al lows $ 5 76 , 300 that could be ex
pended for annual mammograms and sti ll not exceed the total costs 
of $ 1 , 248 , 000 for the control ( uns creened) group . Accordingly , 
up to $14 . 51 could be spent per patient examination for mammog
raphy and not exceed the 5-year costs of the control group . The 
total costs of $ 1 , 466 , 300 for the 5 years ( shown in Figure 3) are 
calculated on the basis of a mammography unit cos t of $20 , which 
should be achievab le by any we ll-organized mammography screening 
program. At Kaiser-Permanente ' s  cos ts of $5 per mammogram (which 
includes radiologist ' s  interpretation , for a screening load of 
more than 10 , 000 women a year in the Oak land and San Francisco 
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F IGURE 2 Annual clinical examination of breasts : Decision flow 
diagram for 5-year experience of women age 50+ . (Total pro j ected 
5-year costs = $1 , 5 7 3 , 510 . Figures in parentheses are $ costs . )  
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FIGURE 3 Annual screening mammograms : Decision flow diagram for 5-year 
experience of women age 50+ . (Total projected 5-year costs = $1 , 466 , 300 . 
Figures in parentheses are $ costs . )  
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programs ) , the total cos ts for the group for 5 years would be 
only $920 , 750 7 this can be expressed as a cos t  of $9 , 20 8  per can
cer patient , or $92 per examinee for the 5 years . 

Pre liminary BCDDP data indicate a 90 percent true-positive 
e xperience with mammography . 3 0 Using this rate of true-posi tives 
in this example would decrease the number of false-positive bi
ops ies done by 89 and decrease the total 5-year cost for this 
group by $82 , 7 70 . 

Figure 4 presents the proj ected experience for the group who 
would receive annual ly both breas t c linical e xamination and mam
mography , at an average cos t o f  $ 30 per examinee . From a recent 
s urvey , Oldfield 1 2  estimated $ 3 5  per patient to be a comfortable 
figure for the cost of examining 2 5 patients a day for a compre
hens ive breast screening program with mammography , xerography , 
and the nnography . The end results over the 5-year period would 
be to predict 17 late recurrent cancers . The total cos ts would 
be $ 1 , 819 , 290 , or $18 , 19 3 per cancer patient , or $182 per ex
aminee for the 5 years . 

The increased sensi tivity of four annual examinations in 5 
years as compared to a single e xamination in this period is shown 
i n  Tab le 1 .  The percentage o f  breas t cancers detected in the 5-
year period increases from 60 percent for a s ingle clinical examr 
ination to 70 percent from four annual clinical examinations . For 
mammography this would increase from 85 percent for a single to 
90 percent from four annual lllilllllOOgrams . For both clinical exam
i nation and mammography , this would change from 95 percent for a 
s i ngle examination to 9 7  pe rcent from four annual examinations . 
In other words , the least sensitive test , a s ingle c l inical 
e xamination in 5 years , wil l  miss 30 breast cancers in 10 , 000 

women ' whereas the most sens itive testing alternative , annual 
c linical examinations and mammography , wil l  miss only three breast 
c ancers in 5 years in 10 , 000 women . 

The four groups show the following comparative predicted out
comes for the ir 100 patients with breast cancer over a 5-year 
period : 

No Re-
Axil lary Late currence 
Nodes + Cases in 5 Years 

Unscreened group so 30 70 

Annual clinical examinations 36 2 3  7 7  

Annual ma111100gr ams 2 3  18 82 
Annual c linical exam. & mammo .  2 1  1 7  8 3  

The primary advantage o f  mammography ove r clinical examination 
from the viewpoint of e ffectiveness for breast cancer screening 
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( see Table 1)  is i ts better sensitivity and specificity , thus 
decreasing the number of biopsies performed on false-positive 
cases without breast cancer , increasing the number of early c ases 
detected , and increasing the number of patients who have no re
currences in 5 years . 

Discussion 

This evaluation mode l did not consider estimates of "lead time , " 
i . e . , the time between diagnosis with the screening program and 
the usual time of diagnosis under current medical practice , 6 , 1 0 , 1 5 
s ince i t  does not compare survival rates over this 5-year period . 
However , i f  a 10-year cost-effectiveness study were made , it 
might affect the time that late cases appeared in years 6-10 . 

Wi thout consideration of any benefits to the patient from de
creased disability and added years of life ,  that i s ,  strictly 
from a cos t-effectiveness viewpoint , ideally the total costs of 
care with screening should be less than the total costs of care 
without screening . 

It must be emphasized again that the costs and yield rates 
given in the calculations for this case study , although probably 
representative , are used primari ly to demonstrate the methodology 
for evaluation of this  diagnostic technology . In Fi gures 2 and 
3 ,  the cost of a mammography examination is assumed to be twice 
that o f  a clinical examination , and any change in this ratio wil l  
signi ficantly alter the final 5-year cos ts . Similarly ,  the sen
s itivity of mammography as compared to clinical examination is  
very cri tical in determining the higher rate of detection of 
early cases from mammography . Each mammography program should 
determine i ts own unit cos ts and yield rates and then can use 
this evaluation model to calculate its own cost-e ffectiveness . 
I f  the unit cost for mammography were higher than $20 or i f  the 
sensi ti vi ty of the tes t  were less than 85 percent , then the costs 
and patient outcomes from the screening program would be different 
from the example given in this case study . The costs for care of 
patients with axi llary node involvement and for late care for �e
current cancer are extremely variable since these are less s tan
dardi zed and will need to be individualized in accordance with 
the prevai ling medical and surgi cal practice of each community .  

Based upon th e  assumptions presented i n  this s tudy , for women 
age 50 or more wi th an �xpected 5-year rate of breast cancer of 
100 per 10 , 000 or more , health care cos ts for 5 years from an
nual screening mammograms can be pro jected to be less cos tly 
than : ( 1 )  annual c linical examinations , ( 2 )  annual mammograms 
plus clinical examinations , and ( 3 ) less cost ly than not screen
ing i f  the cos t per mammogram does not exceed about $14 . 50 . This 
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conclusion i s  based upon the estimated comparab le costs for the 
nonscreened group , and the predictions that annual mammograms 
wi l l  result in patient outcomes ove r S years comparable to good 
current medical experience for the detection and treatment of 
breas t cance r .  

Th e  yie ld rate o f  breast cancer wi ll vary , o f  course , with 
the population being s tudied . By this evaluation mode l ,  for 
women ages 3S to SO years , the yield rates from screening 
mammography will be insufficient to make the proced�re cost
e f fective , s ince the prevalence of breast cancer is about one
hal f  that of women age SO or greate r and the sens itivi ty of 
mammography is less in premenopausal women ( s ince there is less 
fatty tissue in the breast , which makes it more di fficult to 
visualize early cancer) . Furthermore , as already mentioned , 
the �umulative x-ray exposure to the breas t by periodic mammog
raphy in younge r  women introduces the hazard of the increased 
incidence of breast cancer in later life due to radiation . 

Mention should be made of xe roradiography ( see p .  102 ) ,  
which i s  very competitive with mammography for breast cancer 
s creening in women age SO or more . It may cost s lightly more , 
and yie lds s l ightly more false-posit ives than cur rent mammography : 
but i t  provides slightly less X-ray exposure than mammography , 
and it is easier to interpret .  The dense glandular breasts of 
young women are demons trated in better detai l by xerography 
than on mammography . 

In addition , thermography is an alternative procedure wherein 
the breast surface is scanned with an infrared came ra and the 
infrared radiation emitted from the skin is recorded on a photo
graphic fi lm. After a prior 10- lS minute cooling period of the 
patient in a temperature-controlled room , a cancer nodule in the 
breast may show a localized warmer area on the picture . Thermog
raphy is les s  sens i tive than mammography for breast cancer detec
tion in pos tmenopausal women . It will be less cost-effective 
than mammography for women over age SO , s ince i t  is less sens i
tive and less specific than mammography ( that i s , it wi l l  have 
fewer true-pos itives and true-negatives , and more false
positives and false -negatives ) . 2 5- 2 9  Howeve r ,  for women 3S 
to SO years of age , screening thermography may be competitive 
wi th screening mammography , since in this age-group mammography 
is also less sens i tive ; and periodic thermography does not in
crease the irradiation risk of future breast cancers . Thermog
raphy has also been recommended as a me thod for identi fying 
high- risk women of all ages prior to diagnos tic mammography . 

The National Center for Health Statistics reported l l from 
health interview surveys that , in 197 3 , 7 6  perc en t  of females 17 

years and over admitted to their ever having a breast examina
tion , of whi ch  6 3  percent said they had it less than 1 year , 
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23 percent in 1 to 2 years , 6 percent in 3 to 4 years , and 8 pe r
cent in 5 years or more . It  appears that the majority of women 
in the Uni ted States already are receiving clinical examinations 
of thei r  breasts ; the current cost-e ffectivenes s  for this mode 
of breas t cancer detection and control is represented by Fig
ures 1 or 2 , and the cos ts per 10 , 000 women age 50 and over for 
5 years are probably $ 1 . 2 to $ 1 . 6  millions . Sufficient data are 
now available for health care planners and policymake rs to make 
the decision a� to whether for a simi lar 5-year cost the greater 
e ffectivene ss of mammography should make it the method of choice 
for breast cancer screening of women age 50 and over . The deter
mination o f  the most cos t-e ffective method of breast cancer con
trol for women age 3 5 - 50 can follow this evaluation model when 
sufficient relevant data have been accumulated . 

POLICY IMPLICATIONS 

Evaluations , such as described in the preceding section , carried 
out by l arge screening programs so as to provide thei r  own data 
on cos ts and effectiveness wil l  help to establish firm guide
lines and policies for mammography in breast cancer detection 
and contro l .  Especially necessary are more fol lowup data on 
women age 3 5- 50 who already have been exposed to periodic � 
mography , adj usting for the fact that with current technology 
( 1 )  the extent of X- ray exposure is much les s  than it was prior 
to 197 5 ,  and ( 2 )  the sensitivity and speci ficity of testing is 
now improved.  

Limi ting screening mammography to only those with higher risk 
o f  deve loping breas t cancer ( see p. 103 ) wil l  decrease the 
ini tial screening cos ts and increase the short-term cost
e f fectiveness of the progr�-and this is the current poli cy 
guideline for women age 3 5 - 50 . Data are not yet avai lable to 
e stimate the 5- ,  10- , 15- , or 20-year cost-effectiveness of  suCh 
a policy . For women age 50 and over , data are avai lable ( as 
indicated in the preceding section) to show that the limiting 
of screening mammography only to high-risk cases wi l l  decrease 
the periodic screening cos ts . However , since the lower-risk 
patients not screened will return when they detect breast cancer 
on s e l f- examination and since their costs wi l l  then be higher 
( and outcomes poore r ) , it is  unlikely that a policy to screen 
only high- risk women age 50 and over wi l l  be cos t-e ffective over 
a 5-year or longe r period . One of the l imi tations of such a 
cos t- e f fectivenes s  mode l is that it doe s not conside r  al l the 
bene fits gained by those women who become early rather than late 
cancer cases . 
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It  is evident from these data that from the viewpoint of the 
policymaker the differences in  cos ts ( $ 1 . 2 5 - $ 1 . 82 million )  for 
5 ye ars are not so different s ince there is clearly a trade-of f  
between early care and late care i n  the four alternatives con
s idere d .  The increased benefits from earlier cancer dete ction 
in decreasing the numbers of late cases become paramount , since 
the s tudy shows so l i ttle di ffe rence in 5-year cos ts . There fore , 
i t  becomes advisable for policymakers to do a cost-bene fit anal
ysis and assign some values to the various increased bene fi ts 
from screening mammography for women age 50 and over . 

I f  one has the re spons ibility for the cont inuing care of a 
de fined population , then i t  is essential to evaluate the cost
e ffectiveness o f  any equipment-embodied technology that is di
rected to a potentially postponable disabi l i ty ( s uch as breast 
cancer )  over a sufficient length of time to include all o f  the 
major costs of medical care for the di sabil ity . An easy way to 
decrease immediate short-term cos ts is to deny access of patients 
to re levant care re sources , but this type of short-sighted econ
omy often results in pos tponing care to a later date when it can 
no longer be de ferred , and the disabi l i ty may then be more serious 
and require more cos tly care resources .  HMO ' s  soon learn that 
good earl y care is  the best and the most economical care by de
c reasing the numbers of  cos tly late , complicated , advanced and 
neglected cases . 
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A P PE N D IX 
c 

INTRODUCTION 

A CASE STUDY OF 
MULTIPHASIC HEALTH TESTING 

Morris F. Collen 

Multiphas i c  health te sting ( MHT )  is an example of an equipment
embodied te chnological system. It has a long history of i rreg
ular deve lopment and sporadic di ffus ion as it has attempted to 
sati s fy a variety of ob jectives in preventive medicine and in 
health care de livery . The most advanced MHT sys tems have complex 
problems of interfacing people (both patients and health pro fes
sionals ) to equipment and equipment to computers . Mos t  patient 
users find it ve ry acceptable , but many physicians are reluctant 
to adopt i t .  Some national governments have a policy of actively 
supporting MHT and others di scourage it . Industry has not found 
it profitable to market ,  but many companies make MHT avai lable 
to their employees .  MHT is di fficult to evaluate since the total 
MHT sys tem has bene fits greater than the sum of its parts . With 
the increas ing public interest in health care , preventive medi
cine , and "health maintenance organizations " ( HMO ' s ) , it  is likely 
that the role of MHT in this country wi l l  require care ful reexamr 
ination by pol icymakers . 

DEFINITIONS AND PURPOSES 

Defini tions 

Personal preventive services in primary care are based to some 
extent upon periodic reevaluation of the health s tatus of people . 
Such health examinations (health evaluations , health appraisals , 
or health checkups ) are usually initiated by the patient , but 
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they may resul t  from the recommendation o f  a physician , a 
health care program, or a public health agency . 

125 

The traditional method for a patient to obtain a health 
checkup is to see a primary care physician , who takes a medical 
history from the patient , provides a physical e xamination , and 
then arranges for diagnostic tes ts and procedures that in the 
physician ' s  j udgment are necessary to complete the health evalu
ation . The phys ician then makes a determination as to whether 
the patient i s  we l l  or sick and recommends appropriate fol lowup 
care . 

MHT is a sys temi zed approach to providing the laboratory 
tes ting portion of a health checkup and it employs automated 
laboratory procedures and specially trained al lied health pe r
sonnel to col lect data on patients ' medical histories , clinical 
laboratory , X-ray , and other physiological test measurements in 
a programmed sequence . A multiphasic health checkup (MHC )  is a 
health examination provided by us ing MHT followed by a physical 
e xamination and a physician ' s  decision if the patient is wel l  or 
s ick ,  with recommendations for appropriate fol lowup care . MHT 
deve loped from the experience of public health mass screening,  
which was modi fied in order to furni sh personal preventive medi
ca l services to meet the needs of individual patients and their 
phys icians . Automated multiphasj c  health testing ( AMHT) addi
tionally employs automated equipment and computerized decis ion 
rules to sort out those who have diseases . Multiphas ic health 
testing services (MHTS ) is the expanded use of MHT programs 
(either manual or automated) within heal th care delivery systems 
to provide adj unctive services such as entry triage , health coun
s e l ing ,  health education , and prevent ive health maintenance . MHT 
involves more equipment-embodied technology than the traditional 
health checkup , and , as used herein , multiphasic health testing 
includes both MHT and AMHT programs . 

Functions and Purposes of MHT 

Since MHT should always function as an integral part of  some 
medical coDI!Iunity , program , or system ( e . g . , a medical founda
tion , a health care de livery sys tem,  a public health program , an 
indus try , a military program , etc . ) , its functions and purposes 
should s upport the goals and ob jectives of  the overal l program . 

Functional Objectives of MHT 

For personal preventive servi ces in primary care medicine , 
the usual purposes of MHT are : 
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1.  Provide reass urance , since many patients who come to see 
their phys icians for a health checkup are worried about thei r  
health . 

2 .  De fine the health status of examinees and determine in
dividual fitness (health appraisal ) .  Monitor the status of the 
continuing health of indivi duals by per iodic examinations (health 
surve i llance ) .  

3 .  De tect unknown abnormalities (disease detection or case 
finding) . Monitor previously detected abnormalities by the 
periodic examination of patients with known diabetes , hyperten
sion , e tc .  (patient surve i llance and disease monitoring) . 

4 .  Serve as a re ferral laboratory for physicians for their 
patients who need early s ickne s s  or diagnostic surveys ( diag
nos tic adj unct ) . 

5 .  Serve as an entry mode to the health care system ( triage ) . 
6 .  Provide hospital admiss ion examinations . 
7 .  Improve access ibility o f  health care by making health 

checkups more readily avai lable . 
B .  Provide health education and health maintenance to imr 

prove health habits and behavior . 
9 .  Provide e fficient , satis fying , and good-quality testing 

service to patients . 
10 . Provide e ffic ient , satis fying , and good-quality service 

to physicians . Save physician time by providing a h igh-utility 
report , comprehensive in content and readable in format . 

11 . Provide a comprehensive , good-quality , patient health 
profile to furnish baseline measurements for continuing or 
future care . 

1 2 .  Be a cos t- e f fec tive program. 
1 3 .  He lp to contain the cos t o f  the process of providing 

medical care by decreas ing use of hospital beds and cost of anci l
lary ( clinical laboratory and X- ray ) servi ces . 

1 4 .  Improve the outcome of patients by decreasing morbidity , 
disabi l i ty ,  and mortality .  

Speci fic Functional Ob j ectives for Each Test Phase 

Each MHT program mus t de fine speci fic objectives for each tes t 
selected for its examinees , depending upon their racial , ethnic ,  
and socioeconomic characteristics . Ob j e ctives should include : 

1 .  A des i red sensi tivity and speci ficity for each tes t .  The 
determination of the accuracy required for each test and the set
ting of boundary l imi ts for "norma l "  and "abnorma l "  wi l l  de fine 
the percentage of true-positives and true-negatives , and false
positives and false-negatives .  This determines the prevalence 
of true-pos itives for each phase in the population to be tested . 
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2 .  An expected cost-effectiveness for each phase . The usual 
objective of a test phase is to detect a signi ficant number of 
true-positives for the target conditions at a reasonable cost .  

Principles o f  Opera tion o f  MHT 

General Principles 

Many writers have advocated principles to guide MHT programs , 
and these generally include that MHT should be an integrated co� 
ponent of  a health care program and closely related to its phy
s icians ' services . Such integration is most effective in a 
formal organized sys tem of care , but it can also function in an 
informal cooperative re lationship , in which case the linkages 
must be truly operational . Provis ion for diagnoses ,  followup ,  
and treatment i s  essential , for without i t  MHT will fal l into 
disrepute . Thus it is necessary that there be ( 1 ) a de fined or 
target population of · adequate s i ze that agrees to use MHT for 
checkups and ( 2 )  a group of primary care physicians who will sup
port MHT by re ferring to it patients for examination and accept
ing patients re ferred from MHT for followup care . 

Tes t  Selection for Health Problems 

It is important to identi fy a set of health conditions , test ,  
and preventive proaedures for each MHT program , customized to 
fit the needs of its target population . A different MHT group 
o f  tests is appropriate for children than for adults . It is ad
visable to have a somewhat different battery of tests for young , 
Ddddle-aged , and older adults . The World Health Organi zation 
advocates s tringent criteria l l l  be fore a screening program is 
undertaken . 

From the Kaiser-Permanente experience , it is recommended that 
MHT for personal health services should select ( 1 )  conditions 
and ( 2 )  tes ts that ful fil l  the following criteria : 

1 .  Cri teria for Selecting Condi tions for Testing 
a. They are important health problems for the individual 

and/or the community .  These include not only conditions that 
are potential ly disabling or life threatening ( e . g . , hypertension , 
breast cancer ,  etc . ) ,  but also conditions that impair the quality 
of l i fe (e . g . , impaired hearing , anxiety , etc . ) . 

b .  Each condition should ( i )  be prevalent in the population 
tested with a sufficient frequency and ( ii )  have a tes t  available 
to detect the condition with sufficient sens itivity and speci
ficity so that the cost per posi tive tes t  is  acceptable to both 
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provider and user of services . In other words , the predicted 
yie ld rate in the target population must be appreciable ; i f  the 
condition i s  rare i t  wi l l  probably be too expensive to de tect .  

c .  Appropriate health care services should be availab1e 
for the condition , whether this be further diagnos tic ,  curative , 
or rehabi l i tative services ; health and psychosocial counse ling ; 
or palliative care--as may be indicated for each patient ' s  prob
lem. It is  ideal (but not always achievable in reality )  i f  the 
tes t can detect the disease early enough and i f  e ffective the r
apy is avai lab le such that the enti re process of detection , 
diagnos is , and treatment can be demonstrated to be cos t-e ffective .  

2 .  Cri teria for Speci fic Tes t  Selecti on 
a .  Cos t pe r test must be acceptable to use rs as a rea

sonable charge . 
b .  Cost per pos itive tes t .  This criterion is the resu1t 

o f  the cost per tes t  and the prevalence in the target population 
and is basic  to tes t  se lection . ( For reassurance of health and 
absence of disease , the cost per true-negative test becomes im
portant . )  

c .  Cos t per true-positive tes t .  This criterion intro
duces the essential speci fication of sensitivi ty and speci ficity 
of a te st , which impact fol lowup cos ts . ( See pp . 1 3 3 - 158 and 
Table 4 . ) 

d .  Cos t-e f fectiveness . This criterion attempts to mea
sure the cost to e f fective ly detect the condition early . IdealLy , 
a tes t  should be able to detect a condition before irreparable 
changes disable the patient . Cost-e ffectivenes s  is some times de
fined as including therapy , i . e . , the ability to alter the cours e 
of the condit ion or disease . 

e .  Acceptab le to patient . The test mus t be harmless , 
cause no unreasonab le discomfort , and take a reasonable length o f  
time . 

HISTORY OF DEVELOPMENT AND DIFFUS ION OF MHT 

Over the past 45 years , multiphas ic health testing (MHT) evolved 
as a systemized approach to provide health examinations more e f
ficiently to large groups . The concept of health checkups i s  not 
new , as for decades the practice of periodic health examinations 
has been recommended general ly . In order to dec rease the cost 
of providing such examinations , some of the principles and meth
ods o f  systems enginee ring have been applied in multiphas ic health 
testing.  There was a gradual evolution through the various his
torical steps of screening,  mass screening , multiphasic screening , 
automated multiphasic screening , and multiphas ic health testing 
to the most advanced automated multiphas ic health testing services . 
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Screening as a public health measure in the United States 
began prior to 1900 , with the screening of immigrants by the 
Marine Hospital Service in order to identi fy those wi th signifi
cant disease who might become a burden on the country . This was 
extended to screening communities for communicable diseases . As 
communicable diseases gradually diminished in importance , the 
Public Health Service expanded its attention to screening for 
ch ronic noncommunicable diseases . 

In order to decrease the costs of examinations of large n� 
bers of people , screening techniques were developed that con
sisted of s imple , quick , and often only approximate tests that 
could , with reasonable accuracy , sort out pe rsons like ly to have 
the disease that was to be detected . In 1948 , Bres low 1 6  first 
introduced the term "multiphasic screening " as an extension of 
the mass screening technique . Since tuberculos is , syphilis , 
diabetes , and heart disease had been proven to be detectable in 
the general population on a mass scale , and since it was not un
common for a group of people to be surveyed for tuberculosis and 
then surveyed again some months later for syphilis or diabetes , 
the multiphasic survey was conceived with a view of combining 
tes ts for several of these diseases in one "package . "  

As early as 1948 an editorial in the Journal of the American 
Medi cal Associa tion suggested that " in contrast to periodic 
health examinations , these screening procedures are capable of a 
very wide application � they are relatively inexpens ive per per
son tested , and they require relatively little time on the part 
of phys icians • • • •  " 6 6  

I n  19 50 , Ryder and Getting 1 4 0 reported the historic action of 
the Council of the Massachusetts Medical Society , which voted in 
May 1949 to establish five pilot multiphas ic clinics ( called 
"Health Protection Clinics " )  offer ing , on a voluntary basis , 
health examinations under the auspices of the district medical 
societies in cooperation with the community hospitals and other 
interes ted groups . 

In 19 5 1 ,  the fi rst multiphasic screening project within a 
comprehensive prepaid health plan was ini tiated in Kaiser
Permanente ' s  Oakland medical center and a year later in its San 
Francisco medical center . 3 5 These were supervised and conducted 
by the same physicians who furnished the physical examinations , 
treatment , and fol lowup care as an integral part of the group 
practice , prepaid medical care plan . 

In 195 1 ,  the President ' s  Commission on the Health Needs of the 
Nation recommended periodic health examinations as a means of 
chronic disease control and suggested that multiphas ic screen
ing be used to detect early d isease . 

In 19 5 5 , the American Medical Association began to offer health 
examinations to its phys icians at its annual meetings , and in 196 1 , 
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through its Section o n  Pathology an d  Physiology , initiated typ
ical multiphasic health testing examinations at its annual meet
ings . 

In 1960 , the American Public Health Association s trongly 
endorsed multiphasic screening , and in 196 1 the u . s .  Public 
Health Service established the Chronic Diseases Division , which 
began to provide grants and contracts to establish and evaluate 
multiphasic screening programs . 

In the late 1950 ' s ,  multiphas ic screening began to receive 
seve re criticism for its poor quality of testing . The advent o f  
electronics and automation into medi cine improved th e  quality of 
testing and augmented screening capabilities so that not only 
more tests , but also more accurate and quantitative measurements , 
could be used . 

In 196 3-64 , with the partial support of  a grant from the u . s . 
Public Health Service , the multiphasic screening programs then 
operating in the Kaise r-Permanente Oakland and San Francisco 
medical centers were replaced by the fi rs t  automated multiphasic 
health testing (AMHT) programs . 1 8 r 3 9  Th e  two programs have oper
ated continuous ly s ince that date and have provided more than 
one-hal f mi llion examinations . 

In 1966 , a special committee o f  the u . s .  Senate he ld extensive 
hearings on mul tiphasic screening , which resulted in a publica
tion of abstracts0 3 but no legis lative action . Comprehensive 
bibliographies we re pub lished in 196 3  ( Siege l , 1 5 0  Mandel and 
Lillick 1 1 n ) and in 19 7 1  ( Ge lman 8 4 ) .  The first books on multi
phasi c  screening we re pub lished in 1968 . 1 4 9 • 1 8 8  The first compre
hensive monograph on multiphasic health testing and adj unctive 
services (MHTS ) appeared in 19 77 . 4 0 

A great impetus to multiphasic health tes ting resulted from 
a series of j oint meetings of  physicians and engineers arranged 
by Devey of the Engineering Foundation 5 , 1 3 in the late 1960 ' s 
and early 1970 ' s ,  fol lowed by conferences sponsored by the Soci
ety for Advanced Medi cal Sys tems ( SAMS ) , 5 9  the International 
Health Evaluation Association ( IHEA) , 1 3 0  and the annual Technicon 
symposi a . 1 4  

By 1 968 , organized medicine recognized the increas ing impor
tance of MHT by establ ishing the Intersociety Committee on Multi
phasic Health Screening , which inc luded 10 maj or national medical 
groups ,  as we l l  as the American Medi cal Associ ation . 

Although it was not unusual for some MHT programs to incorpo
rate phys ical examinations performed by physic ians on site , in 
1969 in the Kaiser-Permanente Oakland ' s  MHT , a team of specially 
trained nurse practitioners ( under phys ician supe rvis ion)  began 
to provide complete physical examinations . Garfield advocated 
MHT as an entry mode to medical care 8 1 - 8 3  us ing multiphasic test
ing and physical examinations provided by nurse practitioners to 
triage patients into health care , preventive care , or sick care . 

Copyright © National Academy of Sciences. All rights reserved.

Medical Technology and the Health Care System: A Study of the Diffusion of Equipment-Embodied Technology
http://www.nap.edu/catalog.php?record_id=18439

http://www.nap.edu/catalog.php?record_id=18439


1 3 1  

I n  1970 , Sanazaro , then the Director of the HEW ' s  National 
Center for Health Services Research and Development , sponsored 
a series of workshops that resulted in the publ ication of Pro
visional Guidel ines for Automated Mul tiphasic Health Testing 
and Services , 1 3 2 a major milestone in providing de finitions and 
guidelines for operation and tes t  selection . 

In 1972 , the American Medical Association published its com
prehens ive Sta tement on Mul tiphasi c Heal th Testing, 1 6 0 in which 
it reviewed the status of MHT programs at that time and advocated 
that multiphas ic testing " should be integrated into the health 

care system in a manner that wil l  assist the physician in the man
agement of his patients . "  It prescribed principles and ethical 
concepts , and provided guidelines for establishing and operating 
MH� units . The AHHT Program Directorg , Interna tional 1 9 7 2- 7 3 1 4 6 

detailed specifications of about 200 operational MHT programs . 

CURRENT STATUS OF MHT 

The Kaiser-Permanente multiphasic health testing ( MHT) program ,  
which has been operational i n  the Oakland medical center since 
1964 , has served as a demonstration mode l and provided the bas is 
for many o f  the MHT programs that fol lowed . I t  also served as 
the research and developmental center for evaluating many test 
phases o f  MHT . 

Recently multiphas ic health testing centers have been reported 
to be opening at a rate of two a week in some urban areas of the 
United States , some operated by nonphysicians ; and at least in 
the State of Florida , legislation has been introduced to regulate 
MHT centers as to their supervision , qual ity , costs , and adver
tis ing . l O B , 

MHT programs are now widespread throughout the developed 
countries of the world . As o f  1976 there were about 300 in the 
United States , about 40 in Japan , about 30 in Europe , and a few 
in Australia , As ia , Canada , and Latin America . Based upon the 
experience of the Kaiser-Permanente program , it is predictable 
that , as health maintenance organizations ( HMO ' s ) increase 
throughout the United States , about one- fourth of adults served 
by those HMO ' s  wil l  have a health checkup each year by a sys
temized multiphas ic-type approach . 

IMPACT OF PUBLIC POLICY ON DEVELOPMENT AND DIFFUSION 

On pp . 128-1 3 1 , the historical impact of governmental agenc ies and 

o f  public policies on the development and di ffusion of MHT was 
presented chronologically . It is evident that official govern
ment policy can have a great influence on the diffusion of MHT . 
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Japan has a t  least 40 MHT units , and i t s  government supports 
the concept . England ' s  ministry of health does not support MHT , 
and there are only two units in that country . 

Community policies and public attitudes also have enhanced or 
inhibited the diffusion of MHT , especially from the viewpoint o f  
the consumer ( patient) . The increasing trend to organized ar
rangements for payments for health care wi l l  probably encourage 
personal preventive health maintenance services and stimulate 
MHT development customized for the community it serves . 

Consumer cooperative groups and unions are increasingly nego
tiating for periodic health examinations as a health wel fare 
bene fit . It can be expected that the general public increasingly 
wil l  want health checkups as it becomes more aware of the fact 
that company executives , political leaders , union groups , and 
health plan members are receiving such health services . 

An aspect of  the community ' s  traditional protection of its 
members that can be ful filled by MHT is the detection of asymp
tomatic communicable diseases such as tuberculosis , gonorrhea , 
and syphilis . The experience with s ickle-cel l  screening programs 
has alerted minority groups that � in addition to the potential 
bene fits , there can be problems associated with ident i fying ge
netic or environmental high-risk groups . 3 5  It has been suggested 
that one should balance any pos sible medical bene fits against 
potential societal harm ( such as by having health status stig
matize an ethnic group9 8 ) .  

El inson6 7 bel ieves that whether or not a person wi ll use MHT 
services or engage in any preventive health behavior is  likely 
to depend on a wide variety of personal , social , and psycholog
ical factors , and on factors characterizing the organization of 
health services . On the one hand , for example , preventive be
havior depends on the person ' s  orientation to health care , the 
perceived value of the service offered , and concern about health . 
On the other hand , the utilization of preventive opportunities 
depends on the physical proximity and convenience of the services 
offered , the response one expects from health personnel , and the 
monetary and psychological costs of us ing the service . 

Concern is often expressed that systems technology provides 
assembly line medicine and that computers tend to dehumanize and 
depersonalize the medical care process . Hall , 9 0  Past-President 
of the American Medical Association , coined the acronym "AMHTLC " 
to emphasize that "Automated Multiphasic Health Testing" (AMHT) 
must inc lude " Tender Loving Care" ( TLC )  , and advised that all MHT 
personne l show concern , patience , understanding , and kindnes s  to 
each patient , as health care personnel should do in all medical 
care services . MHT patients have no difficulty in separating the 
laboratory services ( whether clinical laboratory , X-ray , or MHT) 
from their primary care phys ician , so the extens ive technology of 
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th e  laboratory does not detract from the patient-physician rela
tionship ; on the contrary , the more modern the laboratory tech
nology , the more confidence the patient has in the physician ' s 
technical support . The common practice of  AMHT to apply in
dividual ized normal value s to each patient (by age , sex , etc . )  
greatly enhances quality and individualization of test results . 

EVALUATION OF MHT 

MHT , to be properly evaluated , must be studied to determine to 
what extent it achieves its defined obj ectives within its over
all health care delivery environment ( see pp . 1 2 5-127 ) . 

Eval ua tion of Resources Used 

An essential aspect of the evaluation of MHT involves identi fy
ing and measuring all resources used in the program . The number 
of full-time equivalents of personnel and the use of space , 
equipment , and supplies are also important to identi fy and mea
sure by a cost analys is . For the health care del ivery system 
within which MHT is located , the costs of resources used should 
include the costs of  followup care from MHT re ferrals .  

Cost analyses of the oakland Kaiser-Permanente MHT have been 
r eported� 1 . � 2 and will be used as the basis of this case study . 
Included are the physician costs for interpretations of electro
cardiograms and X rays . The total direct costs are made up o f  
about 7 0  percent for salaries an d  wages ( including fringe bene
f its ) , 2a percent for supplies , and 9 percent for equipment de
preciation . Indirect expenses are al located to each test phase 
and applied to salaries and wages to cover actual expense o f  
services from other departments , such a s  accounting , payroll , 
personne l ,  and purchas ing . Indirect costs also include plant 
operation , comprised of " equivalent costs of ownership" ( depre
c iation , finance charges , interest , and interest expense)  and 
"maintenance " ( j anitorial services , maintenance supplies , tele
phone , and uti lities ) . For this MHT , the total cost per MHT 
examinations has been maintained around $ 20 primarily by gradu
ally increasing the volume of patients processed to offset in
creasing payrol l costs . Unit costs of MHT are critically 
re lated to the patient load . The Oakland Kaiser-Permanente MHT 
examined in 1973 about 3 , 000 patients per month . I f  only 1 , 000 
patients were examined monthly , the cost per patient would prob
ably increase to $40- $ 50 . � 0  
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Effecti veness of MHT 

The measurement o f  the degree of attainment of program obj ectives 
is usually de fined as the effectiveness of a program. The pri 
mary obj ective of MHT is to economically provide a good-qual ity 
health checkup , i . e . , to determine the health status of the ex
aminee , detect unknown disease , monitor the status of known 
disease , and reassure the wel l . Accordingly , evaluation of MHT 
effectiveness should as a minimum determine the yield and re
ferral rates , the effectivenes s  of detecting targeted asympto
matic disease , and the patient ' s satis faction with the process . 
Some measure of phys icians ' acceptance of and satisfaction with 
the program should also be included in e ffectiveness  evaluation , 
i f  MHT is to function as a succes s ful participant in the health 
care community . 

WHO advocates that evaluations of effectiveness of screening 
programs should cons ider the e ffect of MHT on patient outcome . l l l  

However , patient outcome is probably more dependent upon effec
tiveness of therapy than upon effectiveness of disease detection . 
The abil ity to favorably alter the course of the condition should 
be a criterion for MHT test selection and is an important factor 
in MHT cost-bene fit analysis , but it is essential that evaluation 
distinguish between the medical care process of ( 1 ) disease de
tection and diagnosis and ( 2 ) treatment and rehabilitation . For 
example ,  from the viewpoints of the patient , fami ly , employer , 
and society there are c lear social bene fits for planning purposes 
from effective early detection of an incurable disease , even 
though the treatment may not be effective in altering the natural 
course of the disease . 

Determination of Health Status of Examinees 

There has accumulated an extensive l iterature on health status 
indices . A use ful and simple method for the triage of MHT ex
aminees for referral to appropriate care services is that devel
oped by Garfield8 3  and Richart , 1 3 5  and it wi ll be used in this 
case study . Such clas s i fication o f  patients is  done after the 
MHT data and physical findings become available . These results 
are compared with the patient ' s  complaints to determine health 
status . A patient ( Pt . )  is classi fied as "well"  i f  he has no 
s igni ficant medical complaint or problem ( see Table 1 )  and i f  the 
doctor ( Dr . ) or other examiners record that he has no clinically 
s ignificant finding or abnormality . He is classi fied as "worried
wel l "  if he has a signi ficant medical complaint or problem but 
there are no clinically signi ficant findings . A patient is 
" asymptomatic-s ick " if  he has no complaints but he is found to 
have a cl inically signi ficant finding ( e . g . , e levated blood 
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TABLE 1 Average Health Status (HS)  Mix for New Patients 
Receiving Health Evaluationsa 

Health Status ( Dr . /Pt . ) NUI!i>e r HS Group , %  

We l l  (We ll/We l l )  3 , 5 7 3  56 . 8  
Worried-We l l  (We l l/Sick ) 7 29 11 . 6  
Asymptomatic-Sick ( Sick/We l l )  2 4 7  0 3 . 9  

Sick ( Sick/Sick ) 1 ,  7 36 2 7- . 7 
6 , 2 85 100 . 0  

aModi fied from Garfield e t  a1 . 8 3 

1 35 

pressure) • A patient is "s ick "  i f  he has a significant complaint 
and is found to have a signi ficant abnormality . 

For example , a group of adults who had not seen a physician in 
the last year and who asked for a multiphasic checkup were clas
s i fied as shown in Table 1 .  Those classified as "wel l "  comprised 
56 . 8  percent , as "worried-we l l "  11 . 6  percent , as "asymptomatic
s ick " 3 . 9  percent , and as " s ick" 2 7 . 7  percent . Thus it is evident 
that in this group , "health "  care was indicated for 68 percent 
( "wel l "  and "worr ied-we l l " ) and "s ick "  care was needed for only 
32 percent ( " s ick " and " asymptomatic-sick " ) . Thus MHT can be used 
to evaluate health s tatus and to separate out those who need "health"  
care from those who need "medical " or  " sick " care . Each patient can 
then be re ferred to followup care in accordance with his individual 
needs . 

Yield Rates of MHT 

The yield rate of positive findings from a given test depends 
upon the prevalence of the abnormality in the population being 
tested and upon the sensitivity and speci ficity of the test . Yield 
s ometimes is  applied to previously undetected abnormal ities , but 
here in it re fers to all positive tests . The yield rate for a test 
i s  defined to be the number of positives as a percentage of the 
total number of patients tested . Table 2 shows how the yield rates , 
or percent positive ( %+) , are greatly influenced by the ages of 
the examinees .  The yield rate essentially determines the referral 
rate of patients to phys icians for fol lowup care . 

One can predict the yield by knowing the prevalence of the con
ditions ·that produce a positive test and the sensitivity and the 
specificity o f  the test . The yield will be the sum of the true
positives and the false-positives . For a sample of N per��ns , one 
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TABLE 2 Cost per Positive Test by a Age-Group 

Under 40 40-59 60 and Over 
Tes t  \+ $/+ \+ $/+ \+ $/+ 

Blood pressure 0 . 4  88 4 . 3 8 11 . 5  3 
EKG 10 . 2  9 1 7 . 7 5 31 . 5  3 
Chest X ray 2 . 1  69 7 . 4  20 19 . 2  8 

aModi fied from Collen e t  al . 4 2 

can predict the yield (y) of positive cases from MHT if the popu
lation being tested has a disease with a prevalence (p) and the 
test has a sens itivity (a) and a specificity (b) ,  then : 

y = Np (a) + N ( l - p) ( 1 - b) .  

For example , the predicted yield for breast cancer from four 
annual examinations of a group of 10 , 000 women age 50 and over , 
in which the prevalence is 0 . 01 ,  for which testing by mammography 
detects 90 percent of cancers and 99 . 1  percent of noncancers , 4� 

would then be : 

y ( lQ , QQQ X Q . Q l X 0 . 90)  + ( lQ , QQQ X 0 . 99 X 0 . 009 1 ) 

1 80 "positives . "  

This yield would result in a referral of 90 true-positives and 90 
in whom the surgical biopsies would not confirm the presence o f  
cancer ( false-pos itive s ) . 

I f  a population group of younger women ( e . g . , age 3 5-50)  were 
selected wherein the prevalence of this disease was only 0 . 005 , 
the sens itivity was 80 percent , and the specificity was 99 percent , 
then : 

y ( 10 , 000 X 0 . 005 X 0 . 80 )  + ( lQ , QQQ X 0 . 995 X 0 . 0 1 )  

1 4 0  "positives , "  

or 40  true-positives and 100 false-positives would be referred . 
This demonstrates the relatively higher costs of testing for lower 
prevalence diseases due to the larger proportion of the case yield 
who are false-pos itives . 
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Diagnoses Reported Following MHT 

The final diagnoses reported by the phys icians following the 
MHT and phys ical examinations comprise the conventional measure 
for evaluating the effectiveness of MHT in disease detection of 
a population group , since these diagnoses are an indication of 
( a) whether the physic ians decided that the positive test was a 
true or false one , and (b)  whether they thought the positive test 
was cl inical ly important ( i . e . , warranted therapy) . In one group 
o f  " new" examinees , less than one-third had clinically important 
abnormalities ( asymptomatic-sick or sick in Table 1 ) . Table 3 
shows that for another group of more than 30 , 000 examinations ( for 
whi ch the criteria were not identical and some persons had more 
than one examination) some clinically important abnormality was 
reported in almost two-thirds of the examinations . The most com
mon diagnosis was obes i ty and the second most common was hyper
tens ion . For many cases , the condition was already known ( not 
" new" to the physician) , and the MHT was being used to monitor 
the status of the disease . 

Effects of False-Positives and False-Negatives 

The validity of a screening test is the measure of the fre
quency with which the result of that test is confirmed by an 
acceptable diagnostic procedure--i . e . , the abi lity of the test to 
s eparate out accurately those who have the condition sought from 
those who do not . Applying a screening test to a population wil l  

TABLE 3 Ten Mo s t  Frequent Diagnoses Found i n  30 , 000 
Consecutive Checkups and Percent Newly Detected 

Per 
Rank Diagnosis 100 

Some Importan t Abnorma.li ty 65 . 0  
1 Obes ity 1 7 . 3 
2 Hypertension , primary 7 . 6  
3 Anxiety state 7 . 3 
4 Osteoarthritis 3 . 8  
5 Diabetes me l l i tus 3 . 3 
6 Fibrocystic disease , breast (women ) 3 . 2  
7 Varicose veins 3 . 1  
8 Psychophys iological Reaction , 

Gas trointes tinal 3 . 0  
9 Benign prostatic hypertrophy (men) 3 . 0  

10 Anemia (women only) 2 . 0  

' 
New 

2 5  
2 8  
3 1  
20 
39 
29 
34 

40 
58  
78  
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produce four categories of results , provided that the whole 
population is also examined definitively to establish the actua 1 

prevalence of the disease . These four categories are shown in 
Table 4 and they have been discussed extensively in the litera
ture . l 4 , 7 1 , 8 7 , 1 �9 , 1 7 2  

For quantitative and semiquantitative tests i t  i s  possible to 
vary the sens itivity and specificity by changing the screening • 
level at which the test is cons idered to be positive . However ,  
changing the screening level to increase the sensitivity will de

crease the specificity , and a change to inc rease speci fic ity wi 1 1  

correspondingly decrease sensitivity . 
MHT tests are selected with a sufficient sensitivity to detect 

an acceptable proportion of patients who have the disease (true 
pos itives ) ,  but if the test is too sensitive i t  wil l  produce some 
test results that may identi fy a person as having the disease ( or 
abnormality) when in fact this is not true ( false-positives ) .  s �  
i larly , the test selected usually will have sufficient speci ficity 
to identi fy an acceptable proportion of patients who do not have 
the disease , but if it is too specific it will miss  too many who 
do have the disease ( false-negatives) . A frequent criticism of 
MHT from physicians has been that it produces an excessive number 
of false-pos itive test resul ts , thereby increasing costs by gen
erating secondary tests , using more doctors ' and patients ' time , 
and increas ing patient anxiety . More serious is the increasing 
concern to providers of care from medical liability from false
negative tests . Accordingly , it is important to consider in de
tail the effects of false-positive and false-negative tests when 
evaluating an MHT . 

TABLE 4 Categories of Screening Test Results
a 

Screening Tes t  
Results 

Posi tive ( + )  
Negative ( - )  
Total cateogry 

Patients Health Status 
Sick Wel l  

True + ' s 
False - ' s  
Total sick 

False + ' s 
True - ' s  
Total we ll 

Sens itivi ty True + ' s 
Total sick Specificity = 

aModified from Thorner and Remein . l 7 2 

Total 
Test 
Results 

Total + 
Total -
Total tested 

True - ' s  
Total wel l  
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Cos ts o f  False-Posi ti ves Attempts to evaluate and quantitate 
the costs of false-pos itives involve comparisons of the expected 
value of treatment with the expected value of nontreatment in a 
group of patients with known disease prevalence , the value ( costs) 
of treating the sick , the value ( costs) of reassuring the nonsick , 
the costs o f  working up the nonsick , and the costs of not treat
ing the s ick who , if not tested , would have gone undetected . These 
types of cost-benefit studies are difficult to carry out . A cost
e ffectiveness study bearing on this issue fol lows on pp . 143-14 5 .  

The costs o f  false-pos itives must be shared by those who bene
fit by having the disease detected early and by those who are re
assured by the fact that they do not have the disease . The value 
of detecting the disease early is , of course , influenced by the 
ability of the treatment to alter the natural history of the dis
ease and prevent or postpone overt disability .  

For example , there i s  now convincing evidence that the higher 
the blood pressure , the shorter the l i fe .  In order to treat hyper
tension earlier and - decrease the subsequent incidence of stroke , 
there is increasing support for ear ly detection of asymptomatic 
hypertension--especial ly since hypertension is a relatively high
prevalence disease . 

Although for lower-prevalence diseases the problem of false
positives is relatively more costly , again , the potential dis
abling capabil ities of  the disease are a basic consideration . For 
example , the prevalence o f  breast cancer is low , but the value of 
periodic mammography for asymptomatic women over age 50 is becom
ing more convincing . ( See Appendix B . � 9 )  

Costs of False-Nega ti ves A false-negative i s  a more serious 
error i f  the condition missed is potentially a disabling one , e . g . , 
fail ing to detect early pulmonary tuberculosis by the screening 
ches t  X ray has always been a great concern to the radiologist , 
whether the screening program was only for a s ingle disease , tuber
culosis , or whether in a multiphasic program it was for several 
conditions inc luding tuberculosis . 

Failing to detect by mammography an early nonpalpable cancer of 
the breast may cost the patient a possible cure i f  she does not 
come in until she palpates a lump in the breast or axilla . 

As MHT testing increases its sens itivity to attempt to minimize 
false-negatives , its testing costs and followup costs wi l l  increase . 
S ince it is unl ikely that any program has sufficient resources to 
achieve 100 percent sensitivity , the actual expenditures will be 
limited by the program ' s  goals and budget , and the community ' s  
rate o f  malpractice suits . The increasing impact of medical lia
bility (malpractice) settlements upon the practice of medicine has 
generated the concept of "de fensive medicine . " 1 2 This results in 
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a physician ordering additional tests , procedures ,  and consulta
tions that he deems necessary to support or defend , i f  challenged, 
the diagnos is and treatment that he has provided his patient . The 
increasing accountability o f  a physician for fal se-negative diag
nosis s ignificantly influences the average physician ' s  mode of 
practice . 

On pp . 14 3- 145 is  pre sented a cost compar ison of patients evalu
ated by MHT as compared to the traditional physician ' s  health 
examination , and Table 5 shows the s igni ficantly lower costs for 
the MHT group for the initial workup and 12  months fol lowup care . 
These data do not indicate any inc reased costs which might be due 
to excess false-positives in the MHT group , and may even raise the 
question whether the higher costs in the traditi onal group might 
be due to excess numbers of false-negatives . 

Val ue of Finding a Nega ti ve  Tes t It is difficult to obj ec
tively evaluate the worth of finding a negative test . We know how 
to express the value to the patient of telling 1 in 1 2  adults that 
they have hypertension , or 1 in 500 women over age 50 that they 
have a breast cancer , in terms of the likel ihood of future dis
ability and mortality . On the other hand , how do we express the 
value of a negative test , that of tell ing the other 11 adults 
that they do not have hypertension or the 499 women that they do 
not have breast cancer? Surely the reassurance and the avoidance 
of the costs associated with a positive test to the patient , to 
the family ,  to the community , and to the health care system have 
some value , perhaps even more value than the finding of a posi
tive tes t .  Garfield8 1 has stated that the emphasis on disease 
by the evaluation of MHT on its yield of sickness rather than its 
yield of health is a product of preoccupation with s ickness that 
has historical ly prevailed throughout medicine . 

Effici ency of MHT 

In health care systems , the evaluation of program e fficiency is 
usual ly de fined as the ratio between an output ( net attainment 
of program obj ectives) and an input (program resources expended , 
usually expressed as average dollar costs) . Often this ratio 
has been inverted and expressed , for example , as dollar cost per 
positive case for multiphas ic testing . 

In evaluating the e fficiency of MHT to achieve its obj ective 
of providing a disease detection and monitoring program , it is 
necessary to measure costs to identify clinically important con
ditions for the various MHT phases . In such a study , it is es
sential to establish accurate cost centers to provide rel iable 
unit costs and to define precisely which cl inically important 
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test resul ts or findings are considered to be "positive . " Such 
a study provides use ful information as to which tests will be 
most efficient in the examinations of a speci fied population . 

Using a cost analysis for the Kai ser-Permanente program , the 
MHT costs for a representative test ( chest X ray) will be con
s idered as an example .  Table 2 shows the cost per pos itive test 
for young , middle-aged , and older persons . The unit cost for a 
chest X ray , including the radiologist ' s  interpretation , was $1 . 4 5 .  
Clinically important abnormalities that were reported included : 
suspicious density or lung lesion , lung fibros is , hyperlucent 
lung , mediastinal abnormality , hilar enlargement , other cardio
vascular abnormality ,  or bone lesion . Not included were the fol
lowing conditions : lung cal c i fications , fibre-nodular or 
f ibre-calci fic les ion , pleural thickening or adhes ions , blunted 
costrophrenic angle , rib anomaly , scol iosis , previous chest sur
gery , mastectomy , calcific or tortuous aorta . The definition of 
" abnormal " is critical in establishing yield rates and unit costs . 

Table 2 shows for chest X rays the tenfold increase in fre
quency of cl inically important abnormal ities ( as de fined above ) 
reported in adults over age 60 , as compared to those under age 
40 . The unit cost per positive chest X ray for a clinically 
important abnormality in the 60 years or older age-group was $8 .  
The low prevalence and high unit cost per positive test for chest 
X rays for young adults has caused many MHT programs to omit chest 
X rays for this group . 

I t  must be emphasized that these unit costs were related to an 
MHT patient load of about 2 , 000 per month at that time . I f  only 
1 , 000 persons were examined monthly , the cost per patient would 
probably double . If 3 , 000 persons could be tested per month , the 
unit cost would probably decrease by about one-third . These data 
clearly demonstrate how the prevalence of an abnormal test is de
pendent upon age composition of speci fic population examined .  
Finally , i t  is  important to emphasize that i n  order to evaluate 
the true efficiency of any test for case detection , it requires an 
extension of the analysis to determine the cost per proven " true" 
positive case , which requires expensive fol lowup confirmatory and 
val idating procedures . ( See Appendix B . 4 9 )  

Cos t-Effecti veness o f  MHT 

Introduction 

A very use ful method of evaluating MHT is by comparing its 
costs to some alternative process for achieving the same speci
fied obj e ctives . Comparing MHT with another program (or even no 
program) as to costs to achieve the same obj ectives does not 
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TABLE 5 Comparative Use and Cost of Servi ces ( Initial and Followup ) for a Health Examination ( Ad j us ted 
for Age , Se x ,  and Health Status 

Medical dept . 
M . D .  ( min . ) 

Other depts . 
M. D .  (min . )  

Nurse pract . 
(min . ) 

MHT 
Clinical lab . 

( tests ) 
x-ray 

( films ) 
EXG , etc . 

TOTAL 

Initial Examination Se rvi ce s Examination Followup Services Total Cos ts 
TMCa MHT-MDb MHT-RNC TMC MHT-MD MHT-RN TMC MHT-MD MHT- RN  
No . $ No . $ No . $ No . $ No . $ No . $ -$ -- -$-- -$--

30 . 0  28 . 5 2 15 . 0  14 . 75 3 2 . 9 5 12 . 2  9 . 39 8 . 7 5 . 6 1 9 . 3  6 . 64 3 7 . 91 20 . 36 9 . 59 

-- -- -- -- -- -- 1 . 4  1 . 4 3  1 . 8  1 . 84 1 . 5  1 . 54 1 . 4 3 1 . 84 1 . 54 

0 0 0 0 30 8 . 2 2 0 0 0 0 1 . 8  1 . 25 0 0 9 . 47 

0 0 1 1 7 . 46 1 1 7 . 46 -- -- -- -- -- - - 0 1 7 . 46 1 7 . 46 
6 . 4 5 10 . 71 0 0 0 0 3 . 14 5 . 21 1 . 48 2 . 45 1 .  78 2 . 96 1 5 . 92 2 . 45 2 . 96 

0 . 87 3 . 60 0 0 0 0 0 . 31 1 . 2 7 0 . 38 1 . 57 0 . 32 1 . 30 4 . 87 1 . 5 7 1 . 30 

0 . 1 3 o .  71 0 0 0 0 0 . 10 0 . 5 8 0 . 20 1 . 12 0 . 14 0 . 78 1 . 29 1 . 1 2 0 . 78 
$4 3 . 54 $ 3 2 . 21 $28 . 6 3 $ 1 7 . 88 $ 1 2 . 59 $14 . 47 $6 1 . 4 2 $44 . 80 $4 3 . 10 

aTMC = 2 , 040 pe rsons . 
b 

MHT-MD = 1 , 916 persons . 
cMHT- RN = 2 , 329 persons . 
SOURCE : Modified from Collen et al . 4 0 , 5 0  
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require putting dol lar values on the changes in health status or 
other patient outcomes that may be affected . 

Cos t-E f fectiveness of Alternative Health Examination Modes 

If it is necessary to respond to the public ' s  demand for peri
odic health examinations , or i f  an organizational decision i s  made 
to provide health examinations to a group of people , the question 
then arises as to which is the most cost-e ffective examination 
method . The fol lowing s tudy compared , for patients "new" to the 
doctor , the costs of health examinations provided by MHT (with 
and without nurse practitioner physical examinations ) to the 
traditional health examinations provided by physicians . 4 8 • 5 0 • 8 3 

The Kaiser-Permanente Oakland medical center ' s  MHT has been 
described elsewhere . 4 0  One group of patients received a system
ized battery o f  tests and a sel f-administered history , followed 
by a 15-minute scheduled visit for a physical examination by a 
physician in the medical department ( the MHT-MD group ) . Patients 
who completed the MHT could alternatively receive an immediate 
physical examination by trained nurse practitioners , supervised 
by a phys ician ( the MHT-RN group) . l 6 3 Also avai lable was a " tra
ditional " medical checkup ( the TMC group) provided by the same 
medical department physicians who , during a 30-minute scheduled 
visit , took a history and did a phys ical examination . The phys i 
c ians who provided care in the traditional medical department 
were the same internists who did fol lowup MHT physician physical 
examinations and also who supervised the nurse practitioners . 
After the physician saw the patient , in any of the above modes , 
he ( and/or the nurse practitioner ) would re fer the patient to 
appropriate specialty clinics for "examination fol lowup" clinical 
laboratory tests , X rays , EKG ' s ,  and other special diagnostic 
procedures necessary to arrive at a final diagnosis . 

This study was conducted in 1972-74 , comparing 6 , 285 s imilarly 
s elected patients receiving ( a) traditional medical checkups ( TMC) , 
( b) multiphas ic health checkups with physician phys ical examina
t ions ( MHT-MD) , or ( c) multiphas ic checkups with nurse practi
t ioner physical examinations ( MHT-RN) . Their health status was 
determined by chart review and they were classi fied as "well , "  
" asymptomatic-sick , " "worried-well , "  or "s ick "  ( see pp . 1 2 5 - 1 26 ) . 
Al l data were then adj usted so that the groups were comparable 
by age , sex , and hea lth status . Since the same phys icians pro
vided the examinations and arranged fol lowup care for all three 
groups , the qual ity of care was assumed to be s imilar . 

Table 5 shows the use and cost of servi ces for the initial 
examination vi sit by the three modes . The costs shown are costs 
to the Health Plan for the services provided to its members and 
do not represent fees or charges that would have been paid by 
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nonmember patients ( e . g . , MP.T cost to Health Plan for a member 
was $ 1 7 . 46 ,  but the charge to a nonmember patient would have been 
$ 30-$40) . The multiphas ic panel of tests replaced the individ
ually se lected tests that were ordered by the phys icians in the 
traditional mode . The great decrease in physician time for the 
initial physical examination was obviously the main saving in 
both MHT-.MD and MHT-RN . 

Table 5 also shows the fol lowup visits and tests ordered by 
the physicians to complete the health examination . Many patients 
did not have their health examination fully completed at the ini
tial visit s ince the evaluation of possible variations from normal 
required further diagnostic tests ( clinical laboratory , radiology , 
ECG , etc . ) and/or phys ician specialist consultation vi s its ( in
ternal medicine , ophthalmology , gynecology , dermatology , etc . )  
to confirm the validity of the finding or for further diagnostic 
evaluation . The costs for ancillary services ( cl inical labora
tory , radiology , ECG , and other diagnostic procedures ) used for 
the followup evaluation workups are also shown . The impact of 
the more comprehensive initial testing of MHT i s  shown here by 
comparing the sum of cl inical laboratory plus radiology plus 
special diagnostic procedures for followup evaluations ( $ 7 . 06 
for TMC ,  $5 . 1 5 for MP.T-MD , and $5 . 0 5 for MHT-RN) . These data show 
that any fal se-positive tests generated from the initial MHT 
examination did not produce excessive followup tests and did not 
increase fol lowup costs of ancillary services . 

The total physic ian time ( initial and followup) represented 
by scheduled minutes used for each of the three health examina
tion modes was very different . The traditional ( TMC )  examina
tion method , based upon the required use of physicians for both 
the initial examination and the followup vis its , used a total of 
4 3 . 6  minutes of MD time , on the average . The MHT-MD mode re
duced the phys ician time used in the initial examination by one
half and decreased somewhat the physician time used for followup 
evaluation , so that the average total was only 2 5 . 5  minutes , or 
42  percent less MD t ime than was associated with the traditional 
health examination . The MHT-RN approach further decreased the 
use of the ini tial physician time to only that for supervis ing 
the nurse practitioners who performed the routine phys ical exam
inations . As a result , the total MD time used for the MHT-RN 
mode of health examination was only 1 3 . 8  minutes , or 68 percent 
less than TMC and 46 percent less than MHT-MD . 

Table 5 compares the total costs for providing health examin
ations by the three methods tested . The total cost for a health 
examination is the sum of the resources used on the initial ex
amination vis it and on the evaluation followup vis its . The 
average total cost for a health examination by the traditional 
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{ TMC) physician mode was $61 . 42 .  As an alternative , by first 
providing a multiphasic health testing battery of  tests , fol
lowed by either a physician { MHT-MD) or nurse practitioner 
{ �T�RN) physical examination , the total costs for a health ex
amination were decreased to $44 . 80 and $ 4 3 . 10 ,  respectively { for 
a de�rease in total costs of 27 percent and 30 percent , respec
tively ) . S ince the total costs for anci llary tests ( MHT) , clin
ical laboratory , X-ray , and ECG) were s imilar for all three modes 
( about $ 2 2 ) , the , cost di fferences are entirely due to saving o f  

physi cian time . 
Of additional importance was the finding that the initial in

c reased comprehensiveness of the MHT examination , when serving 
a s  the entry mode to a health care system , had a significant eco
nomic impact on the subsequent fol lowup care for at least 1 year . 
Table 6 compares the total resource costs util ized per 1 , 000 pa
t ients for 12 months beginning with the health evaluation . These 
costs inc lude all physicians plus al l supporting personnel ,  over
h ead , and facilities ' costs , etc . Patients who received the 
multiphas ic health checkup ( MHT-MD group) saved $ 2 5 , 21 3  per 
1 , 000 patients per year as compared to those who received ini
t ially a traditional medical checkup ( TMC) . Contrary to state
ments that mul tiphasi c  testing increases cost of care , the total 
cost of care for the MHT-MD group over 12 months was only 80 . 8  
percent o f  the TMC group ( for the MHT-RN group only 7 5 . 2  percent 
o f  TMC ) . This decrease of 19 percent in total care costs per 
year was primarily due to saving in physicians ' time , and this 
s aving generally appl ied to patients in al l health status cate
gories . 

TABLE 6 Sunanary of 12-Month Total Resource Costs 
( $/Yr/1 , 000 Examinees , Adj usted for Age , Sex ,  and Health 
Status ) 

TMC MHT-MI)c3 MHT-� 

MD costs 9 3 , 6 7 3  68 , 714  54 , 68 3  
( \  o f  tradi tional ) ( 100 ) ( 7 3 )  ( 5 8 ) 

Total cos ts 1 3 1 , 1 79 105 , 966 98 , 629 
(\ o f  traditional ) ( 100 ) ( 81 )  ( 75 )  

aModi fied from Col len . 5 1 

b
Modi fied from Gar field , B .  R. , et a1 . 8 3  
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TABLE 7 Cos t-Bene fit Analys is of Periodic MHT Examinations in Men (Ages 45-54 at Entry) 

A .  Percent of initial group 
with no or partial 
dis9bi lity 
1 .  No disability 

2 .  Partial disability 

B .  Average annual 
earnings/man 

c .  Average earnings 
difference/man 

D .  Net di fference after 
deducting MHT & OPD 
expense 

c 
s 
c 
s 

c 
s 

s-c 

s-c 

1965 

86 . 8  
8 7 . 5  
10 . 4  
10 . 3  

1966 

83 . 9  
85 . 5  
1 1 . 4  
11 . 1  

1967 

81 . 0  
8 3 . 2 
12 . 5  
1 1 . 9  

1968 

78 . 6  
82 . 2  
1 3 . 2 
1 1 . 2  

1969 

76 . 2  
81 . 2  
14 . 0  
10 . 6  

1970 

7 3 . 1  
7 7 . 8  
1 5 . 2  
11 . 3  

19 71 

70 . 1  
74 . 2  
16 . 4  
12 . 1  

196 5-19 71 
Total 

$ 7 , 038 $ 7 , 1 3 2  $ 7 , 350 $ 7 , 850 $8 , 2 7 1  $8 , 678  $9 , 2 70 
$ 7 , 083  $7 , 2 34 $ 7 , 488 $8 , 0 36 $8 , 5 10 $8 , 86 3  $9 , 371  

$45  $102 $ 1 38 $186 $ 2 39 $185 $101 $996 

$41 $78 $113 $157 $210 $ 1 5 5  $ 6 8  $ 8 2 2  

NOTE : S 
c 

= Study group of 1 , 2 29 men ( in 1965 )  urged to have a MHT examination every year . 

SOURCE : 

Control group of 1 , 364 men ( in 196 5 )  not so urged , but voluntarily could obtain 
such MHT examinations . 

Modi fied from Collen et a1 . 4 0 , 4 6 
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Cost-Effectiveness of MHT Test Phases 

An important evaluation of MHT is to assess each of its test 
phases as to its costs and its effectiveness in detecting the 
targeted condition , as compared to ( a) no testing at all ( i . e . , 
the traditional custom o f  waiting for patients to come in with 
a complaint) , or (b)  some alternative testing method . Since 
this is a very time-consuming and expensive process , it is 
usually not done for every phase . "A Case Study of Mammography , "  
as an example of a speci fic test-evaluation process , comprises 
Appendix B .  4 9 

Cost-Benefi ts of MHT 

Although it would be desirable to conduct cost-bene fit studies 
of health checkups and of the MHT mode of providing such check
ups , no such cost-bene fit studies have yet been completed due to 
the inability to measure and include all benefits . Klarman 1 0 2  

class ifies benefits under three headings : ( a) direct benefits , 
which are potential savings in the use of health resources ; (b)  
indirect bene fits , which represent gains in future savings ; and 
( c) intangible bene fits , which relate to value and qual ity of 

human life .  Emlet6 9 has suggested a comprehensive model for 
cost-benefit analysis of MHT , but such a study has not yet been 
completed . 

A l imited cost-bene fit study of MHT has been conducted at 
Kaiser-Permanente Oakland and San Francisco . It measured the 
effect of MHT on disability , mortal ity , and the earnings of non
disabled survivors . S6 - S B  I n  this pro ject , a " s tudy" group o f  
approximately 1 , 229 me n  who were Kaiser Health Plan members , 
initially ages 4 5- 54 , were urged to undertake annual MHT examina
tions . A " contro l "  group of similar composition and s ize were 
not so urged but were fol lowed up in a similar fashion for each 
subj ect ' s  health experience . The group described herein con
stitutes the one age-sex subgroup in which a favorable effect 
on disabi lity was found , and is referred to again in the fol low
ing section . 

Expenses as sociated with health-related events were compiled 
for the study and control groups . Medical care util ization was 
measured in the study and control group subj ects in the Health 
Plan . Disabil ity rates were measured in subjects who remained 
in the Kaiser Plan and responded to mailed questionnaires . Self
rated disabi lity has limitations but does provide some measure 
of health status . 

Tabl e  7 depicts the net difference in earnings in the study 
and control groups . Rows A contain the proportions of survivors 
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with no disability and partial disabil ity adj usted to relate to 
the initial population , so as to account for additional losses 
in earnings due to mortal i ty .  " No disabi lity "  was de fined in 
the survey ques tionnai re as a present state o f  health enabling 
one to do one ' s  usual work with no l imitation . " Partial dis
abi l i ty" was defined as a pre sent state o f  health that caused 
one to l imi t or cut down on the amount or k ind of work one was 
doing . 

The combined proportions o f  living men with no disabi l ity and 
partial disab i l i ty ( Rows A) were multiplied by annual . income 
estimates to give the average annual earnings per man in the 1n1-
tial populations ( Rows B ) . The study-control group d i fferences , 
shown in Row C ,  represent the di fferences in average annual earn
ings due to d i f fe rences in disabi l i ty prevalence and mo rtal i ty , 
per man in the initial populations . 

The study-control group di fferences in net earnings , a fter 
deducting the MHT expenses and additional outpatient clinic ex
pense s ,  are shown in Row D .  It can be seen that the total eco
nomic impact favored the study group every year . The total 
di f ference for the 7 -year period is more than $ 800 per man . It 
can there fore be concluded that urging 4 5-54-year-old men to 
have an MHT examination every year has important cos t-bene fits . 
It should also be pointed out that the amount o f  the savings as
soc iated with greater MHT exposure applied to men in the middle 
income range , who formed the maj ority of the subj ects in this 
study . For men with higher incomes the d i f ference would be greater ; 
for men with lower income s , i t  would be less . The study did not 
demonstrate , however , that multiphasic hea l th checkups provided 
s imilar cost-bene fits for other groups , such as 3 5-44-year-old 
ma les or 3 5 - 54 -year-old femal es . 

Effect on Mortali ty of Urging Mul tiphasic Checkups 

The mos t  important obj ective o f  periodic health checkups is to 
decrease morbidity and mortality . The only randomi zed cl inical 
trial , a long-term control led study o f  the e f fect of urging 
adults to have annual multiphas ic health checkups , has been con
ducted over the past 10 years by the Kaiser-Permanente Medical 
Care Program and has been reported in several articles , � 6 , 5 5- 5 7 , 1 3 3 

and recently reviewed by Friedman . 7 8  From a pool o f  46 , 000 eli
g ible Kaiser Foundation Health Plan members , ages 3 5- 54 , two groups 
were randomly selected . The " study " group o f  5 , 1 56 members has 
been urged to have a mul t iphas ic heal th checkup (MHC) every year . 
The " contro l "  group o f  5 , 5 5 7  members has been le ft alone . Both 
groups have been fol lowed up in idential fashion to asses& mortal
i ty .  
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The major findings to date are summarized in Tables 8 and 9 .  
Although the control group subj ects are entitled to the checkups 
and voluntarily take them ( about 20 percent of the group comes 
in each year) , the "dosage " of checkups has been higher in the 
study group ( about 65 percent each year) due to urging . By July 
197 5 ,  the average number of checkups per person was 5 . 2  in the 
study group and 2 . 0  in the control group . About 68 percent of 
both groups are sti ll Health Plan subscribers . The death rate 
through 1973 has been significantly lower in the study group for 
c onditions hypothes ized in advance to be detectable by checkups 
and amenable to therapy that would prevent or postpone mortality . 
The death rate for these potential ly postponable conditions 
( largely the accessible cancers and hypertensive disease) has 

been 6 . 8/1 , 000/9 years in the study group , based on 35 deaths , 
and 10 . 7/1 , 000/9 years in the control group , based on 59 deaths 
( p  < 0 . 0 5 ) . The two conditions chie fly responsible for the study
control difference in mortality were hypertension and colorectal 
cancer . 

Although the overall mortal ity rates from all causes are sim
i l ar for the study and the control groups ( Table 8 ) , an interest
i ng observation has been made that in the entire · population of 
10 , 713  persons there is  a gradient risk of mortality from all 
causes according to the number of checkups the subj ects have re
ceived , whether in the study or control group . The mortality 
r ates and age-standardized mortality ratios for all causes o f  
death in a l l  subj ects are shown i n  Table 9 .  The mortality rates 
were calculated on a person-year bas is in such a way that having 
more checkups was not confounded with survival . It has been 
determined that serious illnes s at the start of the study was not 
respons ible for this mortality gradient . Obviously , in departing 
from comparison of the study and control groups , and comparing 
d i f ferent degrees of cooperation of use of checkups , the bias of 
sel f-selection can become important . The characteristics of the 
low and high uti lizers of checkups have not yet been compared to 
determine the extent to which the mortality gradient can be ex
plained by the effects of sel f-se lection . The differences in 
mo rtality attributable to checkups are thus overstated in Table 9 ,  
whereas in the study versus control group compari son they are 
understated due to the e f fect of crossovers between the two groups . 
A true measure of the e ffect of checkups on mortal ity probably is 
somewhere between the figures shown in Tables 8 and 9 .  

Acceptance of MHT to Pa ti ents 

Studies o f  social determinants of the use of preventive medical 
services , 9 3  which would include MHT , sugge st that people are less 
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TABLE 8 Deaths and Death Rates in Study and Control Group Subj ects , 1965-73 

Potentially postponable causes 
Cancer of colon and rectum 
Cancer of breas t (women only) 
Cancer of  cervix and uterus (women only) 
c;mcer of prostate (men only ) 
Hypertension , hypertensive cardiovascular 

dis . , and hypertensive hemorrhagic 
cerebrovascular dis . 

Hemorrhagic cerebrovascular dis . without 
hypertension 

Other causes 
All causes 

Number of Deathsa 

Study Control 

35 59 
3 14 

12 11 
0 2 
0 1 

10 2 2  

9 9 
240 247 
275  306 

a
Populations alive as of January 1 ,  1965 ; Study- 5156 , Control- 5557 . 

b p < o . o s .  

Death Rate 
(per 1 , 000 for 
the 9-Yr Period ) 
Study Control 

6 . 8  10 . 7  
0 . 6  2 . 5 
4 . 3 3 . 8  
0 . 0  0 . 7  
0 . 0  0 . 4  

2 . 0  4 . 0  

1 . 8  1 . 6  
46 . 7  44 . 6  
5 3 . 5  55 . 3  

Chi 
Square 
Value 

4 . Slb 

6 . 34b 

0 . 10 
0 . 46 
0 . 00 

3 . 65 

0 . 00 
0 . 27 
0 . 16 
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TABLE 9 Mortali ty Rates and Standard Mortality Ratios , 
All Sub jects , 1965- 73 

Person-Years Crude 
o f  Mortality 

No . of Observations Nuni:>er Rate Standardi zed 
MHC ' s  to in This of (Deaths/1 , 000 Mortality 
De c .  197 3  Category Deaths Person-Years ) Ratio 

0 38 , 384 . 3 3  310 8 . 08 1 .  38 
1 19 , 0 39 . 4 2  1 1 2  5 . 88 1 . 0 2  
2 1 1 , 188 . 58 51  4 . 56 0 . 74 
3 7 , 87 3 . 6 7  36 4 . 5 7 o .  71 

4-6 1 3 , 282 . 50 59 4 . 44 0 . 62 
7+ 3 , 959 . 00 1 3  3 . 28 0 . 40 

l ikely to use preventive services when they are poor , have little 
education , are isolated from community groups and social net
works , have l imited health knowledge , have unfavorable attitudes 
towards preventive care , and have l ittle confidence in the health 
care system. They are also less likely to use such services when 
their pattern of medical care is fragmented and episodic as com
pared with a more regular and continuous association with a medi
cal provider .  Table 1 0  shows that in one group o f  patients their 
acceptance o f  MHT was related to their social class ; upper classes 
expected more and so the maj ority rated MHT to be about as ex
pected , whereas lower classes apparently expected less so the 
maj ority rated MHT to be much better than expected . Patients ' 
acceptance of and satis faction with MHT is dependent upon prior 
orientation of examinees as to the multiphasic process , how it 

TABLE 10 Patients Acceptance of MHT Compared to Expectations 
( 8 4 3  Patients ) 

Much better than expected 
A little better than expected 
About as expected 
Dis appointed 

(p < 0 . 00 1 )  

Social Class ( Holl ingshead ) 
All Upper Middle Lower 

2 8  19 30 59 
17 15 20 18 
54 65 49 2 2  

1 1 1 1 
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TABLE 11  Patient Satis faction Survey with Three Alternate Health Checkup Modes , by Presence 
or Absence of Health Complaintsa 

Question : How satis fied or dissatis fied were you with this checkup? 

Pa tients wi th 
Complaints 

TMC ( N  = 163 ) 
MHT-MD (N = 1 7 5 )  
MHT-RN (N = 182 ) 

Pa tients wi th 
No Complaints 

TMC (N  = 1 3 4 )  
MHT-MD (N = 1 7 0 )  
MHT-RN (N = 140 ) 

Percent of Respondents 
Very Fairly 
Satis fied Satis fied Neither 

7 3 . 6  19 . 1  5 . 5 
60 . 0  27 . 4  6 . 3  
82 . 4  1 3 . 7  1 . 2  

7 5 . 4  19 . 4  0 . 7  
7 5 . 9  1 7 . 1  5 . 3  
80 . 7  1 5 . 7  2 . 9  

aModi fied from Collen e t  a1 . 50 

Fairly 
Dissatis fied 

1 . 2  
2 . 3  
2 . 7  

1 . 5  
0 
0 

Very 
Dissatisfied 

0 
0 
0 

0 
1 . 2  
0 

No Answer 

0 . 6 
4 . 0  
0 

3 . 0  
0 . 5  
0 . 7  
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works and what it is expected t o  accomplish . Once patients have 
an understanding of the MHT process , thei r  acceptance of the 
multiphasic examination is excel lent . l S S The individual patient ' s  
re lationships with MHT are , in one respect , simi lar to those of a 
patient in any clinical laboratory or x-ray department , when the 
MHT serves as a referral or auxiliary service for the physician . 

The 2 5-year experience o f  Northern Cal i fornia Kaiser-Permanente 
supports the view that MHT is very acceptable to patients . Many 
surveys have been conducted , and the results of one recent patient 
satis faction survey is shown in Table 11 . The great majority ( 87 -
96 percent) of examinee� were a s  satis fied with a checkup that was 
provided using the multiphasic approach either with physician 
( MHT-MD) or nurse-practitioner ( MHT-RN) physical examinations as 
compared to the traditional medical checkup ( TMC ) . This was true 
whether or not the patients were symptomatic ( i . e . , with health 
complaints ) .  

Patient compliance with medical advice is another measure of  
the effectiveness o f  the care process . An evaluation of patient 
arrivals following re ferral for recommended fol lowup medical care 
showed similar arrival/referral ratios for the multiphasic and 
traditional modes o f  health checkups . 4 8  

Patient time used for an MH T  checkup , on the average , is  con
siderably less than for a traditional checkup . Accordingly , time 
lost from work or usual activity is usual ly less from a multi
phasic health checkup . 

Acceptance of MHT by Physicians 

Health checkups are generally accepted by primary care practi
t ioners as a routine part o f  their work . In the traditional mode 
o f  practice , the patient comes to the physician because he wants 
reassurance that he is wel l ,  or because he has some medical com
plaint , or because he has been advised by the physician or some
one e lse to have a checkup . In the MHT approach , the reasons for 
the checkup are usually the same .  The process , however , i s  un
traditional in that the physician does not usually see the patient 
until  after the individual has had the multiphasic battery of 
tests and the physician is presented with a computer-generated 
mul tiphasic report , which often is unsolicited . Most phys ic ians , 
on initial exposure to a multiphasic followup patient and its 
computer report wi l l  resent this variation from the ir customary 
and traditional routine . 

The acceptance o f  physicians of MHT is al so influenced by 
ethical and medicolegal considerations . McKeown 1 1 3  emphasized 
the unconventional impact of screening on the usual practice of  
the physician in which the screened patient arrives fol lowing 
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MHT examination . In those instances where a public health au
thority or an organization has initiated the screening procedures 
and not the patient , McKeown raises ethical questions as to the 
physician ' s  responsibil ity in such cases . This question applies 
primarily to mass screening programs and not to personal health 
checkups , whether the latter use the traditional or multiphasic 
modes . The American Medical Association in its guidel ines has 
attempted to formulate ethical principles for MHT . 1 6 0 Bates 7 

surveyed 417  physicians to ascertain their acceptance and fol
lowup of multiphas ic screening tests and demonstrated the lack 
o f  respons iveness of practitioners in confirming an abnormal 
test or initiating management o f  detected abnormal ities . He sug
gested that MHT was of value to the physician in providing new 
diagnoses , and in providing data for the physician which , even 
for normal tests , may make other tests unnecessary and furnish 
baseline information against which to compare future test re
sults . Bates suggested that , s ince physician behavior consti
tutes the "major block" in patient followup , three choices 
appear open : improve followup through physician education , make 
alternate arrangements for fol lowup , or delete the test from MHT 
because followup is not carried out . Williamson , 1 8 6 in a study 
of physician responses to hospital admission screening test re
sul ts , found that only 35 to 78 percent of physicians , depending 
upon educational efforts , showed any response to unexpected ab
normalities , as determined by a retrospective chart review . 

Mechanic 1 1 9  points out that medical decisions are influenced 
by the physician ' s  willingness to assume risks involved in the 
dec ision-making process . Physicians usually adopt a conserva
tive decis ion rule , which makes it a more serious "error" to dis
mis s  a sick patient than to retain a wel l  person ; accordingly , a 
large part o f  the differential diagnostic process is involved in 
'' ruling out " possible diseases that also might account for the pa
tient ' s  symptoms . However , it is a basic concept of MHT to com
prehensively screen for a large number o f  symptoms and laboratory 
tests . The result is that many physicians express concern that 
the larger number of tests increases the number of false-positives 
and thereby increases the evaluation fol lowup costs of a health 
checkup . On the other hand , the possibility that the fewer tests 
provided to a patient by the traditional approach increases the 
number o f  false-negatives and thereby increases the fol lowup to
tal costs o f  medical care must also be considered . Both problems 
are very di fficult to evaluate and have been re ferred to in prior 
sections . 

Personal economics undoubtedly have some role in the accept
abil ity of MHT by physicians . Medical checkups are o ften an im
portant source of income for internists , general practitioners , 
and other primary care physicians . On the other hand , many 
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physicians find that g1v1ng routine physical examinations is  
boring and uninteresting . They are glad to turn over health 
assessment activities to MHT and nurse practitioners or other 
paraprofessionals so that they can devote most of  their time to 
the care of the sick . 

Recommended Tests and Periodici ty for MHT 

Lists have been published of  recommended specific tests for 
s creening or health testing , but each MHT program should select 
tests in accordance with its obj ectives , the population it 
s e rves , and the criteria for selection of  tests and conditions 
as described in prior sections . Studies are needed to determine 
the optimal interval between health checkups , since there is  
l i ttle data avai lable directed to this question . 

Frame and Carlson 7 7  provided a critical review of tests suit
able for periodic health checkups . Gelman reviewed tests fur
nished by 40 MHT units , and Bates 7 reviewed physicians ' use of 
s c reening tests in ambulatory practice . Breslow e t  a1 . 1 9  devel
oped lists of recommended conditions and tests for personal pre
ventive health services for adults i and these are used as the 
basis for Table 1 2 .  Bres low ' s task force advised that these 
tests should be given three times during the 17-35  age period : 
one between 17 and 2 0 , another in the mid-twenties , and a third 
in the mid-thirties . Subsequent ly , Bres low and Somers advocated 
a " li fetime health-monitoring program . " 2 0  The Mayo Clinic is  
quoted as recommending two examinations at  regular intervals for 
persons between the ages of 18 to 30 , three between 31 and 40 , 
four between 41 and SO , five between 51  and 60 ,  and annually for 
persons over 60 . 2 6 

Table 12 l ists a summary of  recommended tests for adults age 
3 5 or more . Kaiser-Permanente ' s  studies indicate that periodic 
multiphasic heal th checkups do favorably decrease mortality after 
age 3 5 , so it would appear advisable to recommend health examina
tions every 1-2 years after age 3 5 , and less o ften for younger 
persons . 

Summary of MHT Eval ua tion 

S ince MHT is still an evolving component of  health care delivery , 
its obj ectives are sti ll deve loping and its applications are be
coming more diversi fied . Accordingly , its evaluation must be a 
continuing and iterative process . However , as o f  197 7 , the ex
tent to which MHT has achieved its obj ectives can be summarized 
as fol lows : 
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TABLE 12 Recommended Tests for Adults Ages 3 5  or Morea 

ASPH 
FIC ATPM APHA TF B&S CKP 

History 
Height and weight 
B lood pressure 
EKG 
Vis ion 

X 
X 
X 
X 

X 
X 
X 
X 

Tonometry 
Hearing 

X X 
x ( l) x ( l ) 

Spirometry 
Mammography ( females ) 
Ches t  X ray 

X X 

Podiatric examination 
Dental examination 
Laboratory examinations 

Serum cholesterol 
Serum triglycerides 
Serum glucose 
Serum uric acid 
Serum SGOT 
Serum BUN 
Serum c reatinine 
Serum calc ium 
Serum triiodothyronine C T 3J 
Serum tryoxine C T4 ) 

x ( l ) 
x ( l ) 

X 
X 
X 
X 
X 

Hemoglobin/hematocrit x 
Blood count ( exclude di f ferential)  
Urinalysi s  x 

( exclude microscopic sediment) 
VDRL 
Tubercul in 
Pap smear ( fema le s )  x 
Stool guaiac x 

Physical examination , general x 
Breast examination ( females ) x 
Rectal examination 
Sigmoidoscopy 

X 

X 

X 

X 
X 
X 

X 

X 
X 
X 
X 

X 

X 

X 

X 
X 

X 
X 

X 
X 

X 
X 
X 
X 
X 

X 
X 

X X 
X X 
X X 
x ( l ) x 
X X 

X 
X 
X 
X 
X 
X 

X ( l ) X X 
X 

x x ( 2 ) x ( 2 ) 

X 

X 

X 

X 
X 
X 
X 
X 
X 

X 
X 
X 

X 

X 
X 
X 
X 
X 
X 

X 

X 
X 
x ( 3 ) 
X 
X 

X 
X 
X 
X 

X 

X 
X 

X 

X 
X 
X 
X 

KEY : Recommended age 60+ ; ( 2 ) recommended age 50+ ; ( 3 )  a fter challenge 
dose . FI C  = Fogarty International Center Report for HEW , 1974 ; 
ASPH Assoc . of Schools of Publ i c  Heal th , Bres low Report , 197 3 ;  
ATPM = Assoc . o f  Teachers o f  Preventive Med . , Breslow Report , 197 3 ;  
APHA = American Public Health Assoc . Proposal for National Health 
Ins . , 1974 ; TF = Breslow ' s Task Forc e , 197 5 ;  B&S = Bres low and 
Some rs 2 0 ; CKP = Collen , Kaiser-Permanente , 1977 . 
aModi fied from Breslow e t  al . 1 9 and Col len et a1 . 4 0 
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1 .  From the viewpoint o f  the patient , MHT : 

1 5 7  

a .  Decreases the length o f  time necessary to complete a 
health checkup , i s  less cos tly , and i s  very acceptable . 

b .  Effectively detects some diseases be fore symptoms ap
pear , evaluates health s tatus , and refers for appropriate fol 
lowup care . 

c .  Improves long-term outcome by decreas ing mortality 
from potentially postponable conditions ; and for men aged 45-54 
( in one study) decreases losses due t o  disabil ity , which in

creases net earnings . 

2 .  From the viewpoint of the phys ician , MHT : 
a .  Serves as a re ferral center for his patients for good

quality testing at a low cost , ef fective ly detects some previously 
unknown disease , and monitors s tatus o f  some known disease . 

b .  Saves physician time by trans ferring many routine 
repetitive tasks to alli ed health personnel and automated instru
ments . 

c .  Can improve qual ity and personal ization of health 
checkup by providing ( 1 ) normal values individual ized for each 
patient by age , sex , etc . , and ( 2 )  greater · accuracy by automated 
equipment and better quality control measures . 

d .  Can improve the data base available to physicians , 
thereby decreas ing the amount o f  time spent in routine data gath
ering for diagnosis and al lowing more time with the pati ent for 
therapy . Can store data in computerized files for subsequent 
c l inical , epidemiological , and health services research . 

3 .  From the viewpoint o f  the medical faci l ity administrator , 
.MHT : 

a .  Provides a "health center" component to a medical 
fac i l i ty for health care and personal preventive health mainte
nance service s . 

b .  Can be customized for the medical needs o f  the popu
lation that uses his fac i l i ty , including its outpatient cl inics , 
hospital , and surrounding community phys icians . 

c .  Provides a good-quality , e f fective health examination 
proces s  at a lower cos t  per examination for ambulatory outpa
tients or hospital admi s s ions . 

4 .  From the viewpoint o f  the health care systems planner , MHT : 
a .  Is e f fective and e ffic ient for early disease detection , 

health survei llance , and disease monitoring . 
b .  Provides the most e ffic ient method of providing health 

examinations to a large population . 
c .  Increases accessibility to and decreases costs o f  pri

mary care services by an alternative entry mode ( especially if 
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physical examinations , determinations of pat ient health status , 
and triage to needed s e rvices are pe r formed by nurse practition
ers ) . 

In summary , although it is not yet poss ible to quanti fy all 
the bene fits o f  mul t iphasic heal th checkups to pat ient s , there 
is now accumulating evidence of improved outcome to some middle
aged groups ; o f  e f fec tive reas surance to the wel l  and worried
we l l  who constitute the ma j ority who seek health checkups ; o f  
e f fective early disease detection and monitoring ; o f  improved 
qua l ity of testing ; and of overal l improved cost-effectiveness 
of heal th care del ivery for all health status groups when multi
phas i c  hea l th checkups serve to provide the entry mode to primary 
care . 

POLICY IMPLICATIONS 

In the United State s , the increasing intere s t  in preventive medi
c i ne , the inc lus ion of health checkups by some Blue Shi e ld plans , 
the pas sage o f  the Health Maintenanc e Act of 197 3 , and the con
cept that "health care is a right " 8 l  wi l l  a l l  tend to increase 
the pub l i c  demand for periodic health examinations . Already this 
demand is encouraging the opening of MHT programs as s tand-alone , 
commercial fo r-pro fit l aboratories , and the s e  wi l l  require govern
mental regulating j ust as do c l inical laboratories . 

A review o f  2 5  years o f  MHT experience suggests the following 
guide l ines 4 5  for a succes s ful MHT program : 

1 . . MHT mus t  have good standards of qual ity , includ ing : 
a .  Accurate te s ting procedures , so as to achieve accept

abl e  reproduc ibi l ity and validity of test measurements . This 
requires a continuing program o f  qual ity control monitoring of 
personnel and equipment . 

b .  High uti l i ty ,  that i s , provide good test sensitivity 
and spe c i ficity for detection o f  important d i s eases for which 
e f fective the rapy i s  available . 

c .  Comprehens i venes s  o f  tes ting , so as to s c reen for 
many common conditions ( e . g . , a chemi stry test pane l alone will 
not s at i s fy patients who expect a re lative ly complete battery of 
tes ts ) . 

2 .  MHT mus t  p rovide good servi c e , wh ich means : 
a .  Integrating the . MHT program into the community of pa

tients and phy s i c i ans . A l l  pat ients should be re ferred to their 
phy s i c ians , and MHT laboratory reports should be provided only 
to the patient ' s  phy s i cian for interpretation and pres cript ion .  
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b. Acceptability to the community physicians , so as to 
obtain their s upport and conserve their time . MHT reports 
should be provided in sufficient time , and be of such format 
and content so as to s ignificantly decrease the physic ian time 
requirements for a health checkup . 

c .  Acceptability to patients , through prompt and pleasant 
service to examinees at each test station and e fficient schedul
ing , organization , and fol lowup procedures .  Rel iable service is 
e ssential , s ince patients wil l  be dissat i s f ied if equipment or 
personnel failures too often result in " test not done , " or "un
satis factory test , "  which requires return of the patient to the 
laboratory for repeat testing . 

d .  Maintaining continuing patient records . The occa
s ional checkup i s  o f  lesser value than periodic health examina
tions . Providing the physician with test results o f  prior 
examinations for compari son permits trend analysis for border
l ine abnormali ties and aids in better diagnoses . 

3 .  MHT must achieve a good economy , which means : 
a .  Process ing a sufficiently large number of pat ients 

each day so that the unit cos t  per patient for the MHT labora
tory will be less than by traditional methods . 

b .  Selecting tests with a n  acceptable cost per pos itive 
case . This requires " tailoring" the MHT test phases to the 
speci fic needs of the community o f  patients and physicians 
served ( e . g . , providing chest X rays to adult groups but not to 
chi ldren , modi fying medical questionnaires for different socio
economic and ethnic groups , etc . ) • 

History shows that whenever one of these basic requirements 
of quality , service , or economy has not been met , the MHT program 
failed . Where all three requirements are ful fi l led , the program 
should be succes s ful for the MHT unit , the patients , the physi
cians , and the community . 
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APPEN D I X  
D 

I NTRODUCTION 

GASTRIC FREEZ ING--A STUDY OF 
D IFFUSION OF A MEDICAL INNOVATION 

Harvey v. Fineberg 

Duodenal ulcer d isease is a chronic condition that afflicts 1 in 
10 Americans at some time during the ir lives . 1 The d isease i s  
more common i n  men ,  who o ften first become symptomatic between 
the ages of 20 and SO years , the most productive pe riod of their 
l ive s . Peptic ulcer causes 1 percent o f  all disabi lity due to 
c hronic cond itions in the United States . 2 While it is not a 
leading cause of death , as many as 10 , 000 lives are believed lost 
annual ly as a result of this disease . 3 

Pathological ly , duodenal ulcers are irregular , general ly round , 
e rosions in the first part of the smal l  bowel . A number o f  
causal factors have been proposed t o  explain the development of 
ulcers , inc luding genetic predisposition , personality , endocrine 
abnormalities , and excessive gastric ac id secretion . 4 One prin
c iple in which al l authorities concur is that ulcers never develop 
in the absence of ac id , 5 and reduction of stomach ac id is a 
bas ic goal o f  therapy . While some patients with ulcer symptoms do 
have measurably excessive stomach acid , many have gastric acidity 
w i thin the normal range . 6 

Clinically , duodenal ulcers produce abdominal pain , which i s  
re l ieved by the ingestion o f  food o r  antacid . 4 The natural 
history of the disease is characterized by remi s s ions and exac
e rbations . 1 • 4 Typical ly , symptoms last for days , weeks , or 
months , remit for varying periods of t ime , and then recur without 
apparent cause . Most symptomatic epi sodes subs ide with conser
vat ive treatment , usual ly consi sting o f  antac ids , dietary regimens , 
and other medication . A minority of patients deve lop complica
t ions , the most serious of which are gastrointe stinal bleeding , 
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bowel obstruction , and perforation of the ulcer into th e  abd� 

inal cavity . Ten to 2 0  percent of patients develop intractable 
pain or serious complications that require hospitalization and 
may lead to surgery . � Ulcers account for 1 . 2 5 percent of a l l  
patient admis sions t o  short-stay hospitals i n  the United State s  
and for 1 . 5 percent of all be d  days in those hospitals . 7 A 
variety of surgical i nterventions is employed in the treatment of 
complicated ulcer d isease . The preferred surgical procedure is 
controvers ial , but each operation carries some risk of mortal i ty 
and may be followed by uncomfortable sequelae . 8 , 9 Given the 
operative risk and postoperative morbidity , surgery has rightly 
been regarded as a treatment of last resort . 

Gastric freezing was developed as an alternative to surgical 
treatment for patients with intractable pain from duodenal ulcers . 
First introduced c l inically in 1 962 , the treatment disseminated 
rapidly and was employed in thousands of patients over the next 
few years . Most physicians became disenchanted with the procedure, 
and its use in the United States all but disappeared by the latter 
part of the decade . 

This paper describes and analyzes the d i ffusion o f  gastric 
freez ing in medical practice , the process by which i t  was devel
oped , disseminated , and later abandoned . Spec ial attention will 
be given to the evaluation of thi s  technique and to the relation 
between its evaluation and d iffusion . Final ly , policy lessons of 
this study wil l  be described . 

DEVELOPMENT. OF GASTRIC FREEZING *  

Dr . OWen H .  Wangensteen of the Univers ity of Minnesota Medical 
School became interested in the mid-1950 ' s  in the use of gastric 
cooling to treat gastrointestinal bleeding . Then Professor o f  
Surgery , Wagensteen was highly regarded as a n  imaginative and 
expert surgeon , and a gi fted teacher . In the 195Q t s f  one s tan
dard treatment for patients with acute gastrointestinal bleeding 
was to lavage the stomach with iced saline passed through a nasa
gastric tube . 1 0 Wangensteen went further and in 1958 proposed use 
of refrigerated alcohol c irculated through a rubber stomach balloon 
as a means of stanching blood flow and in some cases averting the 
need for surgery . 1 1 Dr . Wangensteen also became fascinated with 
the idea o f  using gastric cooling to reduce the secretory activity 
of stomach cells , which produce gastric ac id . 

*Some material in this and the following section was obtained 
from personal interviews in 1 97 3  with Dr . OWen Wagensteen,  
Dr . Richard Goodale , and representatives of the SWenko manufac
turing company . 
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He and h i s  colleagues conducted many experiments in dogs , frogs , 
and other animals and were impressed by the reduction in stomach 
acid output fol lowing gastric cooling . In 1 9 5 9 , Wangensteen 
published an article speculating on the potential of gastric cool
ing to treat peptic ulcer disease . 1 2 Wangensteen and his 
colleague s  then set out to determine the temperature and time 
l imits for safely cooling the stomach of animals ,  and to measure 
more completely the e f fect of cooling on gastric acidity . 

In conducting this research , Wangensteen needed an efficient 
and reliable cooling device , and he turned to a small refrigera
tion company in Minneaspolis called Swenko . Engineers from 
Swenko collaborated c losely with Wangensteen and his laboratory 
staff . At one time in 1960 , Wangensteen specified substantial 
improvements in cooling capacity and machine characteristic s , 
which the Swenko people were able to supply in only 28 days . 
Under Wangensteen ' s  prodding , SWenko developed and improved a 
re frigeration device that would rapidly cool alcohol to below 
0 ° C  and hold the temperature within narrow l imits as the fluid 
c irculated through the machine and entered and returned from the 
stomach via a double-barreled nasogastric · tube . 

Wangensteen was convinced the reduction in gastric activity 
he had observed in animals after gastric cooling could occur in 
humans as wel l .  To his surprise , he found he could safely treat 
the stomach of dogs with alcohol at -l5 °C or lower without causing 
apparent harm . After trials in numerous animals , Wagensteen was 
prepared to try this gastric freez ing method in ulcer patients 
with pers istent pain in order to promote heal ing and obviate the 
need for surgery . 

A middle-aged lawyer with duodenal ulc er became , in October 
1961 , the first person treated with ga stric freezing . The awake 
patient was placed in a semirecumbent position . After local anes
thesia of the pharynx , a specially folded rubber balloon was 
pas sed to his stomach and alcohol at a temperature of - 1 5 °C was 
c irculated through the balloon . The first human tr ial lasted 
about 15 minutes ,  but the usual duration of treatment in subse
quent patients was three or four times as long . Afterwards , the 
re frigeration unit was turned off and the system allowed to warm 
up , and then the alcohol , balloon , and tubing were withdrawn . The 
first patient happily reported that his symptoms had complete ly 
abated , and he was able to eat a regular meal 1 hour after the 
procedure . 

Wangensteen found the same remarkable results in the next two 
dozen patients treated , and he presented the se dramatic findings 
at a meeting of the American Surgical Association in washington , 
D . C . , in May 1962 . 1 3  Wangensteen conceived of gastric freez ing 
as a means of achieving "physiological gastrectomy , "  eliminating 
stomach acid without surgical removal of the stomach , and he so 
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titled his paper publ ished May 1 2 , 1 9 6 2 , in the Journal of the 
American Medical Association . 1 4  

In this paper , Wangensteen and his coauthors argued that 
gastric freez ing is a s imple , safe , and e ffective treatment for 
duodenal ulcer d isease . They presented results of animal studies 
and experience in human patients to support this asser tion . 
Stomachs of test animals were frozen "rock-hard " ; yet tissue 
damage was minima l . Patients experienced no serious s ide e ffects 
from the procedure . Stomach acid output was markedly reduced in 
both humans and animals . Ulcer pain was immediately relieved , 
and radiographic healing of ulcers regularly fol lowed . Because 
of gastric freez ing , no surgery had been required on any patient 
with duodenal ulcer referred to Wangensteen s ince mid-1961 for 
elective operation . In add ition , speculated the authors ,  because 
of its brevity , simplicity , and safety , the procedure could become 
accepted practice for treatment of outpatients , and so eliminate 
the need for hospitalization as wel l  as  surgery . 

For a scientific publicat ion , this article i s  striking for 
its discursive and anecdotal style , as we ll as its enthusiastic 
tone . *  The authors earnestly believed they had discovered a 
maj or breakthrough in the treatment of duodenal ulcer d i sease , 
and their wr iting conveys the ir excitement . They had a sound 
physiological rationale , extensive experiments in anima l s , and 
c lear -c ut results in humans . Over the next few year s , every 
important assertion in thi s  introduction of gastric freez ing to 
c l inical medicine was disputed , and practitioners became d isen
chanted with the practice .  In the meantime , however , several 
thousand gastric freezing machines were sold and thousands of 
patients underwent the procedure . 

DIFFUS ION OF GASTRIC FREEZING : ADOPTION , 
EVALUATION , AND ABANDONMENT 

Wangensteen ' s  presentation at the Amer ican Surgical As soc iation 
meeting and publ ication in the Journal of the Ameri can Medical 
Associa tion in the spring o f  1962 created a sensation among the 
public as we ll as the medical profession . Many local newspapers 
printed accounts of Wangensteen ' s  new treatment , and Time maga
zine carried an article on gastric freezing on May 18 , 1 962 . 

*Franz Inge l finger , abstracting thi s  article for the 1962-63 
Year Book of Medicine , commented : " Is this the new approach to 
ulcer treatment everybody has been yearning for ? The report is 
certainly dramatic and stimulating , but the nature of the presen

tation--discur sive , fragmentary , and with tables that are hard 
to comprehend--prec ludes meaningful editorial comment" ( p . 488 ) . 
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wagensteen refused an invitation to appear on NBC ' s  " Today " 
s how because he did not feel that would be appropriat e , but the 
new procedure was also discussed on television .  Wangensteen 
sought to disseminate his ideas and f indings through professional 
meetings and publications . In the fall o f  1962 , Wangensteen and 
his assoc iates publ ished equal ly impress ive results in an ex
panded series o f  patients 1 5 and also presented their f indings 
at the October meeting of the Surgical Forum. Around the same 
time , the American College of Surgeons prepared an instructional 
fi1m describing the technique of gastric freez ing . The public 
continued to be informed through an article in Toda y ' s  Heal th 
in January 1963 , which appeared in condensed form in that same 
month ' s  i ssue of Reader ' s  Digest . 1 6 

By the end of 1962 , Wangensteen was inundated with requests 
for information and assistance from all over the United States 
and , indeed , the world . Swenko already had received more than 
300 American orders for gastric freez ing machines . At the time , 
the company had no distinct marketing activities and was unpre
pared for the flood of orders . At one time there was a backlog 
of nearly 200 unfi lled orders , but production gradual ly geared 
up to a peak of 99 units per months . Several thousand physic ians 
visited Swenko and Dr . Wangensteen to witness the procedure first
hand . One enterprising visitor from Texas later described 
proudly how he convinced the Swenko management to ship him a 
unit ahead o f  others . 1 7 He wanted to try the procedure on out
patients in his rural clinic and reasoned with the SWenko people 
that if really large numbers of units were to

'
be sold , the proce

dure would have to be proved outside university center s ; his 
unit arrived the next week . After trying the procedure in 7 8 
patients , he wrote a glowing report in early 1963 : 

We consider it certain that a real breakthrough has been 
made ; that the resistent [sic]  duodenal ulcer now can be 
brought under control ; that gastrectomy for duodenal ulcer 
wil l  hence forth rarely be required . l 7  

While SWenko was the firs t  and probably the dominant manufac
turer of gastric free zing devices , the devices did not have an 
exclusive market . Devices from at least two other manufacturers* 
are identi f ied in the literature , but neither could be located 
today . According to records provided by SWenko , that company sold 
approximately 1 , 500 machines in the United States and had received 
orders for 80 percent of this total by the end of 1963 . One 

*Shampaine Industries of New Jersey and Thermatrol Corporation 
of Indiana . 
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writer estimated near the end of 1963 that 1 , 000 devices were 
in place and 1 0 , 000 to 1 5 , 000 procedures already carried out 
nationwide . l 8  Most published papers that identi fy manufacturers 
report use of SWenko devices , but at least one c laimed technical 
advantages for another manufacturer ' s  machines . l 9  A conservative 
assumption that the other two ma j or manufacturers each sold one
third the machines sold by swenko would bring the total di s trib
uted in the United States to 2 , 500 . *  

The diffusion of SWenko gastric freezing machines over time is 
represented in Figure 1 .  The abrupt fall in orders after mid-1963 

probably ref lects in part competition from other manufacturers . 
Half the machines sold by Swenko went directly to hospitals � the 
remainder were divided evenly between phys icians ' offices and 
dealers , who presumably resold to both physic ians and hospitals . 
The cost of the SWenko machine increased by several hundred 
dollars between 1962 and 1 966 , but most machines sold for approxi
mately $1 , 800 . 

The number of patients who received gastric freez ing treat
ments can only be indirectly estimated . +  Several thousand 
patients are included in studies reported in the literature . If 
we assume that each machine treated only 10 patients , then 2 5 , 000 
persons in the United States were treated with gastric freezing, 
and the number might well have been double that . Pro fessional 
fees for gastric freez ing varied widely , but some physicians 
allegedly charge the same fees as for a gastrectomy . 2 0 

Anyone famil iar with the history of treatment for duodenal 
ulcer disease would have had reason to be skeptical of claims 
made for gastric freez ing at professional meetings and in the 
popular media in 1962 . Peptic ulcers have been treated with an 
enormous variety of drugs and nostrums , and there even were cla� 
of success for agents now used to provoke stomach acid secretion 
or now considered dangerous in patients with ulcer disease . 2 1  

Some responsible observers were appal led by the early , rapid , and 
uncritical adoption of the new treatment by so many physicians . 22 

At least one editorial in 1963 2 0 and several more in 1964 2 3 , 2 4  

described the procedure a s  experimental ,  urged caution , and empha
sized the need for careful clinical evaluation . 

*A newspaper article in the New York Times , October 2 9 ,  1963 , paqe 
38 , states that 5 , 000 machines had been sold , but that seems 
exaggerated to this author on the bas i s  of other available evi
dence . 

+The number of gas tric balloons sold would have been a useful 
index , but the maj or supplier before 1966 , Pioneer Rubber c�y, 
was unable to provide this information . 
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Beginning in 1963 , the physiologic rationale and safety o f  
gastric freez ing were questioned . Researchers using experimental 
dogs d iscovered that the procedure d id not real ly freeze the 
entire stomach ; the "rock-hard " feel repor·ted initially was due 
to a thin she l l  of gastric contents surrounding the balloon . 2 5  

As it turned out , the absence of truly frozen tissue was for tu
nate because where patchy freez ing d id occur , necrosis 
fol lowed . 2 6 • 2 7  I n  July 1963 1 Wangensteen and h i s  colleagues 
extended the ir ear l ier work . L 8  Other c l in ical r eports in 1 9 6 3  were 
generally favorable because of marked symptomatic relie f . 2 9 - 3 2 

However , at least one early investigator failed to detect c 1 in i 
cal improvement , 3 3  and noteworthy s ide e f fects began t o  be 
documented , 3 4  inc luding gastric ulceration , 3 3  bleed ing which 
required trans fusion , 3 1  e lectrocardiographic changes , 3 0 burn1ike 

damage to gastric tissue , pneumonitis , and perforation of the 
lower esophagus due to faulty placement of the bal loon . 3 5  

Questions were raised about the physiologic e ffects o f  gastric 
freezing , 3 6 and one research group was unable to document any 
assoc iation between symptomatic improvement and changes in gastric 
acid secretion . 3 1  

Physicians attending the American Col lege of Gastroentero1oqy 
meeting in October 1963 and the Southern Surgical Assoc iation 
meeting in December 1 96 3  expressed d iverse opinions regarding 
the value and risks of gastric freezing and growing appreciation 
o f  the technical complexity of what initially appeared to be a 
s imple techn ique . 3 7 , 3 8 For example ,  the extent to which stomach 
temperature would drop depended not only on the temperature of 
the alcohol and duration of the procedure , but also on volume and 
shape of the balloon , balloon wal l  thicknes s  and material , flow 
rate of the alcohol , and blood flow to the stomach . l 8 , 3 8  Some 

also noted that the duration of symptomatic improvement was vari
able , 3 7 , 3 8 and some pat ients required repeat freezings . 

In 1964 , for the first t ime , publ ished reports conc luded that 
gastric freez ing was not worthwhile because acid suppres sion was 
l imited or unre lated to pain relie f ,  symptomatic improvement was 
short-lived or due to placebo effect , and important r i sks attended 

the procedure . 2 1 • 3 9-4 2  Several critical review articl e s  empha
s ized the need for controlled and comprehensive evaluations of 
the method . 2 2 , 4 3 others remained more neutral in their overal l  

. assessment of the procedure , but stressed the l imited evidence 
to date 4 4  and potential dangers of the procedure . 1 8 , 3 7 , 4 5  Gastric 
ulceration or bleed ing occurred in 1 out o f  1 0  patients , 2 1 , 4 5- 4 8  

and there were two deaths and one near-fatal ity reported that 
year due to gastric ulceration fol lowing the procedure . l 8 , 3 7 , 4 0  

There were additional reports of card iac ischemia and electro
cardiographic abnormalities related to gastr ic freezing , which 
persisted in some patients beyond the duration of the procedure . 1 8

•
4 9  
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A survey reported i n  1 964 of 8 3  physic ians and institutions 
who had purchased gastric freez ing machines found some patients 
had been exposed to substantial risks without regard even for 
the indications for the procedure . 1 8  Nine percent of respondents 
performed gastric freez ing as an outpatient procedure and an 
equivalent percentage did not require history of medical intract
ability before doing the procedure . What was developed and 
promoted as a last , safe resort before surgery was by thi s time 
not only evidently risky and questionably efficacious , but also 
be ing indiscriminately applied by some . 

Reports favorable to gastric freez ing also continued to 
appear in 1964 . Wangensteen and his associates publ ished tem
pe rate extensions of thei r  c l inical s e ries showing continued 
exc e l lent cl inical results , though 25 percent of patients re
quired refreez ing and there were a few minor complications . 5 0 - 5 3 

The authors contended that gastric freez ing produced immediate 
and complete symptomatic relief in 85 to 90 percent of patients 
and offered a direct rebuttal of critic i sms leve led against the 
procedure . While he sti l l  had faith in gastric freez ing , 
Wangensteen realized the practice had burgeoned and suspected 
it was being appl ied sloppily . Papers from his group in 1964 
s tressed the importance of careful technique and the need for 
further evaluation . others also published favorable reports in 
1964 , but all stressed risks as we l l  as bene fits and urged l imit
i ng the procedure to medical centers where patients could be 
properly supervised by experienced personne l . 5 � - 5 7  

During 1964 , variations in technique became an important 
arguing point for proponents of gastric freez ing . 5 0 -� 3 Wangen
steen and his col leagues continued to experiment and vary the 
treatment duration , temperature ,  flow rate , nozz le opening , 
balloon coolant , balloon shape , and ancil lary mea sures used in 
the procedure . At one point , an adj unct intravenous vasocon
strictor was touted , 5 8  only to be discarded quietly in a footnote 
6 months later . 5 9  Artic les by Wangensteen and his co-workers 
commonly inc luded some variation in technique applied at d i f ferent 
times in the re�orted series or had addenda describing the latest 
adj ustments . 1 � , 0- 52 • 5 8  Some procedural and equipment variations 
appeared minor , but any might be sufficient to explain differences 
i n  s ide e ffects or c l inical results obtained by different investi
gators . An assoc iate of Dr . Wangensteen at one point invoked an 
admonition he attributed to Claude Bernard : " Technic , "  said 
the great phys iologist , " i s  everything . " 5 9  In the midst of the 
controver sy , Wangensteen also reminded his colleagues of the 
s l uggish profes sional acceptance accorded some earlier advances 
in gastr ic surgery . 5 8 

C linical use of gastric freez ing passed its zenith in 1964 . 
TO be sure , artic les discuss ing the physiology and physical 
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e f fects of gastric freez ing continued to appear6 0 - 6 �  and there 

were many more reports of complications in patients and experi

mental animals . 6 5-7 3  In some c l inical reports published in 
1966 and 1969 , the authors state they had discontinued gastric 
freez ing in 1964 . 7 � • 7 5  Several panelists discus sing gastric 
freez ing at the American College of Gastroenterology meeting in 
October 1964 made it c lear they had abandoned c l inical use of 
gastric freez ing at their institutions earlier that year . 5 9  

Evidence of declining interest in c linical application parallels 
the drop in orders for new machines received by the leading 
manufacturer a fter 1963 (Figure 1 ) . By 1966 , clinical use of 
gastric freezing in the United States had spent its course , 
though units still were being purchased overseas . One editor 

introduced a 1967 article on gastric freez ing ' s  e f fects on the . 

heart by apologizing , "Though the c l inical use of hypothermia 
for duodenal ulcer has ' come and gone , ' a study • • •  is o f  
interest for the record . " 7 3  

A review of literature by the author produced 3 6  c l inical 
reports on gastric freezing published be tween 1962 and 1969 
( Table 1 ) , though a few publications report the same study . The 
trend over time was toward more negative appraisals of the 
technique ( Table 2 ) . Eight studies with control groups or with 
double-blind , randomized designs were identified � 1 , 57

, 6 � ,
7 6-

8 0 

and f ive of these appeared in 1966 or later . 6 � , 7 7 -S O Date s  when 

patients were administered gastric freez ing are provided in 
three of these papers �  in one 8 0 t�e study began in 1963 and in 

the other two Gq , / 9 the last patient was treated in 1964 . None 
of the studies publi shed after 1965 reached conclusions favorable 
to gastric freezing , but of the three double -bl ind studie s 
publ ished in 1964 and 1 965 , � 1 , 5 7 , 7 6 two concluded that c l in ical 
improvement was probably related to gastric freez ing . 5 7 , 7 6 

Many physic ians became disenchanted with gastric freez ing without 
compel ling evidence in the literature that the procedure was 
inef ficac ious , though questions had been raised � most l ikely , 
the substantial morbidity and occasional mortality evident by 
the end of 1 964 persuaded many to abandon gastric freezing . 
Evaluations of c l inical e fficacy published after 1965 only rein
forced those deci s ions . Interestingly , only one group of investi
gators publ ished one article with conc lus ions favorable to gastric 
freez ing 5 7  and later wrote a second article with unfavorable 
conc lusions . 7 9  

In 1966 , Dr . Wangensteen lost support from the National Insti
tute s of Health for research in gastr ic freez ing . He remained 
convinced the procedure was promis ing and obtained funds f rom the 
other source s  to continue his work . More than 10 years after 
he first proc laimed c linical success with gastr ic freezing , 
Dr . Wangensteen maintained the procedure was worthwhile , and , 
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TABLE l Clinical Studies of Gastric Freezing 

Effects Measured 

Date of Extens ion of Pain Side overall 

Ref . First Author Publ ication Earl ier Re f . i Study Type i Pts . Ac idity Rel .  Effects Evaluation 

14 o. Wangensteen 5/62 Observation 24 X X X Favorable 

15 Peter 9/62 14 Observation 80 X X X Favorable 
13 o.  Wangensteen 10/62 15 Observation 120 X X X Favorable 

17 Nichols 1/63 Observation 78 X X Favorable 

29 Brown 5/63 Observation so X X X Qualified 

Favorable 
30 Heineken 6/63 Observation 10 X X X Quali fied 

Favorable 

32 Griffin 6/63 Observation 7 X X Qual i fied 
� Unfayorable IX) 
w 28 Bernstein 7/63 Observation 33  X X Qualified 

Favorable 

32 DeWall 7/63 Observation 75  X X X Quali fied 

Favorable 

31  Artz 10/63 Observation 8 1  X X X Quali fied 

Favorable 
51 } Bernstein 1/64 } 17 Observation 286 X X X Qua li fied 
52 2/64 Favorable 
53  2/64 
54 Artz 2/64 31 Observation 100 X X X Quali fied 

Favorable 
55 Nabseth 3/64 Observation 6 X X X Qua l i fied 

Favorable 
44 OWens 1/64 Observation 36 X X X Neutral 
56 Artz 5/64 54 Observation 150 X X X Quali fied 

Favorable 
12 White 5/64 Observation 120 X Neutral 
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' 
TABLE 1 ( continued ) 

Effects Measured 

Date of Extens ion of Pain S ide Overall 

Re f .  F irst Author Publ ication Ear lier Re f . #  Study Type #Pts . Ac idity Rel . Effects Evaluation 

37 Scott 5/64 Observation 5 5  X X X Neutral 

39 Hitchcock 5/64 Observation 168 } 
x

} 
40 Sutherland 7/64 39  Observation 173  X X Unfavorable 

57 Rose 7/64 Double-bl ind 36 X X X Quali fied 

Randomized Favorable 

41  Perry 7/64 Double -bl ind 40 X X X Unfavorable 

Randomiz ed 

2 1  Spe l lberg 9/64 Observation 64 X X X Unfavorable 

42  Karacadag 10/64 Observation 100 X X Quali fied 

Un favorable 

8 1  S .  Wangensteen 1/65 Observation 31  X X X Neutral 

67 Manlove 2/65 Observation 5 3  X X Neutral 

.... 76  s .  Wangensteen 5/65 Double-blind 60 X X X Quali fied 
CXl Randomized Favorable � 

82 Scott 10/65 37 Observation 60 X X Qua l i fied 

Un favorable 

7 7  Lubos 4/66 Control 188 X X X Un favorable 

group 

64 Mc intyre 5/66 Control 108 X Neutral 

group 

74 Barner 8/66 Observation 91 X X Un favorable 

78 Zikr ia 3/67 Double-blind 16 X X X Un favorable 

Randomized 

7 9  Harrell 4/67 57 Double-bl ind 52  X X X Quali fied 

Randomized Unfavorab le 

7 5  Mc intyre 4/69 Observation 74 X X X Qua l i fied 

Unfavorable 

80 Ruffin 7/69 Double-blind 160 X X Un favorable 

Randomized 
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TABLE 2 OVeral l  EValuation of Gastr ic Freez ing by Clinical Studie s  

EVal uation 

Year Favorable 

1962 I l l  
1963 I 
1964 

1965 

1966 

1967 

1968 

1969 

Qualified 
Favorable 

I I  I I  I 

I l l  ! I
a 

I
a 

Neutral 

I l l  

I I  

l
b 

a
Double-bl ind , randomized study . 

b 
Study with control groups . 

Qualified 
Unfavorable 

I
a 

Unfavorable 

11  apart from a note of optimism, 11 did not think there was anything 
inaccurate in any of his papers .  Further refinement of technique 
and research in dogs culminated in a 197 2 research report from 
Dr . Wangensteen ' s  laboratory . 8 3 Her e  the authors conclude : 

The technology of the gastr ic freeze procedure has now 
progressed sufficiently to j ustify prospective controlled 
c l inical studies of its e f fectivenes s  in the management 
of some aspects of the peptic ulcer diathesis by inter
e s ted , qualified , and critical inve stigators . 

One can only wonder how the course of medic ine ' s  misadventures 
with gastric freez ing might have been different had so circum
spect a conclusion been offered 10 years earlier . 

OBSERVATIONS AND ANALYSIS 

This case s tudy has attempted to trace the complete life cycle 
of a medical i nnovation , from inception through dissemination , 
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and finally , abandonment . In gastric freezing , a medical 

practice was abandoned not because a newer and be tter alternative 
became available , but because the practice itsel f  turned out to 
have more drawbacks than bene f its . 

Gastric freez ing was not a crackpot scheme generated on the 
fringe of med ic ine . It began as a sc ientific insight by a 
skil led and respected surgeon who developed the idea on the 
basis of physiologic reasoning and sUbstantial laboratory experi� 
ence . In retrospect ,  Dr . Wangensteen did admit to excessive 
enthusiasm at the beginning . If he and his colleagues had 
further fault , it was their reluctance to yield a beautiful c on
cept in the face of ugly facts presented by outsiders .  

other medical innovators have also been known to persist in 
their convictions when the maj ority disagrees .  Vineberg contin
ued to champion internal mammary artery implants for angina 
pectoris years after controlled studies and expert consensus 
had denied their value . 8 � Perhaps the same independence and 
drive that allow the innovator to be a pioneer also enable him 
to ignore the collective wisdom of his colleagues . The fact 
that a creative individual leads the way for one beneficia l  
innovation lends n o  assurance that future j udgments will be 
correct .  In his pathbreaking study of resistance to medical 
innovations written SO years ago , Stern recounts how nine teenth 
century advocates o f  antisepsi s  bitterly opposed the later idea 
of surgical asepsis . a s 

Factors that help explain the early , rapid dissemination of 
gastric freezing include Dr . Wangensteen ' s  stature , confidence , 
and optimism, the high prevalence of duodenal ulcer disease 

and its natural tendency toward exacerbations and remiss ions , 
morbid ity and mortal ity of alternative surgical treatments , 
promotion in the publ ic media , ease with which physicians could 
learn to perform the procedure , and the opportunity for financial 
gain by physicians . A respected surgeon advocating a nonsurgical 
treatment may be especially credible , and the al lure o f  nonsur
gical treatment appealed to wel l-informed physicians as wel l  as 
to the public . In the latter part of 1964 , a prominent gastroen
terologist assessed the status of gastric freez ing in an 
editorial and conc luded , "At this time there is  no j ustification 
for its general adoption by the medical profess ion . " 2 3  At a 
meeting of the American Gastroenterological Association the 
very next month , the same physician responded to his own question ,  
whether h e  would consider gastric freezing for himsel f : 

Being fundamental ly a physiologist , and knowing the dire 
circumstances of losing not only an important part of my 
gastrointestinal tract but having its continuity disturbed , 
I think I would subj ect myse l f  to this procedure . • • • I f  
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re lief of symptoms is due t o  a placebo e f fect , I think I 
would be j ust as susceptible to the psychological e f fect . 
I certainly would not antic ipate that my gastric secretion 
or mobil i ty would be s igni ficantly altered or even that 
my crater might heal . Just last week I saw a patient who 
sti l l  had a crater six weeks after having thi s  procedure , 
but he denied any symptoms whatever .  I honestly think I 
would probably give it one try . 

In gastric freez ing , thousands of ulcer sufferers saw a quick , 
easy , and safe means to gain re l ie f .  Many had undoubtedly been 
told they faced surgery when news of the breakthrough appeared 
on television and in newspapers and magaz ine s  acros s  the country . *  
As a member o f  the medical school faculty , Dr . Wangensteen 
received no fees for any of his service s . However , some 
physicians apparentl y  felt j usti fied charging patients the same 
fees for gastric freez ing as they d id for surgery , so as to 
s uffer no sacrifice of personal income when they substi tuted the 
s impler procedure . 

Other characteristics of the deve lopment and dis s emination 
of gastric freez ing also deserve comment . Commercial intere sts 
were not prominent in promoting this innovation ; the pri�c ipal 
manufacturer was unprepared for the early surge in demand for 
qastric freez ing machine s . Swenko printed brochures and enter
tained many medical visitors , but never mounted any direct 
marketing effort . Technical entrepreneurs in industry are 
characteristic of many medical innovations , 8 6 , S ? but gastric 
freezi ng had none . Essentially , gastric freez ing for duodenal 
ulcer was a new appl ication of existing refrigeration technology . 
Once the clinical advocate conceived the idea , technical exper
tise was available to produce desired equipment modification in 
a matter of weeks . 

Early laboratory and applied c linical research was supported 
by the National Institutes of Health and private foundations . 
The 2 years that elapsed between initiation of directed research 
and general availability was shorter than all but 2 of 25 medical 
i nnovations reviewed recently by the President ' s  Biomedical 
Research Pane l , and those two involved drugs . 8 7  The development 
of gastric freez ing i s  an example of ideal collaboration between 
government-supported researcher and private-sector engineer ,  

* Some years earlier , public c lamor for a new medical device 
s imilarly fol lowed an article in the Sa t urda y Evening Post 
about an apparatus to measure oxygen in newborn incubators . 
The device had been avai lable for several year s , but high 
volume sales began with that magazine artic le . 
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between science and indus try . Except that the procedure proved 
to be ri sky and without benefit , it would be a marvelous success 
story . 

Beyond the unwarranted enthusiasm of ear ly proponents , two 
features of the diffusion o f  gastric freezing are d isturbing . 
First , at least some early adopter s  applied the innovation with
out r egard for the c linical criteria recommended by its pro
ponents .  No respons ible authority had suggested use of gastric 
freezing in pat ients who responded to medical treatment , yet 
one early survey found that l in 11 users did not require a 
history of medical intractability . Even i f  gastr i c  freezing 
were a worthwhile alternative to surgery , routine use in patients 
with l e s s  severe symptoms could not be j usti fied . The value of 
any medical technology is inseparable from the c linical context 
in which it is applied ; procedures that may be bene ficial in a 

particular set of c ircumstances are l iable to be used a s  wel l  
where they a r e  not worthwhile . 

The second and most disheartening aspect o f  this study i s  the 
minimal relation between properly designed c l inical trials and 
the diffusion process , a problem that might be described as the 
inefficacy of efficacy studies . Gastric freez ing was purported 
to rel i eve subjective symptoms and to reduce obj ectively measured 
gastric acid . The placebo e f fect i s  a concern when any subj ec
tive feeling i s  involved and e spe c ially with pain . Variability 
in gastr ic acidity among normal persons and the real possibility 

o f  falsely low measurements further confounded e f forts at 
obj e ctive assessment . The maj ority of clinical s tudies of 

gastric freez ing were observational ( Table 1 ) , and there are 
problems with the de s ign and comparabil ity of those s tudies 
that were controlled . 8 8 Respons ible observers recognized early 
the need for randomiz ed , double -blind s tudies to evaluate 
gastric f reezing . In fact , s uch a we ll-designed multicenter 
trial was ini tiated in 196 3 . 8 0  Multicente r  s tudies are di ffi
cult to organize and conduct , and properly des i gned c linical 
trial s often require long-term patient follow-up . Results of 
thi s  maj or study did not appear in the l iterature unt i l  1969 . 

The report was unequivocal in its negative conclusions , but of 
l ittle practical consequence , as i f  a marble tombstone were 
erected over the grave of a patient a lready several years 
deceased . 

Shortcomings in design and delays in completion and publi
cation of well-controlled studies are only part of the problem. 
Clinical evaluations published in the medical l iterature are 
only one determinant of c linical practice . Information from 
colleagues may be more influential than published articles on 
a physician ' s  awarene s s  of new findings and choice of practice . 8 9  

Other influences may outweigh even compel ling evidence from 

Copyright © National Academy of Sciences. All rights reserved.

Medical Technology and the Health Care System: A Study of the Diffusion of Equipment-Embodied Technology
http://www.nap.edu/catalog.php?record_id=18439

http://www.nap.edu/catalog.php?record_id=18439


189 

c l inical evaluations . Chalmers c i te s  a number of examples 

where physicians continue to use treatments despite wel l 
controlled trial s  demonstrating they a r e  worthless or harmful . 9 0  

I n  the second volume o f  Controversy i n  Internal Medicine , pub
l i s hed in 1974 , the editors review the status of the 2 3  
controversies inc luded 8 years earlier i n  the ir first volume . 
Ingelfinger summarizes : 

The lesson appears both clear and discouraging : some 
controversies in Internal Medicine pers ist for years and 
years ; others subside gradually as interest wanes . Very 
few if any appear to be resolved by some elegant study 
that dramatically demolishe s  one s ide or the other . 9 1 

The lament does not end there ; when finally publi shed , an 
e le gant study may be too late , and , even if time ly ,  it may 
have little effect on medical practice . 

POLICY LESSONS 

In general , the des i rability of dis seminating a medical inno
vation depends on five features : 

1 .  Technical practicability--performance characteristics of 
the new drug , device or equipment . 

2 .  Safety--degree of hazard to the patient , provide r ,  and 
population at large , in the short run and long run . 

3 .  Clinical ef ficacy--comparative e ffectiveness in specified 
c l i n ical circumstances ; measured effect may range from proximate 
influence on care to ultimate e f fect on health . 9 2  

4 .  Cost--net resources required to uti l ize the innovation . 
5 .  Societal e f fect-- impact ,  i f  any , on social values and 

institutions . 

Each of these elements i s  typically unknown to some degree when 
an innovation is introduced , and sometimes for cons iderably 
longer . A dichotomous classi fication o f  an innovation as either 
"experimental "  or " established " fail s  to do j ustice to any one 
of these features , much less to the combinations that may occur . 

I f  a new technology i s  on balance beneficial and i s  adopted , 
that constitutes appropriate use . I f  an innovation turns out , 
a l l  things considered , to be o f  negative value , and it is 
shunned , that i s  appropriate nonuse . Obvious ly , two complemen
tary types of error are possible : overdiffusion of a bad 
techno logy and underdiffusion of a good technology ( Figure 2 ) . 

Be c ause the clinical value of any new medical technology i s  
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FIGURE 2 Pos sible consequences of a medical innovation . 

unknown , there i s  always some finite risk at the outse t  of 
committing each type o f  error . This . dua l  r i sk is reflected in 
the contradictory functions of different government agencies ; 
some , such as the National Institute s of Health and National 
Sc ience Foundation , encourage development and dissemination 
of new medical practices ,  while others , such as the Food and 
Drug Administration , serve to retard the availabil i ty of new 
practices . 

Most case s tudies of medical and other innovations have con
centrated on triumphs , "good " innovations that sometimes were 
de layed in their ful l development and dissemination . 8 ? , 9 3 These 
s tudies attempt to discern the causes of delay or " lag periods " 

in d iffusion and the reasons for succe s s ful dissemination . 
Thus , they l imit themse lves to the upper two c e l l s  of Figure 2 ,  

and for thi s  reason , even taken collectively , they may be 
mis leading . For example , an enthusiastic advocate , identified 
as important in many cases , i s  characteristic not s imply of 
good innovations , but of widely disseminated innovations , 
whether good or bad . case studies , such a s  gas tric freez ing , 
introduce the complementary r i sk of overdiffusion , a concern 
that should a l so guide policy . However ,  any general policy 
that retards dissemination of new innovations and so reduces 
r i sk of overdi f fusion s imultaneously increases r i sk of under
d i f fusion , and vice versa . 

Recent federal legislation a ims to make future epi sode s  such 
as gastric freez ing less l ikely . The Medical Device Amendments 
of 1 97 6  ( P . L .  94- 2 9 5 )  empower the Food and Drug Admini stration 
to require premarket approval of medical devices . The principal 
rationale for this authority expressed in the statute is consumer 
protection . Devices classified in the most restrictive cate
gory , Class I I I , must satisfy a premarket test procedure to 
e s tablish safety and e fficacy . This premarket tes t  c learance 
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entai ls we ll-control led investigations , but , unlike clearance 
for new drugs , does not necessarily require clinical investi
gat ions . Absent from the legi slation i s  any concern with cost 
implications of new devices . Also , the FDA devices legislat ion 
does not deal with possible improper use of an innovation after 
it has been approved . 

It is too early to assess the e f fect of this new authority . 
Since the number of devices covered by the legis lation i s  
enormous , the FDA wil l  need t o  e stablish some priorities to 
guide its activities .  The extent to which the law wil l  retard 
premature dissemination of unproved devices depends on how it 
i s  implemented , i . e . , FDA ' s readiness to classify devices in 
the most demanding category , the nature of research requirements 
to establi sh e f ficacy of each type of device , and the agency ' s  
wi l lingness to delay marketing in the face of pressure from 
bus iness , the public , and the medical profe s sion . One lesson 
from gastric freez ing with regard to safety is that the earliest 
reports may be misleading , and it would be unwise to rely too 
heavily on any s ingle research team . In terms of efficacy , 
c l inical evaluation may be difficult and time-consuming , but 
extrapolations from nonclinical laboratory studies are l iable 
to be erroneous . Well-de signed and care fully conducted c l inical 
tria l s  are essential , but it may be possible to obtain useful 
information more e ffic iently with s tudy des igns · other than 
randomi ze d ,  double-blind . 9 4 

Issues of cos t and appropriate uti lization , outside of FDA ' s  
authority , are to some extent within the ambit of other health 
regulatory and planning activities , such as PSRO and uti lization 
review , certificate-of-need laws , rate-setting commissions , and 
health systems agenc ies . At present , no s ingle body both has 
responsibi l ity for asses sing a l l  five features of medical 
innovations and authority to intervene in the diffus ion process , 
e i ther to speed or to slow it . I f  such a body did exist , it 
would be handicapped by inadequac ies in evaluation methods and 
meager knowledge about the e ffect of di fferent types of control 
over d i ffus ion . 

The physician remains the princ ipal dec i s ion-maker regarding 
use of most medical innovations . Physic ians will inevitably 
make mistakes , but they should not err for the wrong reasons , 
such as misplaced rel iance on fragmentary information , succumbing 
to the force of authority rather than depending on the strength 
of evidence , suspic ion of population-based stud ie s ,  ignorance 
of the pi tfalls and requirements for statistical ly and scienti f
ically valid c linical research , a need to have the l atest 
gadget , a des ire to achieve prestige , de fend a reputation , or 
gain financ ially . Every dec is ion to use or not to use a medi 

c a l  innovation entai ls some chance of success an d  o f  failure , 
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but i t  should be an informed j udgment , based on the best 

evidence available , and with the interests o f  patients foremost. 

Gastric freezing posed substantial r i sk to pat ients , and 
dec i s ions to adopt or abandon the innovation properly could be 
weighed according to potential harm and possible benefit to 
the individual . More troubl ing are dec isions that may require 
trade--offs between what may be best for the individual patient 
and what is best for soc iety or for patients collective ly .  
The possible adverse consequences o f  medical innovations for 
the individual are safety and health hazards and the possibility 
that use of the innovation delays or precludes other , more 
bene ficial interventions . From the point of view of society , 
an innovation may have long-term risks ( such as environmental 
consequences or genetic damage ) and typically enta i l s  some 
financ ial cost . As we col lectively as sume a greater proportion 
of the costs of health care and as these costs continue to rise ,  
the financ ial impl ications of medical innovations increasingly 
become a societal concern . Every deci s ion , whether explicit 
or implicit , to apply or withhold a medical innovation , i s  in 
e f fect a resource allocation dec ision . Physicians should remain 
primarily individual patient advocates , but they must a l so 
become cognizant of societal interests , of the interests of 

all patients . 
Fortunate ly , the interests of the individual patient and 

of society frequently converge . Gastric free zing was good for 
neither . Many medical interventions bene fit the individual 

and represent worthwhile soc ial investment . But there remains 
a perplexing group of innovations , exempli fied recently by 
computerized tomography , whose maj or drawback is high cost , 
whose safety i s  relatively ensured , and whose ultimate c l inical 
e fficacy is unknown . 9 5  With this group we are j ust feel ing 
our way . 9 6  

Gastric freez ing reminds us that proposals for publi c  policy 
toward medical innovations should cons ider all four possible 
consequences of an innovation . Physic ians should be trained to 
be descerning in their interpretation o f  c l inical findings and 
should be sensitive to societal as wel l  as individual costs and 
bene fits . Appropriate and t imely c l inical trials are e ssential 
for informed deci sion-making . We need to devise strategies for 
making deci s ions in the face o f  uncertainty accompanying new 

innovations . Logically , thi s  should include surve i l l ance and 
evaluation both be fore and after an innovation i s  generally 
available .  We need better understanding o f  the di ffusion 
process and especially of ch�acteristics that lead to non
adoption of relative ly good innovations and excess use of 
relatively bad innovations . F inally , we need more effective 
means o f  hastening or retarding the d i f fusion of medical 
practices , and the ability to do both wisely .  
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APPENDIX :  CAPSULE HISTORY OF GASTRIC FREEZING 

Background 

Conception 

Initial research 
and deve lop
ment 

Clinical 
avai labi lity 

Dissemination 

1924 

1953 

1958 

1959 

1960-61 

1962 

1962-64 

Prout 

Kay 

Proves stomach 

acidity due to 
free HCl 

Augmented histamine 
test to measure 
gastric acid 
production 

Wangensteen Introduces gastric 
hypothermia for 
control of 
gas trointestinal 
bleeding 

Wangensteen Describes possibility 
of gastric freezing 
to treat peptic ulcer 

Wangensteen Fi rst human 
application in 
October 1961 

Wangens teen Succes s  announced at 
profe s s ional mee ting 
in May ; wide ly 
publicized in popular 
media 

SWenko 
Corpora
tion 

Ful l production 
capability by second 
half of year 

Over 1 , 000 machines 
sold by latter part 
of 1963 , 10 , 000-
1 5 , 000 treatments 

Subs tanti al risks to 
patients become evi
dent by end of 1963 

Unfavorable conc lusions 
reached by some 
inves tigators in 1964 
because of lack of 
e f ficacy and high ri sk 
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Abandonment 1964-66 Physicians begin to 
abandon procedure in 
1964 

later 
eva luation 
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A P P E N D I X  
E 

THE DEVELOPMENT AND DIFFUSION 
OF A MEDICAL TECHNOLOGY : 
MEDICAL INFORMATION SYSTEMS * 

Donald A .  B .  Lindberg 

THE CONCEPT OF MEDICAL INFORMATION SYSTEMS 

Systems Ra tionale 
There i s  no o f ficial body to authenticate the de finition o f  the 
term " medical information systems . "  Nonetheless most workers 
i n  the field are likely to agree that medical information sys
tems have certain attributes in common . I t  is clear that the 
phrase implies an automated system , general ly a digital compute r
based system. The information i s  about persons , at least that 
i nformation about them that is relevant to thei r  health , their 
hea l th complaints , the management o f  the ir complaints , and the 
treatment o f  thei r  i l l ne s ses by health pro fess ionals . To most 
of us there is a strong implicat ion that whateve r  in formation 
the system contains i s  organized relative to the person to whom 
i t  pertains . That is , there is an integrated patient record . 
S i mi l arly , there i s  the strong imp l ication that the system it
s e l f  i s  meant to ·faci l i tate treatment or health maintenance of 
the individuals whose in formation i t  contains . 

Most people fami liar with medi cal computing would assume that 
a medical information system contained in formation about patients 
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I am grate ful to Bruce Waxman , Octo Barnett , Lawrence Weed , and 

Pol ly Ehrenhaft for kindly providing advice and re ference mate
rials , and to the s taf f o f  the Health Care Technology Center , 
e spe cially Pat Mul lins , John S impkins , Don Foste r , and Jean 
Gorges , for as s i s tance in preparation o f  this report . 
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that arose--or at least entered the system- - from multiple sources . 
Thi s  circumstance has historically provided the ma j or rationale 
for the development of such sys tems . Some workers might disagree , 
however , bel ieving that even s ingle source data systems such as 
those containing sets of observations made in a private physi
c ian ' s  office might be called medical information systems . 

About a number o f  other common attributes o f  past and current 
medical i n formation systems there would also not be agreement 
among workers in the field . For example , many workers would 
stipulate that in a medical information system the integrated pa
tient record would be avai lable to and used by a numbe r of health 
pro fes s ionals in addition to the pe rson who ini tially entered the 
i n formation . 

An especially critical is sue is the property o f  some medical 
information systems , that they are des i gned and implemented in 
toto , cut from whole cloth , as it were . Hodge argues that this 
i s  an essential characteristic : 2 7 " MIS i s  achievable only through 
an integrated approach and di rect professional use . • • • An in
tegrated approach implies a s ingle integrated system serving the 
institution . ' Genera l i zed ' means application i ndependen t . " 

An equally strong argument has been made by others that MIS ' s  
to be success ful mus t  be bui l t  up from a number of subsystems . 
In thi s  view , the integrity of the system arises in the concept
ualization o f  the interrelationships between the parts . The com
ponent subsys tems are implementable individually in various 
sequences , and in various combinations . Presumably they may 
come and go over time , and presumably multiple copies of sub
systems might exist within one overal l MIS . 

Barnett has been an advocate o f  the view that the MIS must be 
made up o f  subsystems : " • • • developing a modular system is 
far better for the present , than seeking a so-cal led ' total medi
cal information system . ' Although the long-term obj ectives of 
the two strategies are identical , the methods o f  procedure and 
the intermediate goals are very dif ferent , as is the prognos is 
for the ir relat ive ut i l ity and near-term succe s s . " 7 

Col l en def ined a medical information system in operational 
terms : "A medical info rmation system • • •  is one that utilizes 
electronic data process ing and communications equipment to pro
vide on- l ine proce s s ing with real time responses for patient data 

within one or more general medical centers , including both hos
pital and out-patient services . " 1 2 

In his view , subcomponents o f  MIS ' s  may include a hospital in
formation sys tem , a laboratory data system , a hospital administra

tive information system , and ( presumably) others . He provides 
further speci ficat ions for immediate obj ec tives and general func

tional requi rements . 
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Clearly , both the hol istic and the subsystem ph ilosophy 
could produce workable systems , which ultimately might be ind i s
tinguishable from one another .  I shal l , for the purposes o f  this 
report , re j ect Hodges ' argument and shall accept that MIS ' s  can 
be e i ther holistic or can be the sum of the subsystem "parts . "  

Defi ni ti on 

In order to facil i tate our analysis o f  alternat ive approaches to 
the �s problem , it is tempting to fal l back upon the fundamental 
approach of the system designer . Thi s  is to ask one ' s  sel f :  
What data elements are being collected , and what is being done 
with the s ingle elements and the combination of elements ? 

Es sential Data Elements 

Listed below are the barest bones of the content o f  a medical 
information system. That is , there are the minimum essential 
data elements that would need to be col lected , disregarding for 
the moment all cons iderations of purpose , usage , and setting . 
They are : patient identification ( number , name , addres s ) J hos
pital or ambulatory care location , demographic information 
( inc luding sex and age and sometimes occupation) ; past hospital
i zat ions ; diagnosi s/diagnoses , linkage in format ion ( th i s  would 
vary from one installat ion to another )  Something more than name 
and number is required in order to l ink new in formation trans
actions in this kind of file to the preexisting patient record . 
Some systems would use items such as maiden name , mother ' s  name , 
check digits on patient numbers , transaction numbers , source 
code s , or time-data qual i f iers . 

So far as I know there is no MIS in the United States that 
collects only these minimal e lements . The Danderyd System in 
Sweden , however ,  l imits itsel f  to not much more than these ele
ment s . 1 One notes that Danderyd i s  one of the largest operating 
MIS ' s  in the world , even though l imited in its depth of data . 

Optional Data Elements 

There is a host o f  data elements that are included in some 
systems . These are : bill ing information ; insurance status ; 
phys ician ( s )  responsible for the patient ' s  care ; invariant phys
iologic information ( e . g . , blood type , leukocyte antigen type [ s ] , 
chromosome karyotype ) ;  e lements o f  health s tatus provided by the 
pat ient ( e . g . , complaints , history of present and past i l lnesses , 
health status as reflected by daily work and personal functions , 
immunizations , etc . ) ; results o f  measurements or observat ions 
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per formed upon the patient ( e . g . , height , weight , laboratory 
test results , ECG ' s ,  radiological studies ,  results of phys i cal 
examinations , including the tradi tional physician ' s  general ex
amination , and spec ial examinations such as range of motion , 
proctoscopy , pelvic and cystoscopy , etc . ) ; and interpretive in
formation ( generally provided by the phys ician , such as problem 
list , provis ional or working diagnoses , treatment plans , thera
peutic and di agnostic orders ,  descriptions o f  surgical procedures . 

CURRENT STATE OF THE TECHNOLOGY OF MEDICAL INFORMATION SYSTEMS 

The data e lements collected by a particular medical information 
system identify it in a kind of common sense way . The various 
circums tances in which many MIS ' s  have been operated , considered 
with the purpo ses for which they were operated , may be take n  to 
characterize the state of the art of such systems . 

Using thi s  kind o f  a general analytic framework , we can e�e 

the extent to which the entire poss ible range of MIS s ettings 
( i . e . , the problem domain) has actually been explored , and to 
what extent applications have been succes s ful . In thi s  sense , 
each general aspect o f  an MIS may be cons idered as a dimens ion 
that bounds the problem domain . 

Dimensions of a General Analytic Framework 
The "dimensions " of a general analytic framework are : ( 1 )  data 
elements collected , ( 2 ) functions that are being performed , ( 3) 
medical servi ce area ( usually a hospital or ambulatory care de
partment or divis ion ) , ( 4 )  health care of institutional s etting , 
( 5 ) patient population , ( 6) uses o f  the output o f  the system , 
and ( 7 ) financial basi s  of the system . 

Each o f  the individual "dimens ions " have subdivisions or 
mul tiple values . 

The data element content and the function undertaken by a 
medical information system are interre lated . That i s , a func
tion may not be possible unless a data item or group of data 
items has been col lected . However , col lecting data e lements 
( with purpose A in mind) does not assure that they wi l l  be used 
( ei ther for purpose A or purpose B ) .  Collection of data elements 
is a necessary but not sufficient condition for the functions to 
occur . 

Careful consideration o f  the dimensions wi ll convince the 
reader that the interrelationship between the dimensions is not 
l imited to data content and function . All o f  the dimensions are 
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i n  some ways interrelated , and in other ways unrelated . Con
sequently , the dimens ions are not independent in a mathematical 
sense . I make no pretense that it is c lear how to assess thi s  
technology in any overal l  sense b y  numerical techniques . I 
assert that the potential contribution o f  medical information 
systems to progress in health care , and the assessment of the 
present s tate o f  the technology , can only properly be done within 
the true ful l problem domain that is characterized by the dimen
s ions named . 

One may def ine a medical information system by selecting one 
or more attributes from each of the seven dimensions or aspects . 
Together they will def ine a val id form o f  medical information 
system. 

Example :  Feasibil i ty of MIS ' s  Wi th Many Kinds of Medical 
Service Functions 
When we examine the current and past MIS ' s  along one s ample di
mens ion , i . e . , medical service areas , it  is clear that a con
s iderable range o f  application systems have been feas ible . The 
medical service areas have included : Admiss ions Office ; 1 � • 1 6 • 3 1  

Busi ness Office ; 5 , 2 3 Medical Record Department ; 2 • 1 � • 1 7  C l inical 
Laboratory ; 2 • 3 5 , 3 B  Radiology ; 5 • � 0 • � 2 Electrocardiog
raphy ; 1 0 • 1 1

•
5 2- 5 � • 6 0  Intensive Care ; 3 0 , S l , S S , S B  Obstetrical 

Care ; � 6 Mental Health ; 1 5 • 2 0 • 2 � • 5 9  Pharmacy . S , 2 1 , 2 9 , 3 2 , � 5  Each 
of thes e  sytems h as other dimens ions , or s econdary character
i s t i cs , such as type of patient populat ion , institutional set
t ing , etc . Space does not permit presentation of the ful l  
characterization of feasible systems . 

Tasks Thus Far Infeasible  
Not all applications o f  MIS ' s  wil l  necessarily prove feas ible-
even in a technical or scienti fic sense . From outs ide the medi 
cal domain , the best-known example o f  a n  infeas ible computer 
function is automatic language trans lation . There may we l l  be 
s imilar functions in medicine that appear to be reasonable but 
that wil l  remain technica l ly infeasible . 

The following set o f  important elements that have thus far 

proven infe as ib le , I offer mere ly as a personal view : ( 1 )  cre
ation of a generally usable thesaurus with a s tandardized medical 
terminology , ( 2 ) process ing o f  free text medical entries , ( 3 ) 
process ing o f  text diagnoses , ( 4 )  execution of a general diag
nostic logic , ( 5 ) automated certification of cl inical medical 
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competence , ( 6 ) positive specimen identi fication in the labora
tory , ( 7 ) automatic clus tering of symptoms so as to recognize 
new clusters , ( 8) automatic analysis o f  cardiac arrhythmias , ( 9 )  

recognition o f  n-tuple drug inte ractions , ( 10 )  automation o f  
even s impl e  treatment plans , ( 11 )  basic improvement i n  c l inical 
laboratory control , ( 1 2 )  a practical means of recording the gen
era l  physi cal examination , ( 1 3 )  a computer programming or even 
command language for use by the medical staff as opposed to the 
expert programme r .  

DESCRIPTION O F  EXAMPLES OF MEDICAL INFORMATION SYSTEMS 

Systems Designed for a Particular Insti tution 

There are medical in formation systems that have been success ful 
in more than one medical application area s imultaneously , and 
certainly have been succe s s fully used by many kinds of heal th 
care professional s for many di fferent purposes s imultaneousl y .  
B y  considering a few o f  these ,  albeit briefly , one can achieve 
a kind o f  gross inspection of the rather cons iderable extent 
to which the total problem domain has been explored . 

The speci fic instances to be reviewed are--like any other 
short list--an arbitrary selection . Examples are : 

Insti tute for Li ving, Hartford, Connecticut . 
Overall Description : This medical information system serves 

an entire 400-bed private mental institution . The system grew out 
o f  1 5  years o f  experience with computer-based information systems 
under the direction o f  Bernard Glueck . The institution has been 
a pioneer in such developments . The primary purpose o f  the sys
tem is to faci litate patient care . It utilizes two DEC PDP - 1 5  
computers ; the code was written i n  the MUMPS- 1 5  language . 

Detailed Description : The system provides an integrated 
patient record that includes es sential data elements ,  plus re
sults of psychological test ins truments , nurse ' s  progress notes , 
general physical , medications , and recordings o f  diagnoses . 2 4 , 2 5 , 6 1 

Special Features : Experimental programs for prediction of 
patient behavior , optimum classi fication for therapeutic purposes , 
and various customized searches and reports in support of research 
and management obj ectives . Sys tem costs are entirely recovered 
f rom patient fees at $ 2 . 60 per day . 

Clinical  Computer Applica tions : Universi ty of Utah, Sal t  Lake 
Ci ty . 

Overal l  Description : Many subsystems have been c reated 
within the Department of Biophysics and Bioengineering of the 
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Uni vers ity of Utah , under the direction of Dr . Homer Warner and 
his assoc iates , with implementation within Latter Day Saints 
Hospi ta l . The systems operate ( generally) on CDC computers un
der the Med Lab operating system. 

De tailed Descripti on : The medical application areas and 
functions include : a computerized integrated computer patient 
record with input from physician ' s  diagnosi s ; automated multi
phasic screening ; computerized electrocardiogram interpretation ; 
automated compilation of various laboratory tests , including 
blood gases ; pulmonary functions ; clinical chemistry ; analysis 
an d  interpretation o f  cardiac catheterization ; and physiological 
monitoring of intens ive care units . Output of the subsystems is 
used primarily by physicians and nurses for direct patient care . 
Output o f  the integrated record system i s  also used for quality 
o f  care monitoring by hospital committees . 

Functions include many physician assistance systems related 
to diagnosis and interpretation of measurements . 2 3 , 6 B 

Special Fea tures : The HELP system is an advanced attempt 
to formalize the medical logic that interprets and integrates 
th e  numerous data elements incorporated with the automated pa
tient record system. 

Massachuse t ts General Hospi tal Computer Sys tem, Bos ton 

Overal l  Descripti on : There are a number o f  operational sys
tems and subsystems that were created by the Laboratory for Com
puter Science under the direction of Dr . G .  Octo Barnett and 
assoc iates . They al l operate from terminals to DEC computers 
and were written in the MUMPS l anguage . 

Deta i l ed Description : COSTAR i s  a computer-based system 
for ambulatory patients served by the prepaid Harvard Community 
Health Plan . It provides the only record for about 60 , 000 pa
tients . 6 • 4 4  In addition , other subsystems in the hospital it
sel f handle the data acquisition and recording for clinical 
chemis try and bacteriology . Another subsystem provides physician 
ass i s tance functions in an anticoagulation clinic . Others as
s i s t  undergraduate medical education through automated testing 
and patient s imulation . 

Specia l  Fea tures : The most outstanding special feature o f  
the programs themselves i s  their ability to share an d  mod i fy 
files us ing the MUMPS language . 

Commercial l y  Offered Sys tems 

systemedics prepared a survey o f  commercially offered automated 
hospital information systems for the Health Resources Administra
tion in October 19 76 . 6 2  Battelle Laboratories conducted an ex
tensive evaluation study of one particular commercially offered 
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automated hospital information system : that o f  Technicon Cor
poration , installed in El Camino Hospital , Mountain View , Cali
fornia . 8 The present report draws from thes e  previous studies 
and from vendor l iterature . It should be noted that all the 
systems referred to in this section operate at a leve l  of medical 
sophistication that is far below that seen in the noncommercial 
systems des igned for particular institutions . The latter are 
generally univers ity-based , and o ften serve a research as well 
as a service . function . The merit o f  the commercial systems is 
that they are des igned , potentially at least , to be repl icatable 
in other institutions . An additional s trong point o f  the com
mercial systems i s  that they have succeeded in implementation 
across a substantial number of hospital departments .  Thus they 
are made up o f  a relative ly large number o f  the subsystem com
ponents that are the building blocks o f  the ultimate mature medi
cal information systems of the future . Along with the relative 
breadth of coverage acros s  the hospital , which is offered by the 
commercial systems , there is a tendency for a somewhat sha l low 
approach to any individual medical area . 

Medical information systems are offered commercial ly by Bur
roughs Corporation , Data Care , IBM , McDonnell-Douglas , National 
Data Communications , I nc . /Honeywel l  Corporation , and Technicon 
Corporation . Historically it should be noted that the McDonnell
Douglas McAuto System was developed j o intly with the S i ster of 
the Thi rd Order o f  Saint Franci s .  The NDC sys tem was originally 
developed by National Data Communciations , Inc . , later marketed 
j o intly with Honeywel l  ( s ince it uti l iz e s  Honeywel l  compute r s ) , 
and later marketed once again solely by NDC . The Technicon MIS 
system was purchased from Lockheed Corporation and subsequently 
enhanced . 

There are currently s ix instal lations of the Technicon system. 

There are four installations o f  the medical version o f  the McAuto 
system and four install ations o f  the NDC/Honeywell system. Bur
roughs , IBM, and Data Care each have one or two hospital instal
lations of medical information sys tems . The actual count on any 
given day of j ust how many MIS commercial systems are operational 
is always subj ect to dispute . This is because instal lations will 
come and go , and there is no c entral registry for recording new 
sales and/or fai lures . Companies competing in this field a l so 
come and go .  Since the Systemedics survey was completed , two new 
companies have announced medical information systems . These are 
Shared Medical Systems of King o f  Prussia , Pennsylvania , and 
Medicus of Chicago , I ll inoi s . The last reason for ambiguity con
cerning the actual number o f  s uch instal lations is that it i s  the 
marketing policy o f  some companies , for instance Shared Medical 
Systems , to encourage the instal lation of incremental functional 
modules over and above the bas ic accounting packages , so as gradu
ally to conve rt towards a medical information system. 5 7  This is 
the apparent pol icy o f  Medicus Systems as wel l . 4 7  
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All s i x  vendors o f fer application options that include the 
following hospital areas : admi s s ions , medical records , pharmacy , 
laboratory , radiology , nurs ing s tations , dietary , administration , 
bus i ness o f fice , emergency room , and outpatient departments .  
Three o f  the vendors also o f fer packages for heart station , uti l
ization revi ew ,  and surgery . The extent to which these sytems 
can s upport extens ive and sophisticated functions at al l of the 
hospital areas named is said by the vendors to be e ssentially 
unlimi ted . They do caution , however , that the systems must be 
tai lored to local hospital s tandards and procedures .  This i s  a 
reasonable l imitation in cases such as the s tandard battery o f  
orders and treatments .  Such commercial companies , as , for ex
ample ,  Technicon , take the position that they do not propose to 
o f fe r  s tandardized medical treatments as part of their systems . 
They insi s t  that these items be undertaken by the hospital 
sta f f s . In some respects this is not only wise but advantageous . 
The Technicon system in El Camino o f fers the very desi rable op
tion that medication orders may be completely tai lored to each 
individual physician . That is , after identi fying hims e l f  through 
a keyboard entry , the doctor can call up on the cathode-ray tube 
h i s  own particular set o f  commonly used orders and/or drug speci
ficat ions . The system provides him with the capability o f  enter
ing these to begin with , and o f  al tering them at wil l .  Each o f  
the commerc ial systems varies , but all have roughly the same 
operational characteristics . One o f  the consequence s  o f  the 
necessarily disciplined approach to data entry i s  to enhance 
comp letene s s . The systems have the ability to prompt . 

The s ix systems di f fer in the data entry modalities employed .  
The Technicon system uti lizes CRT ' s  and a l ight pen . The NDC/ 
Honeywel l  VITAL system also uti l izes a CRT terminal , but this 
includes special funct ion buttons and a badge reader . McAuto 
and IBM systems uti l ize a variety o f  s tandard terminals . The 
first system , Technicon , is designed to encourage direct data 
entry by the physician ;  the last three systems present this pos
s ibil ity , but do not normally operate with phys ician entering 
e i ther data or orders . 

Some o f  the commercial systems are quite s izable . The number 
o f  computer terminals employed is : Technicon Corporat ion , Maine 
Medical Center , Portland , 107 terminals ;  Technicon Corporation , 
El Camino Hospital , Mountain View , Cal i fornia ,  56 terminals ;  NDC/ 
Honeywell , Deacone s s  Hospital , Evansvi lle , Indiana , 83 terminal s ;  
McAuto , Mis souri Baptist Hospital , St . Louis , Missouri , 40 ter
minals . The cost o f  these systems i s  said to vary between $4 
and $6  per day per patient . 

There are l imitations upon all the commercial systems de
s c r ibed . In no case do the systems accept phys icians ' progress 
note s , the patient history , nor the results o f  the general 
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examination b y  the physician . Since these three types of infor
mation are central to the trad itional medical record , it appears 
that the present-day commercial systems fal l quite short o f  being 
truly medical information systems . 

Systems of Historical Interest 
The G . E .  Medinet Di vision was estab l i shed in June 1966 , and its 
completed computer center and permanent o ffices dedicated on 
May 1 1 , 1967 . It proposed to o ffer compute r  services of a wide 
variety to health care institutions anywhere in the country via 
t ime-shared computers and connected by dedicated telephone l ines 
and transmission networks . The parent company , General E lectric ,  
already had the advantage o f  a n  extensive telecommunications net
work on a nationwide scal e . 

Medinet ' s  initial plans cal led for services to be provided in 
the fol lowing hospital and clinic appl ication areas : admiss ion 
and discharge , laboratory reporting , doctors '  orders , pharmacy 
and medications , medical record statistics , inventory , patient 
b i l l ing , and hospital payrol l . 4 8 

At its peak it employed 106 individuals in the categories of 
programmer and hospital or systems analysts . Hardware deve lop
ment included production of 400 custom compute r  terminals based 
on the KSR33 teletype . A central computing complex was bui l t  up 
based on the GE-485 with smaller Honeywel l  process control com
puters in the proposed message network . Software developments 
included creation of a new s tring-process ing interpretative lan
guage and special file procedures . 

The sys tem was demonstrated at the American Hospital Associa
tion meeting on August 12 , 196 7 . At this time , a press release 
announced that " nationwide availabi l ity of the system to the medi
cal community would not come unti l  late 1968 or early 1969 . "  

A major administrative reorganization was announced publicly in 1 
December 196 7 .  Early in 1968 it ceased to make o f ferings o f  medi
cal computer services and e lected to make o f ferings o f  business 
office and administrative services , aiming at a potential of 600 
hospitals .  At this time , Medinet had spent about $ 16 mi l lion on 
systems development , mostly aimed at the medical information sys
tems market . 

The Medinet Divis ion was el iminated as an administrative entity 
in April 1975 . 

Kaiser-Permanente MIS : By far the most advanced of al l Americ� 

general MIS ' s  was that at Kaiser-Permanente . The destruction of 
what had been bui lt can most s imply be attributed to unique and 
unfortunate circumstances . 6 6  
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The original multiphasic screening system had been bui lt as 
a response to internal company needs and cl ient demands . Twelve 
years o f  deve lopment were financed internally and succes s ful ly 
be fore any government research funding was accepted . 

At its furthest development ,  thi s  system inc luded extensive 
general outpatient screening and fol low-up data J data for a spe
cial , prospective study on bene fits o f  periodic health examina
tion on a population of 10 , 000 , an emergency room patient record 
and physician ' s  assistance function , prospective records on pa
t ient pharmacy records J and a developing system of hospital ter
minals for orders , record-keeping , and reporting . 

At a critical j uncture , when there were very serious technical 
prob lems during expansion , the two major sources of federal fund
ing were prec ipitously withdrawn . These were : designation as 
one of a dozen Health Service Research Centers , fol lowed by the 
e l imination of the federal program for all such centers , and can
c e l l ation o f a ma j or contract with FDA for important prospective 
drug reaction and toxicity studies . 

The Medical Methods Research Group was in essence pulled o f f
balance by the el imination o f  research support o f  developments 
that h ad been premised upon a balance of service and research 
funding . 

Missouri labora tory systems : The laboratory system based upon 
on- l ine computer terminals at the University of Missouri was an 
ear ly one , developed in 1 96 3 . 3 6 This system succeeded an even 
e arlier o ff-l ine automated reporting system . 3 5  The off- l ine sys
tem was developed with institutional funds . The on-l ine system 
was developed with NIH research grant support . 

Taking the on-l ine system as an example , one may note that the 
technology was succes s fully implemented with in budget and on 
s chedule in 3 years . Fol low-up and internal evaluation studies 
were completed . 3 7  The host institution assumed the enti re cost 
o f  the operation of the system. In many ways the system achieved 
a l l  of its obj ectives , and succeeded in satis fying the then cur
rent NIH standards for success . Namely , it "worked , "  and it was 
adopted by the hospital . 

The sys tem continues to this day (with evolutionary improve
ment) . It has had no federal research support for 11 years . 

On the negative s ide , however , i s  the fact that the absence 
o f  research support for this application has meant that no re
s e arch has been done on the system per se for 11 years . Con
s equently , it is  now patched , ine fficient , out of date , and 
incompatible with the many advances and changes in laboratory 
technology which have arisen in the past 11 years . The programs 
are sti l l  doing their j ob .  There is no parallel manual arrange
ment . Yet this system is no longer innovative . Consequently , 
i t  is no longer able to exert a bene ficial influence upon the 
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development o f  laboratory systems elsewhere , nor t o  enhance the 

d i f fusion o f  MIS technology more generally . 

BARRIERS TO THE DEVELOPMENT OF MEDICAL INFORMATION SYSTEMS 

Opera tional Difficul ties 
Throughout many system developments , implementations , and evalu
ations , certain dif ficulties have been reported by the authors 
involved with surprising cons istency . While it is di fficult 
to c lass i fy each and every problem, i t  is c lear that these bar
riers are technical , social , and managerial . For thi s  reason 
at least some of the barriers to MIS development could be con
s idered to be s imilar to those associated with any large and com
plex sys tem e ffort . Nonetheless , they will be recapitulated 
brie fly , s ince these are the raw data of our review . After this 
we wi ll examine the poss ibil ity that two c ategories o f  obstacles 
are more or less inherent in the particular medical appli cation 
area . 

A variety o f  Problems Described by MIS Designers 

Many investigators identi fy thei r  problems in terms that echo 
Col len ' s  formulation . 1 3  After an analys i s  o f  success ful and un
succes s ful attempts to produce operational medical in formation 
sys tems , 2 1 Co l l en concluded that the reasons for failure were : 
" ( 1 )  a suboptimal mix of medical and computer specialists • • •  
( 2 )  inadequate commitment o f  c apital for long term investment 
. • •  ( 3 ) a suboptimal system approach " ( th at i s , either in
abi lity to fuse incompatible subsystems or a too grand initial 
total des ign ) " ( 4 )  • • •  unacceptable keyboard terminals • • •  
( 5 )  inadequate local management . " In  his view , factors that 

would tend toward succes s  would be correction o f  all the above 
deficiencies . He feels that for success " a  hospital ( or group 
o f  hospitals ) of suf ficient s ize is required , with e f fective 
organization and management by technically sophisticated men 
who can make reliable decisions a fter cons idering technological 
alte rnatives . "  

In a recent survey o f  automated ambulatory record systems , 
Henley and Wiederhold summarized the "problems encountered " at 
each of the system s ites visited . Their list is remarkably sim
ilar to Col l en ' s ,  and like his i s  a combination of technologic 
di f ficulties and social and management problems . Examples o f  
the former are : "man-machine interaction l imited " and "diver
s i ty of • • •  record formats " and " voluminous text . " Examples 
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o f  social barriers inc lude " lack o f  interest from • • •  manage
ment , "  "poor management interface between [ un iversity and health 
c are facil i ty ] " and " ci ty funding intermediary has other pri
o r it i es . " 2 6  

Another viewpoint on barriers and l imitations i s  presented by 
Friedman and Gustafson . 2 2  Among othe r things they conclude that 
a critical fault has been in " not succeeding in producing appli
cat ions whi ch exceed the capabilities of the physician without 
the computer . " 

In a review o f  28 computer proj ects in health care , Giebink 
and Hurst in 1 9 7 5  report in each case on the developmental and 
operational problems as perceived by directors o f  the pro j ects . 2 3 

Th i s  valuable l i s t  contains the same mixture o f  technical and 
social problems . Examples of the former are : "moving head disk 
h ardware problems , "  " no back-up computer system , " " slow response 
time of terminals and unrel i able terminal s , "  "ma j or technical 
p roblems in compute r representation o f  extensive medical logi c , "  
and " overly optimistic expectations for speedy implementation . "  
Explicit examples o f  social barriers are : " c l inics ' res istance 
to change , and social problems resulting from change , "  "poor 
acceptance of the system because o f  ' top down ' deci sion making 
in its creation , "  and " insecurity of future funding . " 

Di fficulty with the management o f  complex systems was also 
a theme repeatedly reported . One pro j ect manager said that the 
sys tems finally became so complex that he could not implement pro
gramming changes and additions without intolerable delays . 1 3  Re
grettably , that particular proj ect manager i s  h imself experienced 
and extraord inarily competent . Much s impler di fficulties in the 
management o f  technical work forces baffle other pro j ects . There 
are excel lent managers for highly technical l arge tasks { wi tne s s  
t h e  NASA succes ses ) ,  but they are rare and apparently not o ften 
associated with MIS developments . 

The Particular Problems o f  Computer Hardware and Software 

While there have been vast improvements in computer hardware 
during the past 20 years , there are still  obvious ma j or de fects 
and obs tacles . Awkward , s low , e xpens ive computer terminals have 
been an impediment to all  computer system builders . Likewise , 
al l use rs suffer from the mal functioning o f  moving head disk in
formation s torage device s .  In spite of encouraging increas es in 
disk s torage capaci ty , large medi cal record files still  frequently 
exceed s torage capac ity of many systems . In a sense thi s  i s sue 
is something of a trade-o ff against costs . That is , at a greater 
cost one can o ften obtain an increase in s torage capacity . Yet 
the combination o f costs and direct access memory c apac ity re 
mains a general problem. 
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Computer rel iabi l ity has l ikewise improved enormously . Yet 
people expect more of computers now . Cl inical systems must be 
reliable , j ust as many other critical control systems must be . 
In the case o f  missile launches ,  the costs are acceptable . In 
the hospital , they are not currently acceptable . 

One example o f  this problem ,  and a workable solution , i s  the 
Technicon MIS at El Camino Hospital . A backup computer is avail
able at a service center for reliabi l ity .  The records given 
Wiederhold2 6 showed that the backup machine was used an averag� 
of 33 minutes per day . When billed by the minute , the redundancy 
is quite inexpensive . In this case , Technicon is able to use the 
backup machine pro fi tably in other tasks . Had the hospital been 
obl iged to keep a second machine , as Kaiser had to for their 
pharmacy and ward terminal sys tem , the costs of the system would 
have been doubled . Rel iability is still a major impediment to 
medical in formation system implementation in most settings . 

So ftware development costs remain high , and progress remains 
slower than in hardware systems . The software inter face is still 
with the computer professional , rather than with the phys ician 
use r ,  or with the other subj ect matter experts . This tends to 

increase personnel costs and to make management o f  system rede
sign difficul t .  Worse yet , it tends to separate the health care 
pro fess ional s  from direct participation in the c reative aspects 
o f  the application development .  

Medical Barriers to Medical Informa tion Sgstems Development 

There is nothing about the computer techniques used in medical 
information systems that makes them in any way fundamental ly di f
ferent from such systems in nonmed ical f ie lds . There are , how
ever , two special nontechnical barriers that have to some extent 
been inherent to the medical appl ication . These are : l imitat ions 
on the state o f  medical knowledge about i l lnes s  and health , and 
l imitations on the state o f  medical systems management . 

Limitations o f  Medical Knowledge 

There s imply is sti l l  much art in medic ine . Often thi s  is 
inherent to our ignorance o f  bas ic bodily mechanisms and mental 
processes . Friedman and Gusta fson warn that we must try to make 
computer systems that do things phys icians cannot do . 2 2  Yet at 
least one barrier to this happening certainly is to identi fy the 
person with the idea . There are ways to encourage more people , 
and even more imaginative people , to j oin the field . Stil l , the 
fundamental barrier is the idea for the sign i ficant new medical 
function that can be accomplished with the help of the computer . 
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I t  is the occas ional insights into useful new information 
systems tasks that create major bene fits from computer-based 
systems . The alternative is merely automation of current 
practices . 

2 1 5  

In th e  u s e  o f  data base systems for patient and medical rec
o rds , this d i fficulty is most apparent . For example , after one 
knows or guesses that the variables " first trimester pregnancy" 
and soporific " Thalidomide" are relevant to the diagnosis 
"phocomelia , " it i s  technically easy to construct the appropri
ate data base system for patient records . The same is true of 
preparturient estrogen therapy and endometri al adenocarcinoma , 
o r ,  o f  leukocyte antigen typing and spondylol isthesis , and also 
o f  a variety o f  industrial carcinogen exposures and drug-drug 
i nteractions . In the absence of such fundamental health knowl
e dge , enormous complexity is required o f  the data base systems 
in o rder to " shoot in the dark " searching for relevancy among 
the patient record variables .  

Undesirable medical practices stem from this incomplete knowl
edge . These include irregular terminology and ad hoc identi fica
tion systems . Both present serious barriers - to automation . The 
language of medicine is s imply unstructured . This lack o f  stan
dard vocabulary is a considerable obstacle to the creation o f  
medical information systems , a s  wel l  as to th e  transplantation 
of a given success ful system to other locations . 

The second difficulty is comparable but not so easily solved : 
the problem o f  identi fication of individuals , thei r  medical 
sample s , and observations about both in a computer-based infor
mation system. Corn f lake boxes and railroad cars are now made 
with " zebra stripes " �  people are much more di fficult to identi fy . 

Limitations o f  Management o f  Medical Systems 

The second barrier that is pecul iar to medical information sys
tems is the medical environment , or what is  now more properly 
cal led the health care systems environment . The u . s .  health care 
system is made up of thousands of relatively autonomous units , 
centering on large hospitals ,  which are themselves made up of 
relatively autonomous divisions and departments .  There i s  no 
common ownership nor meaningful ly common accounting system . In 
addition there is an apparent shortage· here too of individual s  
capable o f  managing- -or even rearranging--complexity . T o  the 
extent that health care ins titutions do not work smoothly and 

sensibly with one another , the medical information system cannot 
be shared or transplanted . To the extent that health c are insti
tutions are balkanized into smal l administrative parce l s , the 
information systems mus t  of necess ity be smal l as well .  I t  is 
quite c lear why minicomputers are so popular in medicine , and why 
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large data base systems are so rare . The mini system matches 
the miniadministrative fie fdom. The large data base systems rep
resent one o f  the many institutional goals to which the institu
tions o ften cannot manage their way . 

Socioeconomic Barri ers to Medical Information Systems Development 

Health Pro fess ions ' Response to In formation Systems Technology 

C learly technical changes can and general ly do occur more rap
idly than society ' s  adj ustment to them . 4 9 , 6 3 Thi s  has certainly 
been true of computers in general , medicine in general , and the 
combination of the two fields in particular . Evidence for this 
can be s een in the shortages even today o f  ski lled and experienced 
computer technologi sts and the even smaller number of medically 
trained individuals who have experience or cross-training i n  com
puter or information science . Medical school curr icula have been 
notoriously s low to change , so that none currently provide formal 
courses in computing to students o f  medic ine as a part of their 
regular curricula . Likewis e  no testing for information-processing 
ski l l s  is inc luded on the examinat ions of the National Board of 
Medical Examiners . Thi s  i s  in spite o f  the fact that the M . D .  
exam itself is totally processed and s cored b y  computer . 2 B  

Postdoctoral training in medical computer work i s  provided at 

eight institutions . 5 0 The oldest program i s  5 years old . 
Problems with operational medical information systems a l so 

attest to the claim that soc ial engineering proceeds less rapidly 
than hardware engineering . There are repeated mentions of d i f
ficulty in getting communication between medical and computing 
personnel on the same research team, and in estab l i shing communi
cation and cooperation between health care ins titutions in the 
same city .  

What i s  demanded o f  the development o f  medical information sys
tems is creativity and technological innovation . No one knows 
very surely how to manage the creative proce s s , in sc ience or e lse
where . The building of medical information systems is known to 
require teamwork by a multidiscipl inary group , which complicates 
matters by adding a substantial management problem .  Furthermore , 
the activity i s  expected to proceed in the face of unstable f i 
nancing , intermittent encouragement from government , and dis incen
t ives from med ical specialty societies . None o f  the latter have 
requirements for nor " give cre.dit " for computer and in formation 
systems experience as part o f  their postgraduate educationa l cur
r i culum. Hence , they strongly penalize those who inve s t  post
graduate training years in obtaining computer skill s . 
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Al l in a l l , there i s  a long way to g o  before social adaptat ion 
to the computer has caught up wi th the technical state of the 
art . 

The Computer Indus try ' s  Respons e  to Medical Needs 

There has at times been moderate enthusi asm for developing 
a nd marketing medi cal information systems . In 1 9 7 3  Ball reviewed 
1 5  commercial systems . � By 19 7 7 , six of the companies were not 
in the MI S business . 

Major companie s  leaving the computer field altogether have 
included RCA and GE . IBM , an early enthusiast for medical inform
ation systems , has virtually abandoned medicine as a high -pr iori ty 
marketplace . 

There are o f  course s t i l l  large numbers o f  computers going into 
hosp i ta l  business offices to do accounting j obs . One can only con
c lude that indus try takes its mandate from stockholders to maximize 
pro f i ts over the long run , and that medical appl ications , e spe
c i al l y  medical information systems , are not j udged to be the mos t 
pro fitable investment . 

Yet the re are profits to be made elsewhere i n  the medical com
puting field . Witness the installation in the Uni ted State alone 
of 3 20 computer tomography units ( i . e . , CAT s canners ) at about 
$ 50 0 , 00 0  each wi th another 2 24 units approved and the orders on 
back log as of July 1976 . 3 Witness 11 u . s .  companies in the market
place , and 8 foreign competitors . Note that all thi s  has trans
pi red s i nce Hounsfield ' s  first demonstration in England in 1 9 7 1 
and in the United States in 1 9 7 2 . CT and MIS developments have 
much in common . The computer tomography problems are both cha l 
lenging and scientific . They involve multidiscipl inary teams for 
advances in the state of the art . The s tate of the art has ad
vanced , indeed quite rapidly . Third-generation equipment has been 
announced whi l e  there is s t i l l  a backlog o f  orders for fi rst
gene ration EMI scanner . 

Contrasting the prob lem o f  s low development o f  medical in forma
tion systems with all

.
too rapid diffusion of the techno logy o f  

computerized tomography presents the question : Why the d i f fer
e nce ? One can only conc lude that industry does not " respond to 
e conomic and scienti fic challenge " at all . I ndustry re sponds to 
opportunities to sell  hardware at a pro f it . Customers l ikewise 
s eem to buy more of those hardware items with which they in turn 
can increase earnings . Computer tomography units inc rease hos
p i ta l  and pro fessional earnings . Automated laboratory instruments 
increase hospi ta l and professional earnings . Med ical in format ion 
systems cost everyone a great deal of money and anguish . 

I f  the des ired outcome o f  the deve lopment o f  medical in forma
t ion systems is really recogn ition o f  new d iseases , or creation 
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o f  community medical data bases , or more complete reporting to 
PSRO or Medicare intermed iaries , or shorter hospital iz ations 
for i l lnes s , or recogni tion of occult disease in ambulatory 
population , then someone i s  needed to pay for these outcomes . 
All the outcomes are des i rable ( and even cost j us t ifiable ) on 
the bas i s  of soc iety as a whole and within a time frame of dec
ades . Yet each of them e i ther decreases the revenues of an in
dividual hospital , or increases health care overhead in the short 
term ,  or both . In no case do any o f  the most des i rable outcomes-
so long pursued--present the opportunity to offer the manu fac
turers the kind of hardware sales " chal lenge " that compares with 
e i ther s imple automation or new and costly measurement technol
ogy , nor even j us t  selling a few more accounting systems . 

IMPACT OF PUBLIC POLICIES ON THE DEVELOPMENT , ADOPTION , AND 
DIFFUSION OF MEDICAL INFORMATION SYSTEMS 

Federal Research Policies 

Research Support for Computers in Medicine 

The creation o f  hosp i tal accounting and business o f f ice 
computer-based i n formation systems has proceeded on the bas is of 
local funding and commercial deve lopment and sales . This appli
cation area for computers has been recognized for many years as 
more or less analogous to bus iness o ffice and accounting func
tions in other institutions . Hence it has always been an oppor
tun i ty for entrepreneurial development ,  the success o f  wh ich 
could be measured by cos t  reductions , labor savings , or at least 
some k ind of suitable cos t  displacement . 

I n  contras t ,  attempts to develop research applications o f  
computer-based information systems i n  medical areas has neces
sar i ly had to be contingent upon fundi ng cum research . S ince the 
end of World War I I , the federal government has become far and 
away the larges t  funder of medical research . Consequently ,  it 
was o f  great impo rtance to the development o f  medical i nformation 
systems that such e fforts were formally recognized as legitimate 
research . Thi s  recogni tion came in 1960 with the estab l ishment 
at the Nat ional Institutes o f  Health of the Advisory Committee on 
Computers in Research , which was charged to define general areas 
o f  biomedical comput ing and to s timulate interes t  in them . 4 3  

This group was establ i shed as a regular S tudy Section on Computer 
Research in 1964 . It became the Computer and Biomathematical 
Sc iences Study S ection in 1970 . The Study Section was abol ished 
on June 30 , 1 9 7 7 . 

With the creation of the Health Services and Mental Health Ad
mini stration and its National Center for Health Services Research 
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and Deve lopment in 1969 , additional s tudy sections were created 
that had the ab i li ty to support some aspects o f  the development , 
diffusion , and evaluation of the technology o f  medical informa
tion systems . Certain speci al aspects o f  such systems have 
a l so been supported by the National Library of Medicine through 
the B iomedical Library Review Committee . The NLM has also been 
the main support for training programs to provide the special 
education and experience , both pre- and postdoctoral , to individ
ual s  entering thi s  field from medicine , as wel l  as from the 
computer-related disciplines . 

I t  should be emphas ized that , regardless of whether one consid
ers the priorities and funding policies of these institutions to 
have been wis e  and/or consistent , they did nonetheless give le
gitamacy to attempts to explore and define research users of 
medical i n formation systems . 

Government-Sponso red Computer Centers 

The initial research grants from NIH in thi s  area took the 
form of fac i l i ty support awards . These were made to encourage 
and subsidize the c reation and operation of computing fac i l i ties 
in s e lected major medical centers .  The purpose o f  the fac i lities 
was by no means specific to medical information system develop
ment . Rather , they were to provide appropriate and convenient 
c omputational support to b iomedical investigators i n  the local or 
regional environment . E f forts to develop patient data base sys 
tems came relatively early . The most general rationale was rea
sonabl e  enough : name ly , to render the records of patient care 
suitable to be the subject of research . 

The NIH s upported computer centers were roughly comparable 
with the general univers ity computer centers that were obtaining 
financial support at the same t ime from the National Science 
Foundation . Both agencies soon found that the country ' s  appetite 
for such funds was large , indeed beyond the agencies ' means . 
Both began encouraging the computer centers to shi ft to " fee for 
s e rvice " mode of operation , so as to be sel f-sustaining a fter the 
initial federal subs idies were withdrawn . Univers i ty and medi
cal fac i l i t ies managers were encouraged to take a strong adminis
trative hand , so as to shift the operational costs to the 
i ndividual institutions . Simi larly , individual investigators 
were obliged to budget for ,  request ,  and de fend computer use 
charges as an integral part o f  their individual grant appl ica
tions . The various scient i fic study sections were instructed to 
honor these requests ( when the research proposals themselves were 
mer i torious ) ,  because computing was no longer free . 

The net e f fect of these moves was to encourage--almost to com
pel--the deve lopment o f  large central computing fac i l ities at 
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maj or medical centers . Thi s  has turned out t o  b e  a mixed ble s s 
ing . A t  least , however , i t  wa·s accompanied b y  a legitimizati on 
o f  attempts to utilize information systems in support o f medical 
research , thi s  i s  to say , to support the asking o f  new ques tions 
about human health and d i s eas e , and to support attempt s  to do 
new things in health care by using the emerging computer-based 
in formation proces s ing technology . 

E f fects on Medical In formation System Development 

Biomedical research support has been provided through rela
tive ly short- term funding of general ly modest size . Regrettably ,  
thi s  pattern has never been suitable for computer proj ects . 
Lusted4 3  said that even in 1960 i t  was apparent that computer 
grant applications d i f fered from all other k inds o f  grand re
quests by being for larger s ums of money and by including the 
puchase of computers ( ce rtainly a long-term commitment) within 
the request . Development o f  information systems has never been 
compatib le with year-to-year funding mechani sms . The fact that 
the professional l i terature is not full of such pleadings i s  
merely an art i fact o f  the policies o f  re fereed j ournal s  and the 
chameleon nature o f  information sys tem developers . 

Afte r conductin� a survey o f  health comput ing pro j e ct s , 
Giebink and Hurst2 conclude that funding policies placed a "pre
mium on quick transitions from applied research to operati onal 
demons tration . "  They identi fied two serious undesirable con
sequences of this policy .  First , systems were declared opera
tional be fore they actually had been ful ly developed . Second , 
" much research e ssential to subsequent deve lopment" was never 
performed . The i r  implicat ion is that there was not t ime within 
the original grant award period to comp lete al l essential re
search , and that it could never subsequently be j usti fied for 
funding because the investigator was obliged to " go operational . "  

Encouragement o f  Medical Informa tion Sys tems Development 

In the l i ght o f  ever clear hindsi ght , one must conclude there 
has not been a systematic federal government plan for deployment 
of the technology of medi cal information sys tems . Several is
sues requi re spec ial notice . Thes e  are : ( 1 ) mention of formal 
views concerning the sequence by which technologic innovations 
can progress , ( 2 ) the t ime frame for such accompl ishments ,  and 
{ 3 ) the magni tude o f  developmental cOsts . 
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Sequence o f  Technologic Innovation 

Students of h i s tory , sociology , and engineering note a number 
o f  s tages that technical innovations go through be fore becoming 
accepted as traditional marketplace items or services . Fre
quently the s equence is represented to be : re search , deve lop
ment , demonstration , comme rcial prototyping , production . Some 
wri ters show " invention" or "discovery " preceeding this l i s t . 
S ome show "marketing "  as fol lowing the l i s t . Whatever terms 
b e s t describe th i s  process , i t  i s  clear that trans itions between 
the s tages occur at irregular interval s and that total costs for 
each phase typical ly increase as one moves toward the market . 
Ce rtainly i t  i s  c lear that there i s  a major hi �tus between a 
s c ienti fically interesting and val id research sys tem and any
th i ng that could be cons idered commercial ly practical . 

For medical information systems , the hiatus between scien
t i f i c  succes s  and succes s ful demons tration in a somewhat more 
practical environment i s  mi rrored geographical ly by the distance 
f rom the NIH campus at Bethesda and the HSMHA ( later Health Re
sources Adminis tration ) in Rockvi l le , Maryland ( later moved to 
Hyattsvi l le ) . 

Pro j ects have exi sted in which demonstrations o f  i n formation 
s y stems ( and other hea l th care innovation s )  required support .  
The Health Resources Adminis tration has been authorized--al
though not always sufficiently we l l  funded--to support such dem
onstration and evaluation pro j ects . The trans it ion from research 
s upport by NIH to HRA support for hospital demonstration can be 
rough , but some pro j ects have survived it . The trans ition from 
HRA support to commercial viab i l ity is unheard of for anything 
a s  large as a medical information system.  

Officials o f  funding agencies and pee r  review groups who 
undertake review o f  research grant proposals have been unaware 
o f  the problems of trans i tion . It has always been considered 
a wise plan to propose withdrawal o f  federal funding and sub
s t itution of hospital or institutional support for systems once 
they have achieved thei r  research obj ectives . On the other hand , 
one mus t  acknowiedge that very frequently the hospital support 
has not been forthcoming . 

The results o f  scienti f ic research , that i s , new knowledge do 
not always--even o ften-- save money for the ins titution in wh ich 
they were developed . 

I n  a noncomputer field , the discovery and creation o f  the 
po l io vaccines did not save any money and sure ly did not make 
money for hospita l s . Indeed they el iminated the patronage o f  
po l io victims . Likewi se , a computer system that has. ·solved some 
aspect o f  medical records process ing , for instance how to record 
automatically a patient interrogation history , cannot save 
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money for the teach ing hospital i n  which the system wi l l  typi
cally have been developed . Consequently , the funds for operat
i ng , transplanting , exporting , and/or expanding such a sys tem 
cannot be demanded of the hos t hospital . 

In brie f ,  there i s  no clear path for a research system to 
fol low that can provide transition to a practice sett ing , unless 
that system makes money for its original host institution . In 
the absence o f  a s trong national policy to manage technical in
novation , the development must add to health costs or i t  cannot 
succeed . 

Time Frame for Accomplishments 

In the s imples t  possible terms , it has been the mis sion of 
NIH to support research , and it chose to include medical i nfor
mation system research in thi s  miss ion . The support has always 
terminated once the scient i fic success of the pro j ect has been 
declared { or earlier in the case o f  a fai lure)  • Research grants 
have been typical ly 1 to 3 years , never more than 5 years . This 
time frame may be cons i stent with the conduct o f  the research 
phase of a pro j ect . It c learly is not consistent with the time 
frame needed to bring a medical information system to the s tage 
of even a prototype commercial sys tem .  Such systems have been 
shown to require up to 1 0  years for prototype deve lopment . 9 , 2 6  

Completing a s tudy "on time "  in the terminal year o f  a grant has 
pre sented a serious problem : How to provide for trans ition of 
the system to a sel f-sustaining bas i s . Often this translates 
to : How to get the hospital administration to pick up the costs . 

The Magnitude o f  Developmental Costs 

S ince no real example exists of a ful l  Medical Information Sys
tem in a practical environment , i t  may be i l lusory to speak de
finitive ly of developmental costs . Nonetheless one can reason 
from the s ubs tantial developmental costs that have been reported 
for existing partial systems . Henley and Wiederhold report on 
deve lopment costs for nine operational systems that had been de
s i gned to be full MIS ' s  for ambulatory patients . 9 r 2 6  Cos t s  for 
the nine ranged from $ 2 3 0 , 000 to $ 1 0 , 000 , 000 . Five o f  the nine 
had deve lopment costs greater than $ 1 , 000 , 000 . The f ive had an
nual costs for continu ing development that ranged from $ 1 5 4 , 000 
to $ 5 3 9 , 000 . Thi s  study did not include hospital M IS ' s . In this 
category , the National Data Communications/Honeywe l l  system cost 
$ 1 2 , 000 , 00 0  to develop . 6 2  Development costs for the Technicon 
MIS were reported to be $ 25 , 000 , 000 . 

It is a serious problem that no operat ional unit of the De
partment of Hea lth , Education , and Wel fare actually has grant 
budget s  of the magn itude required to support the big systems . 
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Research grants typically run $ 30-$50 thousand per year . Re
s earch grants for computer work typically are somewhat larger : 
perhaps $ 2 5- $ 1 50 thousand per year , with real ly large ones reach
i ng $400 thousand per year . In the aggregate , of course ,  DHEW 
spends substantially for support o f  biomedical research . The 
amounts available to single functional office s , however , are 
typically small compared with the magnitude of commitments that 
appear to be required to " see through " the development of a · 
medical information system. 

Heal th Care Reimbursemen t Pol i ci es 

The most pro found e f fect upon medical in formation systems cer
tainly was the initiation o f  the Medicare system under PL 89-97 
( 42 USCA 1 39 5  e t  seq . ) .  This program, with its series o f  en
t itlements of an ever larger number of individuals , provides 
for reimbursement to hospitals ( and under Medicaid to physicians 
and other providers ) of actual costs of care for citizens 65 and 
older ( plus other entitled groups ) . The enumeration of ch arges , 
the j usti fication o f  costs , the certi fication o f  entitlement , 
and the huge cash flow problems associated with delayed and 
partial reimbursements have forced all hospitals to devote 
g reatly increased resources to these busines s  of fice matters . 
The expenses are " reimbursable " and as such are folded into the 
ris ing per diem bed charges . With space at a real premium in 
most hospitals and trained clerical personnel never plenti ful , 
most hospitals have been quite wil ling to s hi ft these costs to 
s upport o f  computer instal lations or services , and to support o f  
the administrative portions o f  medical in formation systems . In
deed these federal programs have created whole industries within 
the computer field that prosper mightily in computing , printing , 
and even reading the documentation o f  the health care services 
required for " third party" reimbursement . 

An example o f  the· new computer services ( outside the f ield of 
medical information systems per se ) is Electronic Data Systems 
Corporation in Dal las . Computer processing of Medicare claims 
by this company constituted a $ 1 3 3  million busines s  in 1 976 . 6 4 

With respect to the effect of this legislation upon hospital s , 
f igures are a bit hard to come by concerning the increases in 
busine s s  office personnel associated with Medicare per se . 
Everyone agrees they are substantial . One isolated example may 
be offered . The University of Missouri Medical Center in Colum
b ia found that , as a direct effect of Medicare , it had to in
crease its bus iness office claims processing staff from 25 to 3 2  
and increase the record room staff from 2 2  to 26 . I n  1 97 6 ,  8 2  
percent of the 2 , 800 hospi tals with 1 0 0  beds o r  more had com
puters or used computer service bureaus . 6 2 
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This strong increase in demand for account ing-oriented in
formation systems for hospitals and c l inics has had absolutely 
no e f fect upon the development o f  the medical components o f  
medical information systems . How can th is be ? 

I t ' s real ly qui te reasonable . A system does not need to con
tain any medical information in order to print a val id and cur
rent b il l , any more than the Texaco Company needs to understand 
one ' s  vacation plans in order to forward gasol ine charge tickets . 
The hospital account ing systems are not really s imple , but they 
are wel l  within the s tate of the art . No research is needed . 
Their purpose i s  to col lect bi l l s , e i ther from the patient {who 
used to pay far smaller and s impler statements than he now re
ceives ) or from the federal government ' s  Medicare intermediaries . 
Adding medical in formation to the accounting sys tems would be 
cost ly . It i s  not requi red and it wi l l  not be done under the 
present system. Indeed the cos t  o f  adding medi cal in formation 
would probably not be cons idered " reimbursab l e "  or "al lowable" 
by the same i ntermediaries who currently wonder at increasing 
hospital costs . 

Regula tory Legisla tion 

Monopoly and Res traint o f  Trade 

The only obvious e f fect upon medical information systems from 
our ant imonopoly pol icies has been to preclude �e deve lopment 
o f  systems j ointly between equipment manufacturers . Thi s  is prob
ably not a maj or d i sadvantage to the field except in the medical 
appli cation areas using remote terminals and telecommunication 
systems . Here it is a definite disadvantage . Our strongly com
petitive system has resulted in much del iberate bui lt- in i ncom
patib i l i ty .  Manufacturer A ' s  terminal s  simply are personna non 
gra ta on Manu facturer B ' s  te leprocessing uni t .  I n  spite o f  
s tandards for the hardware interface { e . g . , EAI pin spe c i fica
t ion s )  and s tandards for the data format { e . g . , ASC I I  character 
definitions ) ,  there are many other means to assure incompatabil
i ty { transmi s s ion protocol be ing the neatest ) . Mixed systems 
do not happen frequent ly . I f  i t  is true that the developer of 
a medical in formation system should not be attempting fundamen
tal computer research , then his only reasonable recourse is to 
develop sys tems based upon the equipment of a s ingle hardware 
manufacturer . This is almost universally the pattern . 

This is a marriage o f  great inconvenience . It has the pre
dictable consequence that transportabi l ity of any system to 
anothe r location is dependent upon compatible { i . e . , identical) 
computers being avai l able at the two or more locations involved . 
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I n  the case o f  good systems or subsystems , i t  puts the developer 
i n  the role o f  being an unpaid hardware salesman . 

Patents 

This issue is discussed in a s eparate report . 

PROBLEMS IN EVALUATING MEDICAL INFORMATION SYSTEMS 

Some s tudents of technology have distinguished between three 
s tages of work : invention , innovation , and d i f fusion . In  this 
s cheme , invention i s  more or less equivalent to the early or 
fundamental phase of bas ic research . I nnovation is taken to be 
the first success ful appl ication of the bas ic research . Thi s  
i s  equivalent to the s tages in other schemata that are variously 
cal led technological development and demonstration . The d i f
fus ion s tage i s  taken to be the widespread repeti tion of the 
innovations . Thi s  corresponds with stages that are cal led by 
o thers cl inical trials and implementation , or prototyping and 
production . One writer notes that "only invention de fies cost
i ng or economic fitting . " 1 8 She feel s  that it i s  proper to 
attempt measurement o f  economic cos ts during the s tages of in
novation and d i f fus ion . 

Cos t-Effecti veness and Benefi t Costs 

The cos t- e f fectiveness of a given methodology is traditiona l ly 
measured by comparing it with an alternative methodology . Given 
that the tasks accomplished are roughly the same , then it is not 
conceptual ly d i f ficult to put a relative cost on the two opera
tions . A fami liar and happy example is a manual procedure versus 
a n  automated procedure . It is frequently the case that the auto
mated procedure can be shown more cos t-e ffective . 

Many o f  the components or subsystems of the medical in forma
t ion system can be compared in thi s way with some predecessor 
technology or a manual me thod . Often this is an entirely fai r  
compari son and a n  entire ly sufficient bas i s  for pre ferring the 
cos t-e f fective method . 

I t  should be noted o f  course that human deci s ions are based 
on many factors , and that cost- e f fectivenes s  analys i s  is only 
intended to assist in fo rmal izi ng the relative economic mer its 
of the que stion to be dec ided . 

An example o f  a choice that could reasonably be based upon 
cost-ef fectiveness analysis is that between automated clinical 
chemistry analyzers as compared wi th manual methods . Briefly , 
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the automated system does more tes ts per hour at a small f raction 
of the unit cos t for manual procedure s . 

Assuming that obse rvational data are avai lable for both modal
i ties , then a number of comfortable choice s  exist for ways to 
conclude the analys i s . A reasonable decision criterion might be 
"net present bene fi t , " although " return on investment" might be 
chosen i f  this seemed more appropriate because o f  limitation of 
investment funds . 3 9 

For the case o f  any particular insti tution--as opposed to the 
general case based on ave rage data--there are complications that · 
need to be taken into account in the performance speci fications . 

Many subsystems of what we now think of as a medical informa
tion system can be evaluated by the cost- e f fectiveness method , 
whethe r in the general case based on average data , or with re
spect to a specific insti tution . This method for evaluation is 
suitable for all those subsystems o f  the medical information sys
tem that have a manual counte rpart . Some of the comparisons must 
be contingent upon some condition ( s uch as patient acceptance or 
equal safe ty , etc . ) , but under these conditions the evaluations 
and choices wil l  sti l l  be reasonable from an economic point of 
view . 

The method of cos t-e ffectiveness is unsui tab le for evaluation 
of the enti re medical information system because there is no al
ternative methodology . The raison d ' e tre for MIS ' s  i s  to bring 
together all avai lable parts of the patient record , i . e . , to be 
more than the sum of the parts . Hence , there i s  not a val i d  basis 
for accepting a cost-e ffectiveness compari son . There wi l l  also 
very likely be di f ficulty in getting solid observational data or 
estimations . 

Cost-bene fit analys is is suitable , and cost-effectiveness anal
ysis is unsui table , if one is attempting to answer the question , 
should a new technology ( such as MIS ) be employed? I t  i s  reason
able to question whether to expend resources on MIS ' s  versus some 
othe r purpose . This is a valid application of cost-bene fi t anal
ysis . The analys is wi l l , however ,  require measurement o f  the 
costs and bene fits of all the schemes being conside red , inc luding 
the nonhealth re lated ones . 

One medical information can , of course , be evaluated against 
another MIS , if they are doing the same j ob .  The evaluati on mea
sure , i . e . , the basis for the comparison , could be cost , or thor
oughness , re liabi lity , precision , training requirements , space 
uti lization--one of these or all , weighted or unweighted . 

Such scales are generally measures of the process . In the case 

of methodo logies that have no counterpart or predecessor method
ology--and even in many other circumstances--one i s  urged lately 
to pre fer measures that compare the outcome of employing each 
method , or o f  employing the method in question ( e . g . , an MIS) 
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ve rs us not employing the me thod . Th i s  strategem is use ful 
partly because it tends to ask two questions at once : namely , 
whi ch method tends to reach the goal best , and what i s  the va
l id ity of the goal in any case . It is e specially de sirable to 
e stimate health outcomes for such a compari son . 

One writer warns , however , that : "The growing lite rature on 
eva luating medical care and health status c learly indicates that 
studies rigorous ly documenting re lationships between changes in 
health de live ry proces s  and changes in he alth status are diffi
cult and costly to undertake . " 6 2  

I n  the case of medical information systems the outcomes or 
bene fits to be measured may be speci fied in te rms that are cen
tered upon the patient , the institution , society , or al l of these 
and others . The evaluator can be left to weigh the re lative im
portance of each outcome measure either before or afte r  the anal
ysis has been made . One obvious difficulty is that outcome 
measures that have been expressed in the se various terms wi l l  
often not have the same unit o f  measure ( an d  hence are di fficult 
to weigh or combine ) .  An example of such bene fits might be : im
proved access to care , improved productivity , and patient satis
faction . Second , some outcomes that are thought to be important 
may not have any readi ly apparent uni t  of measure at all . The 
mos t c lassical e xample of such a bene fit is improved quality of 
c are . The l ast dif ficul ty is that some outcomes are not measur
able immediate ly after the methods have been tes ted , and often 
not within the same system under cons ideration . 

An example of the thi rd dif f i culty ,  externalities , arises in 
cons ideration of a universally des i red bene fit : cos t containment .  
I f  the cost saving o f  a given procedure i s  accrued to some soci
e tal unit above that of the insti tution unde r study (e . g . , to a 
community or a s tate ) , then the bene fit may never be measured 
within the ins titution . The obverse , that is , cos t escalation , 
presents a l ike problem. The patient who is denied a computer 
tomography scan at Institution A wil l  not have s aved soc iety ' s  
health care dollars by trave ling across town or across the state 
to get one at Institution B .  

Spec ifically , with respect to the type o f  MIS ' s  providing for 
ambulatory patients , Henley and Wiederhold 9 , 2 6 looked for out
come bene f i ts . In spi te of the obvious difficulties in quanti
tation , they concluded in over hal f of the 1 7  systems visited for 
the purpose of evaluation that "quality of care had been improved . " 
They were not convince d  that MIS ' s  affected the problem of initial 
acce ss to care , although " improved secondary access was a maj or 
bene fi t at many s i tes . "  They found consistent evidence of medical 
information systems contributing to improved institutional manage
ment . Patient s atisfac tion was found to be di fficul t to measure . 
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Few o f  the particular systems they chose t o  vis i t  were imple
mented with research as the primary goal . NOne did patient ed
ucation as an MIS activi ty . 

Afte r thi s  exe rci se in informal and nonquantitative evaluation , 
i t  was c lear that the re were identi fiable bene fi ts , no negative 
bene fits , and readily calculable dol lar costs . To make a formal 
cost-bene fit analysi s  would requi re the following : that one ex
tend the time frame for studying bene fits ; extend the domain in 
whi ch bene fits and costs are measured so as to include the ex
te rnalities (e . g . , other institutions in the communities s tudied) ; 
express bene f i ts and costs in commensurate terms ( i . e . , dollars ) ; 
and s e lect a deci s ion c ri terion . I t  would then only be le ft to 
decide i f  the costs invo lved were of greater or lesser val ue than 
the bene fi ts in the cases studied , and over the range o f  costs 
and bene fits that had been identified . 

At the end of thi s  proces s ,  one would have identi fied the rela
tive economic merits of the question . I f  there were o ther re le
vant aspects of the ques tion of evaluation of MIS systems ( e . g . , 
social , pol i tical , or moral ) , then these could be considered 
again s t  the background of the formali zation of the economic anal
ys is . 

Poten tial Benefi ts From Medi cal Informa tion Systems Uti l i za tion 

There i s  some reason to suspect that the bene fit from medical in
formation systems is a summation of a number o f  small gains , plus 
the ve ry large potentia l  gain in the additional desirable activ
ities that an MIS will  pe rmi t .  Th i s  means that we c annot look for 
al l the bene fit in one place . 

More impqrtant ly ,  however , we should not look for maj or bene
f i ts of MIS support of c linical dec is ion making nece s s arily to 
be re flected in dol lars and cents . The MIS approach at Duke , for 
instance , collects data from many sources to bui ld an i ntegrated 
record for a special c lass o f  cardiac pati ent . The des i red bene
fit is to base the decision for surgical bypass procedures on the 
computer matching of the outcomes of like patients treated by 
medical and by surgical regimens . The system does appear to re
sult in measurable improvement in c l inical deci sion making and in 

improved patient outcome s . It may actual ly be poss ible to asso
ciate a savings in dol lars at least with the cases who avoid sur
gery . I t  may . But the real benef i t  o f  such an MIS i s  the new 
knowledge re levant to prognos i s  and therapy that it produces for 
use by the entire profession . 

The medical i n formation system in radiology at the University 

of Mi ssouri has been thoroughly cost-j ustif ied merely on f iscal 
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operational grounds , but thi s  mi sses the point o f  the real bene
fi ts . l 9 , 3 3  These exi s t  in the research data base , which has 
pe rmit ted forma l ization of the log i c  for medical diagnoses , 4 0 - 4 2 

phys ician ass i stance functions , and the substantial but untouted 
education bene fi ts for res idents and s tudents that the rigor of 
the system imposes . The s ame kinds of bene fits are assoc iated 
with the HELP componen t  of the MIS at the Univers i ty of Utah . 2 3 

Ope ration of the me dical in formation system in the multiphasi c  
screening c l inic a t  Kaiser-Pe rmanente has bene fited medicine i n  
man y  p laces bes i de s  those patients seen a t  the Kaiser Clinic . 1 4  

The bene fi ts inc lude eva luation of screening te sts such as pain 
tolerance , anthropometries , and breast thermography ; refinement 
of normal ranges ; evaluation of stati stical measure s ; val i dation 
of s c reening concepts ; and creation of a valuable health care 
management model . 

Even when one agrees that such outcomes or goals are bene fi
cial , howeve r , i t  i s  not easy to fit the data to a cost-bene fit 
analys i s . As a practical matte r , i t  i s  too easy to fix upon 
financ ial measures . Traditional accounting me thods and economic 
var i ab les often come to dominate sys tem evaluations . 

A potential way around the se di f f iculties may be to pay more 
attention to the evo lutionary s tage in which each system is eval
uate d , and to insist upon us ing only a set o f  measures that is 
re levant to the s tage of deve lopment of the system in ques tion . 
Figure 1 presents an example of such a scheme for evaluations o f  
hea l th care technology a t  various stage s  in a n  evo lutionary pro
ces s . The scheme was proposed by Wal lace and Fairman . 6 7  The 
des cription of di f fusion of technology often provides for five 
s tages . Since pas t analyses have often been more focused on 
hardware deve lopments than health care methods , the last two 
s tages have often been re ferred to as " i ndustrial deve lopment 
and marketing . "  I n  thi s  scheme , the last two s tages have been 
called " c linical trial s "  and "implementation . "  The important 
point is that the gene ral c lasses of eva luation c ri teria that 
are appropriate wi l l  depend upon the stage of the system being 
examined .  The individual measurement to be made (wi thin the 
class o f  e valuation measures ) would not usual ly be dete rmined by 
the i ndividual or local peculiarities of each s tudy s i te . 

Effects of Major Technological and Economic Developmen ts 

Medicine wi l l  continue to be the beneficiary or the victim of the 
large forces of technology and our economy that medicine itself  
does not control or even inf luence . 

I f  the computer hardware were suddenly to become absolute ly 
free , the costs of deve loping medi cal information systems would 
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fa11 more than 2 5  percent an d  les s  than 50 percent . That i s , 
one would be left with the personnel costs (and re lative ly mini
ma1 s upply costs ) and the communication costs . This ignores 
faci 1i ty costs enti rely . Computer projec t budgets made up of 
s 1ightly 1ess than 50 pe rcent hardware and communication costs 
combined and about 50 percent personnel costs have ben observed 
for many years in such pro jects during the developmental 
phases . 3 � , s s  Once ope rational , personnel costs are expected to 
fa1 1  to 10-25 percent of the total budget .  

I f  hardware performance were to become extreme ly re liable be
cause of new technological advances ,  the hardware cost portion 
of medical information systems could be cut roughly in hal f  be
cause of the poss ibility of eliminating the redundancy that i s  
now demanded in order t o  achieve acceptable reliabi lity . 

I f  a new technology were to bring the much prophes ied tril-
1 i on bit direct-access memories at roughly the cost o f  present
day memories , then implementation of medical information systems 
in small or moderate s i zed c linics might become poss ible without 
remote time-sharing to a l arge central compute r .  The consequence 
again would probably be a reduction in cos t , by eliminating tele 
phone line charges and the associated communication device s . If  
the computer costs did not change , and based on current cost ex
pe riences , the reduction in cost could be as large as 50 percent 
of the computer hardware budget .  

A special problem o f  time-shared computer facilities i s  commu
nications costs . These frequently equal the size of the computer 
rental bill . Communi cation costs wi l l  be less i f  time-sharing is 
done within a c i ty .  They approach o r  exceed equality with the 
c omputer costs when time-sharing occurs within a s tate . Intra
s ta te line charges are controlled by state uti lity commi s sions . 
They are verY high as compared with inte rstate long- line charges , 
which are control led by the Federal Communications Commiss ion .  
A change i n  thi s  pol icy wou1d c reate quite a stir in the compute r 
f ield in general . I t  would de finitely represent a maj or influ
e nce upon the costs of shared computer fac i l ities in support of 
medical information sys tems . The future prospects for computer 
communications companies is consequently also much entwined with 
the future re lative cost , and hence the benef it-cost , of medical 
information systems . Under the marketing policy adopted by com
munication companies such as Tymnet ,  the e ffect of the pricing 
po l i cy is essentially to e liminate the importance of the re lative 
dis tance of various users from the computer service provider . 6 5  

The fate o f  such ventures i s  really dete rmined by public policy 
( la rge ly federal ) --not by technology , and certainly not by medi
cal computational considerations . 

Another maj or factor in the future value of all forms o f  auto
mation in medical services , inc luding MIS ' s ,  is the cost of labor . 
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One need not be a seer to recognize that wages in the computer 
and heal th  fields , re lative to anything , have been c l imbing 
steadi ly . Pe rhaps the greates t  s i ng le f actor increasing hospi
tal costs in the last two decades was the Fair Labor Practices 
Act of 1967 . Thi s  bi l l  did indeed put an end to some unfair 
practices , inc luding the extreme underpaying of nonprofe s s iona 1 
hospi tal personne l .  I t  also es sentia l ly imposed a 40-hour work 
week , which was a substantia l  reduction from the minimum 48-hour 
and above that formerly had been demanded . Whether or not the re 
wi l l  be general hospital labor unions in the future , the actua1 
cost of labor in health care fac i l i ties wi l l  be determined by 
general marke t conditions outside of our contro l . By and large , 
more e xpens ive labor has made automation in other f i e lds increas
ingly attractive . I f  this trend continue s , i t  wi l l  encourage 
computer sys tems , e ven medical information systems , simp ly as 
labor savers and eve n  at the leve l of mere automation of manua1 
procedures . 

Effects of Regula tion 
One last large factor confounds projections of bene f i t-costs of 
medi cal information systems . Thi s  i s  federal government poli cy 
speci fically directed to MIS ' s .  Certainly thi s  i s  not a s imply 
economic fac tor , but , in such a field as health , it may we l l  be 
the only factor that real ly matters . We can encourage or dis
courage deployment of thi s  technology ( and quite e f fective ly ) 
s imply by regulation . The requirements for certification for 
Medicare would be a poss ible means , although the re are many o th
ers . Implementation of such systems could be encouraged and made 
attractive s imply by making specified services reimbursible costs . 
I t  would be especially encourag ing i f  these services (e . g . , phy
s i c i an ass i s tance functions , quality assurance analyses , screen
ing s tudies ,  risk estimates , prognoses , treatment plans , or 
patient educational service s ) were made bi l lable as services 
outside the negotiated per diem. Hospitals and practitioners 
have tradi tional ly implemented those services for whi ch there 
was a true marketplace demand . No one can doubt that such a 
policy would create thi s  demand and s trong ly inf luence the dif
fusion of the technology . 

The medical computer market i s  not suff i ciently large as to 
be able to inf luence any of the large technologi c  determinants . 
Consequent ly , to eva luate how economical or how practical are 
certain applications is to guess contingent upon these maj or ex
ternal fac tors . 
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FUTURE MANAGEMENT OF MEDICAL INFORMATION SYSTEMS TECHNOLOGY 

Medical information sys tems technology can be managed unde r a 
variety of governme ntal atti tude s . The consequences are esti
mate d  for three separate paradigmatic views of the f i e ld .  These 
a re essenti a l ly the j udgmental , the observational , and the man
agerial . 

The Consequences of Assuming Tha t We Mus t Examine , Eva l ua te , 
Apprai se , and Permi t 

The present de facto federal policy for managi ng the development 
of medical information systems i s  to shut off research support 
for the further deve lopment of MIS ' s  or the creation of new ones , 
and to emphas i ze e valuation of existing systems . Examination and 
appraisal i s  proceeding , often with bare ly f avorable appraisals . 
Some secondary gains have appeared , mo s t ly in the form o f  we l l
written documentations and analyses that are a g reat bene fit to 
others in this and re lated f i e lds . The antic ipated deci s i on to 
permit or not to permit wi l l  unfortunate ly be based on considera
t ions that may be qui te re levant to some aspects of the hea lth 
plann i ng proce s s  but that may be quite unrelated to the priorities 
and potent ials of the medical informat ion systems themse lve s .  Of
te n  the analyses must l ean heavily upon financ ial measures .  Often 
ther e  are substantial unmeasured benef its in other areas . 

I f  survival of the various forms of MIS ' s  must be dependent 
upon the bes t  we can do now by way of formal cos t-benef i t  anal
yses , then there i s  a clear danger . Sys tems o f  borderline merit , 
whi ch concentrate primari ly upon business office and institutional 
management functions , wi l l  be "pe rmitted . "  

Some sys tems tha t  are of great merit becaus e of the i r  c l in i ca l  
features (e . g . , physician ass i s tance , educat ion , prospective com
muni ty data base bui lding , e tc . ) wi l l  be immune to evaluation 
based on dol lar accounting ; and wi l l  be harmed or des troyed . 

I f  one be l ieves that the correc t paradigm i s  to e xamine , evalu
ate , and pe rmi t , then one mus t  surely also include the need for 
further research in the methodology of evaluation . Cost-benefit 
analys i s , in heal th f i e lds e special ly ,  merits further research . 

The Consequences of Assuming Tha t We Should Observe and Predict 

A laissez- faire strategy of management of thes e  deve lopments 
( i . e . , not much management )  wi l l  mean that i deas for innovative 
research based potential ly on medical information sys tems wi l l  
either hibernate o r  wi l l  seek support a s  traditiona l , smal l ,  
discipline -speci fic research pro j ects funded over short time 
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periods . As such they wi l l  (even i f  successful ) not be capable 
of supporting the deve lopment of true full medical information 
systems . A research program cannot be f unded by a col le c t ion o f  
research pro j ects . 

An alte rnative for some research ideas i s  to emerge repackaged 
as unnecessarily large c linical trials . 

Medical information sys tems that are primari ly oriented to 
hospital admini stration wi l l  pay thei r  own ways by produci ng 
smal l s avings for individual institutions . The re i s  no known 
case in which a bus ine s s  office sys tem has even evolved into a 
medical information system .  The concept of the medical informa
tion system under a laissez- faire paradigm wi l l  s imply not b e  
deve loped . 

The Consequences of Vi ewing S uch a System As a Na tional In ten t 

Thi s  paradigm implies managing the development and maturation of 
the concept o f  the medical in formation system. I t  is c lear that 
the MIS concep t ,  like many other innovations , has to f ind its 
prope r place in its problem space . That is , one must determine 
by expe rimental e xp loration of the problem domain j ust whi ch 
areas are feas ible and fruitful . 

Next , at least some s ample of the various k inds o f  medical 
information systems mus t  be s e lected to pass as far as poss ible 
through the known s equence o f  the phases of maturation . That 
i s , we mus t  be prepared to see sys tems that are moved f rom re
search phase to deve lopment to demons tration to c linical trial 
use to full imp lementation in the market .  Each of the s tages 
wi l l  need evaluation , but each wi l l  require qui te a different set 
of measure s . Each phase should have dis tinct l imits but not a 
prede termined time for each phase . One mus t  plan for cos ts to 
increase as a project moves through such a s equence . Di fferent 
phases could properly be supported by separate branches of gov
ernment , but it should be government ' s  responsbility to provide 
for a smooth transition between phases . There must ,  of course , 
be s trict criteria for evaluation , and unsuccessful pro j ects must 
be s e lected out . Transition or s e lecting out should be accompa
nied by forma l  reporting from the proj ect so as to document the 
expe riment and its results . 

The process of managing the deve lopment and documenting the 
growth and changes in the f i e ld , and relevant other f i elds , should 
res t  with a pe rmanent government office or agency . 

The consequence s  of thi s  paradigm would be to complete matura
tion of the concept , exploration of appropriate prob lem areas , 
and transi tion to commercial avai lability of those systems for 
whi ch such a metamorphosis i s  appropriate . 
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In short , this paradigm s ees medical information systems as 
a concept of potentially great national value . It sees govern
ment as having the opportuni ty and responsibility to manage the 
deve lopment of this technology and to assure that society gains 
the benefits . 
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F 

THE IMPACT OF STATE REGULATION 
ON THE ADOPTION AND DIFFUS ION OF 
NEW MEDICAL TECHNOLOGY 

Jack Needl eman and Lawrence s. Lewin 

In 1 9 5 0 , acute care hospita l s  spent $10 per patient day � in 
197 5 , they spent $ 1 5 0 . 1 Changes of comparable orders o f  magni
tude have occurred for other medical service s .  Part o f  these 
increases is s imply the re sult of inflation . A sign i ficant 
part of the increase , however , has been the result of changes 
in the product . These change s , e specially those that have 
resulted from the development of new equipment-- "machine 
introduced technology " --have recently been the focus of con
s iderable publi c  attention . Issues have been rai sed reg�rding 
the magnitude of inve stment in this technology , the payoffs of 
such investment in terms of patient care and comfort , and the 
factors that influence the distribution of new technology 
within th& medical system . 

Thi s  paper focuses on one aspect of these i s sues , the current 
and potential impact of state regulatory programs on the adoption 
and d i f fus ion of equipment-embod ied technology . 

Thi s  di scuss ion i s  pre sented i n  three sections : 

I .  Ba ckground A di scussion of the scope and l imitations of 
this analys i s , the nature o f  re lationships between regulation 
and technology pol ic y ,  and the importance of this issue in 
formulating policies regarding medical technology . 

I I .  Ana l ysi s of the Impac t  of Sta te and Loca l Regula ti on Six 
princ ipal modes of state regulation are identified and ana
lyzed : 

• Cert i ficate of need 

• Reimbursement control s  
• Medical devices regulation 

2 4 0  
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• Utilization review and quality assurance programs 
• Institut ional licensure and accred i tation 
• Personnel l i censure 

Following a brief description o f  the nature of the regulatory 
program and how it operates ,  empirical evidence of impact i s  
presented , fol lowed by a d i scussion of factors l ike ly to 
determine its effect and the probable implication of each 
regulatory mode for technology pol icy . 

I I I .  Policy Issues and Implica tions The conc lud ing section 
synthesizes the pol icy implications d iscussed in Part II and 
o f fe r s  some caveats and guidelines for those involved in making 
both regulatory and technology pol icy . 

I .  BACKGROUND 

Scope of thi s Paper 

Wh i l e  the most visible direct form of regulating equipment
embodi ed medical technology is the federal Medical Devices 
Legislation of 1 97 6 ,  P . L .  94-2 95 , considerable inf luence over 
the adaption and utilization of medical technology is exerted 
by regulatory programs at the state leve l . Because the d irect 
regulation of equipment is relatively new and almost nonexistent 
at the state leve l , the greatest influence at thi s level appears 
to result from the secondary e f fect o f  such activities as 
control over� reimbursement for services . Thi s  paper discusses 
a wide range of regulatory activities at the state leve l , 
including d i rect control mode s  such a s  cert i ficate of need , 
medical device regulation , and institutional l icensure and the 
i nd irect modes such as reimbursement control s ,  uti l ization 
review and qual ity assurance programs , and personnel l icensure . 

The analys i s  of these modes in Part I I  draws , where pos s ible , 
on existing evidence of the impact o f  technological change ; 
but with the exception of certi ficate of need , prospective 
reimbursement , and the Economic Stab i lization Program there i s  
l i tt le empirical evidence ava ilable . I n  the absence of such 
e vidence the authors have presented a logical ana lysis of the 
probable e f fect of regulatory practices both to date and in 
the future . 

A review of the l i terature failed to produce a mode l  that 
could be used to test the impact of interactive regulatory 
modes on the adoption and uti l ization of medical technology . 
While thi s paper doe s  not presume to present such a model , much 
o f  the d iscuss ion in Part I I  i s  devoted to de fining factor s 

Copyright © National Academy of Sciences. All rights reserved.

Medical Technology and the Health Care System: A Study of the Diffusion of Equipment-Embodied Technology
http://www.nap.edu/catalog.php?record_id=18439

http://www.nap.edu/catalog.php?record_id=18439


242 

that influence regulatory impact and will hope ful ly fac i l i tate 
subsequent e f fort s  to deve lop such a mode l . In conceptualizing 
regulatory impact ,  a ma j or d i fficulty arises from the fact 
that many of the state regulatory practices that a ffec t  medical 
technology are des igned primarily to meet other obj ective s 
and the effect on adoption or util ization o f  technology i s  
i n  many of these cases a s id e  e f fec t . The mode ling e f fort is  
further complicated by the absence o f  a c lear obj ective function 
or a statement o f  desired outcomes for technological change . 

Rel a tionship Between Regula tory and Technology Policy 

TO make qual i tative j udgments about the desirable or undes irable 
e f fect of state regulation requires an understanding of the 
goa l s  of technology po l icy . While in general the goal of 
medical technology can be to improve the e f fect ivenes s  of medical 
d iagnostic , preventive , treatment , and rehabilitative services 
and the e ffic iency with which these services are provided , 
such statements are too imprecise to provide practical guidance . 
It i s  not within the scope of thi s  paper to set forth spec i fic 
po l i c ie s i however , the type o f  po licy statements that are needed 
would be in response to such questions a s : 

• In what areas i s  more sophist icated , e f ficac ious , and 
e f f ic ient technology most/least needed ? 

• How can deci sion makers deal with the often conf l icting 
strains o f  cost and e ffectivene s s ?  How , for example , can 
dec i sions be made regarding the cost level at which specific 
improvements in medical technology are , from a soc ietal stand
point and in the face of constrained resource , no longer cost
e f fective ? 

• Since many high-cost technology uti l ization deci sions 
involve j udgments about the value and qual i ty of l i fe , how 
are these j udgments to be made and by whom? 

• Where cost containment i s  a ma j or concern , to what extent 
should regulator s make service- or equipment - spec i f ic dec i s ions 
as compared with more general dec i sions that produce constraints 
and that in turn force providers to make speci fic trade-off 
dec is ions?  For example , with respect to CAT Scanner s  regulators 
could ( 1 )  prohibit a hospita l from purchasing one , ( 2 )  l imit 
reimbursement to a level that assumed ful l  utilization , or 
( 3 )  place a c e i ling on each provider ' s  capital expenditures 
for new services and let individual providers dec ide whether 
to buy a CAT Scanner or some other piece of equipment . 

• Since medical service s once e stablished tend to remain 
in use even at low leve l s  of uti l ization and despite high unit 
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costs , what constitutes optimum rates o f  diffusion , part icu
larly before efficacy and cost-ef fectiveness are fully 
e stablished? Put another way , how can regulators most intelli
gently decide how widely and rapidly untested technologies 
should be installed ? In making thes e  deci sions , how should 
they consider the opportunity cost o f  foregoing treatment or 
d iagnostic benefits , and the need to test the technology ' s  
e f f icacy and e ff iciency? 

The purposes and goals of regulatory policy in the health 
care services field are somewhat c learer . For our purpose s , 
regulatory goals can be c lassified into three broad categories : 

• Protection of the consumer from unsafe or high-risk 
si t ua ti ons . This purpose may be achieved by requiring a product 
to be tested be fore being marketed or to meet preestablished 
qua lity s tandards with regulators empowered to e ither prohibit 
or l imit use or to require that specific product information 
be provided to the consumer . Another approach is for regula
tors to assure protection by requiring providers of services 
to meet certai n  compet�ncy standards through professional 
l icensur e . 

• Assuring the accessibi l i t y  of services in a ra tional 
system .  While there i s  vigorous debate a s  t o  whether this 
goa l  in practice works for the ultimate protection o f  the 
consumer or for the industry , the notion of stable and rel iable 
provision of services accessible to all has become a conerstone 
of public utility regulation . With respect to accessib i lity , 
i t  takes the form of read iness-to-serve and community service 
requirements .  With respect to stabil ity and the rationality 
of the system it takes the form of franchising of exclusive 
service areas and of " gatekeeping" functions l ike certificates 
of necessity . Since this latter requirement erects serious 
bar riers to entry , it often is l imited in its application to 
so-called "natural monopolies " l ike power generating public 
uti l ities where economies of scale are s ignificant . The health 
fie ld , which use s  certificates of need extensively ( now virtu
ally universally ) rel ies on this form because of the unique 
characteristics of its f inancing mechanisms and its character
istic s  of supply-induced demand . 

• Constraining the prices of services and total system 
expendi tures . Economic regulation usually draws its rationale 
from structural defic iencies in the marketplace that in the 
absence of regulation would result in either destructive 
competition or monopolistic pricing . In the case of the health 
care services industry , economic regulation can also be designed 
to constrain total expenditures in response to what appears 
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to be supply-induced , price-inelastic demand characteristics . 
This relative inelasticity of demand reflects in part the 
unconstrained nature of the f inancing system wherein the demarKi 
for health care services has many of the characteristics of 
a free good . The basic human values at stake in the provis ion 
of health care services and the growing preoccupation with 
new technology as a means of delivering a greater intensity 
of medical services further contribute to the problems of con
straining total expenditures .  This regulatory goal is achievEMi 
in a variety of ways , including establishing prices or tariffs 
either across the board or d ifferentially by service or product , 
by constraining total institutional revenues as a function o f  
actual or prospective costs , o r  by rationing or otherwise in
fluencing the uti l ization of service s . For purposes of our anaLl
ysis , an important distingui shing characteristic i s  whether the 

focus o f  the regulation is on overall costs or revenues or 
whether it becomes involved in dec isions about the utilization 
of spec i fic services or products . For example , Phase IV of the 

Economic Stabi l ization Program for hospital services ( and the 
Carter hospital cost control proposal as well )  sought to con
strain average revenues per admiss ion , leaving it up to the 
hospital to determine the mix of services , new technology , etc . , 
that could permit needed care to be provided without costs ex
ceeding allowable revenues . In British Columbia and other 
Canadian provinces ,  however ,  provincial officials approve hospi 
tal budgets on a l ine-by-line bas i s  that requires them , and not 
j ust the hospital administrators or medical staf f , to share

-
in 

the trade-off and investment decis ions . 

Why the Impact of Regula tion i s  a Timel y Issue 

The rapid growth of medical technology is widely acknowledged 
as a maj or contribution to the inflation in health c are costs 
whether measured in terms of cost per day , cost per admis sion , 
cost per encounter , charge per unit of service , expenditures 
per capita , or total personal health care service expenditures .  
Gaus and Cooper have estimated that the "technology factor " 
( changes in intensity from new equipment , suppl ies , and person

nel ) represents 4 7 . 3  percent of the 9-year increase in the 
expense per patient day in community hospital s  from $49 to 
$147 . 2 Although not all  new technology contributes to higher 
costs or higher intensity , there is l ittle doubt that new tech
nology pre sents increases in both unit and system costs . 

The role of new medical technology in the heal th care cost 
spiral , coupled with a growing consensus for increased regulation 
of the health care for other reasons , almost certainly means 
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that technological innovation , adoption , and diffusion will be 
increasingly under the influence of public regulation , much o f  
which is a t  the state and regional leve l . 

While regulatory initiatives are occurring in a number of 
areas , regulators and students of the subj ect are looking more 
and more to a strategy of controll ing supply and capacity �s 
a way of constraining demand and , thereby , total expenditures .  
This strategy can be carried out through d irect controls such 
as certificate of need strengthened by the application o f  
regional caps , and indirectly through reimbursement controls . 
I f  this tack is pursured , pol icymakers wi l l  need to understand 
more clearly than they now do how such strategies will affect 
the adoption and utilization of medical technology as wel l  as 
other capital investments . 

The capacity of regulatory bodies to be sensitive to sound 
technology pol icy is very much at issue . First , most regula
tory modes do not incorporate spec ific goals with respect to 
technology , nor have they even considered the need for such 
goals . Second , there are few guidel ines available to help 
planners and regulators make the trade-offs among alternative 
service/technology options . Finally , there are serious ques
t ions as to who should be making what can become triage 
dec i sions . As the Congress appears reluctant to extend open
ended coverage l ike that afforded under the End Stage Renal 
Dialys is Program to other diseases , the capabilities of med ical 
technology may outstrip the public ' s  wil lingness to finance its 
appl ication and "who shall live " dec isions may become increas
ingly acute and politically uncomfortable . 

For these reasons , the l ikely impact of state regulation 
on medical technology and the need for a more conscious l inkage 
between regulatory goals and technology policy must be better 
understood by po l icymakers .  

I I .  ANALYSIS OF THE IMPACT OF STATE AND LOCAL REGULATION 

Thi s  section reviews six types o f  state or local regulations 
that have the potential to influence the introduction and 
d i f fusion of medical technology . The six regulatory programs 
reviewed are : 

• Certificate o f  need 
• Reimbursement controls 
• Medical devices regulation 
• Util ization review and quality assurance programs 
• Institutional l icensure and accreditation 
• Personnel l icensure 
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For each , the purpose and admini strative mechanisms are 
described , the impact on the introduction of new medical tech

nology examined conceptually and ,  where possible , empirical ly , 
and the policy implications o f  this analysis presented . The 

section following this one addresses policy issue s  that cut 

across individual types of regulation . 

Certifica te of Need 

Certi ficate of need is a program of public review and approval 

of the capital expenditures and service changes of health care 

providers . Review in most state s is conducted by both state 

agencies and local health systems agencies , with local review 
advi sory and state review final . As part of this review 

process ,  j udgments are made on the need and desirability of 

proposed expenditures . In reaching the se j udgments , reviewers 

can consider a wide range of factors , includ ing the efficacy 

or use fulness of the proposed proj ect , the appropriate 
distribution pattern for the service or equipment sought (both 

geographically and with re spect to the preferred provider or 

setting ) , the reasonablenes s  of the financing arrangements , 

cost and proposed charges and financ ial feasibility , the 
adequacy of the proposed staffing and physical layout , and 
the competence of the provider and overall quality of the 

services to be offered . Because of the scope of review, certi

ficate -of-need programs directly confront states with the full 
range of issues affecting the introduction of new medical 

technology . 
These programs are widespread . Currently , 3 3  states have 

certification programs . Thirty-seven states have contracted 
with the federal government to do similar reviews under the 
authority of Section 1 1 2 2  of the Social Security Act .  Only 
Missouri has neither program . 3 The National Health Planning 
and Resource Development Act of 1974 , P . L .  93-64 1 , virtual ly 
mandates a l l  states to enact certificate-of-need programs . 

The programs do not cover all medical equipment purchases , 
but they are extensive . The federal regulations for state 
programs require hospitals , nursing facilities , health main
tenance organizations , k idney treatment centers , and ambulatory 
surgical fac i l ities to be subj ect to review . For thes e  pro
viders , a l l  capital expenditures over $150 , 00 0 , bed changes , 
and a l l  new service s must be reviewed . The services o ffered 
and equipment purchased by private practitioners are not 
inc luded in most laws , but two states have introduced some 
controls on physic ians ' purchases , and more are considering 
this step . 
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These programs are intended to serve a number of purpose s . 
There is a concern with cost containment , although it is a 
very specific one . The impetus for these programs has been 
a belief that there has been uncessary overinvestment , leading 
to ineffic ient use of capital and additional operational 
expenses , and encouraging inappropriate uti lization of facili
ties and services . The concern is not with absolute levels 
o f  costs , nor with the desirability or impact of expanding 
medical services per se . Most programs have retained a 
commitment to assuring access to care that is at least as 
strong as their cost containment goa l . 

There have been several analyses of the e f fects of certifi
cate of need on the investments of health care institutions . 
Hel l inger , based on early data , concluded that certificate
of-need legislation had not lowered hospital investment and 
that hospital s  had increased their investment in the period 
immediately preceding the enactment of the legislation in 
anticipation o f  the program . IJ 

Salkever and Bice concluded that certificate-of-need pro
grams had constrained the increase in hospital bed supply but 
did not reduce total hospital investment . Instea� , assets 
per bed had increased faster in certificate-of-need states , 
suggesting that investment had been redirected into moderni
zation and special equipment . They also found that certificate 
of need was associated with decreases in patient days but 
inc reases in the costs per day . Since these have opposite 
e f fects on the overall costs of health care and the relative 
magnitude could not be determined , the ultimate impact of 
certificate o f  need on total costs was not estimated . 5 

In an update of their ana lyses with data through 1974 , 6 

the authors found continued support for their ear lier conclu
sions . An analysis was made o f  the exper ience o f  the five 
states that had certificate-of-need programs prior to 197 1 , 
and for these states the programs were found to be associated 
with control of assets per bed , although at levels the authors 
j udged not statistically s ignificant . (The sign i ficance level 
was 0 . 07 . ) Four o f  these five state s , it should be noted , 
have institutional rate review programs . 

In its 197 5 study of the impact of the Section 1 1 2 2  and 
other programs to control capital expenditures ,  Lewin and 
Associates7 conc luded that these programs had not been parti
cularly successful in control ling hospital investment . Forty
six percent of the 20 states and 4 0  areawide agencies included 
in the sample had approved hospital beds in excess of their 
published 5-year need proj ection . While approved increases 
in assets per hospital bed between 1972  and 1974 were less 
than the estimated amount of inflation plus economic growth 
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i n  most surveyed s tates with thes e  programs , thi s  could not 
be compared with the growth of assets in states without thi s  
form of regulation . Those states that were mo s t  successful 
in controll ing per bed assets generally had some form o f  
institutional re imbursement control . 

The Lewin s tudy also found that proposals to purchase 
equipment and add new hospital services are almost always 
approved . The principal exceptions are X-ray and other scanner 
equipment , where the still infrequent denials are largely the 
result of several institutions applying to purchase the same 
equipment and only one being approved . A table of approval 
rates i s  presented in Table 1 .  

In sum, based on evidence drawn from the first years of 
operation of these programs , there i s  l ittle evidence that 
operating independently they have l imited the abil i ty of 
institutional providers to invest in new technology . There 
i s  also some evidence that the process , by defining its 
coverage i n  terms of types of providers rather than types of 

TABLE 1 Approval Rates by State Agencies under Certificate of 
Need and 1 1 2 2  Reviews for Equipment and Service Proj ects in 
Sample S tates 

Appli cations Percent 
Received Approved 

Equipmen t 
CAT scanners 91 96 . 7  
Radiolog ic:al 106 93 . 4  
Renal dialys i s  2 4  100 . 0  
Cardiac catheter 9 100 . 0  
Other equipment 5 100 . 0 
Al l equipment 2 35 95 . 7  

Servi ces 
ICU-CCU 14 92 . 9 
Renal dialysis 14 78 . 6  
Other spec ialty 69 94 . 2  
Emergency medical service s 19 89. 5 
Other outpatient 7 3  97 . 3  
Rehabi l itation 2 8  100 . 0 
Other anc i l lary 8 100 . 0 
All services 2 2 4  94 . 6 
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services that require regulat ion , has encouraged the intro
duct ion of secondary and tertiary level technology into primary 
care settings . For example , the Office of Technology Assess
ment reported that 15 percent of CAT scanners were in private 
physic ian offices or c l inic s . 8 

Several factors have influenced this current leve l of 
performance by these agencies . The programs are relatively 
new , as are many of the agencies involved . The ideal situation 
would be one in which the standards for proj ect review , in
c l uding definitions of need , were establ i shed prior to project 
submission , so that they could be immediately appl ied . In 
most agenc ies , however , planning activit ies and standards 
development have lagged . A frequent pattern has been for 
agencies to approve the first pro j ect { sometimes the first 
several ) of a given type and begin developing a standard for 
a new service or equipment after the first application has 
been received . 

The standards development process itsel f  has a number of 
weakne sses . There is now ava ilable a considerable body of 
literature with suggested standards that have been developed 
at both the national and local levels . These materials cannot 
simply be adopted by a health planning agency . Rather , they 
are reviewed to address local c ircumstances and patterns of 
treatment . These reviews o ften blend local health pol itics 
with technical adj ustments .  

In addition , the deve lopment o f  standards for new service s ,  
particularly standards regarding the appropriate number of 
service units , can often only be done once there has been 
experience with the service . Requests for new technology , 
however , wi l l  often precede the development of information on 
e f ficacy or leve l s  of uti lization , placing pressure on review 
agencies to act be fore standards can be developed . There has 
been a tendency in the agencies to grant approval when uncer
tain . ( This is not inevitably the case ; it is a function of 
agency or ientation . In Quebec , under the province ' s  hospita l 
insurance program , which includes both certificate of need 
and reimbursement authority , the province ' s  announced policy 
is to l imit technological diffusion to services of demonstrated 
e f ficacy . As part of thi s effort , the province had l imited 
the introduction of in vivo radioisotope fac i l ities to only a 
few hospitals and required these to develop research protocols 
to evaluate the e fficacy and cost impact of these services . 9 ) 

There also appear to be some areas in which pr ior standards 
development i s  infeasible , or at least very d i fficul t .  Some 
of the most subtle dec isions agencies must make involve deter
min ing the appropriate level of technical sophistication in 
existing services . This includes questions such as : Does a 
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1 50-bed community hospita l  need tomographic or radioisotope 
capaci ty in its radiology department ? Or ,  is laboratory 
volume suffic ient to j usti fy an automated analysi s  and , i f  
so , with what capac ity? Standards have not been developed 
because the deci s ions involve a great many situational factors 
that l imit general answers . Since these issues do not involve 
large proj ects , the y  have received lower priority in the 
standards development process than bed planning or plans for 
entire services .  Yet , col lectively , these decis ions have a 
maj or impact on the technological level of routine care . 

Finally , there is an i ssue of whether the entire standards 
development--and indeed certificate-of-need--process is mis 
oriented . Currently , these efforts are directed a t  asse s sing 
the need and appropriateness of services , beds , and equipment 
on an absolute standard of whether the service is productively 
and e fficiently used . If so , it is approved . The process 
does not address the basic issue o f  establ ishing priorities 
to allocate l imited resources . No certificate-of-need program 
has incorporated into its planning process j udgments of the 
rate at which resources should be added to the health care 
system or medical technology diffused . It is therefore not 
surpri sing that these programs seem most able to l imit invest
ment in states where reimbursement control programs have 
introduced separate l imits on available resources . 

It i s  within this context that the proposal to l imit hospital 
investment incorporated into the administration ' s  cost con
tainment program should be noted . If adopted , this l imit would 
introduce a fundamental change into the certi ficate-of-need 
process . Agencies wi l l  be forced to assess proj ects on the 
bas i s  of relative as we l l  as absolute need . This ha s  occurred 
on a l imited scale in Rhode Island under the reimbursement 
control program for hospitals , but for other agencies thi s  
would be a new experience . Among i t s  other consequences , i t  
i s  likely to place basic service expansion into competition 
with new technology . 

The potential impact of certi ficate-of-need programs on 
the adoption and d i f fusion of technology is great . This 
inc ludes the potential to severly limit the total leve l of 
investment . Without the introduction o f  financ ial pre s sures 
into the certificate-of-need environment , however , the relative 
ease with which new services and equipment have been approved 
i s  like ly to continue . 

Copyright © National Academy of Sciences. All rights reserved.

Medical Technology and the Health Care System: A Study of the Diffusion of Equipment-Embodied Technology
http://www.nap.edu/catalog.php?record_id=18439

http://www.nap.edu/catalog.php?record_id=18439


2 5 1  

Reimbursement Controls 

While certificate of need can directly regulate the introduc
tion o f  new technology , the effect of reimbursement controls 
on service deci sions i s  potentially greater . Ultimately , 
reimbursement policy influences the resources available to 
invest in services and equipment and the incentives for their 
use . Furthermore , the effects of reimbursement may be unin
tentiona l , inadvertent results of policies directed toward 
other goals or priorities .  In certi f icate of need , there 
is at least explic it consideration of the value of the tech
nology . 

All payment programs reimburse providers within specific 
rules . In thi s  sense , all  have reimbursement controls . The 
term is generally meant to distingu ish a payment system 
from those widely in use that give providers considerable 
d iscretion to determine their reimbursement . 

Physicians 

For physicians and invidual practitioners , there are two 
common payment approaches used by third-party payers . One i s  
t h e  payment of the provider-established usual and customary 
fee . The other is the payment of a flat amount under a fee 
schedule establ ished by the payer ( sometimes with provider 
partic ipation) .  The provider may ask patients to supplement 
the fee schedule payment or , for those public programs where 
he c annot , may refuse to treat the patient . Under fee sche
dules , payment for procedures that are not included i s  at the 
provider-established level or based on a compari son of com
parable procedures . 

The main controls that are introduced into these systems 
are to l imit the ability of the provider to charge an additi
ona l  amount and to refuse to reimburse for procedures not 
initially inc luded in the schedule . This last ha s  particular 
r e levance to the development o f  new techniques and procedures .  

The U . S .  experience with controls on physicians ' fees is 
l imited . Medicare only reimburses for approved procedures ,  
and DHEW has established a system in which the Bureau o f  
Qual ity Assurance , Food and Drug Administration , and National 
Institutes of Health will be consulted to determine whether 
a new procedure should be added , based on demonstrated safety 
and e fficacy . Some Blue Shield plans negotiate fee schedules 
that are accepted as payment in full by participating physi
c ians .  These types of activities are not common at the state 
leve l . 

There has been limited systematic examination of the impact 
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of fee leve ls on practitioner behavior . There i s  l imited 
evidence from Canada that physic ians modify their patterns 
of practice in response to fee levels . The provincial govern
ments have cons idered adj �sting the fees for speci fic services 
in an e f fort to use this effect ( e . g . , increase vaccinations , 
decrease routine physical examinations ) . 1 0  In the United States ,  
i t  has been claimed that the development of proprietary hemo
dialys i s  centers was fueled by high leve l s  of reimbursement 

and that some procedures ,  s uch as cardiac bypas s , are us ed in 
marginal cases because they are wel l  re imbursed . 

Conceptua l ly ,  it can be argued that manipulating fee 
schedules can provide one mechanism for modifying physician 
use of spec i fic treatment methods or technologies .  The extent 
to which fee s would influence choice i s  not known , however . 
Changing phy s ic ian practice patterns would have an indirect 
e f fect on the medical technology inve stment decisions of 
hospita l s , s ince these are made largely in response to sta f f  
requests . 

There are two current practical l imits on the use of this 
techn ique . First , not enough i s  known about how physicians 
respond to fee levels . Spec i fically , it not clear whether 
most physic ians respond to fee s  for individual procedures or 
whether the re sponse is to the total pattern of fees in a 
field that , taken together , de fines the potential earnings of 
practicing in a speci fic technical style . Until thi s  i s  better 
understood , a comprehensive regulatory strategy could not be 
constructed . Efforts to manipulate the use of specific 
techno logies might nontheless be attempted . 

The second practical l imit i s  the likely inabil ity o f  
states t o  enact regulatory programs t o  control physician fees 
and the inabil ity of individual purchasers to impose the 
stringent fee l imits necessary for this policy . Physicians 
have been in the forefront of opposition to the financial 
regulation of institutional providers , largely because of 
their fear that this i s  an initial step to the regulation of 
their incomes . In many state s , thi s  opposition has been a 
key factor i n  limiting the scope of the programs developed . 
It i s  unl ikely that in any state their opposition could be 
overcome and general regulation introduced . 

The regulation through individual third parties i s  flawed 
by the general e f fects differentials in fee leve l s  have--re
fusal by physic ians to treat patients , requiring additional 
payments of them ( in the case of Medicaid and Medicare , ille
gal ly ) , and encouragement of fraud . Whether thi s would occur 
i f  general fee levels were comparable but specific technology
related fees had d if ferentials i s  uncertain . In a l l  likeli
hood , it would not . But unle s s  a g iven technology encompas se s  
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a s igni ficant portion of a physic ian ' s  practice ( such as in 
the dialysis situation ) , or unless no reimbursement at a l l  
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i s  avai lable , adj usting fees should only have a marginal e f fect . 

Hospitals 

The incentives that can be created at the institutional 
level through reimbursement are much greater than at the 
physician leve l , primarily because regulation can be introduced 
for institutional providers with greater ease (although not 
eas i ly )  and because they are more sensitive to the impact of 
changes to reimbursement patterns from individual third par
ties . 1 1  

The two most common forms o f  reimbursement for hospital s  
a r e  payment of hospital-establ ished charges o r  payment o f  an 
allocated portion of actually incurred costs . In both the se 
cases , it is the hospital ' s  dec ision that determines the leve l 
o f  costs and reimbursement for services . Coupled with the 
growth of third-party payment and the concommitant reduction 
in bad debt and charity loads , these payment mechanisms have 
improved the financ ial conditions of hospitals and generated 
the funds used for service expansion and upgrading technology . 

Nine states have introduced programs to regulate the pay
ments to hospitals and establish payment rates on a prospective 
basis . 1 2 These programs vary in their coverage . Some only 
cover Medicaid and/or Blue Cross rates ( e . g . , New York and 
New Jersey ) . Some cover all payers (e . g . , Connecticut , Mary
land , and Washington ) .  One is a program of nonbinding 
mandatory state review of rates (Arizona ) . In some cases 
the programs regulate per diem or individual service charges i 
in others ,  total institutional budgets or revenues . 

There is some evidence that controll ing reimbur sement has 
an impact on capital expend iture plans and , consequently , the 
i ntroduction of new technology . A survey of hospital admini
strators on the effects of the Economic Stabilization Program 
at the end of the first year of the program indicated that 
approximately one- fi fth had reduced their capita l  expend iture 
p lans for that year , and that the average reductions among 
those was 4 3  percent . Approximately 1 3  percent indicated that 
they had foregone the introduction of a new service . 1 3 

Cromwel l  examined the impact of Economic Stabilization 
Programs and concluded that it had lowered the rate of adoption 
of complexity-expanding and community services , a lthough this 
e f fect dec lined over time . A compar ison of a sample o f  New 
York hospitals to a sample from a state without prospective 
reimbursement indicated that the adoption of complexity
expanding services in New York was lower , a lthough because of 
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the existence of the certi ficate-of-need program, he hes itated 
to attribute this solely to the re imbursement controls . For 
smal ler hospitals , contraints were associated with changes 
in net revenues , although with signi ficant lag . No s imilar 
constraints were found for larger hospitals , which the author 
speculated reflects their better access to external funds . 1 �  

Thus , the potential for reimbursement control s  to influence 
the investment dec isions of institutional providers appear s  to 
be confirmed . Not examined in these studies is the impac t  of 
alternative methods of introduc ing controls over the capital 
and operating budgets of providers . 

There are two broad alternative approaches to the imposition 
of reimbursement controls . One is to exerci se c lose scrutiny 
over the individual expenditures or charges of the provider .  
Under the se systems , the effic iency o f  individual departments 
or appropriateness of specific activities is examined . The 
results of these reviews can be implemented in two ways : by 
prohibiting the institut ion from making an expenditure or by 
establishing reimbursement at levels that will not a llow the 
expenditure to be recovered if it is made . The latter me thod 
i s  more common and is assessed in the di scussion that follows . 

Tb take an example ,  under the detai led review or line-item 
approach , i f  a radiology department were j udged overstaffed , 
an amount equal to the estimated savings would be subtracted 
from the budget base . I f  a service were j udged unnecessary , 
the estimated operating expenses would be subtracted from 
the budget .  If a service or new piece of equipment i s  to be 
added to the hospital ,  its estimated operating expenses would 
be added to the budget base . Alternative ly , a standard reim
bursement rate can be e s tablished for a service , such as a 
bra in scan , based on estimates of the per-unit expense o f  an 
efficiently organized institution providing an appropriate 
volume of services . For those service s  j udged i nappropriate 
for a given institution , the rate might be z ero , that i s ,  
the service would not be reimbursed . Establi shing standard 
reimbursement rates allows the institution to calculate whether 
it can break even on the servic e . In either case , whether 
the adj ustment is to the budget base or the reimbursement 
rate , the institution is free to continue the service if it 
can finance it from other sources , such as gifts or research 
grants . 

With re spect to the introduction of new technology , the 
l ine- item approach requires reimbursement agency concurrence 
in each investment deci sion . Thi s  a llows considerable control 
by the state , but also requires greater sophistication in the 
reimbursement agency . One element in thi s  sophistication is 
a health planning capacity simi lar to that required in 

Copyright © National Academy of Sciences. All r ights reserved.

Medical Technology and the Health Care System: A Study of the Diffusion of Equipment-Embodied Technology
http://www.nap.edu/catalog.php?record_id=18439

http://www.nap.edu/catalog.php?record_id=18439


certificate of need to evaluate the need and appropriateness 
o f  the proposal .  In fact , this i s  usually obtained by accep
ting the certificate-of-need decision as a commitment by the 
state to allow reimbursement for the service . The level of 
reimbur sement may be disputed , however . There have been 
instances where the reimbursement agency has not agreed with 
the level of capital or operating cost approved by the certi
fication agency and renegotiated the scope of the proj ect . 
TO l imit the possibilities for this occurring and to approve 
the leve l  of cost and financial analysis in certification 
deci sions , reimbursement programs are increas ingly partici
pat ing in the analysis of certificate-of-need applications . 
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The a lternative to line-item review is e stablishing overall 
l imits to the growth of hospital charges , budgets , or revenue s . 
The hospital i s  free to allocate its resources at its discretion . 
This was the approach taken in the Economic Stabilization 
Program and in the administration ' s  cost-containment proposal .  
It i s  essentially the method used in New York and as a screen
i ng device in New Jersey . 

Under an overal l  increase approach ,  the hospital retains 
its discretion to invest in new technology ( Subj ect to other 
regulatory constraint s ) . The control ' s  main impact is on the 
leve l  of funds available to support these investment decisions . 
Programs can directly manipulate the amount they make available . 
In the final Phase IV regulations under Economic Stabilization , 
for example , an estimate of the base inflation rate for 
unchanged operations was adj usted to re flect estimated improv
ments in productivity ( 1  percent ) and an allowance for increase 
intensity , i . e . , an increase in the complexity and number of 
services provided per patient of 2 . 5  percent . Both these 
factors reflect assumptions about technological change . The 
New Jersey reimbursement methodology adopted in 1976 assumed 
a 1 pe rcent increase in intensity to be offset by a 1 percent 
increase in productivity . This was a statement of public 
po l icy regarding new investment in sophisticated services 
rather than a history-based projection . The New York system 
inc ludes neither a productivity nor an intensity factor , 
implicitly assuming that the production function does not 
change from year to year . Because rates have been exc lus ively 
cost-based until this year , if a hospital could finance ex
pansions in services through working capital or charges to 
pat ients not covered by the control program , these would 
ultimately be built into the rate base . It is clear that 
other policy goals , such as contraction of the system, could 
be incorporated into overal l  increase limits . 

It should be noted that no system in use is a pure repre
sentative of either approach .  The Economic Stabilization 
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Program and New York systems both allowed providers to reques t  
change s in their rate bases t o  reflect large capital expend i
tures and their associated operating expenses .  These reviews 
were quite similar to tho�e described in the line-item approach 
above . 

In addition , speci fic ceilings , penalities ,  or incentives 
can be incorporated into the general increase approach . 

For example , in New York , hospitals are expected to main
tain minimum volumes of certain complex services (open-heart 
surgery , cardiac angiography , transplantation ) or rates are 
adj usted down by formula .  

Similarly , in l ine-item systems , review is s implified 
through the use of analytic screens . I f  technological changes 
can be introduced within these limits , they may not be subj ect 
to detailed review . ( Some programs , however , focus their 
review on operational and technical changes by asking for 
separate l ine-item capital budgets and breakdowns of new costs 
to be incurred because of changes in service . )  

The Rhode Island system of proj ect prioritization ment ioned 
in the preceding section on certificate of need is another 
illustration of the blending of these two approaches .  Rhode 
Is land engaged in l ine-item budget negotiation within a fixed 
total budget ceiling for the state . The inclusion of new 
service s  into budgets was subj ect to agreement on the level 
of operating costs of existing services . 

This examination o f  institutional reimbursement controls 
makes it apparent that any control program includes an explicit 
or implicit policy toward capital expenditure in general and 
new technology in particular . Such a policy has several com
ponents : 

• It sets limits on the overall level of al lowable invest
ment , although these may be fluid . Line-item systems without 
priorities or targets for total increase l im1ts can be prepared 
to add any amount of new services to the system , so long as 
they have been certif ied as needed by the appropriate planning 
agency . 

• It determines who is to be involved in establi shing 
priorities among new technology , speci fically de fining the 
relative roles of regulators and institutional pe rsonne l .  
Regulatory personne l are not a homogeneous group , but can be 
divided broadly into service planners and f inancing categories . 
State pol icy determines not only the degree of institutional 
autonomy but also the re lative participation of the two sets 
of regulators . 

• It distr ibutes the costs of new technology . This was 
not di scussed in deta i l  above , but one o f  the critical decisions 
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made i n  reimbursement regulation is the distribution o f  costs 
among different patients and third parties and between patients 
and other sources of revenue such as gifts , tuition , or 
research grants . 

Al l these are inherent in rate regulation . 
mec hanism is flexible enough to accommodate 
pol icy desired within these components .  

Medical Devices Regula tion 

The regulatory 
virtually any 

Under the 1938 Food , Drug and Cosmetic Act ,  the federal govern
ment a ssumed a number of regulatory roles with respect to 
drugs and medical devices . The drug role was an extensive 
one , involving premarket approval of new drugs , as well a s  
authority t o  require reports of manufacturers and monitor 
the manufacturing process and files of the producer . Approval 
to market a drug could be withdrawn . With respect to medical 
devices ,  however , the authority was limited . The government 
was given the authority to seize a sample of a misbranded or 
adulterated device and begin j udicial proceedings to ha lt 
distribution . The burden of proof was on the government , and 
sales could continue while the case was be ing adj udicated . 

Most states followed the federal lead and adopted laws 
allowing them to proceed against devices that were adulterated 
or misbranded . In general ,  the guidel ines adopted for assess
ing this fol lowed the federal guideline s , so the net effect 
was to create a nationa l approach to regulating medica l devices 
with both federal and state enforcement mechanisms . 

In 1976 , the Medical Devices Amendments to the Food , Drug 
and Cosmetic Act were s igned into law . These strengthened 
the regulatory authority of the Food and Drug Administration 
to control medical devices , increas ing the in formation device 
manufacturers were required to provide the government and 
shifting the burden of demonstrat ing safety and effectiveness 
to the manufacturer . The act requires the government to 
c lassify all devices into one of three groups de fined by the 
appropriate level o f  regulatory control the device requires . 
The groups are : premarket approval , establishment of per form
ance standards ,  and general controls regarding adulteration 
and misbrand ing . To date , the Food and Drug Administration 
has not publ ished its proposed regulations c lassifying devices .  
The agency i s  not likely to quickly fol low the final c lassi
fying devices . The agency is not l ikely to quickly fol low 
the final classification regulations with its performance 
standards . 1 5 
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While the amendments preempt state activity in this area , 
they contain provisions that allow states to request an exemp
tion to administer their own medical devices program . It is 
unlikely that this provision will lead to intensive state 
regulation or that the introduction of state programs would 
limit the introduction of new medical technology more than 
the federal program operating a lone . 

The j udgment that states are not l ikely to adopt thi s  form 
of regulation is based on four factors : 

• cal ifornia is the only state currently operating a 
similar program that has expressed its interest in receiving 
a waiver . The low leve l of activity by other states in this 
area is  probably an accurate reflection of interest . 

• The resources , espec ially the technical resources , 
needed to develop a program encompassing per formance standards 
and premarket c learance are extensive and only a few s tates 
are capable of developing a program in this area . 

• Unl ike some forms of regulation in which state actions 
to complement or reinforce federal programs are encouraged 
( e . g . , fair trade ) , the intent of this act is federal pre

emption and states are less likely to move into a new area of 
regulation under these c ircumstances . 

• States are likely to be preoccupied with regulation in 
the health planning and finance areas . 

The resource issue also makes it unl ikely that state pro
grams wil l  operate so at variance with federal e f forts that 
it wil l  impose additional barriers .  It is useful to d istin
guish between the enforcement aspects of these programs and 
the technical evaluation aspects . cal i fornia ' s  interest is 
sparked primarily by concern over enforcement . The state 
began its program of premarket approval be cause it felt federal 
efforts were inadequate and that stronger licensure and surveil
lance were required . A primary reason for seeking the exemption 
under the Medical Devices Amendments is concern over the time 
the federal government wi l l  take to establish standards and 
begin operating the program. The se are enforcement issues . 

On a technical leve l , however , the state i s  unlikely to 
dupl icate the standards development process undertaken by the 
federal government . It is , among other things , very expensive . 
Currently , the state is essentially a consumer of standards , 
using those developed by national organizations . It wil l  
probably adopt federa l  standards , and currently a bi l l  is  
pending in the legis lature that would require thi s . Similarly, 
the cal i fornia requirements for premarketing demonstrations 
of safety and efficacy are also likely to be comparable to 
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the requirements adopted by the federal government , at least 
in terms of basic approaches to be used . The state may examine 
the evidence more or less critically , but is not likely to 
require a different research protocol .  Marginal modifications 
rather than new systems should be expected from the states in 
this area . 

The parallel operation of this form of regulation by the 
federal government and a smal l  number of states might have a 
negative impact on the diffusion o f  e fficacious technology 
in several ways . First , s ince the ma in reason for california ' s  
interest in the program i s  to bring devices under regulation 
sooner than the federal government is prepared to , it i s  
l ikely that the state will e stablish standards before the 
national standards are establi shed . If the federal requirement.s 
are more str ingent than state standards , it is l ikely that 
the standards wil l  be upgraded . If federal requirements are 
less stringent , the state may not downgrade , producing a 
situation comparable to that with respect to automobile emis sion 
standards . With a tenth of the medical market in california , 
it i s  unlikely manufacturers would fail to modi�y equipment 
and leave the state unsupplied with the technology , but 
responding to two separate standards might increase the pro
duction and distribution costs . 

Costs might also be increased by the need for manufacturers 
to deal with two separate sets of regulator s .  This i s  an 
additional , marginal cost , which may be high enough in some 
cases to make the introduction of a new device infeasible . 
I f  our j udgment of the extent to which state standards of 
demonstration are likely to be consistent with federal stan
dard s ,  and if the state and federal governments are prepared 
to coordinate their requests of manufacturers even while 
reserving the right to make independent j udgments , the impact 
o f  this factor should not be great . 

Util i za ti on  Revi ew and Qua l i t y  Assurance Programs 

Another form of regulation that might have an impact on the 
adoption and diffusion of medical technology are programs to 
review the appropriateness of the uti lization of health care 
services and the quality with which services are provided . 
For the most part , these are not state regulatory activities 
but are locally and regionally organized .  

The concept of reviewing medical care practices to assess 
the quality of care and appropr iatenes s  o f  the services 
provided has evolved over a period of 4 0  years . One of the 
f ir st formal organizational settings for such review was 
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created in 1954 when the first private medical foundation was 
established to review patterns of care within the context of 
fee-for- service independent practices . 

The development o f  Medicare in 1965 increased the demands 
on the medical system to Qevelop mechanisms to assess utili
zation by requiring all institutional providers to have 
uti lization review programs for their Medicare patients . In 
1967 , thi s requirement was extended to Med icaid . These pro
grams were institutiona l ly organized , although requirements 
were e stablished for state medical audits of nurs ing home 
patients under Medicaid . 

The Social Security Amendments of 1 97 2  created the Pro
fessional Standards Review organization ( PSRO)  program . This 
program was a distinct break from previous uti lization review 
efforts in that it called for the establ ishment of a network 
of review organizations externa l  to the individual institutions 
and separate from government to assume responsibility for 
assuring that health services reimbursed by federal or feder
ally assisted programs under the Social Security Act are 
medically necessary , meet professiona l ly recognized standards 
of care , and are provided in the most economical and appro
priate setting . 

To meet this responsibil ity , PSR0 1 s wil l  review admissions 
to hospitals and other health faci litie s , certify the need 
for continued treatment , review extended or costly treatment , 
and review the patterns of practice of individual providers ,  
institutions , and the community a s  a whole . The PSRO ' s wil l , 
as part of their activities , conduct medical care evaluation 
studies and develop standards and protocols for care o f  
speci fic conditions . 

PSRO ' s have initially focused on reviewing the lenqth of 
stay o f  patients , and the few evaluations done to date have 
focused on thi s aspect of their performance . The results , 
whi le pre liminary and needing more ana lysis and ver i fication, 
suggest that most programs have not affected lenqth of stay . l 6  

It i s  in the development o f  the standards for appropriate 
patterns of treatment and the application of these standards 
to review of individual cases or provider profiles that these 
programs might most influence the adoption of new medical 
technology . There i s  a strong l ikel ihood that the standards 
they deve lop wil l  become norms for medical practice . Aside 
from the pressures inherent in the peer review process , the 
current malpractice crisis creates additiona l  incentives for 
physic ians to practice consistently with one another . State 
actions to address the malpractice problem by establishing 
new insurance pools or changing the l iabi l ity laws might 

Copyright © National Academy of Sciences. All rights reserved.

Medical Technology and the Health Care System: A Study of the Diffusion of Equipment-Embodied Technology
http://www.nap.edu/catalog.php?record_id=18439

http://www.nap.edu/catalog.php?record_id=18439


therefore have an influence on the impact of the PSRO program 
on provider practice patterns . 

2 6 1  

If a PSRO i s  conservative , i t  can create pressures t o  main
tain current practice patterns and retard the introduction 
to new methods and technology . If a PSRO adopts standards 
and treatment protocols that call for the routine use of the 
best available technology , thi s  might create pressures on 
institutions for new investment to meet the recognized commun
ity standard . Whil e  there is considerable conj ecture on the 
l ikely d irection this standard-setting process wil l  take , 
there are no current studies of the impact of PSRO ' s on the 
l evel of technology used in medical treatment . Nor i s  there 
any reason to assume that the impact of PSRO ' s wil l  be con
sistent , given local governance .  Variations , reflecting 
differences in the perspective s  of the medical community in 
different regions , are rather to be expected . 

There are several vehicles to coordinate pol icy among PSRO ' s .  
These include the National Professional Standards Review 
Councils and the DHEW staff in the Bureau of Quality Assurance . 
Efforts to introduce common approaches for incorporating 
j udgments on new technology into local standards of prac tice 
wil l  have to be made through these coordinative bodies . 

There i s  another role PSRO ' s might play in the introduction 
of new technology . It is to serve as the locus of efforts 
to evaluate the impact of new technology on the costs and 
outcomes of medical care . Such a role i s  envisaged in the 
scope of medical care evaluation studies that these agencies 
are obligated to conduct . The PSRO program manua l , in giving 
examples of possible studies , includes :  

• Studies of the outcomes of hospitalization for given 
d iagnoses . 

• A study of the use of combination antibiotics with the 
criteria specifying the indications and contraindications 
for their use . 

• Detai led analysi s  of the process of care for a particular 
problem , the criteria used in the study to be based on 
scientifically der ived evidence of the efficacy of given 
diagnostic or therapeutic procedures .  For these last studies , 
the manual recommends that if no evidence is avai lable , the 
best j udgment of experts be used . An alternative approach 
would be for the PSRO to initiate or supervise the c linical 
studies needed to make these j udgments or to cooperate with 
other e fforts to do this through the use of the ir review 
records to assess outcomes . This would involve the PSRO ' s 
not only in the standards-setting process , but also the 
research process necessary to e stablish standards . 
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Insti tutional Licensure and Accredi ta tion 

Institutional l icensure is one o f  the most widespread forms 
of state health regulation . Virtually a l l  states l icense 
hospitals , although it was not unti l  1 946 under the impetus 
of the Hill-Burton Act that most states developed comprehensive 
licensure laws . Other health facilities , such a s  nursing 
homes and clinical laboratories , are also frequently subj ect 
to l icensure . 1 7 

Licensure i s  a mandatory program in which a provider must 
meet minimum standards in order to receive permission from the 
state to operate . The licensure programs focus on fire and 
l i fe safety considerations , water and sanitation standards , 
minimum service standards , and guidelines for staffing and 
staff qualifications . There are generally three aspects to 
the licens ing program : a review of architectural plans of 
proposed facilities for consistency with the construction code , 
an initial l icensure inspection , and periodic inspections once 
the faci lity is opened . 

One of the few studies of licens ing programs that has been 
conducted concluded that regulations were stronger , less ambig
uous , and more stringently enforced in matters relating to 
construction , maintenance , and sanitation of the physical plant 
than for matters relating more directly to patient care . 1 8  

It has been asserted that institutional licensure programs 
have intended to over spec i fy the techniques and inputs that 
institutions must use . 

Closely related to licensure are two voluntary programs for 
reviewing institutional quality--accreditation and cert i fication . 
Accreditation is conducted under private auspices and goes 
beyond minimum standards . The main accrediting organization in 
the United States is the Joint Commission on the Accreditation 
of Hospitals (JCAH ) , operat ing under the sponsorship o f  the 
American Col lege o f  Surgeons , American College o f  Physicians , 
American Hospital Association , and American Medical Association . 
The program i s  intended to assess the quality of institutions , 
but , l ike l icensure programs , has been accused of focusing too 
much on inputs and not enough on process or outcome measures .  

Certification i s  a process by which third-party payers , 
most notably the federal government but also Blue Cross , assess 
facilities as meeting the standards required to receive reim
bursement from the program . Under Medicare , JCAH accreditation 
is one basis for cert i fication . If an institution is not 
accredited ,- it may be surveyed and a ssessed against Medicare 
standards .  The federal government has contracted with the 
states to make this survey , and in most states it is conducted 
by the l icensing agency using the federal standards . 
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Little is known about the impact of l icensure o r  accredi
tation on the operations of hospital s  and spec i f ically on the 
introduction of new technology . The standards established 
focu s  on physical layout and personnel ,  and in the accreditation 
process on training and the maintenance of appropriate policies 
and procedure s  for each department . In determining the 
appropriateness of equipment and technology , both processes 
rely on the profess ional j udgment of surveyors .  The New York 
State standards for laboratory services ,  for example , require 
the extent and complexity of service to be "commensurate with 
the s iz e , scope and nature of the hospital . " 1 9  The standard 
for radiology is comparabl e , cal ling for fac i l ities to be 
avai lable " according to the needs of the hospital . "  I f  
radiotherapy services are provided at the hospita l , they must 
�et professionally approved standards for safety and person
nel qual i fications . " 2 0  JCAH standards s imilarly call for 
professional j udgment , requiring , for example , in laboratories , 

· that " equipment and instruments be appropriate for the services 
required , "2 l or " that rad iation therapy faci lities shall be 
adequate for modern and appropriate treatment according to 
the needs and s ize of the institution . " 2 2  

· 

The character of these programs may have several influences 
on the introduction and diffusion of new medical technology , 
a lthough analys i s  of these influences is currently only con
j ec ture . Their direct e ffect on the introduction of new 
technology is likely to be s light , except in those cases where 
it affects bas ic construction methods or the layout of the 
faci lity , areas in which the standards are most specific . 
The attention these programs pay to the adequacy of personnel 
and in particular formal training and qualifications may s low 
the diffusion of technology if specialized training i s  required . 
Re l iance on professional j udgments by the review teams of the 
availabi lity of appropriate equipment may , because of profes
s ional orientat ions , encourage the introduction o f  new , "best 
available "  technology . 

Personnel Licensure 

Personnel licensure laws are intended to as sure the qual i ty of 
health care by : 

• Reserving certain functions to only those capable of 
doing them well and prohibiting others from performing them . 

• Identi fying the individual s  j udged able to perform the 
function . 

.. 
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In recent years , several complaints have been raised about 
the operation of these laws--that they often use the wrong 
criteria to assess competence ; that the multitude of categori es 
and variations among sta�es has reduced occupational mobility 
of health workers ; that they do not d istribute tasks among 
different c lasses of personnel based on their abi lity to 
perform them , and , as a result , prevent the e f ficient delivery 
of health services ; that the proliferation of narrow l icensing 
categories has created not only ineffici encies but obstacles 
to innovation . 

In understanding the potential impact o f  these laws on the 
introduction of new technology , it is this last i ssue that i s  
critical , and i t  i s  relevant primarily with respect to allied 
health professionals . 

Speci fically , as new technology has been developed in the 
last decade , there has been a proliferation of personnel 
trained in the technical support of specific technology . The 
specificity of the technical knowledge required of the allied 
health personnel has encouraged movements for l icensure of 
each specialty . The potential e f fect of too many narrow 
l icens ing categories on health care institutions may be to 
reduce their abil ity or increase the costs of introducing 
technological change , by f ixing staffing patterns and assign
ments , by requiring larger investments in manpower when 
introducing new services , and by increasing training costs . 
It i s  not c lear that licensing regulation has had any of tbe se 
effects , and interviews with individuals knowledgeable about 
l icensing programs suggest that the impact has not been great . 
Indeed , impact appears to have been in the other direction , 
with rapid changes in technology leading to a multiplication 
of professional and occupational categories . 

The growth in new state l icensure categories was raised as 
a federal concern in the Health Training Improvement Act of 
197 0 ,  and the federal government prepared a report on l icensure 
and related programs in 1971 . That study identi fied 17 cate
gories of allied health personnel which were l icensed in at 
least some state s .  The se included : 

• Clinical laboratory directors • Pharmacists 
• Clinical laboratory medical • Physical therapists 

technologists • Physical therapy assis-
• Dental hygienists tants 
• Inhalation therapists • Physician assistants 
• Midwives • Psychiatric attendants 
• Opticians • Psychologists 
• Optical technic ians • Radiologic technologists 
• Optometrists • Sanitarians 

• Sanitarian technicians 
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As a result of the study , the federal government called for a 
2 -year moratorium on state adoption of new l icensing categories , 
while additional study was made o f  a number o f  issues including : 
the potential o f  national volutary certification programs to 
serve as a substitute for state l icensure , the development o f  
national standards for health worker licensure , and the need 
for continuing education activities and periodic relicensure . 2 3 

In 1 97 3 , DHEW recommended a 2 -year extension of the moratorium. 2 4 

The moratorium appears to have had only a l imited effect on 
s tate actions in this area . 

A recent report by DHEW on the issue , Credentialing Heal th 
Manpower , calls for a restraint in the introduction of state 
l icensing for new categories of workers . It advises states 
to "entertain proposals to l icense additional categories of 
health personnel with caution and del iberation . "  

As an alternative , the report stresses the ·role that can 
be played by private certi fication programs . These programs 
are also intended to identi fy individuals able to perform 
specific functions . Unlike licensure , the category is not 
def ined by law and the functions are not reserved to the indi
viduals certi fied . 

Certification programs are often related to the completion 
of formal education programs in the field and the range of 
such programs gives an indication of the scope of certification 
activities . The American Medical As sociation Counci l  on 
Medical Education has established accreditation standards for 
26 programs . These inc lude (with the date the standards were 
establi shed ) : 

• Occupat ional Therapist ( 1 93 5 )  
• Medical Technologist ( 1936 ) 
• Physical Therapist ( 1936 ) 
• Medical Record Administrator ( 1 94 3 )  
• Radiologic Technologist ( 1 94 4 ) 
• Medical Record Technician ( 1 95 3 )  
• Cytotechnologist ( 196 2 )  
• Respiratory Therapist ( 1962 ) 
• Certified Laboratory Assistant ( 1 967 ) 
• Radiation Therapy Technologist ( 1 968 ) 
• Medical Assistant ( 1969 ) 
• Nuclear Medicine Technician ( 1969 )  
• Nuclear Medicine Technologist ( 1969 )  
• Orthopaedic Physician ' s  Ass istant ( 1969 )  
• Histologic Technician ( 1 97 0 )  
• Assistant to the Primary Care Physic ian ( 1 97 1 )  
• Medical Laboratory Technic ian ( 197 1 ) 
• Spec ialist in Blood Bank Technology ( 1 97 1 )  
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• Medical Assistant in Pediatrics ( 19 7 2 ) 
• Operating Room Technician ( 1 97 2 )  
• Respiratory Therapy Technician ( 1 97 2 ) 
• Urologic Physician ' s  Assistant ( 1972 ) 
• Electroencephalographic Technician ( 1 97 3 )  
• Electroencephalographic Technologist ( 1 97 3 )  
• Surgeon ' s  Ass istant ( 1 97 4 ) 
• Opthalmic Med ical Assistant ( 1 97 5 )  

The advantage c ertification may have over licensure i n  this 

area is that it is not tied to legal limits on the scope o f  
activities . Hospital s  are encouraged t o  hire certified per
sonnel because of the institutional accreditation process , 
but they are not barred from using uncerti fied personnel or 
shifting them to new functions . The c erti fication process 
appears also to be be tter able to shift standards in the 
l ight of changes in technology and , for both these reasons , 
to be more responsive to an environment of rapid technological 
change . 

I I I . POLICY IMPLICATIONS 

Even though the impact of state regulation on medical technol
ogy cannot be ful ly assured , it is clear that the potential 
exists for the var ious forms of regulation to have considerable 
impact .  This effect wil l  l ikely be felt at both the level of 
aggregate capital investment and the level of individual 
equipment and service deci s ions . 

The regulatory modes most l ikely to influence the adoption 
and diffusion of medical technology are certificate of need 
and reimbursement controls . The growing emphasis on cost 
control ,  which guides their pol ic ies , places a premium on 
technological innovations that result in more efficient use 
of resources . However , these two programs , and reimbursement 
control s  in particular , do not focus on technology policy per 
se , and their impact could be inadvertently and unintention
ally adverse . I f  the appropriate development of new technology 
is to become a matter of public activity , then a productive 
and rational relationship between regulatory and technology 
policies wil l  have to be developed . For this to occur , the 
scope of these policies , the individua ls to be involved in 
making pol icy , and the technical capacity to make decisions 
consistent with pol icy wil l  all have to be establi shed . 

Currently , there is l ittle formal consideration of technol
ogy policy in regulat ion . But it i s  not clear what the nature 
of such a policy would be . There i s  no agreement on the current 

Copyright © National Academy of Sciences. All rights reserved.

Medical Technology and the Health Care System: A Study of the Diffusion of Equipment-Embodied Technology
http://www.nap.edu/catalog.php?record_id=18439

http://www.nap.edu/catalog.php?record_id=18439


2 67 

need for new technology or its priority relative to other 
goal s  for the medical system , such as improved access to 
primary care . Without spec i fic goals and obj ectives with 
respect to technology , and the integration of these goal s  with 
others ,  the explicit consideration of these is sues in regulatory 
settings is imposs ible . 

Critical in the process wil l be the questions o f  who should 
be involved and how should technology policy be set . This 
i s  l ikely to remain a decentralized process , in which indivi
dual regulatory programs preserve the ir right to establish 
their own approaches .  Conflicts wil l  occur among agencies 
that wil l  be negotiated much as other current conflicts are . 
The processes o f  local pol icymaking and conflict resolution 
can be improved , however . There is a critical need for the 
potential decision makers to obtain much more information than 
they have on the nature and scope of these issue s , the e f fect 
their decisions can have , the critical issues or factors that 
should be considered as they establish pol icy in their programs , 
and the best available obj ective information and analyses by 
advocates of various positions on the current technological 
orientation and needs of the Amer ican medical system . 

Finally , moving from the level of policy to individual 
deci sions , it i s  not at all  c lear that the technical capacity 
to make good planning , review , or investment deci sions regarding 
the diffusion of medical technology exists within the regulatory 
agencies or , for that matter , elsewhere . Considerable effort 
wil l  be required so that technical questions and i ssues of 
human values can be addressed by regulatory agencies , where 
appropriate , in logical and informed ways . 
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A PP E N D I X  
G 

I • INTRODUCTION 

THE COST OF CAPITAL-EMBODIED 
MEDI CAL TECHNOLOGY* 

Kenneth E .  Warner 

Of all  the problems which constitute the medical care "crisis , "  
none receives more attention than the consistently and rapidly 
escalating costs of personal health services , especially those 
assoc iated with hospital care . Two decades ago , health expen
ditures totaled less than 5 percent of the nation ' s  Gross 
National Product ; today , Amer icans devote over 8 . 5  percent of 
GNP to hea lth . The cost of a day of hospital care grew by 
more than 1 , 000 percent from 1950 to the pre sent , while general 
consumer prices rose only 1 2 5  percent . In the public sector , 
the health share of the federal budget has r i sen from hal f  
a percent 2 0  years ago t o  more than 8 percent . With consump
tion of services increasingly freed from direct financial 
l iability through the vehic le of insurance , and with the supply 
of services functioning with only l imited regulation and 
controls , there is no c lear end in s ight to the problem of 
medical cost inflation . 1 

*The Committee on Technology and Health care has e lected to use 
the prase "equipment-embodied technology . "  The use of the 
word "capital " rather than "equipment " simply reflects my 
personal pre ference . NO substantive distinction i s  intended . 

1 The carter administration ' s  proposal to l imit hospital cost 
increases represents a potentially s igni ficant initative . As 
noted below , some analysts bel ieve that inf lationary pressures 
are subsid ing of their own accord (McMahon and Drake , 1 97 6 ) . 

2 7 0  
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The search for a vil lain i n  this economic drama has included 
bo th people , most commonly physicians , and inanimate obj ects , 
especial ly costly and sophisticated capital equipment . The 
profusion of such equipment is certainly one of the dominant 
characteristic s  of modern medical care . A federal officia l  

has concluded that "the long-term cumulative effect of adopting 

new health care technology is a maj or cause of the large yearly 

increases in national health expenditures . " ( Gaus , 1 97 6 ,  

p .  1 2 ) . This conclusion derives from both theoretical reasoning 

and empirical evidence . The thrust of the theoretical argu

ment , developed in the next section of this paper , is that 

the environment in which technology adoption and use deci sions 
are made is relatively unconstrained by conventional economic 
factors and , in fact , is conducive to the adoption and use of 
technology . The empirical evidence come s  from analyses of 
the causes of hospital cost inflation and from numerous individ
ual case studies , discussed later in this paper .  Both of 
these sources suggest that capital-embodied technology con
tributes significantly to medical cost increases , though no 
evidence places it as the principal factor , and it should be 
emphasized at the outset that the empirical evidence on the 
costs of technology i s  largely anecdotal and far from defini
tive . 

The costs o f  medical technology are numerous and diverse 
in kind . I wil l  focus principally on direct economic costs-
the capita l  and operating costs associated with capital-embodied 
technologies . This means that two important categories o f  
costs wil l  b e  generally ignored . 

1 .  Indirect economic costs consist of 
(a)  work productivity losses resulting from application 

of the technology (productivity gains would be indirect benefits ) 
( Cooper and Rice , 1976 ) ; and 

( b )  the costs associated with additional medical care 
services consumed as an indirect result of use of the technology 
( ies ) in question ( e . g . , the normal medical needs of patients 

cured or maintained alive who would have died in the absence 
of use of the technology ) ; and the "negative costs , "  or benefits , 
of resources whose use is avoided by use of the technology in 
question ( e . g . , CT scanning substituting for pneumoencephalog
raphy) . 2 

2These costs are inc luded implicitly in severa l  studies of the 
role of technology in health care cost inflation , particularly 
studies that measure technology as a residual . ( These are 
discus sed later . ) However , such costs wil l  be neither measured 
nor even considered explicitly in this paper . 
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2 .  Noneconomic costs are a l so ignored . These range from 
the mundane ( e . g . , pain ) to the subtle and profound , such as : 
the impact o f  technology on encouraging physician and nurse 
spec ialization , which in turn has complex implications for 
the delivery of care ; 3 the role of "miracle technology " in 
increas ing the demand for · care in general ; a reduction in 
self care ( e . g . , good personal health practices ) resulting 
from greater reliance on the medical care system, due to a 
perceived improvement in the efficacy of medical technology ; 
the ethical costs and questions associated with artificial 
organs , genetic surgery , and so on . 

While our knowledge o f  the costs of medical technology is 
limited , it mus t  be emphasized that even complete knowledge 
of such costs would not answer the question , Do we have (or 
use ) the "right " amounts and kind s  of technology? Cost i s  
only one. side of the economic equation . The marginal c o s t  of 
a technology must be compared with its marginal benefit to 
determine optimal usage . While this princ iple i s  frequently 
acknowledged , separation of consideration of bene fits and 
costs pervades the technology literature : Medical j ournals 
are replete with analyses of the diagnostic or therapeutic 
benefits of technologies ,  with little if any attention to 
costs , whi le the health economics l iterature emphasizes the 
costs of care and too often ignores the bene fits . In the 
present context , the importance of this is that we need to 
distinguish cost increases that reflect improvements in care 
from those that are purely inflationary , i . e . , higher prices 
for the same care . The former may wel l  be tolerable , even 
desirable , whi le the latter are c learly undesirable . 4 • 5 

3Mahler ( 1 97 5 )  argues that expensive medical technology dic
tates too much of the structure of care delivery systems , and 
that this technology i s  one reason that we have "medical care 
systems , "  rather than "health care systems . "  I llich ( 1 97 5 )  
sees technology a s  contributing to the "medicaliza tion o f  
soc iety . "  

4The view that new technology , though costly , i s  responsible 
for saving many lives that were neces sar i ly lost before has 
been referred to as the " benign theory of hospital inflation" 
( Davi s , 1972 , p.  1 3 5 9 ) . 

5There i s  little doubt that there is considerable waste in the 
practice of medic ine , e . g . , inappropriate or excessive use of 
lab te sts , whether intended ( e . g . , for profit or to protect 
against ma lpractic e )  or unintended . It has been estimated that 
a 10 percent improvement in medical resource uti l ization 
e f fic iency would save more than $5 billion ( DeJong and Shaw , l975 ) . 
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The essence and importance o f  this distinction are captured 
by Gaus and Cooper ( 1976 , pp . 3-4 ) : 

[ W) e spent 4 billion dol lars for new technology [ for Medi
care patients in 1976 )  and we do not know i f  it did any 
good , much less how much . • • • 

2 7 3  

• • • I f  we had continued providing hospital services to the 
aged , as they were in 1967 , then we could have spent that 
4 bi llion dollars last year [ to )  • • • have 

+ Brought all aged persons above the poverty l ine [with 
at least 3 . 3  mi llion currently living below it ) ; or 

+ Provided the rent to raise 2 million e lder ly from 
substandard to standard housing units ; or 

+ Brought all the e lderly above the lowest accepted 
food budget and more ; or 

+ Provided eyeglasses and hearing aids to all who 
needed them [ estimated at 18 mi llion needing or 
wearing glasses and over 3 mi llion needing hearing 
aids ) , and more . 

Which would have helped the most , [medical ) technology or 
food? 

The profusion of expensive and sophisticated medical tech
nology is likely to c ontinue for many years to come . Given 
the multiyear lag between the discovery and application of 
innovation , and the even longer lag from bas ic research to 
application , the growth years of NIH through the mid- 1960 ' s  
and thi s  decade ' s  applied research and development work augur 
a " technological boom" in the decade to come (DeJong and Shaw , 
197 5 ) . The government ' s  interest in this phenomenon , reflected 
in the work of the committee , is obvious : Under our current 

health care system ,  the government has an economic responsibil
i ty in all phases o f  technology and medicine , from f inancing 
the initial research and deve lopmental work to purchasing the 
technology both directly (e . g . , through the VA hospitals ) and 
indirectly ( e . g . , Medicare ) .  In addition , many believe that 
the government has a role as "protector of the public"  to 
assure the safety and efficacy o� medical technology (Office 
o f  Technology Assessment , 197 7 ) , a role which has been acknowl
edged leg i slatively at the federal level recent ly with the 
passage of the Medical Devices Amendments of 1 97 6  (U . S .  Congres s , 
1976 ) . 

The remaining sections of this paper examine what we know , 
and how we might learn more , about the pecuniary costs of 
capita l-embodied medical technology , from both a theoretica l 
and an empirical perspective . Section I I  describes the 
environment in which medical technology adoption and use 
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decisions are made , suggesting why it i s  often asserted that 
the medical system encourages excessive use of technology . 
The third section defines "capital-embodied medical technology " 
and the costs of such technology , to serve as a basis for 
discuss ion in the ensuing section . Section IV reviews the 
theory and practice of allocating medical care costs to capital
embodied technology and suggests future directions and data 
sources that might be exploited to increase our knowledge . 
The fifth section presents a brief summary and conclusion . 

I I .  FACTORS INFLUENCING THE ADOPTION AND USE OF MEDICAL 
TECHNOLOGY 

Many observers of American health care believe that there are 

relatively few constraints on the adoption and use o f  medical 
technology by hospitals and physicians . TO the contrary , 

there appear to be pos itive inducements--both pecuniary and 

nonpecuniary--favoring adoption and use . As a consequence ,  
the argument runs , we purchase and use too much technology . 
Furthermore , the economic and professional environment 
encourages the development and utilization of cost-increasing 
technology . In a predominantly fee- for-service system charac
terized by widesp�ead insurance coverage , there are few 

incentives to deve lop or employ cost-saving technology . Under
standing this environment helps to explain the concern about 
the excessive use of technology in medicine and the resultant 
cost s , and it places the cost-of-technology issue in perspec
tive as a factor in overall medical cost inflation . Thi s 
section reviews both noneconomic and economic factors a f fecting 
the adoption and use of medical technology . 

Noneconomic Factors 

The physician , it has been c laimed , is driven by a " technolog
ical imperative" instil led during medical training (Fuchs , 
1 97 3 ) . Medical schools are showplace s  of modernity , and the 
student ' s  role mode l , the medical faculty member , is engaged 
in attempting to advance the scienti fic frontiers of medicine , 
owing in large part to the government ' s  support of biomedical 
research and development . Thus the image of qual ity medicine 
with which a medical student leave s training is predicated 
on a scientific approach to problems , with modern technology 
constituting the instruments with which that approach is 
practiced . As i s  discussed below ,  the economic system does 
nothing to discourage the technological imperative in ordinary 
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practice , and indeed seems t o  reinforce i t  through relatively 
complete insurance coverage o f  the use o f  much medical technol
ogy . The existence o f  high-cost ,  hospital-based technology 
is considered a factor in the trend toward increasing physician 
specialization . Increasing specialization , in turn , reinforces 
the hospital ' s  growing importance as a source o f  care . In 
addi tion , it increases the demand of physicians for still more 
technology ( Rice and Wilson , 1 97 5 ) . Possession of modern , 
sophisticated technology confers prestige on physicians 
(Feldstein , 197 la ; Newhouse , 1 97 0 ) , and it may wel l  contribute 
to their economic wel l-being ( Pauly and Redisch , 197 3 ) .  

The lay public seems to share the physicians ' fascination 
with technology . We " • • •  often look to [technology] to solve 
problems when less expensive solutions l ie elsewhere . Thi s  
may be particularly true of health care " ( Fuchs , 1 97 3 , p .  5 8 ) . 
Growing faith in the power of science in general and curative 
medicine in particular accelerates the demand for technologi
cally advanced methods of care (Feldstein , 197lb) . 

Physicians ' and the public ' s  technology orientations influ
ence the deci sion making of hospital administrators . It is 
commonly asserted that administrators acquire sophisticated 
capital equipment and facilities in order to attract and 
hold high caliber physicians on their sta f fs ( e . g . , Davis , 
1 97 2 ; Muller and WOrthington , 1 97 0 ) . A recent study found 
evidence to support this assertion (Abt , 1 97 5 ) . 6 In addition 
to using technology to compete for staff positions , "adminis
trators themselves derive utility from having the best equipped 
and most modern facilit ies " ( Davi s , 1 97 2 ,  p .  1 3 58 ) . 

In the role of the patient ' s  demand agent , the physician 
is obligated by the " social contract " to provide the "best 
possible care " ( Arrow ,  1963 ) . In medically desperate situations , 

6some observers argue that equipment acquisition dec isions , 
though formally lodged in the administrator ' s  o ffice , reside 
in fact with medical department chiefs , and that "The opera
tional reality resulting from the physician ' s  policy control 
has been a physician dominance of the resource a llocation 
function . Consequently hospital investments are primarily 
evaluated a long medical dimensions : rarely are economic con
siderations integrated into the investment evaluation function 
( Lusk , quoted in Dittman and Ofer , 1976 , p .  27 ) .  Of course , 
the abi l i ty of physic ians to make resource al location decisions 
with only l imited attention to economic cons iderations is a 
function of the permissive economic environment discussed 
below .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

M e d i c a l  T e c h n o l o g y  a n d  t h e  H e a l t h  C a r e  S y s t e m :  A  S t u d y  o f  t h e  D i f f u s i o n  o f  E q u i p m e n t - E m b o d i e d  T e c h n o l o g y
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thi s  impl ies using the technical ly best therapy that i s  avail
able . This may lead to very early adoption and diffusion of a 

technological innovation (Warner , 1 97 5 ) , though d i f fus ion of 
an unproven medical technology is not restricted to medical 
crisis situations (Altman .and Eichenholz , 197 6 ;  Gaus , 1976 ; 
Gaus and Coope r ,  1 97 6 ) . Early and extens ive diffus ion i s  en
couraged by medic ine ' s  pretreatment bia s  and a permissive 
economic environment . 

Obviously there i s  a wide array of innovations from which 
to choose , due in part to the heavily governmentally subsidized 
biomedical R&D sector ( e specially NIH) . The direct federal 
contribution to applied research and developmental work in 
the medical equipment area is smal l  though growing--mos t  of 
such R&D i s  funded by private industry--but for decades basic 
research has been the ward of the state . This research has 
contributed both directly and indirectly to the pool o f  medical 
technology . 

Governmental involvement in the medical technology arena 
can promote the deve lopment and diffusion of capital equipment , 
as does its support of research , but it can also restr ict 
equipment production and use , principa l ly t�ough regulatory 
policie s . Regulation is alternately viewed as a means o f  
compensating for the unorthodox economic environment in which 
technology adoption and use dec isions are made , or as a mech
anism to protect the public against ignorant or unscrupulous 
users of technology . In some instances , regulation i s  con
sc iously directed toward l imiting the spread of "unnecessary" 
equipment ( for example , certificate of need ) ; in others ,  the 
obj ective is assuring high-quality equipment and its appropriate 
use ( e . g . , FDA ' s new medical device regulation [ U . S .  Congress , 
1 97 6 ] ) .  

The effects of regulation on technology adoption and use are 
uncertain , though the available evidence i s  not encouraging : 
Where regulation i s  intended to l imit the spread of medical 
capital , it appears to be reasonably ine f fective . For example , 
where cert i ficate of need has succeeded in l imiting growth in 
hospital bed supply , purchase of other equipment has increased , 
resulting in no overall savings in capital expenditures 
( Salkever and Bice , 1 97 6 ) . 7 In contrast , the new med ical device 

regulation procedures , which are intended only to assure the 
safety and efficacy of medical services , have rai sed the fear 
that "overregulation " wil l  stifle entrepreneurial initiative 
and thus reduce the discovery and production of new safe and 
e fficac ious devices .  

7 The capital purchase ( CAP )  proposed in the administration ' s  
cost-contai nment bil l  would be expected to have a s igni ficant 
effect on capital expenditures in the future . 
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It has been argued that FDA ' s regulation of drugs , on which 
the device procedures are modeled , has had a deleterious 
e ffect on drug R&D ( Peltzman , 1974 ; Grabowski ,  1 976 ) . 

With the possible exception of the regulatory mechanisms , 
the above forces combine to produce a noneconomic environment 
that is favorably d i sposed to the adoption and use of modern , 
sophisticated technology . For a variety of reasons , both 
economic and noneconomic ,  such technological change seems 
biased toward the cost-increasing variety (Feldstein , 197lb) . 

Economic Factors 

2 7 7  

The economic environment o f  medical care provides some pos itive 
incentives and few disincentives to adopt and use technology . 
Beginning with the subsidization o f  research and development , 
the government pumps considerable money into medical schools 
and e l sewhere to encourage the development of new knowledge 

and technical innovations . 
But the most sal ient feature o f  the medical technology market 

is the mixture o f  the seller ' s  profit incentive (e . g . , device 
manufacturers )  and the buyer ' s  relatively unconstrained position . 
For hospitals operating on a cost or cost-plus reimbursement 
bas i s , "A quality-enhancing or service-expanding proj ect looks 
j us t  a s  good as a cost reduc ing proj ect in terms of the result
ing cash inflow from . • • reimbursement of d eprec iat ion charges "  
( S i lvers , 1974 , p .  2 94 ) . I n  short , there is no economic in
centive to adopt resource-saving technology , at the same time 
that the noneconomic forces favor adoption of sophisticated 
and generally costly equipment . 8 Some observers even argue 

BGiven this intuitively appealing logic , it is interesting that 
studies of the role of cost-based reimbursement have not found 
it to be a s igni ficant contributor to overa l l  hospital inflation . 
The methodology of some of these studies leaves the ir findings 
open to question . · For example , Pauly and Drake ( 1 97 0 )  s imply 
used a dummy variable to indicate hospital s  that were in state s 
in which Blue Cross reimbursed on the basi s  of costs , thus 
ignoring the proport ion of costs covered by such a reimbursement 
scheme . Davis ( 1 97 3 )  used a measure that captured the proportion . 
She d id not find that cost reimbursement influenced costs within 
the range of proportions studied . However , she did observe 
significant increases in average costs in the Medicare period . 
While Davis proposed alternative explanations , she did not 
e f fectively rule out the influence of reimbursement . 
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that the availabil ity of financing governs the rate of adoption 
of high-cost technology , with the technology ' s  medical efficacy 
being of secondary importance ( Rice and Wilson , 1975 ) , as may 
be demand or cos ts (Ginsburg , 1 97 2 ) . 

Hospitals acquire capital through a number o f  mechanisms , 
including private philanthropy and government grants , borrow
ing , and internal generation of equity capita l . None of these 
forces hospital s  "to experience the real discipline o f  the 
capital markets " ( Si lvers , 1974 , p .  3 04 ) . Philanthropy and 
grants provide " free" working capital ; however , this source of 
funds , which once dominated capital budgets , now accounts for 
only 10 percent of hospitals '  capital . Borrowing abil ity has 
been enhanced s ignificantly by the tax-exempt status of many 
bond i s sues and by the safety factory associated with guaranteed 
reimbursement through maj or third partie s . Nearly two-thirds 
of hospital capital funds is now derived from borrowing . Rate 
controls , inflation , and the l imitation of cost-reimbursement 
to e ligible costs have restricted the internal generation o f  
equity funds ( Blume , 1976 ) . 

The use of funds to acquire equipment and fac i lities has 
been aided by a growing trend toward leasing , which " can serve 
as a hedge against obsolescence , and • • •  affords the hospital 
greater flexibility in replac ing its equipment " ( Ofer , 1976 , 
p .  5 1 ) . 9 But whether through leasing or purchase , hospitals 
have incentives to overinvest : I f  interest payments are 
reimbursed , the effective interest cost to buyers is lower 
than the true interest . Thus more marginal proj ects may look 
acceptable to the purchasers . Also , frequent upgrading of 
existing services and addition of new ones gives providers 
greater leeway in the a llocation o f  overhead . Most cost-based 
reimbursement schemes probably allow considerable latitude in 
this area ( Silvers , 1974 ) . 

For the consumer , increasing insurance coverage and affluence 
have significantly reduced the real direct (or out-of-pocket)  

cost of much medical care , e specially that provided in hospi
tal s . 1 0  Feldstein ( 197lb , 197 7 )  sees insurance as having 

9For many kinds of medical equipment , obsolescence rates appear 
to run 5 to 8 years (Abt , 197 5 ) .  

1 0Patients now pay less than one-eighth o f  the average hospital 

bil l  d irectly , compared with one-half in the early 1950 ' s .  In 
addition , increases in real income over the period mean that 
patients must now work fewer hours to pay the direct cost of a 
day of hospita l care (Feldstein and Taylor , 1977 ) . 
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increased the demand for care , particularly for " style" and 
" high quality . "  The hospital administrator ' s  response has been 

" improvements , "  including the acquisition of fancy technology , 
which have driven costs up . Completing the c irc le i s  the 
consumer ' s  response to the higher costs--namely , to buy more 
insurance . "Thus as third party payment has increased over 
the years , the benefit required to j ustify a decision in the 
eyes of doctors and patients has declined . This has led to 
increased use of resources in all sorts o f  ways--includ ing 
the introduction of technologies that otherwise might not 
have been adopted at all  and , more o ften , the more rapid and 
extensive diffusion of technologies that had already been 
adopted to some extent • • • •  " ( Russell , 197 7 , p .  3 . )  Empiri
cal f indings are becoming available that provide evidence that 
the abil ity of patients to pay for services ,  and not simply 
i l lness and need , influences the complexity of hospital care 
(Abt , 197 5 ) . ( See also Russell , forthcoming . )  

Finally , the efforts of suppliers of medical technology 
can be credited in part with what some perceive to be rapid 
and indiscriminate adoption of technologies ( Fuchs , 197 3 ) . 
While the purchasers of technology operate with l imited and 
certainly unorthodox economic constraints , most ·of the se llers 
are conventional profit-seeking firms . l l  The situation is 
not unlike (though not identical to ) that o f  fee- for-service 
physicians and their patients . It is often c laimed that fee
for-service physicians overut ilize tests and other services , 
frequently involving capital-embodied technology , because 
they wil l  produce profit for the physicians while not (directly ) 
affecting well-insured patients . 

" In short , when those making the decisions pay none of the 
cost , resources are used as though they cost nothing" (Rus sell , 
1976c , p .  3 ) . The unusual financing relationships that define 
an economic transaction in medicine have been the subj ect of 
many studies , though relatively few have focused on the area of 
expensive capital equipment , where the potential impact seems 
especially great . All of the elements come together here to 

l l The profit potential of the medical market is suggested by the 
fact that pharmaceutical companies spend over $4 , 000 per year 
per physic ian in advertising and promoting their products ( Fuchs , 
197 4 ) .  Producers of scienti fic and medical instruments spend on 
advertising an amount equal to about 2 . 5  percent of sales , com
pared with an average rate of 1 . 4  percent for all manufacturing 
corporations .  While the technical or marketing complexity o f  
sc ientific equipment might require greater advertising , the 
f igures are suggestive of high profit potential ( Peterson and 
MacPhee , 197 3 ) . 
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produce a s ituation in which the binding constraint may be 
the state of the art , i . e . , the technology itse l f , and not , as 
e l sewhere , considerations of all costs and benefits . " [T ] he 
present system allows expenditure , e specially for hospital care , 
to be made for little or no return , when the fact that the 
resources available to the· e conomy as a whole are limited 
forces expenditure on goods and services other than medical 
care to meet a higher standard . Given the concern about the 
e ffects of l i fe style and environment , thi s  does not make 
sense even if our only goal was to improve the health of the 
population" ( Russell ,  1977 , p .  9 ) . 

I I I .  DEF INITIONS AND CONCEPTS 

In order to discuss the allocation of medical costs to capital
embodied technologie s ,  we must define terms more precisely . 
As this section wil l  suggest , the need for definitions r e flects 
the somewhat arbitrary distinctions created by separating 
"capital-embodied " technology from all technology and the costs 
of the former from a l l  operating and capital costs . It i s  
obvious from the Charge t o  the Committee (memorandum o f  
September 2 9 , 1 97 6 )  that the Committee acknowledges these 
distinctions . Thi s  section should c larify their importance .  

Capi tal -Embodi ed Medical Technology 

A technology is a defined configuration of inputs used to 
produce a specified output , e ither a physical good or a service . 
Thus a mediqal technology i s  a configuration of inputs used to 
produce a spec ified medical output . A medical technology may 
be as s imple as a nurse ' s  taking a patient ' s  temperature , or 
it may be as complex as the combination of surgical specialists ,  
nurse spec ialists , technic ians , supplie s , sophisticated equip
ment , and surgical suite used to per form open-heart surgery . 
In general ,  medical technologies may be c lassified by their 
physical nature l 2  or by their medical purpose . 1 3  

1 2congress ' s Office of Technology Assessment identifies technique 
(the action of a provider without specialized equipment ) ,  drug , 

equipment (machines and smal ler devices and instruments ) ,  and 
procedure ( a  combination of technique with drugs and/or equip
ment ) ( Office of Technology Assessment , 1976b ) . 

1 3 For example , preventive (or health maintenance ) , diagnostic , 
therapeutic , rehabilitative , organizational (management and 
administration ) ,  and supportive ( Behney , 1 97 6 ;  Office of Tech
nology Assessment , 1 9 7 6b ) . 
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A capital-embodied medical technology i s  a medical technol
ogy that utilizes , as one of its principal inputs , the services 
of one or more pieces o f  capital equipment . capital equipment 
refers to durable items that were not consumed in one (or a 
few )  use ( s ) , but rather that provide services over an extended 
period of time . Thi s  can inc lude anything from a pencil sharp
ener to a computer . In most ins tances in what follows , I wil l  

be using the term t o  re fer t o  reasonably expensive , ma j or 
items . ( Obviously , to develop an operational definition one 

wou ld have to define the minimum cost , quantity , durabil ity , 
and so on . ) 

One might j ustify the distinction between capital-embodied 
and other technology , or between expensive ma j or capital 
equipment and other capital equipment , s imply on the grounds 
of public or medical interest . For example , the CT scanner 
has created quite a sensation among the lay public , as wel l  
as within the medical profe ssion . Perhaps that interest i s  
suffic ient t o  warrant a n  independent consideration of this 
innovative technology . However , other than the interest 
factor , the relevance , or nonarbitrariness , o f  making defini
tional distinctions between , for example , "maj or " and "minor " 
capital equipment must reside in either (a ) a technical 
di f ference in the circumstances under which ma j or and minor 
capital equipment are produced , d i stributed , used , or paid 
for ; or ( b )  d i f ferences as to how such equipment is  treated 
under the law . There is l ittle evidence on the former . How
ever , there are legal distinctions in that , for example , some 
certi f icate-of-need laws apply only to equipment or fac i l ities 
costing more than a spec ified amount ( e . g . , $100 , 00 0 ) . Other
wi se , the distinction remains arbitrary , and it wil l  introduce 
diff iculties in cost analysis , as descr ibed in the next section . 

The Cost of Capi tal -Embodied Medical Technology 

The first and most . sensational cost of much medical technology 
is the capital cost . However , it is generally agreed , and 
empirical evidence demonstrates , that the most s igni ficant 
costs of major capital equipment derive from the anc i l lary 
personnel and supplies needed to use the equipment (e . g . , Abt , 
197 5 ; Ginsburg , 1976 ) . Much new medical capital technology i s  
not labor-saving ; t o  the contrary , it creates the need for 
addit ional and often spec ial ized technicians and nurses .  Thus 
the true d irect costs of a maj or piece of capita l  equipment 
are its fixed (capita l )  costs (and associated financ ing costs ) 
plus maintenance and the var iable costs associated with its 
use . This is implicit in referr ing to "capital-embodied medical 
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technology " rather than j ust to capita l  equipment : The latter 
i s  s imply one component of the technology , one that is useless 
in the absence of the other variable inputs . 

The problem in measuring the true costs lies in defining 
the technology in a systematic and meaningful manner . Is 
" radiotherapy" l imited to the actual administration of radi
ation , or does the technology of radiation therapy include 
the supportive service s  that precede and follow the irradiation? 
Where are the l ines drawn? This question is central to 
identi fying the direct costs of medical capita l-embodied tech
nology . As i s  discussed below , narrowly construed , capita l
embodied technology probably does not impose a s izable cost 
burden on the medical care system; broadly construed--that i s , 
to include a l l  services and procedures that have a s ignificant 
link with the use of capital or with another procedure depen
dent on capital--such technology is probably enormously 
expensive . A theoretical resolut ion of the problem i s  to ask 
what would have happened to the patient in the absence of the 
capital -based technology , and then to compare the costs 
associated with that hypothetical management of the case with 
that which actua l ly occurs . The difference would be a measure 
of the d irect costs of the capital-embodied technology . The 
difficulty in making this concept operational i s  one reason 
why so l ittle empirical work has been attempted a long these 
l ine s .  It i s  important to recognize , however , that even i f  
the concept could be translated into e ffective quantification , 
it would miss some subtle factors that should be included in 
a measure of the costs of the technology ; for example , the 
case mix may have changed in response to the existence of the 
technology ( Rice and Wil son , 197 5 ) ; or there may be more cases 
amenable to treatment by the new technology than would have 
been identified in the absence of the technology . 1 �  

It i s  also important to distinguish three sources of high 
cost due to technology . One is s imply the existence of a 
high-cost technology that also produces a s igni ficant benefit . 
Here , the question o f  the desirabil ity of the technology i s  
one of compar ing benefit and cost . A second source is  excess
ive use of the technology . A technology with a cost-reducing 
potential ( e . g . , it substitutes for a technology that i s  more 
costly on a unit or per-use bas i s )  may actually increase costs 
because it i s  used so o ften . The third source has frequently 
been identi fied as an important ine ff ic iency in medicine : 
excess capacity or underuti lization of expens ive technology . 

l �For example , the existence of the CT scanner may significantly 
alter the amount , timing , and possibly nature of brain surgery . 
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In its study o f  Boston area hospitals , Abt ( 1 97 5 )  found 50-60 
percent of capac ity utilization of autoanalyzers , diagnostic 
x-ray machines , and patient monitor s . A 1972 survey found 
that 62 percent of hospital s  equipped with open-heart surgery 
fac ilities did fewer than 100 operations annually ( Roche and 
Stengle , 197 3 ) , while a professional Surgery Study Group had 
recommended 200 procedures as the minimum number necessary 
for surgical teams to maintain their skills . In 1967 , 3 1  
percent o f  equipped hospital s  had not used their open-heart 
fac i lities for at least a year ( U . S .  DHEW , 1 97 1 ) . The cost 
of underutilization is suggested by the estimate that the 
short-run cost of maintaining an unused hospital bed i s  
roughly two-thirds the cost of a n  occupied bed ( Altman and 
Eichenholz , 1976 ) . A potentially s igni ficant cost o f  excess 
capacity may be the added incentive to use the underuti lized 
technology in more marginal or questionable cases . 1 5  

28 3  

F inal ly , t o  repeat , a n  analysis of the direct costs assoc i
ated with the technology wi ll miss numerous indirect costs 
resulting from the availabil ity and use of the technology . 
The latter could conceivably have a much more significant 
economic and/or social impact . 

Technology ' s  Costs and Its Contribu tion to Cos t Infla ti on 

A f inal distinction is between the costs associated with the 
stock of capital eqUipment--e . g . , the equipment in use during 
197 7 --and changes over time in the costs of medical care 
resulting from additions to and changes in the nature of the 
stock of equipment . An understanding of thi s distinction and 
separate measurement of these different costs are essential 
to sound policymaking . If it were learned that the existing 
stock of capital equipment does not impose unreasonable cost 
burdens , but the flow into the system appeared to be an excess
ive rate , policy should focus on research and devlopment and 
the diffusion of innovations ( e . g . , through biomedical R&D 
funding , FDA certification of devices , etc . ) .  I f  by contrast 

l S in many instances , "exces s "  capacity may be j ustified on the 
basis of option demand . That is , we are willing to pay a price 
( i . e . , the costs of unutilized capacity ) in exchange for the 

c ertainty of the ready ava ilability of the technology whenever 
it might be needed . While opt ion demand is a legitimate basis 
for unused capacity , the amount o f  excess capac i ty o ften doc
umented considerably exceeds that which option demand would 
reco11111end . 
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the stock of capital equipment seemed to be contributing 
excessively to the current costs of care , whi l e  the rate o f  
change i n  the stock was low o r  moderate , pol icy might more 
profitably focus on the use end of the spectrum (e . g . , on 
reimbursement policies ) . In the remainder o f  the paper , I 
wil l  consider both the costs o f  technology and technology ' s  
contribution to inflation , though the reader should be fore 
warned that , a s  a reviewer of the l iterature , I will b e  unable 
to draw confident conclusions about either . 

I V .  ALLOCATING MEDICAL CARE COSTS T O  CAPITAL-EMBODIED TECHNOLOGY 

The preced ing section discussed both conceptua l approaches to 
and problems in al locating medical costs to capital-embodied 
technology . The first subsec tion below wi l l  extend that d i s 
cussion by consider ing methods o f  measuring costs , with the 
next subsection presenting the results of attempts at such 
mea surement . 

Methods of Meas uring Costs 

case Studies . 

The first and most obvious approach to measuring the costs 
of a capital-embodied medical technology i s  to undertake a 
case study focusing on a spec ific technology . A capital-embodied 
technology is identi fied and its components defined prec i sely . 
The actua l  costs of inputs are then measured , inc luding reason
able allocations for deprec iation , imputed prices where neces
sary , and sci on . These are then summed and , ideally , compared 
with the costs that would have been incurred in the absence 
of the technology ( i . e . , us ing the best a lternative technology , 
i f  any . 1 6 While thi s approach may yield excel lent e stimates 
of the cost of a given technology , it  does not ( inherently ) 
permit general izations or conc lusions about the overa l l  cost 
of capital-embodied technology . 1 7  One mus t  be wary not only 

1 6 I f  benefits from the two technologies d i f fer , they too need 
to be compared . A bene fit-cost or cost-effectiveness ana lysis 
might be performed . 

1 7 I f  suf ficient uniformity emerged from numerous case studies , 
one might draw inferences of a larger or more general nature . 
This i s  considered in the discus s ion of the next method and is 
done , i l lustratively , later in the paper . 
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o f  the qual ity of the studies , but also of the possibil ity 
of selection bias . 

A second case study approach involves adopting treatment 
of a specified i l lness as the basi s  of analys i s , rather than 
be ginning with the technology . Here it is assumed that the 
output (outcome ) remains constant , and variations over time 
in the costs of treatment are measured . Assuming that the 
treatment in question has a signi ficant capital input , this 
approach has the appealing logic of defining a technology by 
a health outcome . The method i s  expensive , and again it 
suffers from the usual l imitations of case studies ( Sc i tovsky 
and McCall , 197 5 ) . 
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A third approach i s  s imilar to the first two , though i t  
attempts t o  introduce broader coverage of hospital (or medical ) 
activities .  " Capital technology " i s  defined ( for example , 
all  pieces of equipment with a capital cost greater than or 
equal to $100 , 000 ) and · then ana lysts spec i fy all related 
capital-embodied technologie s .  These are then casted-out in 
a ( rather heoric ) manner analogous to that of the first approach . 
Alternatively , one might focus on a capital-intensive depart
ment or unit ( e . g . , radiology ) and s imply modify its budget 
appropriately , attempting to l ink inputs to speci fic services . 

Estimation Based on Case Studies . 

A second method combines the first and third case study 
approaches to produce a rough e stimate of the systemwide costs 
of capital-embodied technology . As in the preceding approach , 
capital technology i s  defined and then the budgets o f  a repre
sentative sample of hospitals are studied to determine d irect 
expenditures on such capital . Rather than attempting to 
spec i fy the prec i se production functions , the analyst applies 
a multiplier to the capital costs , where the multiplier is 
derived from case studies of the first type . That is , suppose 
that examination . of numerous case studies of individual capital
embodied technologies suggests that the average ratio of total 
costs to the capita l costs a lone equals 3 .  Then the represen
tative hospita l ' s  d irect expenditure on capital can be 
multiplied by 3 to estimate the costs of capita l-embodied 
technologies . 

Obviously this method can provide no more than a bal lpark 
estimate of the desired figure , but in so doing it offers a 
gl impse of the order of magnitude of the cost of technology . 
Clearly the cred ibil ity of the method depends on the quality 
and variability of the find ings of the case studies . 

... .... 
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Proxy Methods 

The great difficulty in finding a systematic approach to 
answering the question , what are the total direct costs o f  
capital-embodied technology , reflects the lack o f  a direct 
measure of " technology" with which one could isolate technol
ogy ' s costs from other medical costs ( Davis , 1 97 4 ) . Several 
researchers have attempted to estimate the total "technology 
e f fect " by use of proxies . One approach is to include time 
in an econometr ic ana lysis of inflation in the cost of hospital 
care , where time is interpreted as representing technological 
change ( Davis , 1 97 4 ) . 1 8  While this may provide order-of
magnitude estimates , time can also capture several other 
factors (Wagner and Zubkoff ,  forthcoming ) .  In addition , this 
approach is not intended to distinguish capital-embodied 
from other technology . 

A similar problem ar ises in another technique that has 
been misinterpreted as providing an e stimate of the contribution 
of technology to inflation . The cost e ffect of increases in 
nonlabor input intensity can be establi shed by controlling 
hospital inflation for unit price increases (wages and nonlabor 
prices ) and the quantity o f  labor . The residual is the e ffect 
of increasing nonlabor inputs (Fe ldstein , 197 l b ;  Waldman , 1972 ) .  
While this is  quite substantial ,  nonlabor inputs include 
nondurables and low-cost capital and exclude the labor a ssoci
ated with capital-based technologies . As suc h ,  this bears no 
relationship to the e f fect o f  capital-embodied technology on 
costs . This is discussed further below .  

Empi rica l  Cost Studies 

The empirical evidence make s it c lear that " i f  maj or movable 
. . • equipment con stitutes an important source of hospital 
cost inflation , it must be because of the complementary inputs 
required to operate and service it , for total equipment pur
chases amount to less than five percent of hospita l costs on 
the average " ( Abt ,  197 5 , p .  9 ) . Ginsburg ( 1976 , p .  174 ) 
echoe s this theme : " [ I ] nterest and depreciation are a small 
part of hospital costs and cannot be considered an important 
cause of cost increase s directly . However the indirect e ffects 
may be substantial . "  

l BThe inc lusion of time as a proxy for technological change 
is a common if not universally accepted practice in economic 
studies of productivity growth . 
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case Studies 

The importance of the noncapital costs of capital-embodied 
technoloqies emerqes clearly from numerous case studies , 
despite the fact that few of these carefully examine all of 
the variable costs assoc iated with use of the capital equip
ment . An instance in which it is relatively easy to measure 
operatinq costs occurs when " the technoloqy " is a hospital 

28 7  

unit � for example , coronary care units ( CCU ' s ) . Bloom and 
Peterson (197 3 )  report that the costs of bui ldinq and equippinq 
a l l  of the CCU ' s  in Vermont , New Hampshire ,  Massachusetts , 
and Rhode Island in 1 97 0  was $3 . 7  mil l ion , but the annual 
operatinq cost of these units was $6 . 4  mill ion . l 9  Russel l ' s  
( 1976a ) study of intensive care units ( ICU ' s )  found that the 

capital costs of equippinq the units could be relatively 
smal l  (as little a s  $ 2 , 000 per bed in the late 1960 ' s 2 0 ) ,  
but ICU beds ' operatinq costs run 3 t imes those of ward bed s . 
With ICU and CCU beds total inq 5 percent of all  short-stay 
hospital beds in 197 5 ,  approximately 15 percent of 197 5 
hospital costs can be attributed to intens ive care . Two-thirds 
of that total represents an excess over what would have been 
necessary to maintain the same number of ward bed s . Given the 
questionable value of intensive care for many patients ( Ge l lman , 
197 1 ;  Mather et a l . ,  1 97 1 ) , one must ask how much o f  that 
addi tional expense was necessary . 

The rapid diffusion o f  CT scanners provides a classic 
example of the medical profession ' s  abi l ity to quickly adopt 
an expensive new technoloqy of unproven value . Undoubtedly a 
siqnificant technical breakthrouqh in diaqnostic capability , 
the scanner ' s  potential effects on human health are unestab
l ished . 2 1  The effects on human wealth are becominq quite 
c lear . In 197 5 ,  $150 mil l ion worth of CT equipment was 
ordered or installed in the United States . The purchase 

1 9sloom and Peterson also observe that hal f  of the patients in 
the CCU ' s had not had myocardial infarctions and were low-risk 
pat ients . 

2 0 rn practice , per-bed costs at times often r an 4 or more t ime s 
qreater than the $ 2 , 000 . 

2 1While ear lier , more accurate d iaqnosis miqht lead to decreases 
in mortality or morbid ity , it miqht produce increases ,  e . q . , 
by promotinq r isky surqery . 
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price of a scanner is in the vicinity of hal f a mil l ion 
dollars . Operating costs are estimated at an average o f  
$ 300 , 000 to $400 , 000 p e r  year . The costs of excess capacity , 
which already seems to exist in several maj or metropolitan 
areas , i s  i l lustrated py a calculation that an increase from 
40 to 80 examinations per week--i . e . , a doubl ing of the number 
of patients--increases total costs only 14 percent ( Office o f  
Technology Assessment , 1976a ) . 

other case studies sugge st staggering costs associated with 
single technologies . The Public Health Service proj ected 
that the fi fteenth year costs of kidney d isease treatment 
would equal roughly 4 percent of a l l  u . s .  health service costs 
(Gellman , 197 1 ) . We currently spend over 1 2  percent of the 

nation ' s  health dol lars on c linical laboratory services , some 
$15 bil l ion in 1975 ( Banta and McNe i l , 1977 ) .  X-ray services 
cost almost $5 billion in the same year (Office o f  Technology 
Assessment , 1976b ) . In 197 0 there were some 17 mil lion skull 
X rays ( from a total o f  4 . 2 million examinations , each having 
multiple f i lms ) at a cost in excess of $120 million . This i s  
a procedure generally of dubious value , which i s  often per
formed solely to protect against malpractice charge s ( Of f ice 
o f  Technology Assessment , 197 7 ) . 2 2  Electronic fetal monitoring 
adds $ 3 5  to $7 5 to the cost o f  a deliver y .  Thus , electroni
cally monitoring all  deliveries would cost over $200 mil lion . 
This estimate ignores the costs , both monetary and otherwise , 
of the additiona l  caesarian sections that result from electronic 
monitoring ( Office of Technology Asse ssment , 1 97 7 ) . 2 3  

If operations are inc luded in the category of capital - . 
embodied technology (due to the capital equipment in operating 
rooms ) , then some common surgeries of uncle�r necessity add 
immense ly to the costs of technology . Every student of medical 
care is f�liar with the current debate on unnecessary surgery 
(Committee on Interstate and Foreign Commerce , 1 97 6 )  and the 
link between the supply of surgeons and the amount of surgery 
that is performed ( Bunker , 1970 ) . Most experts be lieve that 
hundreds of thousands of tonsillectomies and hysterectomies 
are done needlessly each year , with the attendant risks 
to the patients . OVer $ 3 50 mil l ion is  spent annually on 

2 2The monetary cost implications are obvious . In addition , 
unneces sary X rays subject patient s to unnecessary radiation 
danger s .  

2 3 The bene fits of electronic fetal monitoring are unes tablished . 
The most certa in consequence has been a sizable increase in 
the number of caesarian secti�ns . 
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appendectomies ; yet recent evidence is causing cl inical 
researchers to question the necessity of thi s s tandard 
operation (Office of Technology Assessment , 1977 ) . The 
e f fects of coronary artery bypass surgery are uncertain ; 2 �  

but Americans spent over $650 mill ion on this surgery 
last year , at more than $ 10 , 000 per operation . A propo-
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nent of the procedure argues that the United States should 
prepare to do 80 , 000 coronary arteriograms a day to screen for 
coronary disease . The national bill for such a screening 
program would come to more than $ 1 0  bill ion a year ( Office of 
Te chnology Assessment , 197 7 ) . I f ,  as has been predi cted , 
coronary artery bypas s  surgery becomes the most co11111on surgery 
in the United State s , with approximately 700 , 000 operations 
per year , the annual cost of this procedure would total over 
$7 billion ( Neuhauser and Jonsson , 1 97 4 ) . 

In one of the few studies to systematically examine the 
costs assoc iated with several ma j or pieces of hospital capital 
equipment , 2 5  Abt Associates concluded that it is  the capital ' s  
complementary inputs , such as labor and supplies , which con
tribute most s igni ficantly to hospital cost inflation . TOtal 
equipment purchases per se accounted for less than one-twentieth 
of hospital cost s . However Abt did observe that tota l equip
ment expenditures had r isen 23 percent per year from the mid-
1960 ' s  through the mid-1970 ' s . Thus , "We ighting this percentage 
by the percent of equipment in total costs , [ they ) estimate 

the d irect contribution of equipment expenditures to hospita l 
per diem cost inflat ion at 1 . 15 percentage points . The per 
diem cost inflation in [ their)  sample of 15 Boston hospitals 
was 1 3 . 4  percent per annum over the same time period , implying 
that the direct contribu tion of the growing equipment-intensi ty 
of service provision to infla ti on was on the order of nine 
percent ( 1 . 1 5/1 3 . 4 ) " ( Abt , 197 5 ,  pp . 9-10) . 

Thi s  is probably the most systematic direct estimate of the 
contribution of capital cost to hospital inflat ion , but it 
ignores those "complementary inputs " that convert a piece of 
equipment into a usuable component o f  a technology . In 

2 4 The surgery seems to reduce angina pectoris , but thi s might 
be a placebo effect . Through an unorthodox control l ed cl inical 
tria l , a plac ebo e ffect was established in the 1 950 ' s  for 

· 

mammary artery l igation ( Neuhauser and Jonsson , 197 4 ) . 

2 5These were : cardiac catheter labs , automated blood analyzers , 
patient monitors ,  diagnostic X-ray machines , computers , and 
dishwashers .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

M e d i c a l  T e c h n o l o g y  a n d  t h e  H e a l t h  C a r e  S y s t e m :  A  S t u d y  o f  t h e  D i f f u s i o n  o f  E q u i p m e n t - E m b o d i e d  T e c h n o l o g y
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 4 3 9

http://www.nap.edu/catalog.php?record_id=18439


290 

addition , as the authors observe , their sample of Boston 
hospital s  had a disproportionately large number of teaching 
hospitals , which tend to purchase more capital equipment than 
nonteaching hospital s .  Hence the above estimate l ikely over
states the contribution of equipment purchases to inflation 
nationally . 

Proxy Measures in Studies of Hospital Cost Inflation 

Employing a variety of proxies for technoloqy , scholars 
who have studied hospital cost inflation attribute anywhere 
from 3 0  to SO percent of that inflation to technoloqy . It 
should be noted at the outset of this discus s ion that there 
is much confusion in the interpretation of the findings by 
proxy , and , while SO percent would seem to provide a high 
upper bound , the true contribution of technology to inflation , 
particularly high-cost technoloqy , may be less than the " low" 
estimate of 30 percent ; c learly the contribution of expensive 
capital-embodied technoloqy must be less than the total e f fect 
of technology . 

The upper-bound , or SO percent , estimate s  are based on the 
studies that break up hospital cost inflation into labor and 
nonlabor components and price and quantity components within 
each of those ( e . g . , Feldste in , 197lb ; Waldman , 197 2 ) . OVer 
the last two and hal f  decades hospital wage rates have risen 
rapidly , hospital employment less so . Assuming that the 
Consumer or Wholesale Price Index adequately reflects the 
prices of nonlabor inputs in hospitals , the quantities of 
nonlabor inputs have been increas ing rapidly . OVerall , changes 
in hospita l  input prices account for s lightly more than hal f  
the rise i n  hospital costs , with the remainder representing 
additional quantities of old and new equipment , supplies , and 
labor . Gaus and Cooper ( 197 6 ,  p .  1 )  have labeled this "essen
tia l ly the ' technology factor ' . " Others have picked up on 
such evidence , and interpretations of it , to echo the con
clusion that nearly hal f  of recent hospital cost increases is 
due directly or indirec tly to medical technology ( Of fice of 
Technology Assessment , 1976b ) . However , the only conclusion 
warranted by these data is a tautological restatement of what 
was calculated : Half of hospital cost increases has been due 
to unit price increases ; the other hal f  represents increases 
in the quantities of inputs . Much of the latter might simply 
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reflect changes in tastes or attitudes or behavior--changes 

in demand . 2 6  

291  

Other estimates of the " technology factor" place technology ' s  
rol e  in cost inflat ion between 3 0  and 40 percent . For the 
early Medicare period of 1 968 through 1 97 1 , Redisch ( 197 4 )  
c laims t o  explain 39 percent o f  the rise i n  operating cost 
per adj usted patient day , and 42 percent of the rise in oper
ating cost per adj usted admission , as the result of " explosive 
growth" in a handful of physician-controlled medical services : 
pathology tests , nuclear medicine procedures , anesthes iology , 
pharmacy items , lab tests ( inpatient and outpatient ) ,  radiology 
procedures ( inpatient and outpatient ) ,  therapeutic radiology 
procedures ,  and blood bank units drawn . 2 7 Davis ( 1 97 4 )  uses 
time as a proxy for technological change in a study of cost 
increases from 1962 through 1968 in approximately 200 private , 
nonprofit hospitals . She suggests that her finding of a 2 
percent increase in cost per year , controlling for demand and 
supply variable s , is a reasonable upper l imit on the effect 
of technological change . This translates into 38 percent of 
the predicted increa se in expenses per admis sion . While 
plausible , Davi s ' upper limit argument is not entirely con
vinc ing ( Wagner and Zubkoff , forthcoming ) .  

In another study , Baron ( 1974 ) estimates that technology 
and case mix changes , together , account for 3 5  percent of the 
cost increase in adj usted patient days and 30 percent in 
adj usted admissions . Baron ' s  contribution is to acknowledge 
the change in case mix that , while potential ly occurring all 
the time , appears to have shifted s ignificantly with the 
advent of Medicare and Medicaid . Unfortunately , he did not 
separate the technology and case mix factors . 

2 6Strictly speaking , this can legitimately be considered an 
increase in technology , i f  technology is defined simply to 
be inputs producing medical services . However , given the 
context of the word "technology" in this paper and in most 
current discussions on the topic , the SO percent residua l  in 
cost inflation after controlling for unit prices should not 
be labeled the "technology factor . "  

2 7While Redisch ' s  regressions do indicate that growth in 
these services was a significant factor , his attribution of 
all the explained variance to the service variables is 
unwarranted . His equations also inc lude highly significant 
time dummy variables . 
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In general , hospital cost inflation studies s ingle out in
creas ing demand , promoted by growing insurance coverage , as the 
most important factor in inflation . Wage catch-up in the hos 
pital industry through the decade of the 1960 ' s  certainly in
fluenced inflation , but in no way can it be considered " th e "  
explanation (Feldstein and Taylor , 1 97 7 ) ; and as noted above , 
the cost-plus reimbursement theory o f  inflation has received 
l ittle support . While all of the maj or studies give credence 
to the demand-pull theory , it should be recognized that the na
ture of the demand increases i s  more complex than that whi ch is 
normal ly construed as demand-pull . For example , Redisch ' s  ( 1974 ) 
conclusion , that a s ignificant amount of the inflation rate can 
be explained by increases in the uti l ization of physician
control led medical services , suggests that physi ci ans ' demands 
may have been pull ing costs up , and not s imply patient s ' demands . 

The importance of recogniz ing the s ignificance of demand is 
to distinguish those increases in input intensity that s imply 
reflect increases in demand from those that represent technolog
ical change . Much of the concern with the costs o f  techno logy 
seems to focus conceptually on the latter , while alarm appears 
to derive in part from erroneously attributing both sources of 
actual cos t increases to technological change . The obvious pol
icy s ignificance is that demand- induced inflat ion may requ ire a 
different pol i cy approach than inflation produced primari l y  by 
technological change . 

Toward an Es tima te of the Cos ts of Capi tal -Embodi ed Technology 

None of the inflation-based studies distinguishes capital
embodied from other technology ; and none definitively captures 
technology alone . With the exception of the Abt study , no re
search has attempted to examine the costs of capital-embodied 
technology beyond the case s tudy level , and the Abt f indings re
late only to the costs of expens ive capital equipment in a non
representative sample of hospitals . However ,  the l iterature 
reviewed above permits some tentat ive conclusions , or guessti
mates , as to the costs o f  capital-embodi ed medical technology . 
Based on the case studies ( and recognizing the potential hazards 
of their nonrandom method of selection ) , we can assume that on 
average the operating (variable ) costs assoc iated with capital
embodied technologies at least equal and probably exceed the 
capital cost by a factor o f  2 ,  3 ,  or mor e .  Using as a base Abt ' s 
estimate of the direct contri bution of high-cost equipment ex
penditures to hospital cost inflation ( 8 . 58 percent ) , thi s  sug
gests that , in the Boston area , capital-embodied technology may 
have accounted for between 1 7  percent and 34 percent of hospital 
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cost inflation in recent years , a t  least i n  the hospitals sampled 
by Abt . However ,  as these hospitals are disproport ionately in
volved in medical education , 3 1  and teaching hospitals consume 
more capital equipment than nonteaching hospital s , these estimates 
should be reduced i f  they are to represent the situation nation
wide . While it is no more than an educated guess , I would there
fore place the contribution of expensive capital-embodied 
t echnology to hospital cost inflat ion at less than a quarter , 
quite poss ibly considerably less . In any event , the procedure 
for estimating the contribution seems reasonable . Al l that is  
needed are data comparable to those Abt derived , but based on a 
representative sample of hospitals . A more systematic review of 
the case study lite rature might re fine one ' s  sense o f  the vari
able cos t : f ixed cost ratio . 

The cost of capital-embodi ed technology in a given year could 
be es tabl ished in a s imilar manner . First one would need to de
termine capital expenses per year for maj or equipment and then 
this f igure would be multiplied by 1 plus the variable-to- f ixed 
cost ratio . Needless to say , determination of the latter is cen
tral to the overall estimation , and the ratio is clearly sensi
t ive to how broadly technology i s  defined . Based on Abt ' s  
f inding s  that the rate o f  growth in capital inputs exceeds the 
rate of growth of other inputs , the cost of capital-embodied 
technology in a given year , as a percent o f  total cost , should 
be less than the pe rcentage contribution of such technology to 
inflation . 

The conceptual work and data needed for further analysis are 
suggested above . Once concepts are agreed upon , data acquisition 
becomes simply a cost-accounting exercise , with analysts turning 
to actual hospital budgets to procure representative figures . A 
few states have good uni form account ing systems that might yield 
satisfactory numbers (e . g . , Cali fornia , Massachusetts , New Jersey , 
New York , Washington ) .  In order to determine whether or not they 
will reimburse for particular capital items , rate-setting com
miss ions in at least three states (Washington , Connecticut , and 
New York) consider the noncapital costs related to equipment pur
chases ( Gaus and Coope r ,  1 9 7 6 ) . Their cos t-impact studies might 
provide useful data and suggest methodological approaches to 
performing analysis . Examination of the data in other central
ized systems might be fruitful , though few of these wil l  be 
representative of national patterns of medical care (e . g . , the 

3 1 over hal f  of the sample are teaching hospitals , wh ile nationally 
only about 1 0  pe rcent of hospitals are affil iated with medical 
s chools . 

Copyright © National Academy of Sciences. All rights reserved.

Medical Technology and the Health Care System: A Study of the Diffusion of Equipment-Embodied Technology
http://www.nap.edu/catalog.php?record_id=18439

http://www.nap.edu/catalog.php?record_id=18439


2 94 

Veterans Administration hospitals or Kaiser ) . A few publi c  
sources could b e  explored (e . g . , the " Guide I s sue" o f  Hospi tals) , 

though data in these are generally reasonably crude . Other po
tentially interesting sources of information include the manu
facturers of medical capital equipment and federal funders o f  
technology R&D . And , o f  course , analysts would have to s crutin
ize the case s tudy l iterature to determine a reasonable multi
plier . 

The perplexing problem is the s tarting point : conceptually 
and operationally defining " capital-embodied technology . "  This 
requires defining capital equipment in a meaningful way ( e . g . , 
choosing a capital cost minimum that corresponds to a legal 
requiremen t , such as certificate of need) and specifying bound
aries as to what constitutes a technology that is capital
embodied . Loosely defined , capital-embodied technology could 
encompass almost all of medicine ; narrowly defined , it might be 
restricted to 6 or 7 percent of medical costs . The difficulty 
in arriving at an acceptable definition relates to the arbitrari
ness of distinguishing capital-embodied from other technology . 
While there may be a structural reason to make such a distinc
tion--for example , concern with equipment and fac ilities subj ect 
to cert i ficate of need--there is no obvious logical reason . 

V .  SUMMARY AND CONCLUS ION 

To date , social pol i cy with respect to medical technology has 
been fragmented and piecemeal , a reflection of the evolution of 
our medical care system .  The perception o f  the need for a uni
fied pol icy reflects either a bel i e f  that there i s  something 
fundamental that distinguishes capital -embodied technology from 
other facets of care , or else a frustrated acceptance of the in
evitabil ity of an incremen tal ist approach to contol ling the sys
tem , combined with a bel ie f  that capital equipment is responsible 
for cons iderable medical cost inflation . As Wagner and Zubkoff 
observe ( forthcoming , p .  6 ) , " To the extent that the tendency to 
overinvest in and overuse sophisticated services i s  j us t  a part 
of a larger tendency to overuse health services or to inves t  too 
many labor or nonlabor resources in the production o f  hospital 
services , the problem is not related to technology itself and 
should not be singled out as a technoloqy problem . " This is a 
perception which warrants serious consideration by policymakers . 

The l iter�ture sheds l ittle l ight on the quantitative cost 
importance of capital-embod ied technology ; neither does it an swer 
the question of whether the tendency to overinvest in and overuse 
soph isticated services is qual itatively distinct f rom a s imilar 
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general tendency in the provision and consumption of medical 
care . However , an assimilation o f  the numerous case s tudies 
( tempered by an awareness of selection bias ) can be combined 

with the analysis o f  more general studies to draw some tenta
t ive conclusions : 

295 

• The high costs associated with capital-embodied technol
ogy result principally from the ancillary personnel and supplies 
required to use the capital equipment . These variable costs , 
which may include specialized labor ( nurses or technicians ) ,  run 
f rom 1 to 3 or more times capital costs . 

• Adoption and use of capital-embodied technology i s  prob
ably a s ignificant though not primary cause of hospital cost in
flation . A methodology was suggested as to how one might 
e stimate both the current cos t  of such technology and its con
tribution to inf l at ion . For high-cos t  equipment , as a guessti
mate I place the latter at less than 25 percent of the annual 
hospital inflation rate . The former would appear to be smaller 
stil l . 

• The failure o f  the literature to deal d irectly and thor
oughly with capital-embodied technology reflects the difficulty 
o f  de fining medical production functions in a uniquely meaning
ful way . The same problem arises in considering medical tech
nology more generical ly . In part , thi s  difficulty suggests an 
arbitrary element in defining and distinguishing these terms . 

• The true social cos t  of a capital-embodied technology , or 
o f  any medical care , cannot be evaluated in an output vacuum . 
That i s , lacking knowledge o f  the benef i ts derived f rom a tech
nology , one cannot determine whether the technology ' s  costs are 
purely inflationary or whether they repres ent a " good buy , " pro
duc ing a benefit of at least comparable magnitude . Sti l l , theory 
suggests the existence of strong incentives in the existing medi
cal care system for overutilization of technology ; case studies 
s eem to confirm s ignif icant and widespread instances of this . 

• There are reason s  to anticipate continuat ion of a " tech
nology boom . " Given the mul tiyear lag between research and 
technology application , the generous f inding of R&D a decade 
ago and the recent emphasi s  on technology development augur 
numerous capital-inten sive innovations during the next several 
years . Part of the " technology boom" of recent years undoubtedly 
owed to the growth in private and pub l ic insurance coverag e .  For 
example , Russell ( 1977 )  documented sharp increases in I CU ' s and 
diagnostic radioisotope fac i l ities in small hospital s with the 
advent of Medicare and Medicaid ; electroencephalographs rose 
rapidly in larger hospitals . It can be argued that " the histor
ical pressures for hospital inflation have been greatly reduced 
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in the mid-197 0 ' s  . . . .  [F ] uture increases in demand for hos 
pital s ervices s imilar t o  those experienced before are unl ikely 
to occur" (McMahon and Drake , 1976 , p .  1 3 6 ) . With 90 percent of 
al l direct hospi tal costs covered by insurance , it is probably 
correct that the economic pressure for increas ing the quantity 
o f  services wil l  be small . .  However ,  thi s  wil l  not necessarily 
alter the growing demand for higher quali ty of services , with 
its attendant implications for the use o f  sophisticated tech
nology . 

The general concern is expressed by Gaus and Cooper ( 19 7 6 , 
p .  11 ) : " Given our tremendous technology-induced costs , i t  i s  
apparent that in the U . S .  today we have neither the capacity to 
determine how much of what technology is appropriate nor the 
mechanism to control adoption . "  In the extreme , the fear i s  
that the state of the art i n  technology is the binding constraint 
on medical costs . Unless we learn how to assess the cost
effectiveness of technologies and then how to implement effec
t ive controls on adoption and use , we can ant icipate that 
technology wi l l  continue to contribute to rapid inflation in 
the cost of medical care . 
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