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PREFACE

This report examines the policy and research issues basic to the
relationship between new medical technology and the efficiency
and effectiveness of the health care system. The National Re-
search Council's Committee on Technology and Health Care, orga-
nized jointly in 1976 by the Assembly of Engineering and the
Institute of Medicine, has assessed the process by which tech-
nology finds its way into the health care system, identifying and
analyzing successes and failures in the process of technological
change. 1Ideally, the more effective and efficient technologies
should be introduced quickly; others should not. The committee
has attempted to determine the extent to which 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 limited its inquiry to an examination of "equipment-
embodied technology," which is the equipment, procedures, services,
or systems that depend primarily 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 procedures for which par-
ticular equipment was not required.

As a first approximation of the issues to be addressed, the
committee identified a series of questions:

v
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e What is known about the relationship of equipment-embodied
technology to health care costs and social benefits? Are there
categories of such technology that are worth their cost and
others that are not?

e® 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 likely to
be adopted too rapidly and uncritically or too slowly? To what
extent do current public policies contribute to such problems?

® How is information about the effectiveness and efficiency of
new technology developed and used? At what stage in the process
of technical change is 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 kinds of medical technology nor
did it attempt to identify significant opportunities for R&D of
new technology--although the committee is quite certain such a
study could be useful to those federal agencies that are respon-
sible for supporting R&D activities. The committee did not ana-
lyze the substantial number of issues associated with biomedical
research policy, such as the relative 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-
ducive to innovations in medical technology. These were ruled
out for two reasons: The issues had just been considered by the
President's Biomedical Research Panel, and the time available 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 time and the absence of
objective studies on certain topics. Thus, it did not deliberate
the technical issues associated with developing equipment-embodied
technology, including the need for trained technical manpower or for
R&D settings in which the collaboration 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 technical 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 to
the limited scope of the study in this connection as well as some
of the implications of the conclusions and recommendations. His
dissenting view appears as Appendix A.

Copyright © National Academy of Sciences. All rights reserved


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

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

vii

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 of ethical and
social choices now made possible by the availability of medical
equipment to prolong life 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 uncontrolled aspects of life. It pos-
sesses an implicit power to redistribute wealth in the society and
to confer benefits upon some of the most underprivileged. It en-
dows health practitioners with new powers over life and death. It
creates new jobs and displaces old jobs. 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 effectiveness of the process of techno-
logical change, not on the equity of its consequences.

METHODOLOGY

The committee, consisting of specialists in engineering, medicine,
economics, sociology, and health care administration, met four
times to deliberate the issues, reach conclusions, 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 commissioned. Four of the papers were case
studies of particular equipment-embodied technology. The other
papers included an analysis of property rights policies related
to the introduction of new medical technology, an examination of
the impact of state and local regulations on medical technology,
and an assessment of the economic cost of equipment-embodied tech-
nology. While the commissioned 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 of con-
cerned citizens on the critical problems of technological change
in the health care system. The public's views were the subject
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, identifying specific 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 eight appendixes to the report. Appendix A is the
dissenting opinion of committee member William S. Yamamoto. Ap-
pendixes B through G are six commissioned papers to assist the com-
mittee in its analysis 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 College. 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 participating in its initial deliberations. They
are Edward Burger, Clinical Assistant Professor at Georgetown Uni-
versity Medical Center; Alain G. Enthoven, the Marriner S. Eccles
Professor of Public and Private Management at Stanford University;
and Walter A. Rosenblith, Provost of the Massachusetts Institute
of Technology.

The committee is grateful 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-
ican 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 likely to stimulate further
significant advances.

Some new technology has reduced the cost 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 panels and committees, not unlike our own,
were actively deliberating on how the vast potential of the new
medical technology could be tapped most effectively. For example,
in 1967 the National Academy of Engineering's Committee on the In-
terplay of Engineering with Biology and Medicine was established
to "investigate how technology can contribute to the achievement
of health care goals."83 In 1972, a conference sponsored by the
National Institutes of Health explored factors underlying and
particularly inhibiting the spread of new medical technology,
and the National Center for Health Services Research and Develop-
ment held a conference to consider priorities for development of
health care technology for the 1980's.!7 More recently, the Pres-
ident's Biomedical Research Panel, as part of its major inquiry,
investigated how the movement of research findings into practical
use could be enhanced.!3! The problem of how to facilitate the
transfer of new technology to the practice of medicine remains a
major concern today.

In the past 5 years more skeptical voices have been heard.
Those who shape and influence national health policy have shown
increasing concern over the way in which new technology is

L1

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 physicians without knowledge of, or concern for,

their relative effectiveness or efficiency. Technology purport-
edly follows its own imperative, eluding effective control by reg-
ulatory or financing agencies.96 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 major 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 cir-
cles. Whereas just 5 years ago it was held out as a major oppor-
tunity for improvement in the cost and quality of, and access to,
health care, today it represents to many a major cause of prob-
lems in these areas. Increasingly, policies 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.36'96'1°3'137 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 is clear that the source of the "technology
problem," if there is one, is not technology itself, but the be-
havior of those who make decisions 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 benefits to society out-
weigh its costs. We are aware, however, that early knowledge of
the benefits or costs of a new technology is often impossible to
obtain at the time that decisions regarding its dissemination and
use are first made. Such decisions are always made in the face
of great uncertainty, and hindsight inevitably reveals mistakes.
Our goal has been not to recommend ways to stamp out all such
errors. That would be impossible. Rather, the committee has con-
sidered the systematic forces that foster appropriate or inappro-
priate decisions and has assessed the extent to which additional
investment in information about the usefulness of new technology
is warranted.

Equipment-embodied health care technology can be classified ac-
cording to the function it performs. In this study we have found it
useful to distinguish three major kinds of health care technology:

Copyright © National Academy of Sciences. All rights reserved.
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® Clinical technology--that used in the provision of direct
patient care, including surgical and medical services.

® Ancillary technology--that used directly to support clin-
ical services, such as diagnostic radiology, radiation therapy,
clinical laboratory, anesthesiology, and respiratory therapy.

® Coordinative technology--that used to facilitate and sup-
port the provision of health care services but not directly
associated with patient care, including administration, trans-
portation, and communication both within and among health care
facilities.

Other health care technology, including 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, diagnosis, treat-
ment, or rehabilitation--and in any setting--hospitals, physi-
cians' offices, clinics, 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 examples 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 useful
tool for analyzing problems in the process of technological
change. Technologies in particular categories are likely to be
subject to similar problems associated with their development and
diffusion. For example, surgical technologies delivered in hos-
pitals are likely to follow paths of development and diffusion
that are quite different from diagnostic ancillary services pro-
vided in the physician's office. The motivations and objectives
of decision makers along the way are likely to be quite different
from one another, as are the organizational, financial, and reg-
ulatory environments affecting 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 decisions 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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STAGES

CLINICAL SERVICES

Gastrointestinal medicine
Neurology
Nephrology

Pediatrics

Obstetrics

Gynecology

Eye, Ear, Nose, and Throat

Emergency

Surgical

General
Chest surgery

Gastrointestinal surgery
Neurosurgery

Urology

Orthopedics

Sigmoid screening

V.D. screaning

Prostate CA screening
Immunization registries
Genetic screaning
Cervix smear screening
Glaucoma screening

Fiberoptic scopes
Diagnostic ultresound

Fetal monitoring

Visual tests
Hearing tests

Telemetering

Cardiac catheterization
and angiography

Coronary care units
Respiratory therapy

Renal dialysis

Neonatal ICU

Laser beam therapy

Internal ear surgery

Phakoemulsification

Emergency dispatching
and life support systems

Burn units

Intensive care units

Coronary bypass

Intestinal shunts

Brain and spine surgery
Genitourinary surgery
Hip and spine surgery

Preventive Diagnostic Therapeutic Rehabilitative
FUNCTIONS
Medical
General Multiphasic health Computer-aided diagnosis Computer-aided
testing prognosis and therapy
Chest medicine Screening tests Cardiac monitoring Pacemakers

Paraplegic support

Sensory aids

Tissue banks
Artificial organs
and parts

Kidney transplants
Limb prosthetics
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3 Ancillary Services

; Clinical laboratory Biochemistry penel Automated testing Blood banks

« EKG Stress (EKG-treadmill) Automated diagnosis

w testing

« X-ray Mammography Diagnostic mammography Supervoltage therapy
; screening Computed tomography Radiation plotting
< Pharmacy Drug reaction Drug therapy hospital
- monitoring systems systems

ﬂ Ultrasound Diegnostic ultrasound

Cz’ Nuclear medicine Radioassay screans Diagnostic nuclear medicine

<

Telecommunication systems
COORDINATING SERVICES Computerized health care information systems
Transportation systems

Multimedia and computer-assisted education
«w EDUCATION Broadband communication

RESEARCH Epidemiological Clinical
Health Services

FIGURE 1 Functional classification of equipment-embodied technology for health care (with
selected examples).
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Incentives/Barriers
to Use

o Health system
organization
Social system
Regulation
Financing system
Intra-institutional
organization

o Medical ethics

o Clinical _trials
L o 1 - 1 e T i o |
I T * T & > ¢ 1
Basic and applied Prototype Prototype use Early use Late use Accepted
research development | practice
1
I 1
Development Abandonment
L |
I 1
Diffusion

FIGURE 2 The process of technological change in health care. Adapted
from U.S. Congress, Office of Technology Assessment, Development of
Medical 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 separately--
development and diffusion. Development refers to activities
directly or indirectly intended to produce new capabilities or
alter the characteristics of an existing technology. Diffusion
is the application of a new technology in the provision of health
services. Figure 2 presents a simplified model of development
and diffusion as if they occurred in chronological sequence, when
in fact the process of diffusion often reveals that a technology
needs further development, and diffusion may sometimes parallel
the development of a new technology. The two stages in the pro-
cess are described more fully below.

Development of Equipment-Embodied Technology

The development of equipment-embodied technology refers to cre-
ative activities culminating in new technical capabilities. The
development of such technology requires a unique blending of clin-
ical, biomedical, and engineering talent in varied proportions, de-
pending upon the particular application. Accordingly, development
takes place in a number of settings, including university medical
centers, physicians' offices, independent research and development
laboratories, and commercial manufacturing firms. It is impossible
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 follow quite different 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 is 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 scientific or biomedical technology. There is also a dearth
of 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 digital computers and nuclear medicine, which have wrought a
revolution in health care, came in large part from developments
wholly outside the field of medicine.
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All types of equipment-embodied technology require the develop-
ment of a prototype at some point to demonstrate the technical
feasibility of the concept. Even systems combining existing
equipment, such as special care units and computer-based medical
information systems, require a field demonstration to determine
if certain objectives will be met when the components are brought
together in a specific configuration. Once medical equipment
moves beyond this experimental stage into more general use, dif-
fusion begins.

The difficulty of tracing the general pattern of development
of technology through its several stages is nowhere better illus-
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 followed a complex
and intricate set of events that have been as much influenced by
individuals as by forces of the marketplace. In fact, it is dif-
ficult to identify any innovative breakthrough as a clear begin-
ning of the use of the technique. No clinical trials to test the
value of 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 infusion emerged from efforts to
deliver cancer chemotherapy at decentralized facilities. Pumps
appropriate for this purpose were adapted from science laboratories.
Simultaneously, wide interest in the adaptation of digital com-
puters to physiological 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-
velopment, which had supported Warner's early work, provided funds
for four demonstration projects for the application of computer-
ized principles in intensive care. The projects, called "Medlab"
demonstrations, were eventually 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 of the Alabama system
was the use of fluids infusion under closed-loop control. As a
result of this experience, the University of North Carolina and
the University of Pennsylvania, where similar clinical components
had been developed, sought the commercial manufacture of computer-
driven infusion 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 closed-loop control of medication
has appeared in other contexts as well, such as automated anesthe-
siology. The starts have all been fitful, due largely 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 will provide the standardization and
reliability 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 is often influenced by the individuals who work with
the technology along the way. Alabama's success with fluids in-
fusion is as much a result of the lead surgeon's ability to as-
sociate with cardiologists and to inspire his staff to dedicated
performance as it is to the technology itself.

The transition from development to diffusion depends largely
upon the successful commercialization of an equipment-embodied
technology. Commercialization begins with an organization or
individual willing to manufacture 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 successful commercial-
ization will take place. As the case of automated drug infusion
illustrates, commercial manufacturing firms may enter very late,
often after a successful prototype has been developed. By contrast,
there are many other instances of technology developed from scratch
by commercial firms.

Diffusion of New Equipment-Embodied Technology

The diffusion 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 basis of characteristics of the tech-
nology, the adopters, or the environment or conditions facing the
adopters.

The decision to adopt a new technology is closely 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 expenditures, the determination of whether and when a provider
has adopted a new technology is generally figured from the time
that money has been committed to the acquisition of the equipment.
Still, the act of adopting each new piece of equipment does not
guarantee its use. The decision to use such technology is made
most frequently by health care practitioners. Thus, the acquisi-
tion, or adoption, of an automated clinical chemistry analyzer by
a hospital laboratory may be the decision of the hospital adminis-
trator, but the use is determined by the ordering physicians.

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

The process of diffusion of new medical technology lies at
the heart of the process of technological change. The potential
adopters of 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 individual
adoption decisions, the ultimate success or failure of a technol-
ogy to diffuse rapidly and thoroughly to the user community is a
function of the health care community's characteristics, includ-
ing the payment system.

The Management of Technical 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 facilitate or ccntrol
the process and others with unintended consequences. Taken to-
gether, the policies help to form the environment within which
development and diffusion occur. The environment provides the
setting for the management of technical change. Although the
term "management" connotes active intervention in the process of
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 efficiency 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 projects or purchase of new equipment by providers;
(b) control policies that are intended to directly intervene or
requlate decisions regarding development or diffusion; and (c)
facilitating policies that are intended to enhance the efficiency
of decisions by providing information relevant to development or
diffusion or protective policies such as patents.

Other policies may indirectly and unintentionally affect the
process of 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.
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The term "technology transfer" has been defined 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 policies that are intended to facilitate 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. 1In later chapters, public management policies
that fit within this definition of technology transfer will be
evaluated, although the policies will not be identified as such,
because technology transfer is a special case within the array
of management alternatives that are available to influence the
process of technical change.

SUMMARY OF FINDINGS AND RECOMMENDATIONS

Recommendations for additional research are included in the body
of the report and are italicized throughout the report for each
reference. This section summarizes our major policy findings and
recommendations.

Finding

In general, equipment-embodied technology used in hospital, clin-
ical, and ancillary services is subject to strong pressures for
adoption and use, whereas coordinative technology, such as medi-
cal information 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 barriers to adoption and use. In addition,

*Some definitions of technology transfer include:

1. "The process of collection, documentation, and successful
dissemination of scientific and technical information to a re-
ceiver through a number of mechanisms, both formal and informal,
passive and active."8%

2. "The process through which government research and technol-
ogy is transformed into processes, products, or services that can
be applied to actual or potential public or private needs."129

3. "The movement of new product and process ideas from seller
(usually 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-
efits can be fully realized only when prevention is integrated
with treatment and follow-up, is also subject to barriers to adop-
tion and use.

A major factor affecting the adoption and use of new equipment-
embodied technology is the prevailing methods of reimbursing pro-
viders for health services. The current provider reimbursement
methods create improper incentives for the adoption of new tech-
nology. Clinical and ancillary technology, particularly that ap-
plied in hospitals, is encouraged by the reimbursement system.
Coordinative and preventive technology is discouraged.

1. Recommendation The prevailing methods of reimbursing 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 policy is
central to all aspects of containing health care costs and
directly affects 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. Recommendation Public subsidy may well be warranted for
the development of coordinative technology, such as medical in-
formation systems and emergency medical technology, as well as
for preventive technology.

If these recommendations are implemented, health care organ-
izations will have to consider the benefits and costs of adopting
new technology and using existing technology in the presence of
limited resources. This will undoubtedly result in more effec-
tive institutional and regional planning of service delivery.

In addition, the support of development efforts will 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 technol-
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 benefits 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.

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

® Collect and disseminate available information regarding
new and existing technology to users.

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

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

® Coordinate evaluative programs of federal agencies.

If this recommendation is accepted, decisions regarding the
adoption and use of new equipment-embodied technology will 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 levels. These regulations are costly, administratively
burdensome, duplicative, and often conflicting. They affect every
point in the process of technical change.

4. Recommendation Solutions to the problems of adoption and
use of new equipment-embodied technology should be evaluated in
terms of their regulatory burden. In the committee's view, poli-
cies that alter incentives without the need for detailed regula-
tion are preferable to policies based on new or additional
regulation. In addition, the existing regulatory structure could
be improved at all levels of government. Regulatory programs in-
fluencing the introduction of new medical technology should be
reexamined closely with the goal of relieving the system of unco-
ordinated, duplicative, or conflicting regulatory processes.
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2 ECONOMIC COSTS

Questions have been raised about the relationship between medical
technology, particularly equipment-embodied technology, and the
cost of health care. Technology has been identified as a major
cause of increasing health care expenditures,35 with the implica-
tion that controlling new technology is required to contain health
care costs. The committee believes 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 benefits may be measured in terms of decreasing rates
of mortality and morbidity and improving quality of life. Studies
of the impact of different classes of medical technology on hospi-
tal or health care expenditures alone ignore such benefits, but
they do indicate the kinds of technology likely to increase costs
(that is, to lead to increases in total per-capita health care
outlays) and the need of 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
well 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:

® Direct costs associated with the operation and use of tech-
nology. These include the capital costs associated with the pur-
chase or lease of equipment and the related facilities necessary

14
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to use the technology, as well as the direct costs of operating
the equipment and facilities. Direct cost estimates are often
made for a specific 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 billion per year.’88

® Indirect health 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 delivery 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. Similarly, 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 benefits. The measurement of all 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 of measurement. In-
creases in productivity, reduction in pain, improvement in the
quality of life, and increases in life spans are benefits (or nega-
tive costs), although assigning dollar values to such benefits is
difficult. Changes in the risk of morbidity or mortality result-
ing from new technology also need to be included in the social
cost or benefit calculation.

Research and development costs are not included here in the
measurement of the economic costs of new technology for two rea-
sons: (a) a large part of the research and development of
equipment-embodied technology occurs in industrial settings, where,
it is assumed, costs will be reflected in the price of the resulting
equipment; and (b) it is virtually impossible to assign research
and development costs funded by the government to particular
classes 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 S years.122 Predictions for 1978 are that
the industry will sell $1.6 billion of this sophisticated medical
equipment, an increase of 20 percent over 1977.122 Alone, this
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trend is not revealing, for the increase in equipment purchases
could be substituting for expensive 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 al.,19 estimated the direct con-
tribution of equipment to changes in the level of hospital costs
in 15 Boston hospitals. In a 1l0-year period (1965-75), Cromwell
and his colleagues found, total capital equipment expenditures
in these hospitals rose by 23 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 including the costs of com-
pPlementary 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 Appendix
G) . Therefore, equipment may have accounted for 17 to 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 basis for a national estimate, especially because such
hospitals have heavy teaching responsibilities and serve as re-
gional referral centers. The estimate would therefore 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 of 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 linking equipment-embodied
technology to increased hospital and health care costs is based
on recent studies of the increased input intensitg in the provi-
sion of health care services. In 1972, Waldmanl33 estimated that
increases in real inputs (labor and material) accounted for 50 per-
cent of the annual changes in per diem hospital costs between 1951
and 1970. Similar findings by Worthington 43 and, most recently,
Feldstein and Taylor29 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, Waldmanl33 implies that it is, and more
recent analysts--such as Gaus and Cooper35--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, Davis?! 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 of ambulatory care are examples of other possible
contributing factors. Davis suggests that at 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
effects of technological change. The residual in her model could
therefore underestimate cost increases precipitated by techno-
logical change. Davis's approach is further limited in its applica-
bility to this study in that it does not differentiate between the
effects 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 costs.
Mushkin et al.82 analyzed the total impact of biomedical research
and technology on health expenditures between 1930 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, 2 which
found that technological change had a positive residual effect on
total health care expenditures of 0.6 percent annually between 1947
and 1967. The difference in these two studies may be attributable
to differences in the periods and in the factors examined.

Again, the residual approach employed in these studies has some
major limitations. These long-term longitudinal studies include
the effects on the cost of medical care of the significant 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 period obscures the effects of more recent changes
in technology. Moreover, both Mushkin and Fuchs are concerned
with technological change in its fullest sense; the impact of
equipment-embodied technology cannot be separated from that of
drugs, procedures, and other technology in these studies.

Scitovsky and McCal1l09 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, forearm
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, Scitovsky and McCall 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."109 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 effects of technological change on total health
care expenditures.

THE SOCIAL BENEFITS AND COSTS OF NEW MEDICAL TECHNOLOGY

While the application of benefit-cost analysis to health programs
has a long history,68 the committee is aware of only one study
that has attempted to measure the "social" costs of a broad class
of technological advances. This study, conducted by the American
College of Surgeons,“ 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 billion 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 eliminated from consider-
ation surgical advances that have been considered marginal and
even dangerous to the health of patients. It is likely that had
these advances been included in the study, their net social costs
would have partially or totally offset the net social savings re-
sulting from the successful advances studied.

Study of the economics of equipment-embodied technology ulti-
mately rests on analysis of specific procedures or equipment whose
costs have been weighed against their benefits. Even in cases
where the benefits are life-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. 10! Computed tomographic (CT) scanning is frequently cited
as a technology whose direct costs will far outweigh the indirect
savings and social benefits that will derive, although this hypoth-
esis is based largely on conjecture at this point.8 In a case
study of gastric freezing (Appendix D), Fineberg 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,105
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 specific new
equipment-embodied technology. In Appendix B of this report,
Collen 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 performed at a cost of $14 or less. Collen infers that phy-
sicians, consumers, and third-party payers should consider this
opportunity seriously.

THE DISTRIBUTION OF COSTS AND BENEFITS OF
NEW EQUIPMENT-EMBODIED TECHNOLOGY

Who benefits from and who pays for changes in equipment-embodied
technology? It is well known and to be expected that health care
resources are disproportionately devoted to the seriously ill.

For example, in 1975, over 55 percent of spending for acute medi-
cal services in the United States was on behalf of just 4 percent
of the patient population.llh Intensive care and coronary care
beds totaled 5 percent of all short-stay hospital beds in the
United States in 1975, but approximately 15 percent of hospital
costs in that year were attributed to intensive care (Appendix G).

More important than this concentration of resources per se is
whether it has been intensifying over time. The evidence points
to a slow but steady increase in the concentration of resources on
those who are most seriously ill. Hospital care expenditures rep-
resent an increasing 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 population. Part of the increase must be attributed to
changes in prices of hospital inputs and intensity of health ser-
vices delivered in the hospital setting relative to those delivered
in other settings.

Trapnell and McFadden!!* 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 significant but small trend toward increasing con-
centration of spending on those with the highest expenditures."*

*The trend is probably understated because the spending analysis
was based upon hospital charges, which do not accurately reflect
the cost of providing individual services. It is often asserted
that certain technology-intensive services such as special care
units are subsidized by other hospital services. Hellinger53 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 intensive care units (ICU's), Cullen et al.2% found that 27
percent of the patients in a well-run unit survive only 1 year,
resulting in a per-survivor cost of $52,000, and only 12 percent
are restored to full function after 1 year. The per-survivor
cost is calculated on the assumption that the ICU was a neces-
sary condition for survival. If some patients would have sur-
vived without the benefit of intensive care, the cost would have
to be adjusted upward. Of course, the application of technology
to serious and life-threatening problems provides a measure of
hope to all patients, including those who do not survive. By
increasing probabilities of survival (if only marginally), this
equipment-embodied technology does provide some valuable benefits
to all patients.

The question reduces to one of willingness to pay for these
benefits. According to Cullen, "Quite properly, those responsible
for advancing medical frontiers do not consider the financial im-
pact of providing increasingly costly, high quality intensive care
on a large scale. Yet, economically, these costs are becoming in-
tolerable and will be self-limiting in yet undetermined ways."

CONCLUSIONS

As purchases of capital equipment by hospitals have increased, the
direct cost of hospital care also 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 benefits 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 nothing
can be said about the contribution of the equipment-embodied com-
ponent of medical technology to total health care costs. 1In fact,
costs of equipment-embodied technology could be offsetting savings
from other technological advances, including new drugs, procedures,
or methods for organizing health care delivery.

There is evidence that hospital resources are increasingly con-
centrated on the care of a smaller proportion of patients--those
requiring critical or specialized care. Although critical care
implies the intensive application of labor as well as equipment,
it is obvious that critical care and specialized care units are
equipment-intensive relative to unspecialized hospital beds.
Today's increasing allocation of health care resources to the
care of fewer patients is a trend whose ultimate benefits are
largely unknown.
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Health care financing policies have encouraged the increased
emphasis on critical care medicine. The Health Insurance Insti-
tute>! recently documented the rapid increase in dollar limita-
tions on group health insurance plans. Today, about 80 percent
of all group health insurance benefit packages include a total
coverage limit of $100,000 or more, while as recently as 1971
fewer than 1 percent had such a limit. Consumers increasingly
demand financial access to services for catastrophic illness even
when those services appear to provide only marginal improvements
in patient outcomes.
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3 PROBLEMS IN ADOPTION AND USE

Significant empirical evidence suggests that the diffusion of new
equipment-embodied medical technology often diverges from socially
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
benefits and costs to society. Some examples will illustrate this
point:

® Fetal monitors have diffused widely into the practice of
obstetrical care, but the benefits are not yet clear.“9

® Computed tomographic scanners have been adopted by more
than 500 hospitals in the past 3 years, well in advance of the
collection of information on their effectiveness as diagnostic
procedures.31

® Gastric freezing was diffused widely as a surgical technique
used for the treatment of duodenal ulcers and was largely abandoned
before definitive evaluation of its benefits could be published
(Appendix D).

® Medical information systems have followed a fitful process
of diffusion, encountering significant barriers except in the few
research centers currently funded to demonstrate and develop such
systems (Appendix E).

® Rehabilitative 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 particular, it has been interested in identifyinoc sys-
tematic tendencies of the health care delivery system to encourage

23
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or inhibit the diffusion of particular classes of equipment-
embodied technology. It finds that, in general, equipment-
embodied technology in hospital, clinical, and ancillary services
is subject to strong pressure for adoption and use with few coun-
tervaling forces. Conversely, coordinative equipment-embodied
technologies, particularly those relying on coordination among
providers within the health care system to achieve full realiza-
tion of benefits, face strong pressures against adoption and use.
In fact, when equipment-embodied technology must be applied
across institutions or requires the integration of services to
fully realize its potential benefits, it suffers from barriers

to its adoption and use. Preventive technology, particularly mass
screening, and coordinative technology fall into this cateogory.
The remainder of this chapter summarizes the evidence that exists
to support these findings.

The committee is acutely aware of the limitations of the avail-
able evidence. Although several empirical studies of the diffu-
sion of hospital technology have provided valuable insight into
the characteristics of innovative individuals and organizations,
the impact on diffusion of the most important policy-related
factors--the reimbursement system, the malpractice system, and
the organization of medical care delivery--has generally not been
studied. Consequently, the committee has had to rely on empirical
evidence and its own judgment in assessing the impact that the
factors have had on the adoption and use of equipment-embodied
technology. In making its analysis, the committee has been sen-
sitive to the need for additional research and has identified
areas where opportunities exist for better understanding of the
diffusion process. These research recommendations are italicized
throughout the text.

THEORIES OF HOSPITAL BEHAVIOR

The decision to adopt equipment-embodied technology is based on
resource allocation. It requires the allocation of scarce capital
resources to the purchase of equipment, and it further implies an
allocation 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 allocate resources is of interest here. Are
there definable 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 other productive resources?

There are two sets of theories of hospital decision making that
bear on the question of equipment adoption. The first assumes that
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the hospital, while organizationally complex, possesses defined
institutional objectives on whose basis its behavior can be pre-
dicted. The objectives of hospitals have alternatively been
postulated as:* maximization of quantity of services produced;22
maximization of quality of services produced;28 maximization of a
weighted function of the quantity and quality of services pro-
duced; 89 maximization of the relative prestige of the hospital

in the community;69 and maximization of the joint incomes of the
physician staff.’2 With the exception of the last hypothesis,
which is the most divergent and novel articulation of hospital
objectives, the alternatives all can be expressed as special cases
of the third objective, the maximization of a weighted combination
of the quality and quantity of hospital services produced.

If quality and quantity of services are in fact the attributes
of interest to the hospital, then the way in which quality is per-
ceived, not only by the hospitals' decision makers, but also by
the patients who will generate demand for services, has a major
influence on the behavior of the hospital. Feldstein?® has theo-
rized that hospital decision makers perceive quality of services
as a function of the amount of labor and nonlabor inputs devoted
to the production of medical care. A hospital that delivers care
with greater service intensity would thus be perceived as a higher
quality institution. However, perceived quality may be correlated
as much with the level of sophistication of those inputs as with
their aggregate amounts."*® If patients themselves identify hos-
pital quality with the availability of capital-intensive equipment
and systems, or specialized labor, then hospitals 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 willingness of hospitals
to adopt new technology may rest on the deoree to which patients
and hospital decision makers equate hospital quality with the
availability of this technology. Empirical research on percep-
tions of hospital quality by health professionals and patients is
lacking; however, at least one practitioner has observed that

*These objectives have been postulated for private, nonprofit hos-
pitals, which constitute the majority (56 percent) of the approxi-
mately 6,000 nonfederal, short-term hospitals in the United States.
The remainder are government owned (31 percent) or private, for-
profit hospitals (13 percent), which are likely to have different
objectives from those of voluntary hospitals. However, of the
hospitals with 300 or more beds, 81 percent are private, nonprofit
institutions. It is legitimate to concentrate on this ownership
form since, to a large extent, standards of hospital care will be
dictated by this subset of hospitals.
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professionals may be " . . . charmed by blinking lights and cathode-
ray tubes into adopting a technology that will decrease the fre-
quency of contact between the human monitor and the patient."77

This theory would also imply that technology in clinical settings,
with its high use and visibility 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 organizations where decisions
cannot be predicted from a single objective. Instead, decisions
to adopt new technology are assumed to be a function of the struc-
ture of the hospital organization and the relative dominance of
competing interest groups.lzl+ Hospital decisions are made on the
basis of intra-organizational politics rather than on the basis
of a single goal. According to Tushman,116 the politics of orga-
nizations is the "structure and process of the use of power to af-
fect goals, directions, and major parameters.”" The political view
of 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 levels of the organization."116 Using this per-
spective, one is led to seek out the organizational subgroups that
affect and are affected by decisions regarding the adoption of new
medical technoloagy. )

A leading theory of hospital behavior following this line of
reasoning has been described as the "physician dominance" theory.93
According to this argument, the hospital is in effect run by the
attending physician staff, because it is physicians who direct the
patients to the hospital. Therefore, to understand the behavior of
hospitals, it is necessary to examine the goals of different kinds
of physicians and to examine the coalition behavior of these
groups. The physician dominance theory has been criticized by
Greer"" and others.?3 According to Greer, the hospital adminis-
tration and hospital boards may have as much or more power than
any individual physician or group of physicians. It may also be
true that hospital decisions about hospital technology result more
often from the coincidence of goals among various groups than the
dominance of particular groups. In the absence of a budget con-
straint, the hospital administrator can meet all demands over time.

What, then, can one infer from this body of theory with respect
to hospitals' adoption of new equipment-embodied technology? Al-
though there is little available in the way of deductive infer-
ences, the theories do suggest a number of reasons why clinical
equipment-embodied technology is valued in the hospital. It is
an input in hospitals' production of both quantity and perceived
quality of services; some equipment increases the productivity of
attending physicians and some contributes to the prestige of the
institution and its affiliated physicians.
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EMPIRICAL EVIDENCE ON THE DIFFUSION OF
EQUIPMENT-EMBODIED TECHNOLOGY

Because theory provides only broad predictions about factors
affecting the adoption of equipment-embodied technology, it is
useful to examine empirical studies of diffusion both for cor-
roboration of theory and for a better understanding of the nature
of the diffusion process. Three central questions are of interest:
(i) What attributes of equipment-embodied technologies influence
their rate and pattern of adoption? (ii) What attributes of the
potential adopters of equipment-embodied technology influence the
process? (iii) What factors in the environment in which potential
adopters operate influence the process? Each of the questions is
discussed in turn.

Attributes of the Technology

One would expect certain attributes of a technology or innovation
to influence the speed of diffusion. Tanon and Rogersll3 have
suggested that the following are likely to affect the speed of
diffusion:

® Relative advantages over existing technology

® Compatibility with existing values of the institution

® Complexity--the degree to which it is easy or difficult to
understand and use

® Relative ease in experimenting or trying out the innovation
on a limited basis

® Observability--the degree to which the results of innovation
are visible to others.

No systematic study of the impact of these or other attributes on
the speed of diffusion 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 patient risks, has been
shown to be a strong impetus to diffusion. Greer*" has documented
the reluctance of ophthalmologists in one community to adopt a new
equipment-embodied cataract removal procedure, phakoemulsification,
because of its added patient risk in the absence of clear thera-
peutic benefit, in spite of significant savings in patient recov-
ery time and opportunities for physicians to augment their incomes.
Fineberg's study of gastric freezina (Appendix D) demonstrates the
sensitivity of physicians to the pain and risk of a new procedure
in the absence of unequivocal evidence of effectiveness. This
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procedure was largely abandoned several years before the first
definitive study of its effectiveness in treating duodenal ulcers.
Computed tomographic scanning has rapidly replaced more
dangerous, painful, and invasive procedures for detecting brain
lesions. The more unpleasant the existing alternative pro-
cedures, the faster the substitution process has occurred. 120
Warner!3® showed that the diffusion of new drugs for treatment

of a desperate condition occurs extremely rapidly compared to
drugs used for less serious illness.

Studies of the diffusion of innovations in other industries
have demonstrated the importance of certain innovation character-
istics. The industrial literature’8/102 shows that the size of
the investment required for adoption of the technology (relative
to firm size) is important in determining the speed of diffusion.
Presumably, the larger the required investment, the more risk the
firm faces and the greater the problems of capital availability.
Hospitals, too, face capital constraints, but they are likely to
be resolved differently from those of industry. In hospitals the
risk associated with capital investment is greatly reduced by
the predominant cost or charge-based methods of hospital reim-
bursement.

The ability of an innovation to reduce costs and increase
profitability has been shown to be important in studies of agri-
cultural innovation“® and industrial innovation.’8® 1In hospitals
these financial advantages are likely to be less important than
considerations of effectiveness and safety. Indeed, in a study
of equipment adoption decisions in 15 Boston hospitals, Cromwelll9
found that criteria such as "improvements in patient care," "life
saving capability," and "patient safety" were much more important
to hospital administrators than were the financial or cost-
saving attributes of equipment.

Characteristics of Adopters

Of course, the potential adopter's perceptions about technology
depend upon his own characteristics, and, for this and a variety
of other reasons, such characteristics play a role in the diffu-
sion of technology.

A number of studies of the diffusion of hospital clinical tech-
nologies have attempted to isolate attributes of the hospital re-
sponsible for rapid or slow responses to new technology. Gordon
et al.“0 showed that the adoption of accepted medical technology
(respiratory therapy equipment) is related to the degree of visi-
bility of consequences and the degree of decentralization of re-
source allocation decisions within the hospital. The study also
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revealed that hospitals with highly trained medical staffs tend
to be more innovative than others.

As expected, hospital size and medical school affiliation have
been shown to be important determinants of early adoption of new
clinical equipment-embodied technolo 19,98 1n a study of nu-
clear medicine facilities, Rapoport9 showed that the existence
of a high percentage of hospitals with medical school affiliation
in a state slowed down the diffusion of a new technology in unaf-
filiated hospitals. The leadership role played by teaching hos-
pitals in the adoption of new technology is hypothesized to have
had a dampening effect on competition among nonaffiliated hos-
pitals. In a study on the diffusion of innovative health care
services in hospitals, Kaluzny et al.%6 concluded that larger
hospitals, particularly in urban areas, adopt innovations earlier
and more quickly than smaller hospitals. Cromwell's study indi-
cates that bed size influences adoption only in nonteaching hos-
pitals.19

Other studies suggest that the more comprehensive a hospital's
services are, the more likely the hospital is to be hichly innova-
tive. Rapoport98 noted that hospitals that adopted nuclear med-
icine facilities early tended to be ones already well equipped
with specialized services. Similarly, Cromwell!® found in an
intrastate study of hospital diffusion that the range and number
of other complex services (for example, intensive care unit, ra-
dium therapy, cardiac catheter lab) offered by a hospital is
positively correlated with adoption.

The profit or nonprofit status of a hospital should also de-
termine its adoption behavior. Theoretically, profit-making hos-
pitals should be slower in adopting new clinical technology,
particularly cost-raising technology. However, Cromwell's study
showed no consistent tendency for profit-making hospitals to
adopt new equipment more slowly.19

The organizational factors responsible for patterns of diffusion
of clearly disproven equipment-embodied technology have not been
studied in detail. Thus, we have no information on whether the
organizational factors identified in the literature as important
determinants of adoption of accepted technology are also those
that encourage the adoption of poor technology. Perhaps hospitals
affiliated with medical schools are better at discriminating be-
tween effective and ineffective technologies than unaffiliated
hospitals. Unfortunately, there is no information to test this
hypothesis. The reason is obvious. The few data sources available
to support research on the diffusion of equipment-embodied tech-
nology do not compile data on ephemeral technology. Therefore,
the study of failed technology would entail retrospective primary
data collection, a costly and perhaps even infeasible undertaking.
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Environmental Factors

Hospitals encounter various constraints on their operations from
numerous external sources. The nature of these constraints can
be expected to be a major determinant of the patterns of diffusion
for new hospital equipment.

The impact of hospital competition on the adoption of
equipment-embodied technology has been studied from several van-
tage points. In his study of the diffusion of nuclear medical
facilities, Rapoport98 attempted to measure the impact of inter-
hospital competition on adoption, using the proportion of a state's
population residing in urban areas as the measure of the competi-
tive environment. He hypothesized that more urban environments
would experience more competition among hospitals. The variable
was found to be significant in explaining statewide rates of
adoption of nuclear medicine. Rapoport98 also hypothesized that
states with relatively few physicians might see higher rates of
equipment adoption due to competitive forces, because hospitals
in these states would have to compete for scarce physician staff.
However, physicians also generate demand for services, so the net
impact of physician availability is not clear. Indeed, Rapoport
found that physician availability is not significantly related to
statewide diffusion rates for nuclear medicine. Cromwelll? also
studied the impact of the number of physicians in a state on the
number of hospitals possessing an equipment-intensive facility.
The total number of physicians per capita was found to be posi-
tively related to the number of hospitals adopting a technology,
and the ratio of specialists to nonspecialists was also important
for most services. 1In fact, the more specialized the equipment,
the stronger was this relationship. Thus, it appears that the
demand-generating role that physicians play is more important
than competition among hospitals for physician staff in affecting
adoption rates.

Certainly, regulation is likely to affect diffusion of
equipment-embodied technology. Some inferences can be drawn from
related situations. For example, public utilities subject to
rate-of-return regulation appear to have little incentive to in-
novate, although they have a greater incentive to invest heavily
in capital assets.® 1Indeed, the major incentive seems to come
from the delays inherent in such regulation--that is, the
"regulatory lag."7

The major regulatory policies directly affecting adoption de-
cisions by hospitals are the state certificate of need (CON) and
capital expenditure approval programs. These laws mandate review
and approval of large capital expenditures (generally in excess
of $100,000) by local and state health planning agencies, with
various sanctions 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 slow down the diffusion of expensive equipment.
However, the evidence suggests just the reverse. The introduc-
tion of CON may have increased diffusion of expensive technology,
especially in the early years of each state's program.53 Crom-
well et al.l9 tested whether the existence of a CON law has a
significant effect on the adoption of equipment-intensive clin-
ical services. CON was found to be significantly and negatively
related to rates of adoption of x-ray, cobalt, and radium ther-
apy services, but it was not a significant explanatory variable
for other services, including intensive care, open-heart surgery,
and diagnostic nuclear medicine--three services for which it
should have been affected.

Other forms of health care regulation have also been posited
to affect the diffusion of technology. Institutional licensure,
accreditation, and certification programs dictate standards of
hospital construction and operation. State licensure programs
focus largely on fire and life safety, water sanitation, minimum
service standards, and guidelines for staffing and staff quali-
fications (Appendix E); accreditation by the Joint Commission
on the Accreditation of Hospitals (JCAH) also concentrates on
these aspects of hospital operation. The net effect of these
regulations is unclear, since considerable capital funds can be
tied up in meeting licensure and accreditation requirements,
thereby reducing availability of capital for equipment and facil-
ities acquisition. Needleman and Lewin (Appendix F) conclude
that the effect of facility licensure and certification programs
on hospital adoption decisions is not well understood and should
be investigated further.

Perhaps the most important factor bearing on the adoption be-
havior of hospitals is unique to the health care industry--the
system of third-party payment. That the methods of paying for
health care services would influence the patterns of adoption of
equipment-embodied technology seems obvious. Yet, there is very
little empirical study of the impact of methods of financing
and reimbursement on the adoption of new technology by hospitals.
This is the result largely of data limitations and the ubiquitous
nature of prevailing reimbursement systems, limiting the oppor-
tunity for comparative studies.

Only one study has attempted to measure the effect of a chan?e
in health care financing on the adoption of equipment. Russell 04
investigated the rates of diffusion of three kinds of equipment-
embodied technology--intensive care units, nuclear medicine, and
electroencephalography--before and after the inception of Medicare.
The results of the study are equivocal. The increase in funding
implied by the introduction of Medicare did appear to speed up
the adoption of some services in hospitals within specific size
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categories, but the result was not uniform across all the tech-
nologies studied or across all hospital size categories. A major
limitation of this study was the inability to control for changes in
technology that independently affect the diffusion process. Com—
parative empirical studies in this area are warranted. To what
extent does charge- or cost-based retrospective reimbursement of
hospitals lead to adoption behavior that is different from such
behavior under prospective budgeting or formula rate-setting?

How has the diffusion of new technology in other countries with
different methods of financing health care differed from experi-
ence in the United States? These comparative studies can be
augmented by comparison of adoption behavior over time as changes
in reimbursement methods are introduced within the United States.

Lessons from the Empirical Studies

The empirical studies of diffusion, though selective, reveal a
pattern to the diffusion process for clinical and ancillary hos-
pital technology. At least for the equipment and equipment-
intensive services studied, earlier adopters are large hospitals
with decentralized organizations and hospitals affiliated with
medical schools. There is strong indirect evidence that competi-
tive factors also play a role in enhancing the diffusion process.
Direct regulation of the process of diffusion has not had much
effect.

Although there has been little systematic study of the attri-
butes of technology itself that affect diffusion, perceived medi-
cal promise appears to dominate financial or cost-saving attributes
in hospitals' priority setting. But the studies shed no light
on how well hospitals discriminate among different kinds of clin-
ical technology in this regard. If, for example, there is a
systematic tendency for hospitals to over- or under-value particu-
lar categories of equipment-embodied technology (see Figure 1)
relative to one another, studies have not revealed it. Biases
against adoption are difficult to detect. Technologies that have
not diffused are not highly visible and do not lend themselves to
empirical study. Consequently, it is difficult to identify par-
ticular procedures or equipment that are fully developed and
ready for widespread use that have not been diffused. At best, one
can identify instances of promising demonstrations or individual
applications that have not been pursued much beyond the develop-
ment phase.

Little empirical evidence is available on the impact of the
system of financing and delivering health services on technology
diffusion. In particular, the impact of the system of paying
for health care services on the adoption of different kinds of
health care technology has not been studied. Nor has there been
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a systematic analysis of the impact of the medical injury com-
pensation system (malpractice) on the adoption or use of new
equipment-embodied technology. The effect of the organization
of health care delivery on the adoption of different kinds of
equipment-embodied technology also remains unexplored.

The lack of appropriate control groups and data has hindered
this kind of study. Nevertheless, the importance of all three
factors in determining the patterns of diffusion of different
kinds of technology suggests a closer look at each of them. The
remainder of this chapter is devoted to an assessment of the
role that these factors play in diffusion based on the indirect
and fragmentary evidence that exists and upon the combined judg-
ment of the committee.

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

Four aspects of the present system for financing health care must
be analyzed. These are:

Methods for reimbursing hospitals for routine services
Methods for reimbursing hospitals for ancillary services
Methods for reimbursing physicians

Limits to third-party reimbursement.

Each is discussed below.

Methods for Reimbursing Hospitals for Routine Services

As it is presently structured, the health care financing system
provides hospitals with strong positive incentives to adopt and
use certain kinds of equipment-embodied technology. Payment for
hospital services is almost totally covered by third parties
(insurance companies, unions, and governments that reimburse
hospitals for the provision of covered services to their members) .
Typically, these payers reimburse hospitals on the basis of
charges or costs and pass the expenses on to consumers through
periodic premium payments or taxes. For the most part, reim-
bursement for routine hospital services is restrospective.*

*Several innovative reimbursement programs have been developed
over the past 5 years, some on an experimental and some on a
permanent basis. These new programs have been based on a pros-
pective payment concept, where hospital payment rates or budgets
are determined in advance for a specified period. Often, these
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.
If hospital costs increase, they are reflected in higher rates
of hospital reimbursement. Given this "pass-through" capacity,
third-party hospital reimbursement provides incentives to hospi-
tals to push the adoption of equipment-embodied technology to
the limit of the availability of capital. If hospitals seek to
maximize a combination of quantity and quality, then third-party
charges or retrospective cost reimbursements would lead hospitals
to increase both the quantity and quality of services beyond a
socially efficient level.83 rThis tendency would be checked only
by limitations on funds available for investment in any period
or by limitations on patient demand for hospital care.

Some evidence is available indicating that hospitals do, in-
deed, tend to push capital expenditures to the limits of capital
availability. Ginsburg39 has shown that the trade-off between
capital spending for general bed capacity and specialized equip-
ment depends on how crowded the hospital is. If occupancy rates
are low, the money will be spent for capital equipment; if oc-
cupancy rates are high, pressures for new additions to the hos-
pital will mount and capital funds will be channelled in that
direction. Salkever and Bicel!%® have shown that when capital ex-
penditures for new bed capacity have been limited through regu-
latory action, capital spending has merely shifted to new
equipment; in this case, total capital spending is unaffected.

How is capital availability determined? Capital funds for the
acquisition of new equipment and facilities come from a variety
of sources whose relative importance has been shifting over time
in a clear direction. These sources include philanthropy, pub-
lic bonds, federal subsidies, and debt financing. The proportion
of hospital capital spending made possible through debt financing
has increased dramatically over the past 10 years, as reflected
in the following figures on construction capital:

1969 1973 1975 1977
Percentage of total
construction funds
from debt financing 32%* 54.3%% 56.8%t approx. 67%*

Sources: *Iglehart, John K. "Stemming Hospital Growth--The Flip
Side of Carter's Cost Control Plan." National Journal,
June 4, 1977:850.
1"AHA Research Capsule No. 24: Sources of Funding for
Construction." Hospitals 51:59.

This increase in the importance of debt is itself a reflection
of the retrospective cost-based systém of reimbursement. Since
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coverage of hospital costs is guaranteed, lenders incur very
little risk in making loans to nonprofit voluntary hospitals.
Hospitals use debt to augment their sources of capital financ-
ing. There are, of course, limits to the absolute dollars avail-
able to an institution in any single time period. Hellingersh
has tested the hypothesis that the hospital follows a gradual
adjustment process in its investment plans. This is consistent
with the investment behavior of most businesses and with the
natural conservatism of lenders.

In an attempt to deal with the problem of insufficient risk
associated with hospital capital expenditures, Congress amended
the Social Security Act in 1972 to restrict Medicare reimburse-
ment for capital costs to those capital expenditures approved by
a designated state health planning agency. P.L. 92-603, Section
1122, was intended to increase the financial risk to the
hospital (and therefore to prospective lenders) associated
with capital expenditures that are not in the public interest.
The law has not been effective to date because it does not re-
strict funding of the noncapital costs associated with the ser-
vice, nor does it restrict hospitals from using endowment and
philanthropic funds to cover unapproved capital expenses. Most
important, however, up to this time few expenditures for capital
equipment have been denied by health planning agencies.

Methods for Reimbursing Hospitals for Ancillary Services

Certain hospital services denoted as ancillary services are
billed separately from the routine daily rate in hospitals.
These commonly include laboratory, radiology, anesthesiology,
pharmacy, and certain special therapeutic procedures. Depending
upon the particular hospital reimbursement program, these ser-
vices can generate substantial revenue surpluses for the hos-
pital, which can be applied against losses to other insufficiently
reimbursed services. As new ancillary procedures are introduced
in a hospital, reimbursement is usually guaranteed. Thus, the
incentive to adopt new ancillary technology is even stronger
than for other services, because it often expands the pool of
funds available for capital or operating expenditures.

Some hospitals are reimbursed by Blue Cross, Medicare, and
other payers on the basis of a predetermined per diem rate that
includes ancillary services. Although these per diem reimburse-
ment methods differ in their particulars, they all reimburse on
the basis of a fixed amount per day rather than on the basis of
the volume of services consumed. One would therefore expect
these systems to create less incentive for the adoption and use
of new equipment in the ancillary services. This hypothesis has
not been tested.
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Methods for Reimbursing Physicians

As the primary gatekeeper for the use of clinical and ancillary
equipment-embodied technology* and as an important participant

in the operation of the hospital, the physician is a key deter-
minant of decisions bearing on the adoption and use of medical
technology. Consequently, the methods of paying for physicians'
services must have a significant effect on the kinds of equipment-
embodied technology that will be adopted and used. Several theo-
ries of physician behavior have been advanced. The simplest and
perhaps the most questionable is that the physician chooses to
provide the number and kind of services that will maximize his
income subject to legal and moral constraints.!1!?2 A more elab-
orate theory is that the physician seeks to reach a "target"
level of income subject to constraints on leisure and prestige.
Income, prestige, and leisure are reasonable and expected goals
of any professional; the ethical goal, delivery of quality medi-
cal care to patients, must also be considered in an examination
of physician behavior.

The third-party fee-for-service system of physician reimburse-
ment, which rewards physicians on the basis of the number of pa-
tient visits or procedures performed, should have a significant
impact on physicians' decisions to use health care services,
especially in the absence of significant perceived financial or
medical risks to the patient.t To what extent does this tendency
to overuse health services in general translate into a special
problem for equipment-embodied technology?

If the ability to perform a procedure depends upon the avail-
ability of equipment, then it is incumbent upon the physician
desiring to perform the procedure to see that the equipment is
adopted by a hospital in which he has staff privileges. The
equipment becomes the physician's "tools of the trade.”" To the
extent that the fee-for-service system links the physician's in-
come to his ability to perform the procedure, it strengthens the

26

*Most diagnostic and therapeutic services must be ordered by the
physician or under the physician's direction. The patient may in-
fluence use by seeking out a particular service or by refusing ser-
vices. However, the power of the patient to influence decisions

is limited, and it is not clear that the patient should be en-
couraged to take this role. The more technologically sophisticated
a procedure or instrument, the less likely is the patient to be
able to adequately assess its relevance to a particular clinical
situation.

+The importance of medical risk in affecting physician decisions
is described on page 27 above.
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imperative that the hospital supply the physicians with these
tools. The proliferation of open-heart surgery units in the
United States, to the point where the quality of care delivered
in these units has been called into question,63 has allegedly
resulted from this phenomenon. As teaching hospitals train
cardiovascular surgeons and then close their doors to the gradu-
ates of their residency programs, these physicians must find a
hospital either with an existing capability or with the willing-
ness to establish such a capability in order to make a living in
the field for which they were trained. 1In the view of this com-
mittee, this example illustrates the combined impact that fee-
for-service, interhospital competition for prestige and patients,
and the system of graduate medical education has on the rate of
diffusion of clinical equipment-embodied technology.

Once a physician has access to the equipment necessary to per-
form a procedure, then the criteria he invokes to determine the
necessity or appropriateness of use are likely to be sensitive
to the procedure's income-generating potential in some instances
(again, taking into account the risk factors). However, the
magnitude of this effect on the use of equipment-embodied pro-
cedures by physicians is unknown. Other factors, such as defen-
sive medicine, scientific curiosity, and commitment to high-
quality care in the absence of financial 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 performed in hospitals, may not be strongly influenced by
the fee-for-service system, since for the most part the physician
who orders a test is not paid for performing it. However, the
admitting physician does receive a fee for in-hospital visits
that might be justified by ordering tests.

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

e Laboratory tests ordered by physicians in private practice--
in some locations and under some third-party payment mechanisms
the ordering physician may profit from the test.

® CT brain scans performed by neurologists in private practice.
Often a patient is referred to the neurologist for a neurolog-
ical workup; it is the specialist's decision whether to order

a CT examination. If the specialist also performs the examina-
tion, the clear incentive to overuse exists.

® Some diagnostic surgery, such as gastroendoscopy.

® Diacnostic x-ray procedures in physicians' offices on a
nonreferral basis.

Hospital-based physicians (for example, radiologists, pathol-
ogists, and anesthesiologists) are paid by hospitals for services
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performed in a number of ways, including salary, fee-for-service,
and percentage of gross revenues of their respective departments.
Except in the case of salaried physicians, involving approximately
25 percent of pathologists and 10 percent of radiologists,18 their
income varies directly with the number and type of services per-
formed. Therefore, it is in the financial interest of the
hospital-based physician to adopt technologies that will maximize
volume, regardless of expense incurred. Labor-saving technology
will benefit the hospital-based physician when the labor being
saved is his own. Thus, technology that standardizes results, im-
proves reliability, increases effectiveness, or shortens the
physician's time is clearly in his economic interest.
Administrative hospital technologies, including medical infor-
mation systems and hospital communication systems, are in a per-
verse position with respect to physician interests. Often the
establishment of a new administrative technology involves signifi-
cant time and inconvenience for a hospital's medical staff. Wwhen
the new administrative technologies have been incremental, have
not involved major changes in the organization of medical delivery,
and have significant benefits clearly demonstrable to the physi-
cian, resistance on the part of physician staff has been minimal.
Electronic paging systems are an example. By contrast, establishing
on-line medical information systems with the capability of process-
ing patient care information and performing certain hospital func-
tions automatically has encountered more resistance from hospital
medical staffs. The introduction of these systems involves signif-
icant, if temporary, inconvenience to physicians with patient
benefits that are difficult to demonstrate (Appendix E).

Limitations on Third-Party Payment Coverage

The prevailing system of third-party coverage does not include all
types of health care services. Where coverage is lacking or in-
adequate, technology is at a particular disadvantage.

One obvious example of the effect of coverage limitation is the
exclusion from most insurance plans of coverage for preventive
medical care, most notably screening services. This creates a
bias against the adoption of technology in this category by health
care providers. Mammography screening is a telling example. The
screening technology has been largely validated for women 50 years
of age and older, yet, outside of the federally funded Breast Can-
cer Detection and Demonstration Projects (BCDDP's), there is
little activity in this area. Fortunately, the technology of
mammography has developed in response to a market for its diagnos-
tic uses, so the problem of inadequate technological development
following an inadequate market has not occurred.
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THE IMPACT OF DEFENSIVE MEDICINE ON ADOPTION AND
USE OF NEW TECHNOLOGY

It is often claimed that the medical injury compensation system,
which holds hospitals as well as physicians responsible for neg-
ligence in cases involving injury to patients, encourages the
adoption of equipment-embodied technology. Defensive medicine
is virtually always cited as an incentive for physicians to over-
use diagnostic services, but there are at present no reliable
studies demonstrating the extent of its effect. A recent poll
of physicians conducted by the American Medical Associationl™*
revealed that a majority of physicians believe that unnecessary
tests are ordered as a hedge against malpractice. Certainly the
evidence is strong regarding the use of particular tests. Rou-
tine skull x-rays for all emer?ency patients with head injury
is a frequently cited example. 3 However, the impact of defen-
sive medicine on the overuse of existing and established tests,
such as skull x-rays, must be distinguished from the impact of
defensive medicine on the overadoption of new technoloay (new
tests or more reliable tests). Defensive medicine may well be
a potent force influencing use and adoption in the later stages
of diffusion, but its importance in earlier stages is questionable.
Although much is known about the process by which new medical
procedures become standards of medical practice, the point in the
diffusion process at which the standard becomes an important in-
fluence on adoption and use and the impact of that timing on the
pattern of diffusion are largely unknown. It is frequently as-
serted that less than 4 years after its introduction, cranial
computed tomographic scanning has become a standard of practice
for diagnosing certain brain lesions. What this has meant and
what it will mean for the use of CT head scanning and the further
diffusion of 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 ORGANIZATION OF HEALTH CARE SERVICES
ON ADOPTION AND USE

The delivery of medical care in the United States is character-
ized by two related attributes: disaggregation and specializa-
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 reimbursing for health care services
encourage disaggregation and specialization, the health care
financing system can be further implicated in creating systematic
biases in pressures for and against technology adoption.
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Disaggregation of Care

Disaggregation refers to the delivery of medical care by many

small providers who operate essentially independently of and in
competition with one another. Disaggregation offers some advan-
tages to patients. It increases geographical access to medical
care, and it increases patient choice. However, disaggregation

has significant implications for the adoption of equipment-embodied
technology.

In particular, two kinds of technology are likely to be af-
fected:

(i) Technology offering significant economies of scale in
relation to the size of providers. A technology is subject to
economies of scale in the production of services if the average
cost of producing each unit of service decreases as the volume
of service increases. Most equipment-embodied technology, in-
volving as it does high initial capital costs, is subject to econ-
omies of scale, at least up to the capacity of each machine or
system. The recent revolution in the automation of clinical
laboratory procedures, beginning with clinical chemistries in the
late 1960's and continuing into microbiology at present,128 is a
dramatic example of the potential for economies of scale in pro-
duction.

Two separate problems stemming from the phenomenon of econ-
omies of scale in the production of medical services must be
distinguished. First, there is the problem of a technology whose
economies of scale are so great that the entire market for its
use is too small to sustain its costs of development, production,
and distribution. Second, a technology may be subject to econ-
omies of scale that are too large for the markets of individual
providers. An example will illustrate the difference. Suppose
an automated testing system is developed that is less costly
than existing manual methods at volumes above 100,000 per year,
based on the assumption that at least 100 machines will be pro-
duced and sold. Suppose also that in the entire country only 1
million tests of this type are required in any year. The market
for the machine is therefore limited to at most 10 units. The
costs of developing, producing, and marketing the device are
thus prohibitive, and the concept may never cet beyond a proto-
type stage. This is the problem of an insufficient total market.

Now suppose that a breakthrough in design enables the machine
to be less costly than manual methods at volumes in excess of
5,000 tests per year (with at least 100 machines produced). But
suppose that each individual provider operates with a market of
only 2,000 tests per year. Individual providers would not real-
ize the savings from the economies of scale. This is the problem
of a disaggregated market.
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The first problem, the lack of a total market, does not always
argue for policy intervention. The technology just may not be
cost-effective, regardless of its economies of scale in produc-
tion. Unless the resource costs of developing, producing, and
distributing the technology could be significantly reduced through
some public policy, the technology is simply not ready for dis-
tribution.

Some technologies may suffer, however, from a lack of a total
market and yet be very much in need of public assistance. For
example, some rehabilitative technology appears to suffer from
the problem of an insufficient total market.87 The diverse na-
ture of the problems faced by the handicapped and the relatively
small number of individuals who can benefit from any particular
device often renders the cost of developing and distributing new
devices prohibitive to those who need the assistance. Yet, from
society's standpoint, the development of a rehabilitative tech-
nology may be quite justifiable. Public subsidies of develop-
ment or programs to assist in paying for new devices may be
warranted in some cases.

The second problem, disaggregated markets, lends itself to
corrective policy since it deals with a market structure that is
out of balance with the economic environment.* The only way the
technology will diffuse under such circumstances is (a) if each
provider can manipulate prices or artifically increase volume to
pay for the machine or (b) if providers share the services of
a regional technology. The first alternative results in over-
adoption of the technology relative to its net social benefit.

The present system of charge- or cost-based reimbursement, which
calculates payment on actual volume, and the freedom of hospitals
and physicians to increase the volume of certain procedures, par-
ticularly clinical laboratory tests, have encouraged this result.
The second alternative, regionalization, may lead to optimal rates
of diffusion. No diffusion at all represents a case of under-
adoption and a loss of the benefits realizable from the technology.

"Regionalization" and "sharing of services" have a long history
of proponents who have recognized these problems.“ Indeed, region-
alization has been a major goal of federally mandated health plan-
ning programs. But regionalization of services faces strong
resistance from hospitals and physicians, and the retrospective
reimbursement system in operation today does nothing to discourage
that resistance. - The regionalization concept also has some
natural limitations--for example, when services must be provided
on an emergency basis or when considerations of patient access
outweigh economies of scale in production.

*0f course, the level of disaggregation of providers may be in
response to important access considerations.
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(ii) Technology offering significant benefits realizable only
through integration of providers or services. Coordinative
system-wide technology, such as medical information systems and
emergency medical services systems technology, is often subject
to nonadditive benefits--that is, the benefits accruing from the
collaboration of multiple providers outweigh the benefits from
individual adoption. For example, the usefulness of the problem-
oriented medical information system that records patient data on
the basis of medical problems is to a large extent dependent upon
the integration of ambulatory care and hospital care data.!3% 1In
the words of Lindberg (in Appendix E):

To the extent that health care institutions do not work
smoothly and sensibly with one another, the medical in-
formation system cannot be shared or transplanted. To

the extent that health care institutions are balkanized
into small administrative parcels, the information systems
must of necessity be small as well. 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 fiefdom.

Emergency medical services (EMS) systems provide a particu-
larly cogent example of the problems of coordinative technoloagy.
Throughout the country, EMS grew up as a network of independent
agencies, including police, volunteer and for-profit ambulance
services, and hospital emergency rooms. These participants were
often linked by informal agreements and sometimes by ad hoc ar-
rangements. In most areas of the country, communication technol-
ogy was rudimentary; few ambulance corps were linked by radio to
hospitals, and central dispatching was nonexistent. Indeed,
there was generally no single agency, public or private, respon-
sible for the planning and delivery of emergency medical services
on a coordinated basis. The Emergency Medical Services Systems
(EMSS) Act of 1973 (P.L. 93-154) was developed to combat these
serious deficiencies. Not only did the act provide for grants
for the purchase of integrative technology, such as simple com-
munications and dispatching systems, but it also provided grants
for the establishment of EMSS agencies whose job would be to
plan and coordinate the development of system-wide approaches to
EMS delivery. However, the EMSS proaram is based on the assump-
tion that at the termination of the grant programs, EMSS agencies
will achieve financial self-sufficiency through state, local, or
other federal funding sources. Whether the public and quasi-
public EMSS agencies will actually be able to achieve financial
independence and maintain their role in the health delivery net-
work remains to be seen. Third-party reimbursement policies,
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which at present do not generally recognize system-wide activities
and do not provide a level of reimbursement sufficient to cover
the costs of operating such a system, could play a major role in
this regard.

Specialization

By specialization we mean the tendency of the health care system
to function in specialized settings using increasingly specialized
physicians and nonphysicians. Physician specialization in par-
ticular has a profound influence on the adoption and use of
equipment-embodied technology, although it is not clear whether
increasing specialization has caused or resulted from the in-
creasing complexity of medical technoloay. More study is needed
of the relationship between technological change and physician
specialization.

The increasing specialization of physicians in the United
States is well documented. The ratio of specialists to general
practitioners has increased, and the number of subspecialities has
increased. This phenomenon has been observed even within those
specialties oriented toward primary care, such as internal and
pediatric medicine. 139

What relationship does this 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 technology. Many examples
of new procedure-oriented subspecialties can be cited: cardio-
vascular surgeons; nuclear medicine radiologists; ultrasonog-
raphers; and, most recently, gastroendoscopists. Although there
is no empirical evidence to support the finding, it is possible
that the financial rewards inherent in specialization have en-
couraged the adoption of these technologies. Evans25 theorizes
that increasing specialization is largely the result of an excess
supply of physicians, which encourages physicians "to use tech-
nologies which enable them to provide more and different services
to patients (particularly if the costs of the services are borne
in a hospital budget)." Wessen!39 states that:

the fee-for-service system encourages the use of more and
more specific procedures to which charges can be attached.
. . . And the tendency of our reimbursement systems to
value specific technological procedures more highly than
generalized professional consultations confirms the eco-
nomic bias toward the use of specialty services.
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As the demand for specialists has increased, so has the supply
of residencies offered by graduate teaching hospitals. Hadley
and Reinhardt“® hypothesize that hospitals provide residency
spaces in order to assist in the production of patient care, and
that the demand for residents in a specialty service of a hos-
pital is responsive and secondary to the demand for the medical
services that residents supply. And, because graduate medical
education is financed largely through third-party reimburse-
ment, 52 the ability of hospitals to provide financial support
for residents is also a function of patient demand for the spe-
cialty services. Sloan!!! has tested a similar hypothesis for
ophthalmology residency positions and has found that the number
of positions offered is negatively related to the stipends hos-
pitals must pay residents. Thus, the introduction of new clin-
ical or ancillary procedures sets in motion a chain of events
leading to continued training and production of specialty
physicians and, to the extent that physicians can influence
the demand for such procedures, continued increases in their
frequency of use.

CONCLUSIONS

This chapter has attempted to bring together our knowledge, both
formal and informal, regarding the impact of different factors
on the adoption of equipment-embodied medical technology by
health care providers, particularly hospitals. Although there
is significant research on the diffusion of health care tech-
nology, with notable emphasis on hospital technology, this re-
search has not measured the impact of factors that affect all
providers and the general environment in which technology dif-
fusion takes place. We are left with anecdotal experience,
logical analysis, and judgment to ascertain the impact of policy-
related factors on adoption and diffusion. The major factors
include: (i) the system of reimbursing health care providers
for medical services; (ii) the medical injury compensation system;
and (iii) the organization of medical services, including dis-
aggregation of providers and specialization of manpower. More
study is needed to determine the true impact of each of these
factors on the development, adoption, and diffusion of various
kinds of equipment-embodied technology.

In the judgment of this committee, the present system of
third-party reimbursement is the primary factor creating sys-
tematic biases for and against adoption and use of particular
kinds of equipment-embodied technology. The reimbursement sys-
tem encourages the use of clinical and ancillary 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.

On balance, the hospital reimbursement system probably creates
incentives to overadopt new technology with significant economies
of scale relative to the size of individual providers. However,
this kind of technology could also be subject to an underadoption
problem in the absence of such a lenient cost-based reimbursement
system, due to the disaggregation of providers. Were the reim-
bursement system to be changed from a cost-based system, region-
alization and sharing of services would have to be encouraged in
order to induce providers to adopt new high-volume technology
whose cost-saving potential lies in its economies of scale.
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41 ALTERNATIVE APPROACHES TO
TECHNOLOGY MANAGEMENT

The previous chapter contends that the prevailing system for re-
imbursing health care providers is singularly responsible for
persistent biases in the adoption and use of equipment-embodied
medical technology. The reimbursement system discourages ap-
plication of economic criteria in adoption and use decisions.
Third-party payers virtually underwrite hospital capital invest-
ments; institutions bear little or no risk for poor decisions.
Moreover, the system provides no incentives for regionalization
of services and does not discourage wasteful competition amona
hospitals for patients or prestige. The reimbursement system
also hinders the introduction of system-wide coordinative tech-
nology. To some extent, the reimbursement system creates in-
centives for physician specialization, and the system for
reimbursing physicians encourages overutilization of equipment-
embodied procedures.

Solutions to the problems of technology adoption and use need
not include reimbursement reform. Other policies--for example,
direct regulation of the use of medical services--could con-
ceivably redress the imbalance. But as long as reimbursement
policies provide incentives (or at least no disincentives) to
overadopt hospital clinical and ancillary technology and provide
inadequate incentives to adopt coordinative technology, all other
policies to manage the introduction of new technology must coun-
teract these effects of the reimbursement system. Even with re-
form of the reimbursement system, regulatory or enabling policies
designed specifically to improve adoption and use decisions might
be desirable. Consequently, this chapter reviews some policies
that this committee or others have identified as possible ave-
nues for dealing with the technology problem. It 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.

Policies to influence decisions to adopt and use new tech-
nology involve different costs and problems of practicality.
Perhaps the most important problem is the level of detail at
which a policy must be implemented. Policies requiring knowledge
of 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 often
the only politically feasible alternative, because changes in
incentives often result in fundamental changes in the organiza-
tion and delivery of services. Regulations often impose a layer
of control over a system that remains essentially intact. The
participants in the system will adjust to the controls. If in-
centives are radically restructured, the entire system can be
seriously disrupted, a prospect that most affected parties would
vigorously oppose. Arguments against regulation have been elo-
quently stated elsewhere (see, for example, No1190 and
Schultzel!%8). This committee remains committed to seeking out
policy solutions that minimize the need for detailed knowledge
of 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 allocation. Many
of the policy alternatives reviewed in this chapter have been
widely suggested as more general cost-containment strategies.

We have analyzed the impact of 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-
tive, ethical, and political aspects of each strategy.

The policy options fall into six categories: (i) funding of
development; (ii) direct regulation of sellers of technology;
(iii) direct regulation of adoption and use; (iv) payment or
reimbursement policies; (v) health manpower policies; and (vi)
information strategies. Particular policy options within each
area are discussed below. .

-

FUNDING OF DEVELOPMENTAL EFFORTS

As Galbraith3" has emphasized, the development of large-scale
technological systems requires extraordinarily large capital in-
vestments, usually over a period of up to 10 years, before a
return can be expected. If, as in the case of coordinative
technology such as computerized medical information systems, the
ultimate market for the technology is highly uncertain, venture
capital certainly will not be forthcoming. The development of
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the technology may need a boost, either through the creation of
a more certain market environment or through subsidization of
development costs, or both. The relative advantages of develop-
mental subsidies versus creation of a ready market must be judged
in terms of the present state of development of the technology
(the earlier in development, the more likely are subsidies to be
relatively advantageous) and the degree to which private develop-
ment funds could be reasonably expected to respond to market sig-
nals. Little is known about where private firms place their
research and development efforts. The need for more information
on the extent to which public support of research and develop-
ment augments or merely substitutes for private sector commit-
ments has been recognized by others. 132

In the view of this committee, funding of large-scale tech-
nological development projects by the federal government is a
reasonable approach, particularly for coordinative technologies.
In the past, the National Center for Health Services Research
funded large-scale demonstration projects for development of
medical information systems and telemedicine. Currently, the
National Center funds a special-emphasis Center for Technology
at the University of Missouri, but decreases in federal funding
and a shift in emphasis from development to evaluation have left
a void in this area. Lindberg's paper on medical information
systems (Appendix E) documents the catastrophic effects of on-
again off-again federal commitments to development in that area.

DIRECT REGULATION OF INTRODUCTION OF NEW
EQUIPMENT-EMBODIED TECHNOLOGY

It has been suggested that new medical technology should be con-
strained from diffusing until adequate evaluation takes place.103
A technology would be allowed to diffuse only upon meeting de-
fined evaluative criteria in experimental or demonstration
settings.

Such controls already exist for new "medical devices" in the
form of premarket clearance requirements pursuant to the Medical
Devices Amendments of 1976 (P.L. 94-295). Third-party payers who
refuse to pay for new procedures unless they have been approvead
are also engaged in this kind of control process. Nonpayment
policies lack the force of law, however, and can merely inhibit,
not stop, diffusion; a new procedure can always be performed at
direct patient expense. The medical devices law requires manu-
facturers to demonstrate the safety and effectiveness of sub-
stantially new medical devices prior to commercial distribution.*

*This law is presently in its earliest stages of implementation;
consequently, procedures outlined do not represent actual
operation.
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P.L. 94-295 specifies that:

Safety and effectiveness of a device are to be determined
(1) with respect to the persons for whose use the device is
represented or intended; (2) with respect to the conditions
of use prescribed, recommended, or suggested in the device's
labeling; and (3) weighing any probable benefit to health
from the use of the device against any probable risk of
illness or injury from such use.

The amendments provide for classification of devices by the Food
and Drug Administration (FDA) into three categories: Class I de-
vices need only comply with the general regulatory controls of
the law; Class II devices are additionally subject to performance
standards promulgated by FDA; and Class III devices are subject
to premarket approval requirements, including demonstration of
effectiveness by well-controlled investigations, including clin-
ical investigation "where appropriate."9

The regulatory scope of the medical devices law is wide. The
federal government holds the authority to prevent introduction of
virtually any new technology that depends on a new medical device.
This power is somewhat limited with respect to equipment-embodied
technology, however, by two factors: the legal definition of
"medical device" is not entirely coincident with equipment-
embodied technology; and the interpretation by FDA of "effective-
ness" is likely to be narrow.

® Limited coverage. The law defines "medical device" as:

An instrument, apparatus, implement, machine, contriv-
ance, implant, in vitro reagent, or other similar or
related article, including any component, part or ac-
cessory which is
(1) recognized in the official National Formulary,
or the United States Pharmacopoeia, or any supple-
ment to them,
(2) intended for use in the diagnosis of disease or
other conditions, or in the cure, mitigation, treat-
ment, or prevention of disease in man or other animals,
or
(3) intended to affect the structure or any function
of the body of man or other animals, and which does
not achieve any of its principal intended purposes
through chemical action within or on the body of man
or other animals and which does not depend on being
metabolized for the achievement of any of its princi-
pal intended purposes.
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This definition includes most clinical and ancillary equipment-
embodied technology, but it does not cover new configurations
of existing equipment (for example, intensive care units) and co-
ordinative technology (for example, medical information systems).
® Limited definition of effectiveness. Although the law
reads broadly, its major concern is with issues of safety. Con-
sequently, the FDA is likely to interpret effectiveness in the
narrowest sense possible consistent with patient safety. Where
a device poses negligible safety hazards to patient and user, it
is unlikely that the FDA will require evidence of improved pa-
tient outcomes as a condition for premarket clearance. Moreover,
the law includes no provisions for considerations of economic or
societal criteria in evaluating new devices. The cost-effectiveness
of a new device cannot be considered by the FDA under the terms of
the law.

Policies to control the introduction of new technology suffer
from inherent limitations. The most important is the "all-or-
nothing”" nature of their effect. Although approval of a new
technology can be limited to specified conditions of use (as in
the medical devices law), it is difficult to enforce such limits.
Indeed, malpractice litigation is the only available sanction
against inappropriate use of technology short of direct utiliza-
tion controls, and it is applicable only if significant injury
has been sustained.

A hypothetical example illustrates the weakness of preintro-
duction regqgulations in affecting health care costs. A new, con-
venient, and relatively inexpensive test could be proven
cost-effective when used in diagnosis for a particular set of
presenting symptoms. It would therefore be allowed to diffuse.
If it subsequently became overused, its introduction could actu-
ally have precipitated an increase in total diagnostic expendi-
tures. Therefore, even if cost-effectiveness 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 difficult 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 technology usage.

Premarket control of the introduction of new technology may
have unintended side effects, the costs of which outweigh the
intended benefits. Studies of the regulation of new drugs in the
United States have identified and attempted to measure the mag-
nitude of such effects, particularly since the enactment of
amendments in 1962 requiring drug manufacturers to demonstrate
efficacy as well as safety. Although it is invalid to draw direct
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inferences about the effects of controlling the introduction of
new equipment-embodied technology from studies of drug requla-
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
studies of the drug industry document an increase in development
time and cost following enactment in 1962 of amendments adding
efficacy requirements to the 1938 Food, Drug, and Cosmetic Act.
Grabowski and Thomas,"“? using cross-national data, attribute
half of the postamendment decline of productivity of the U.S.
drug research dollar to the premarket approval process; the other
half is attributed to a worldwide "depletion of research oppor-
tunities."

® Impact on the producing industry. The increased cost and
time duration of new drug development following the 1962 amend-
ments led to the hypothesis that regulation induces a shift 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 firms. New drugs introduced in the postamend-
ment era were developed by fewer and larger companies than were
drugs developed prior to 1962.43

® 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
large amounts of preintroductory evidence while foregoing re-
search that might lead to significant new discoveries. !0 In-
creased development 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 drugsl+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 al.
finds that companies that concentrate research and development
funds in relatively few areas of research tend to produce more
new chemical entities in the 4 succeeding years than do companies
with more diversified research efforts. This finding suggests
that even if premarket approval does increase development costs
per new product, innovation rates need not be affected.

) Imgact on patient outcome. Wardell and Lasagna135 and
others!0 suggest that existing premarket regulation of drugs
in the United States costs patients more than it benefits them.

15
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Costs include those imposed by delayed introduction of beneficial
drugs, Benefits result from fewer adverse patient reactions to
new drugs and reduced use of ineffective drugs. Methodological
difficulties in measuring a "drug lag" between the United States
and other countries and in assessing its significance in terms
of ultimate 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 outlined above. Medical devices
regulation will differ substantially from drug regulation, offer-
ing greater flexibility and efficiency. Only devices for which
general regulations and performance standards are inadequate will
undergo the premarket approval process. The amendments provide
for use of experts from the scientific and industrial communities
on panels to classify devices and on advisory committees to re-
view proposed regulations of performance standards, proposed prod-
uct development protocols, and applications for premarket
approval. Manufacturers of Class III medical devices can submit
a product development protocol to obtain FDA assurance of the
adequacy of its product evaluation procedure before embarking
upon it. Manufacturers will thus be able to avoid the risk of
committing resources to a testing program that is inadequate for
approval or to one that generates superfluous data. In addition,
the medical devices amendments require the establishment of 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 effort, strain on FDA manpower, and inadequate
communication, which have plagued drug regulation efforts. How-
ever, it is too early to determine the effectiveness of these
and other provisions in avoiding the unfavorable impacts de-
scribed above.

The limitations and side effects inherent in a premarket ap-
proval process argue against significant expansion of this
regulatory approach beyond the limited evaluative criteria of
safety and effectiveness currently covered under the medical de-
vices law. Because premarket regulation offers little effective
control over the actual use of technology that has been approved,
consideration of economic criteria such as cost-effectiveness or
net social benefit is inappropriate.

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

A commonly suggested mechanism for altering 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 utilization review.

Capital Expenditures Regulation

Two different programs currently exist to regulate hospital capi-
tal expenditure decisions. They are the state-level certificate
of need (CON) laws, which exist in approximately 30 states, and
the regqulation of capital expenditures under Section 1122 of
Public Law 92-603 (1972). The programs are essentially the same;
they differ only in the definition of 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 first line of review. The Section 1122 program ties ap-
proval to reimbursement by Medicare for the associated capital
costs; CON laws are frequently tied to facility licensure or cer-
tification. The National Health Planning and Resources Develop-
ment Act of 1974 (P.L. 93-641) requires universal adoption of
CON laws by 1980. At present, some Blue Cross plans refuse 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 slow the diffusion of new equipment-
embodied technology, but it cannot easily be used to speed the
adoption of underdiffused technology. Except where health plan-
ning agencies have conditioned approval on the fulfillment of
stipulations unrelated to the application* (as in Massachu-
setts!00), the regulatory agency is powerless to encourage the
development of coordinative technology.

The history of CON and capital expenditures review programs
is discouraging. Not only have few projects been disallowed, /0
but CON appears to have no effect on the overall level of spend-
ing by hospitals.106 However, one cannot judge 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 small investments by hospitals, nor does it cover

*The legalitx of conditioned approvals of projects has been
questioned.1 0
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noninstitutional providers (for example, physician groups or |
independent clinical laboratories) in most states. It has been |
suggested that CON be extended to noninstitutional settings of

care®? and to a broader array of equipment purchases (under
$100,000). These changes would purportedly close loopholes in

the laws and provide more influence over technology adoption
decisions.

A problem of equal importance is the lack of budget disci-
Pline within the program structure. The agencies are generally
free to approve as many projects as they consider appropriate
without considering trade-offs among alternative uses of capital
funds. 1Indeed, in most areas, the boundaries of the health ser-
vice area represented by the CON agency do not coincide with the
boundaries of collective payment (which in the case of Medicare
is the entire country). Thus, the local agency can spread the
costs of a new service across the state or the nation while
obtaining the benefits of improved access or quality of care and
often increases in employment as well.

One solution to this problem is the adoption of an annual area-
wide limitation on capital expenditures subject to CON as has
been proposed under the present Administration's cost contain-
ment billl2! and as under consideration in the State of Maryland.95
The Health Systems Agency (HSA) would be responsible for allocat-
ing these funds among competing projects. This approach would
materially increase the power and responsibility of the HSA's and
would require them to make choices they have up to now appeared
unwilling to make. 70 However, it is possible that such a program
would induce hospitals to merely shift capital expenditures to
the purchase of less expensive capital equipment not subject to
the limit. It is also important that the HSA or local hospitals
be able to accumulate capital spending allocations over multiple
years to enable the implementation of especially large projects
that may be needed.

Apart from the structural problems described above, the agen-
cies suffer from a lack of timely information to assist in deci-
sion making, particularly in regard to new equipment-embodied
technology.58

Assuming that the structural and implementation problems are
overcome, capital expenditures review nevertheless presents
serious generic problems. First, this regulatory approach re-
quires detailed knowledge of individual equipment adoption de-
cisions by review agencies, and the number of decisions probably
increases exponentially as the dollar threshold for CON cover-
age is decreased. That is, there are many more different pieces
of equipment offered 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 dramatically.
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Second, agency decisions are likely to be politicized through
coalitions or compromises. The net effect may be expenditure
decisions that are no improvement over those made by hospitals.

Third, certificate 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 question of whether direct regulation of capital invest-
ments by providers is a good approach to control the tendency to
overadopt clinical and ancillary hospital technology ultimately
rests on one's philosophy toward regulation. The committee rec-
ognizes the critical need to make such adoption decisions more
consistent with the interests of society, but if similar results
can be achieved through policies that alter incentives instead of
counteracting them, then we believe that these other avenues are
preferable to capital expenditures regulation.

Utilization Review

The review of the utilization of equipment-embodied technology
is a mechanism that could conceivably reduce the tendency to
overuse clinical and ancillary technologies. The term "utiliza-
tion review" refers 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,
utilization review has been applied to hospital admission and
length of stay and to claims for services rendered by physicians.
Except where hospital admission 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 utilization of ancillary ser-
vices.

The effectiveness of utilization review programs as they have
been implemented has not been unequivocally demonstrated. 39
Some inherent weaknesses in the approach are: the need for de-
tailed criteria to differentiate justified from unjustified util-
ization, the costs of implementation, and the potential rigidity
of such a system over time. More research is needed on the
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effectiveness of utilization review in controlling the use of
technology-intensive services, particularly ancillary hospital
services such as laboratory and diagnostic radiology, relative
to more indirect methods of influencing the utilization of these
services.

Both direct regulation of capital expenditures and utiliza-
tion review require that regulators have detailed knowledge of
individual transactions in the health care system. The commit-
tee remains cautious about the long-run effectiveness of this
type of approach.

PAYMENT POLICIES

Virtually any change in reimbursement strategies will alter in-
centives to adopt and use new equipment-embodied technology.
Desired strategies are those that reward providers for cost-
effective adoption and use decisions and penalize them for de-
cisions that clearly are not cost-effective from society's
standpoint. As a corollary to this principle, providers should
bear risk for their adoption decisions, either as a financial
loss for a poor decision or as a loss of opportunity to invest
in more effective technology. Several alternatives for changing
reimbursement methods in this direction have been suggested.

Coverage Limitations

Perhaps the most obvious type of reimbursement reform is the re-
fusal to cover hospital and physician expenses incurred for those
procedures that have not been proven effective. The delay im-
posed by the Medicare program in reimbursing providers for CT
scanning of the body is an example of such a strategy, as is the
decision by the National Association of Blue Shield Plans not to
pay for 26 surgical and diagnostic grocedutes that have been
found to be largely without value. 8 The primary problem with
this approach is that it is a gross discriminator between "good"
and "bad" technology. The decision of whether or not to pay for
a procedure can be used successfully only for the few procedures
found to be generally without value, but it is relatively easy

to show that a technology has significant value for some patients.
Consequently, a comprehensive program of noncoverage would have
to be augmented by detailed utilization review.

Third-party payers could be more circumspect in paying for new
clinical and ancillary procedures. By requiring more proof of
efficacy prior to payment, third-party payers could encourage the
development of information on effectiveness. However, once a
procedure is approved for payment, even for a limited patient
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population, some control over the utilization of such services
would be required if the tendency toward overadoption and over-
use of clinical and ancillary technology is to be checked.

The committee is concerned about the implications of adding
an additional layer of control over a process of technological
change already heavily burdened with regulation. It would re-
quire most new equipment-embodied clinical and ancillary pro-
cedures not only to meet the safety and efficacy requirements of
the medical devices law, but also to meet more or less stringent
effectiveness or cost-effectiveness standards imposed by dif-
ferent payers under a coverage limit 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 Hospitals

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 established rates on the basis
of negotiated hospital budgets and on cost-based formulas. A few
have established flat rates of payment unrelated to services ren-
dered. In some cases, hospitals bear the risk of deficits and
reap the benefits 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 levels of reimbursement are routinely adjusted retro-
actively to eliminate all accumulated surplus or deficit 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.12 (Nine of these plans in two states
were operating in cooperation with state rate-setting agencies.)
Nine state 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. 12
The proposed hospital revenue limitations under the Administra-
tion's hospital cost-containment legislation121 is a PR system.
Each hospital, with 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 different hospitals differently. 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 adjust rates for
hospital complexity or case mix. This greatly complicates the
rate-setting process, and it has not been shown that an adequate
adjustment method exists. A critical attribute of any prospec-
tive reimbursement system is the notion of regulatory lag, the
time interval between successive rate decisions. The rates ap-
plied during this interval are generally based upon previously
recorded accounting costs, although some systems use a flat rate
determined not by previous costs but by administrative fiat.
Where rates are cost-based, the interval between rate decisions
is critical to the method's success in inducing cost-saving in-
novations. If costs fall during the period, hospital surplus
increases, whereas, if costs rise, as is likely in inflationary
times, deficits may occur. Many have argued that the regulatory
lag offers a major and perhaps the only incentive for efficiency
in regulated organizations--particularly to apply new cost-saving
technology.7'11 Most PR systems operate on a l-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 institutions. Thus, PR necessitates a
built-in adjustment mechanism for price inflation. Apart from
this requirement, 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 uniform product. An implicit
cost is incurred in increasing the time between rate decisions.
That cost is the loss of ability 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 rate-setting agencies. More study of this ap-
proach to prospective rate setting is needed.

Theoretically, PR should have a salutary effect on the adop-
tion and use of new clinical and ancillary technology, since it
requires hospitals to weigh alternative uses of funds. It is not
clear that this does, in fact, happen. Bauer!2 has observed that
the primary weakness of prospectively set hospital rates is that
they do not control the volume of services offered; these are
controlled by individual physicians. However, if 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 definitive empirical evidence on
the impact of PR on adoption and use of technology, studies of
six prospective reimbursement systems sponsored by the Social
Security Administration provide some preliminary and indirect
information. Prospective reimbursement as it was applied in the
six situations did not unequivocally reduce hospital cost infla-
tion.1s23,55 Moreover, one study showed that PR had not signif-
icantly curtailed the use of ancillary services;>% and in another
study, the PR system appeared to have a negative impact on the
number of clinical laboratory tests performed per case and a
positive impact on the volume of radiology procedures per case.?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.55 However, these programs
may not have been in effect long enough when studied to induce
desirable change in adoption behavior that would be reflected
in later utilization statistics.

Reimbursement of Physicians

Changes in methods of reimbursing physicians have also been sug-
gested. Hospital-based physicians (anesthesiologists, radiolo-
gists, etc.) who control the majority of clinical and ancillary
equipment-embodied technology are now paid predominantly by
methods that reward for high volume. It has been suggested that
requiring all 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.“‘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 anesthesiologist, but the sur-
geon. And ordering physicians largely 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 if, 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, neurologists and neurosurgeons have
favored adoption just as actively as have radiologists. The
arqument for putting hospital-based physicians on salary may be
justified on the grounds of equity and income distribution; it
is 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 regards physicians 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 analysis of the resource costs to the physician for
performing the procedure. The "usual, customary, and reasonable"
approach to the establishment of physician fee schedules has been
shown to be inflationary, and, although limits 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
it difficult to raise a fee substantially once it has been estab-
lished. Consequently, fees for new procedures are likely to be
set at high levels. Third-party payers could establish fee sched-
ules where payment for a procedure is linked to its effectiveness
relative to other procedures or to its status as an experimental
procedure. These incentive-based fee schedules would offer the
physician higher economic returns per time period for more "de-
sirable" procedures than for less desirable procedures.

A major problem with this approach is the need to discriminate
between appropriate and inappropriate use of a procedure. The
most valuable procedure can be misapplied. By establishing high
fees for desirable procedures, the policy is likely to induce too
much of a good thing. Consequently, the success of incentive-
based fee schedules is inextricably linked to the detailed con-
trol of utilization of procedures.

Capitation Payment

Capitation payment methods reimburse for an agreed upon set of
patient services with fixed periodic payments regardless of the
value of services actually rendered. In principle, capitation
rewards providers for efficient use of resources in producing
the services covered by the capitation rate and penalizes inef-
ficient providers.

The most common form of capitation payment is the health
maintenance organization (HMO), which includes all inpatient and
outpatient services in the services covered by the capitation
rate. Two competing forms of HMO are the prepaid group practice,
which directly employs physicians and other health care personnel,
and the independent practice association (IPA), a federation of
independent practitioners who agree to participate in the capita-
tion plan but who maintain their individual practices and are
often individually reimbursed on a fee-for-service basis. The
degree to which the IPA approaches the prepaid group practice
HMO in organization 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 if costs exceed the pre-
mium base. Here, the participating physician takes very little
fiscal responsibility for his actions, and the IPA more closely
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.>? The prepaid group practice appears
to perform more efficiently in terms of hospitalization rates than
do IPA's.37 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.71 However, evidence on the comparative rates of
diffusion of new equipment-embodied technologies does not exist
except by way of anecdotes. A major confounding problem is that
relatively few HMO's own their own hospitals. Most contract for
hospital services with institutions serving a wider population.
Thus, equipment adoption decisions are generally made by hospitals
with reference to the larger population, and valid inferences about
HMO adoption behavior are not possible.

Much of the impetus for the development and demonstration of
preventive technologies such as automated multiphasic health
testing (Appendix C) and mammography screening (Appendix B) has
come from the larger and older HMO's, whose resources have al-
lowed these efforts. Much of the earliest and most successful
developmental work on medical information systems was performed
at the Northern California Kaiser Health Plan (Appendix 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).%!1 Although recent amendments to P.L. 93-222
have reduced some of these barriers, HMO's still face significant
obstacles.

Unfortunately, HMO's are subject to some counterproductive
incentives that might produce behavior that compromises the qual-
ity of care, underserves subscribers, or selects subscribers to
eliminate high-risk members. Thus, surveillance and reporting
of HMO performance is mandated, possibly leading to regulation
of HMO behavior.%? This may compromise the administrative sim-
plicity of the concept. Nevertheless, HMO's appear to hold
promise for instilling appropriate incentives in health care
providers both to adopt cost-effective technology and to resist
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the overadoption and overuse of clinical and ancillary hospital
technology.

HEALTH MANPOWER POLICIES

Because of the hypothesized effect of manpower (particularly
physician) specialization on the adoption and use of new clinical
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,

while training in areas such as computer applications or medi-
cal information systems could be increased. Three policy instru-
ments are available to alter the specialty distribution: (i)
regulation of the number of residency positions offered by teach-
ing hospitals; (ii) third-party reimbursements of residents' sti-
pends; and (iii) 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
professional organizations. Self regulation by the profession
appears to be a viable alternative. In 1972, the American College
of Surgeons conducted a study of surgical services in the United
States and concluded that the number of approved surgical resi-
dencies should be sharply curtailed.® Since then the number of
approved residencies has indeed decreased.

Whether limitation of physician specialization will signifi-
cantly affect adoption of new technology is conjectural at this
time. It is not clear 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 1970, the number of radi-
ologists increased by approximately 10 percent; the number of
diagnostic x-rays performed in the United States increased by 20
percent. Increased efficiency 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 difference. There is a substan-
tial but unknown quantity of "trickling down" of procedures from
specialist to nonspecialist performance. As specialists become
busier 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 itself
and ignore cost in their decisions, then there is likely to be
a bias toward the adoption and use of new clinical and ancil-
lary technology.

Several information strategies are possible. These can be
directed either at consumers (or their representatives) or at
providers of health care services. Consumers (or consumer rep-
resentatives) 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-
sional 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 organiza-
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 decisions to use ser-
vices, 96 particularly diagnostic procedures. Policies to include
concepts of ‘statistical decision theory and cost-effectiveness
in medical education have been suggested as solutions.?® Recent
research documents that educating physicians to consider costs
when making clinical decisions can significantly affect the num-
ber and cost of diagnostic tests used. 2" Although it seems self-
evident that medical students should be provided with a basis
for rational clinical decision making, the effect of such a
strategy on utilization would only appear after many years of
such training, if at all. Moreover, adding required subjects to
the medical education curriculum involves sacrifices in other
areas of learning.

The education of practicing physicians through PSRO's and
utilization review programs has also been attempted. Because
these programs are of recent origin, their effectiveness in chang-
ing physicians' utilization 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. 123
The lack of standardization and the complexity of equipment used
in clinical and ancillary services renders hospitals relatively
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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 effectively improve pat-
terns of use of new technology, particularly of screening tech-
nology. However, it is unrealistic to assume 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 their cost-effectiveness in curtailing utiliza-
tion is unknown.

The information needs of consumers and providers depend, of
course, upon other policies chosen to manage the introduction of
new technology. If, for example, adoption decisions 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 discusses the process
for generating and disseminating evaluative information, and ana-
lyzes the extent to which changes in that system 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 development and diffusion of
equipment-embodied technology, the committee was impressed by the
plethora of public policies, particularly regulatory programs,
already in force governing every stage in the process. A com-
plex regulatory structure has evolved that at least nominally con-
trols many aspects of development and diffusion. In fact, with
few exceptions noted in previous sections, federal legislation
has already authorized direct control of many decisions regarding
the diffusion of equipment-embodied technology through three
major laws--the Medical Devices Amendments of 1975 (P.L. 94-295),
the National Health Planning and Resources Development Act (P.L.
93-641), and the professional standards review organization (PSRO)
provisions of the Social Security Amendments of 1972 (P.L. 92-603).
These laws are administered at various levels of government; the
medical devices law will be administered by the federal govern-
ment, while the planning act and the PSRO program are administered
at state and areawide levels by public and quasi-public agencies
and organizations.

Leaving aside the question of each program's effectiveness in
accomplishing its legislative or social objectives (a question
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discussed above), it is important to consider the cumulative
impact of these essentially 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 cost is $100,000 or more and intended for
hospitals must usually be granted a certificate of need. Fi-
nally, the use of equipment-embodied technology may ultimately
be controlled by utilization review criteria developed and ad-
ministered by PSRO's. These decisions are made at several dif-
ferent points in the process of technological change and, for
the most part, independent of one another. The multiple layers
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 these three pro-
grams. The development and diffusion of equipment-embodied
medical technology occur in a complex regulatory environment
involving federal, state, and local governments as well 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 include the
indirect impact of funding policies such as manpower training,
biomedical research, and health care financing programs.) The
significant potential for redundancy and inconsistency in regula-
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-
sults seem evident. First, on balance, regulation has or is
likely to slow the development and diffusion process. Unfor-
tunately, 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 benefits 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 streamlined system at lower cost.

Among the potentials for redundant regulations is the plethora
of state and federal agencies involved in licensure, certifica-
tion, and accreditation of health care facilities illustrated in
Table 1. A study conducted in 1975 by the Task Force on Hospital
Regulation of the Hospital Association of New York state®’ 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 23 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

Participants
in the

Process of Major Other Nanfederal

Technological Federal Federal Government Nongovernment

Change Regulations- Regulations Regulations Regulations
Developers --NIH Animal Welfare Act --Industrial groups--

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

Providers

review)

Practitioners --PSRO's (P.L. 92-603)
(utilization review)

Indirect federal regulations:

--Health planning
(P.L. 93-641)
(certificate of need
and appropriateness

--Protection of human
subjects

--Radiation Control Act
(1968) (P.L. 90-602)

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

--Medicare/Medicaid
(provider certifi-
cation)

--Occupational safety and

health

--State medical devices
safety laws

--State clinical labora-
tory regulation

--Facility licensure/
certification

--State rate-setting
(hospitals)

--Professional licen-
sure

--Environmental protection

standards AAMI, NEMA,
underwriters

--Professional society
performance standards
(e.g., ECG performance)

--Accreditation

--Certification 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 agencies in New York.

Similarly, a report on the health care regulatory control
system in Massachusetts®’ identifies 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 undergo at least 5 inspections yearly;
nursing homes undergo at least 14 such inspections. Although
hospitals in New York and Massachusetts may be subject to more
regulation than facilities in other states, the redundancies
illustrated by these examples are indicative of similar patterns
in most other states.

In sum, the health care industry is highly regulated by all
levels of government and many private associations with varied
objectives. In assessing the relative attractiveness of alter-
native approaches to improving the adoption and use of new
equipment-embodied technology by the health care system, policy-
makers should be extremely cautious about the wisdom of develop-
ing new layers of regulatory authority over those already
existing. Moreover, much could be gained by reassessing the
linkages among existing regulatory programs in an effort to un-
cover conflicts, duplication, and inconsistencies ripe for re-
form.

SUMMARY

Two conclusions are clear: First, it is difficult to predict
the magnitude of the impact of most policies on the adoption

and use of new equipment-embodied technology due to a dearth of
empirical evidence; and second, no single policy applied in iso-
lation appears to be a viable solution to the problem of adoption
and use of new equipment-embodied technology.

Nevertheless, certain policies appear more promising than
others. Reform of the reimbursement system to promote appropri-
ate incentives relative to the adoption and use of equipment-
embodied technology is preferable to direct regulation of such
decisions. In particular, limitations on third-party payer cov-
erage of unproven clinical and ancillary technology, prospective
reimbursement of hospitals, and especially capitation payment
merit further exploration.

Coordinative and preventive technology has lagged behind clin-
ical and ancillary technology in development and diffusion, be-
cause they are enormously costly to develop and difficult to
integrate into the current system of care. Therefore, subsidiza-
tion of the development of this class of equipment-embodied tech-
nology is justified.
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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 useful in achieving their goals.
Chapter 5 explored alternative approaches to ensuring that the
goals of decision makers are consistent with social objectives.
This chapter addresses the issue of whether the evaluative infor-
mation available to support adoption and use decisions is ade-
quate, and, if 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 EQUIPMENT-EMBODIED TECHNOLOGY
KNOW ABOUT TECHNOLOGY?

The value of a procedure, product, or system can be measured by
different criteria. Relevant evaluative criteria vary depending
on characteristics of the user and of the technology, particu-
larly the stage that the technology has reached in the process
of technological change. Five general evaluative criteria, each
more complex than its predecessor and subsuming the previous
criteria within its purview, are possible.

Technical Validity

Technical validity refers to the extent to which a product,
procedure, or system does what it purports to do and does it
safely. If a fetal monitor is to measure fetal heartbeat, then
it must do so with reasonable accuracy and precision and with a
reasonable degree of safety to mother, fetus, and operator. It

68
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might also be expected to behave reliably over some lifetime
whose length would be an important indicator of the technical
capability of the equipment.

The judgment of technical validity requires knowledge of the
dimensions of performance and safety that are important to the
use of the technology. Professional societies often develop
standards for equipment using criteria against which the per-
formance of a particular manufacturer's equipment can be as-
sessed. The particular dimensions of performance that are
selected often have a major impact on the design and long-run
usefulness of the equipment. If the standards neglect important
dimensions of performance, the equipment of different makers may
vary widely along this dimension. Or, if the standards are set
unreasonably high--for example, demanding a level of precision
in measurement that is not needed in clinical 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 clinical use. As-
pects of technical validity affecting safety must therefore be
ascertained quite early in the development process. However,
good performance standards cannot be developed until a tech-
nology has been in actual use long enough to determine which
dimensions of performance are truly critical.

Effectiveness or Efficacy

Effectiveness refers to the extent to which a product, proce-
dure, or system makes a difference for the objectives 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, effectiveness is usually measured by intermediate
results such as changes in therapy or improvements in diagnostic
accuracy.30

The effectiveness of a technology may vary widely with the
organizational setting in which it is applied or with the level
of training or competence of its operators. Consequently, the
effectiveness of a technology is often differentiated from its
"efficacy,"” a term sometimes used to denote effectiveness when
measured under optimal clinical conditions.!19

Cost-Effectiveness

Cost-effectiveness refers to the extent to which a procedure,
product, or system achieves a specified objective at a cost below
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other methods of achieving the same objective. Alternatively,
the most cost-effective option may be the one that achieves the
highest level of effectiveness, as measured by selected indica-
tors, for a given level of program or system expenditure.

A cost-effective technology is one that is superior to all
other alternatives for the specific conditions evaluated. For
example, when a diagnostic technology is found to be cost-
effective, that finding must usually be qualified by the spe-
cific set of presenting symptoms and the testing 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 outcomes, then the difference between 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 if positive, and
cost if negative) is calculated. Unfortunately, calculating
net social benefit is fraught with methodological and ethical
difficulties,?7 including inability to measure the dollar value
of life and changes in pain or worry138 and the relative value
of benefits accruing in different time periods in the future.
Although significant amounts of research have been devoted to
these and other methodological questions, the state of the art
in measuring benefits remains limited.

When measurement problems cannot be overcome, the physical
benefits accruing from a technology (improved patient outcome)
can be arrayed against the additional program or health care
expenditures necessary to achieve them. Whether these benefits
are worth the additional costs reduces to a political decision.9%

Societal Impact

The introduction of new technology may affect the social and
economic structure of communities or nations in addition to gener-
ating patient benefits. The environment, institutions, social
structure, culture, values, and the law may be affected.® For
example, automated medical record keeping could threaten basic
privacy rights in the absence of safeguards.ll‘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 benefits included in the previous criterion.

In essence, this criterion is an extension of the net social
benefit criterion, where nothing is assumed constant and all
effects are assumed to interact.
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Recent debates over the implications of genetic research high-
light concern about societal 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
safety of that research. The potential implications of tech-
nology that might emerge from such research have been studied
in a few instances. (See, for example, a recent National Research
Council report.ee)

Information regarding these five evaluative criteria always
exists, although its quality and the evidence on which it is
based vary widely. At one extreme lies pure opinion, based on
casual observation of the technology or, indeed, on no evidence
at all. At the other extreme are the results of formal studies
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 studies; however, it is reasonable to
assume that the more valid the information, the more possible
good decisions become.

Ideally, then, one would expect new technology to be evaluated
at all of the levels described above using strict methodologic
standards. Only those procedures, products, or systems that are
truly worth their cost would be developed and diffused, and dif-
fusion would be limited to those uses for which the technology
has been found valid.

In reality, of course, this rarely occurs due to the existence
of barriers to the generation and use of evaluative information.
These barriers include those inherent in the evaluative task
and those arising externally, particularly from the economic
environment. These two kinds of barriers to evaluation--natural
and economic--are discussed below.

Natural Barriers to the Generation and
Use of Evaluative Information

Natural barriers include problems in conducting evaluative stud-
ies arising from technical, ethical, cost, and time constraints
that limit 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 will illustrate how they may lead to modification of study
approaches: the use of randomized clinical trials to measure
efficacy and the use of technology assessment to measure societal
impact.
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Randomized Clinical Trials

It has been claimed that randomized clinical trials represent
the only truly valid technique to measure the effectiveness of
any clinical intervention.! A randomized clinical trial is an
experiment whose design assures that the true effectiveness of
the technology can be isolated from other factors that might
affect measured outcomes. Patients are assigned by chance ac-
cording to a fixed probability distribution to alternatiwve kinds
of treatment, thereby minimizing the chance of biases in the
selection of patients to one treatment mode or another. The
design of the experiment is usually further refined to control
for other possibly confounding effects.

Although such experiments, properly conducted, produce the
highest achievable level of quality of information on efficacy,
there are some fundamental problems in their implementation.
First, and perhaps most important, randomized clinical trials
are costly. The National Institutes of Health estimates that
in FY 1975 it supported 465 randomized clinical trials at a
total expenditure of approximately $72.8 million.®" These
trials differ widely in scope, duration, and cost. For example,
a l0-year study at the Heart Institute on the interactive effects
of risk factors on the incidence of heart disease is funded at
$12.4 million 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 cost of randomized clinical trials
are the number of subjects involved and their degree of hospital
insurance coverage.

Second, there are often significant ethical problems in con-
ducting a trial. When a medical technology is new, its novelty
and potential safety hazards often require that patients be
selected on a nonrandom basis from special populations. But
when early evidence shows promise for the technology, the physi-
cian faces the moral imperative not to deny his patients a pre-
ferred treatment regardless of whether its superiority has been
demonstrated definitively.72 McDermott’? has observed that "for
a physician to submit his patients to random decisions regarding
their 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 subjects for adequate statis-
tical accuracy or in some cases to measure long-term consequences
of a technology. This delay 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, the proper design of a trial requires enough knowledge
of disease processes to identify important differences in stages
and subsets of the disease under study. If patients are aggre-
gated in the study, the effectiveness of a technology for a
particular subset of patients may be obscured. 72

Fifth, there is a severe technological obsolescence problem
in the conduct of efficacy studies. If the technolegy is chang-
ing rapidly, or if user competence improves dramatically with
experience over long periods, early results may lose their ap-
plicability before they are published.

For these reasons, clinical investigators of efficacy often
resort to cheaper, faster, more feasible methods for assessing
efficacy. These compromises are not necessarily detrimental.
Judgment is needed to assess the loss of information content
against the gains in technical and economic feasibility.

Technology Assessment

Although formal methods to evaluate the societal impacts of new
or emerging technology have not been fully developed or vali-
dated, the "technology assessment" (TA) method has beem promul-
gated as a logical approach to the identification of such impacts.
The method of technology assessment, whose purpose is to "assess
holistically the potential short-term impacts and longer-term
consequences of emerging technologies on society,"s sets forth
a step-by-step process of identification and analysis of impacts.
The method is formal, usually employing estimates by experts of
the expected consequences of a development. However, because
TA focuses on long-run, structural impacts, it is difficult to
validate the technique. It is debatable whether anyone is able
to foresee major societal shifts resulting from a new technology
early enough in its development to influence the outcome. A
study completed for the National Commission for the Protection
of Human Subjects demonstrates that even experts have difficulty
predicting what the major technological developments will be within
a reasonably short (20-year) period.130 Thus, in the case of
the TA method, as in the case of clinical trials, the costs of
the method must be weighed against the quality of the information
to be obtained. For those technologies with major cumulative
effects on society, it is prudent to conduct periodic technology
assessments, but these technologies need to be selected cau-
tiously and the results considered in light of the limitations
of the methodology at this time.
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Economic Barriers to the Generation and
Use of Evaluative Information

The primary economic barrier to the generation of evaluative
information at any criterion level is the lack of a market for
such information. When, for example, decisions to adopt and use
new technology are in the hands of individuals or institutions
whose objectives differ from those of society, one would expect
them to ignore evaluations that are irrelevant to those objec-
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 effective technology, they have
an inadequate stake in ascertaining the effectiveness of such
technology prior to the adoption decision. Also, they are
clearly unmotivated to determine the cost-effectiveness of new
technology. Thus, evaluative studies 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 development of high-
quality evaluative information is the existence of economies
of scale in the production of information. A single patient,
physician, hospital, or even third-party payer may lack the
economic resources to conduct independent studies of technical
validity, effectiveness, cost-effectiveness, and so on, of all
new procedures, equipment, and systems. Collective efforts to
produce such information are warranted. Yet collective evalua-
tion groups such as independent product-testing laboratories
similar to those that have developed in other industries have
not developed to a large extent in medical instrumentation,
probably due to the lack of a market described above.

The participants in a symposium on procurement practices in
health 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 state
and local, are testing and evaluating medical devices
in varying degrees and at various stages in their life
cycle. When added to testing and evaluation by manu-
facturers and associations, there is a tremendous
amount of useful information being developed regard-
ing the relative merits of medical devices, much if
not most of which goes no farther than the boundaries
of the organization in which the effort takes place.123
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The advent of the medical devices law substantially alters the
situation at least with respect to the technical validity crite-
rion. Manufacturers will now be responsible for proving that
their devices either meet established performance standards
(Category II devices) or are "safe and effective" (Category III
devices). However, the medical devices program will not re-
quire studies of the effectiveness of new technology in im-
proving patient outcomes nor will it consider cost-effectiveness
or net social benefit. Furthermore, the data developed under the
program are proprietary.

A third economic barrier to the development of information is
related to the second: The conduct of evaluative studies is sub-
ject to external effects. That is, studies 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 collec-
tive sponsorship of such studies and the open publication of
results to all parties represented by the collective body.

Conclusion

The natural obstacles to the production of 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 which to perform such stu-
dies. This judgment must reflect the trade-offs between the
cost of obtaining information and the quality and usefulness
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?

How 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 is
no systematic approach to the initiation and conduct of studies
to evaluate new equipment-embodiéd technology except with re-
spect to its technical validity. In fact, the only systematic
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 products' safe
and effective performance according to their claims.

This does not imply that studies of the effectiveness, cost-
effectiveness, or benefits and costs of new medical technologies
do not occur. In fact, the efficacy and effectiveness of new
medical technology is studied and reported extensively in the
clinical research literature. However, the quality of the eval-
uative information presented in that literature has been ques-
tioned by a number of observers. 1In a recent study of
innovations in surgery, Barnes!? found that "the most critical
and central defect in [the] cited studies of 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 studies. 1In a review of the international
literature on gastroenterologic therapy, Juhl et al.®3 found
that less than 1 percent of studies reporting on nondrug thera-
pies followed a preestablished controlled research design, and
that the United States lagged behind Britain in the absolute
number of studies performed.

In the absence of information from valid research designs,
knowledge of the effectiveness of medical procedures and tech-
nologies builds 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, procedures and technologies are incorporated into medi-
cal practice, experience with 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 effectiveness, risks, and
side effects. The medical devices law was not in effect at the
time that gastric freezing was developed. If it had been, it
is possible that the technique would not have been permitted
to diffuse 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 diffusion under the medical
devices law.

It is interesting that while the protection of human subjects
in medical experimentation evokes great concern,* this

*Witness the establishment of a National Commission for the
Protection of Human Subjects and the promulgation of regulations
governing the use of humans in experiments.
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nonexperimental approach to the collection of information can be
most harmful to the human subjects who are participating in an
experiment under the guise of direct patient care. The cost of
this current method of collecting effectiveness information is
part of what is normally referred to as the cost of "unnecessary"
utilization. Third-party payers and consumers bear the costs of
the inefficient experiments by paying for new procedures as part
of patient care.

Until recently, little attention has been given to measuring
the cost-effectiveness or benefits and costs of new or existing
clinical and ancillary equipment-embodied technology.* Why have
these studies not been forthcoming? Part of the answer lies in
the methodological problems of studies of this kind. These
include the difficulty of identifying valid measures of patient
outcome, determining the costs unique to the application of a
technology, and in the case of benefit-cost analysis, placing
dollar values on benefits. Such studies have been further ham-
pered by the lack of valid data from clinical studies. The cost-
effectiveness of a diagnostic test, for example, cannot be
determined without information on its sensitivity and specifi-
city in particular populations and its impact on the speed of
diagnosis and on changes in therapy. When this kind of infor-
mation is not available from clinical studies, analysis of
cost-effectiveness is impossible.

However, the fundamental obstacle to the conduct of cost-
effectiveness and benefit-cost analysis has been the lack of a
market, either in the private or public sectors, for the results
of such studies. The irrelevance of these results to hospitals
has been noted above. However, even regulatory programs expressly
intended to control the adoption or use of clinical technology
have been singularly uninterested in economic evaluations. The
National Health Planning Act of 1974 (P.L. 93-641), which mandates
the universal establishment 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 availability of alternative, less costly, or
more effective methods of providing such services." However,

2
*Several studies have been directed at coordinative technologies
such as mobile coronary care;? automated hospital information
systems;11 and telemedicine.81/9! These have generally been
funded as part of demonstration projects sponsored by the federal
government. 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 consider
more than medical criteria of need for expensive clinical equip-
ment. The professional standards review program, which has
established a network of agencies to monitor and control health
services utilization, focuses on "medical necessity" as the cri-
terion of interest. A test or procedure is considered necessary
if it makes any difference at all to the diagnostic or thera-
peutic process, not if it is the cheapest 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 well as medical criteria, since Congress clearly
had medical criteria in mind when it drafted the statute creating
this program.

The pessimistic forecast for economic evaluation of clinical
technology must be tempered by noting recent significant con-
tributions both to methodology and to increasing the awareness
of the medical community. For example, a compendium of studies
on the costs, risks, and benefits of surgery published by the
Harvard Center for the Study of Health Practice!" has clearly
linked the medical and economic disciplines in the production of
useful case studies. McNeil and her colleagues73'7 +75,76 have
made major contributions to the measurement of the cost-
effectiveness of diagnostic and screening technologies, and for
a number of years investigators at the Kaiser health plans have
been using such analyses to assist in the selection 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 virtually always
federally funded. Another area of inadequate information occurs
in the development of product standards. While standards have
been established for years by voluntary industrial organizations
such as the American Association of Clinical Chemists and the
American Hospital Association, and while the medical devices
law mandates development or adoption of performance standards
for much equipment-embodied technology, these have primarily
been concerned with safety and reliability and have not addressed
significant information needs of the health care market and of
developers.

In a study of voluntary industrywide standards in a variety
of industries, Hemenway56 has described the benefits of product
uniformity standards that simplify product comparisons, assure
interchangeability, allow scale economies, encourage price com-
petition, and assure future availability. He concludes that
while such standards are least likely to develop in a market
where there is disaggregation of both buyers and sellers, such
a market is most likely to benefit from them. The health care
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system is such a market. Indeed, perceived equipment require-
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 developers of new
technology, as described by Gross“7:

« « o it is not surprising that private industry has
often found it frustrating to design equipment for
medical use. One consequence of this procrastination
in setting standards has been the continued failure,
after some five years and diverse research projects
to develop a computer terminal that was or is accept-
able as a man-machine interface in the hospital ward.

In light of the significant benefits possible through standardi-
zation and the difficulty faced by voluntary standardization ef-
forts in a market with many buyers and many sellers, a national
collective effort to encourage standards development is warranted.

In summary, the performance of evaluative studies of equipment-
embodied clinical technology has been uncoordinated, undirected,
and, particularly for economic evaluations, underfunded. Oppor-
tunities for obtaining improved information are not seized,
either because of inadequate funds or lack of a perceived market
for the information. Certainly, the lack of interest by regulatory
agencies in economic evaluation constitutes a serious problem, as
do the barriers 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 systematic approaches to the generation
and dissemination of evaluative information on medical technolo-
gies have been widely recognized. A group of experts called
together by the National Commission for the Protection of Human
Subjects13 has suggested that a Board on the Evaluation of
Therapeutics and Scientific Advances be established. 1In the
words of the panel's report:

The precise specifics of any such proposal would need
very close examination. Some very different patterns
are clearly available: these could range from a pub-
licly sponsored agency for "medical consumers," by

way of a clinical research agency empowered to issue
nonmandatory certificates of efficacy, to a full-scale
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regulatory agency similar to the FDA, with elaborate
mandatory powers. At the very least, all authenti-
cated information about the general efficacy, limita-
tions and/or side effects of medical, surgical,
psychotherapeutic, and other health related procedures,
should be readily available to "consumers" of health
services, or their organizations. Since the aim of
this proposal would be to bridge the gap between
"experts" and the lay public, this kind of evaluation
could not be left to an expert panel alone. Rather,
what is needed is a "consumer oriented" agency, having
not only the power to assess "efficacy" and "social costs,"
but also the prestige to influence the direction of
research on new types of therapy and treatment
modalities.

In 1977, legislation was introducted in Congress to establish a
Center for the Study of Medical Practice within the National
Institutes of Health (NIH).!!7 This proposal recognized the
serious deficiency in information on the efficacy of medical
procedures and practices. The legislation focused not only on
emerging medical practices, but also on existing questionable
medical practices.

The National Institutes of Health!27 has recently established
a procedure for involving itself in disseminating information on
biomedical advances with clinical usefulness to providers and
practitioners. The procedure involves the establishment of
advisory panels to assess the implications 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 clinical significance of new findings; whether
validation for efficacy and safety has been adequate,
and if not, what more needs to be done; whether costs,
ethical 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 feasibilities in local community settings; whether
recommendations are phrased for ready understanding and
acceptance by health practitioners and include all
appropriate cautions.

These and other suggestions for establishing systems for eval-

uating new technology places this committee'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 studies of new equipment-
embodied technology is needed. Most important is the coordina-
tion function, which is totally absent at present. No single
body, either public or private, currently has the authority
or responsibility to monitor the emergence of new technology:;
determine whether, when, and what kinds of evaluative studies
are needed; encourage the performance of such studies through
funding; and act as an information clearinghouse for public
and private users.

Numerous federal agencies are involved in funding, conducting,
or requiring certain kinds of evaluative studies, but the in-
terests of these agencies are narrow, generally as a result of
limited legislative mandates. Certainly the Food and Drug
Administration (FDA) will have access to information on tech-
nical validity and, in some cases, efficacy of new equipment-
embodied technology. However, its legislative mandate is
limited, and it cannot be expected to extend its concerns to
other evaluative criteria or to technologies that fall outside
the definition of a medical device. The National Institutes of
Health fund clinical trials as part of their research agendas,
and the commitment of funds for such activities relative to
program size has been increasing in recent years.126 But these
studies are selected fundamentally to support the research
mission of the institutes and not to assist in the allocation
of health care resources. The Veterans Administration (VA) also
supports clinical trials, but at much lower funding levels. As
a self-contained health care delivery system, the VA should be
interested in funding studies 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 military medical system is in a similar
position. The Medical Equipment Test 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 established. 1Its purposes would be to:

(1) identify the need for evaluative information on
equipment-embodied (and perhaps other) technology:

(2) fund planning and evaluation studies where existing
funding programs are not adequate;
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(3) collect and disseminate available information
regarding new and existing technologies to users;

(4) encourage and foster national and international
efforts to standardize equipment-embodied technology to
achieve economy of equipment design, safety, and
comparability of data;

(5) conduct and sponsor research into methodologies

for evaluating medical technology; and

(6) coordinate evaluative programs of federal agencies.

The proposed coordinating body need not be governmental. Alterna-
tives include a nonprofit organization such as a council on tech-
nology supported by a consortium of public and private third-party
payers. However, many evaluative studies are currently sponsored
or conducted by federal agencies such as the NIH, FDA, VA, and
others. Major users of the information would be the Medicare

and Medicaid programs, health systems agencies, and direct
government delivery systems such as the VA, the military medical
system, and the Indian Health Service. Therefore, the placement
of such authority in an existing federal agency appears to be a
reasonable alternative.

The best location within the existing federal bureaucracy for
such a function is a question that needs more consideration than
this committee was able to devote to it. A thorough analysis of
the legislative and administrative mandates, interests, and com-
petencies of various federal offices and their place within the
organizational hierarchy of the federal bureaucracy is required.

Wherever the coordinating function is placed, it is important
to assure that funds are not merely shifted from existing federal
programs to a new agency, but are actually increased. If federal
agencies with existing programs take the opportunity to transfer
responsibility for evaluation to the organization in charge,
their budgets should be reduced accordingly.

Although this committee calls for an increase in funding for
evaluation studies, this does not necessarily imply a net in-
crease in health care expenditures. At present, third-party
payers reimburse for new procedures before their effectiveness
has been definitely established. Because this is often an inef-
ficient way to assess new technology, third-party payers even
now bear a high cost of information generation and dissemination.
If third-party payers were required to reimburse for procedures
conducted on their beneficiaries as part of an evaluative study
approved by the national coordinating body, then a major cost of
such studies would be covered. Third-party payers could refuse
to pay for procedures performed on patients not participating in
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such a study when in enough doubt about the procedure's
effectiveness. The administrative and analytical costs of
evaluative studies 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, clinical laboratory, and other special services.

Capital equipment Equipment whose useful life covers an extended
period, conventionally assumed to be more than 1 year.

Clinical technology Medical technology used in the provision of
direct patient care, including medical and surgical services.

Coordinative technology Technology used to facilitate and support
the provision of health care services but not directly associ-
ated with patient care, including administration, transporta-
tion, and communication both within and among health care
facilities.

Cost-effectiveness The extent to which a medical technology
achieves a specified objective at the lowest possible cost.
Effectiveness Extent to which a medical technology makes a dif-

ference to the objectives of medical care.

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

Medical technology Specialized technology applicable to the
practice of medical care, including techniques, drugs, pro-
cedures, products, or systems combining these elements.

Net social benefit The difference in the value of improved out-
comes and the additional costs resulting from the application
of a new technology.

Practitioner Individual involved in the delivery of health care,
including physicians, nurses, and allied health care personnel.

Provider 1Individual or institution that gives medical care, in-
cluding institutions 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 validity The extent to which a medical technology
does what it purports to do.

Technology The body of tools emerging from the interplay of
scientific knowledge and practical operation applied to
specialized purpose.
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APPENDIX A DISSENTING OPINION
A william S. Yamamoto

While I do not disagree with the findings or recommendations of
the committee either singly or in their collective consequence,
I am nevertheless left with a sense of disquiet. I am moved to
write to try to identify the nature of that difficulty, which
may concern others who examine this report. The limitations of
the study and its scope are fully stated in the introduction.
The limitations, on the one hand, justify the character of the
entire report, but also avoid examination in this report of med-
ical technology from other perspectives.

After carefully cataloging items that belong under the rubric
"equipment-embodied technology," we treat it as a conceptually
simple aggregate like "merchandise." This approach ignores crit-
ical differences such as: (1) how development of technology re-
lates to advances in the sciences and medicine, (2) who made each
item and why, (3) what medical purposes they are intended to
serve, and (4) how other technological innovations not directed
to the concept of large scale address the same medical problems.

The report seems to assume that technology is an entity in
existence and that the issue of technology in medical care is
that of disposition, distribution, cost, and management. It
does not inquire as to how new equipment-embodied technology
should come into existence, 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 society with medical
care costs. However well considered, this report is most suc-
cintly described as a document that states: Technology exists;
it should be controlled for the purpose of keeping down costs.
Its principal recommendations are directed at the production of
disincentives through economic, financing, and, to a lesser
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extent, cataloging and control procedures. It may well be that
issues that trouble me do not have a substantive body of schol-
arly or public literature from which a committee can organize
a perspective. It may also be that technological innovation
proceeds under certain natural pressures and needs no scrutiny,
or that the appropriate and final philosophy should be that
someone shall create and the polity shall dispose.

But the paradigm, "If 'merchandise' is a villain which causes
people to spend money, the wisest course is to take money away
or somehow make ‘'merchandise' undersirable," is disquieting.
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APPENDIX A CASE STUDY OF MAMMOGRAPHY
B Morris F. Collen
INTRODUCTION

Mammography provides a good case study of equipment-embodied
technology, since it exemplifies many of the problems considered
in this committee's report. It is used for diagnostic purposes
and involves a significant capital investment, special facil-
ities, equipment, and trained personnel. It has sufficiently
diffused into the practice of medicine to have a significant
impact on the diagnosis of breast cancers (the most common can-
cer in women). The currently evolving policies for its use are
controversial, since it has been difficult to evaluate its cost-
effectiveness. Sufficient data and experience are now available
on the use of mammography in older women, so that a reasonably
good evaluation can be made of its effectiveness and benefits.

The evaluation methodology presented in this sutdy is that of
cost-effectiveness, i.e., the comparison of the costs of alter-
native methods for achieving the specific objective of the de-
tection of breast cancers. Cost-effectiveness analysis is
usually the most appropriate method for evaluating equipment-
embodied technology. However, a cost-benefit analysis, although
more difficult to complete, would require policymakers to con-
sider all the various benefits in patient outcomes that result
from the different technologies. As will be seen in this case
study, mammography can provide increased benefits to patients
from earlier detection of cancer, but this is only partly recog-
nized in a cost-effectiveness study.
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DEFINITIONS AND PURPOSES

Definitions

Mammography is an X-ray examination of the breast that uses
special roentgen equipment, films, and procedures to provide
adequate photographic details of the soft tissues of the breast
and expose the patient to a relatively low dose of radiation.

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

Diagnostic mammography is the term applied when patients
with a breast abnormality are referred to a radiologist for mam-—
mography and may include three views.

Xeroradiography is a modified X-ray procedure that records an
electrostatically charged image on (a) a selenium-coated alumi-
num plate from which it is then printed by electrostatically
charged powder, or (b) directly onto an electrostatically charged
plastic film that, after exposure, is dusted with electrostati-
cally charged powder. It produces high-contrast, good-quality
pictures of the breast tissue.

Clinical examination is the physical examination of the
breast by visual inspection and manual palpation by a physician
(or other trained health professionals). It is the most commonly
used method for breast examination; however, it can only detect
palpable cancers and those with visible skin abnormalities.

Purposes

Generally, women seek advice from a physician when they discover
a lump in the breast or have other breast symptoms, or they become
anxious when they learn of someone else who has breast cancer. '
In the past decade, publicity by various media has motivated
women to undertake periodic breast cancer screening by self-
examination and/or visits to cancer detection programs.
Mammography is used for examination of the breast for both
benign and malignant disease; however, its primary use is for
the detection and diagnosis of breast cancer. This case study
will evaluate its cost-effectiveness for breast cancer detection.
Since breast cancer is the most prevalent cancer in women and
since the major decrease in mortality is achieved by its early
detection before the cancer has spread to areas outside the
breast, 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-
examination, or when a mass is detected in a clinical examina-
tion by a physician, then the patient is usually referred to a
radiologist for a diagnostic mammography.

Principles of Operation

Mammography provides pictures of the breast tissue in which cer-
tain abnormalities of the glandular tissue can be visualized.
The characteristic variations from normal, which are interpreted
as being suspicious for cancer, include a mass or density with
irregular borders, microcalcifications, skin thickening, altera-
tion of blood vessel or glandular duct patterns, or a variation
in architecture as compared to the same area in the other breast.
In postmenopausal women (which includes women age 50 and over),
the normal increase in fatty tissue in the breast provides more
contrast in the mammograms and improves the sensitivity and spec-
ificity of the test. This, plus the higher prevalence of breast
cancer in older women, explains the greater cost-effectiveness
of screening mammography for postmenopausal women as compared to
premenopausal women.

Certain attributes increase the risk of breast cancer in
women, 9715 and these include:

® increasing age;

® chronic cystic mastitis, single or multiple nodules, or
irregularities in the breast;

® nipple discharge;

® history of cancer in the other breast;

e family history of breast cancer;

® no history of pregnancy before 30 years of age;

® early onset of menstruation (prior to age 12).

Accordingly, the cost-effectiveness of a single screening
examination can be improved by selective testing of only high-
risk cases. This short-term view has great implications for
the long-term cost-effectiveness, as will be discussed later,
since low-risk cases who later detect breast cancer on self-
examination are more likely to have axillary node involvement
and will have increased costs of care. (See pp. 106-120.)

The most important principle that has evolved from studying
the course of breast cancer is that early detection while the
cancer is still limited to the breast produces the highest long-
term survival rates. Most studies show that about one-half of
women with breast cancer with axillary node involvement will
have a recurrence of their cancer within 5 yeax:s.1'7'“+
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HISTORY OF DEVELOPMENT AND DIFFUSION

The history of case-finding for breast cancer has been reviewed
by Breslow,1 Seidman,l“ and others who reported on the stability
of breast cancer mortality in the United States from 1930 through
the mid-1960's. More recently, Gilbertsen’ reported some im—
provements in case survival rates from physical examination alone.
Through the mid-1960's, early case-finding of breast cancer was
principally carried out by periodic clinical examinations by phy-
sicians and by teaching women self-examination of their breasts.
In the late 1950's, mammography was first advocated for breast
cancer screening by Gershon-Cohen and Egan. Since the mid-1960's,
X-ray and thermography techniques for breast cancer detection
have been increasingly used. 1In the 1940's, about 63 percent of
women with breast cancer had axillary node involvement at the
time of diagnosis, in the 1950's about 57 percent, and in the
1960's about 50 percent.1 Since the mortality rate from breast
cancer did not change in 40 years from clinical examination alone,
it is evident that more sensitive methods for earlier detection
of breast cancer are needed.

Two large studies, supported by grants from the U.S. Public
Health Service, evaluated in the early 1960's the effectiveness
of mammography for breast cancer screening of asymptomatic women.
One study was conducted by Shapiro and Strax at the Health In-
surance Plan of New York,18'2“ and the other by Griesbach and
Eads at the Kaiser-Permanente Plan in Oakland and San Francisco.®
Both studies showed generally similar prevalence rates of breast
cancer and effectiveness of mammography. Subsequently, routine
screening mammography was continued by Strax at the Guttman
Breast Diagnostic Institute in New York City and in the Oakland
and San Francisco Kaiser-Permanente Multiphasic Health Checkup
program for women age 48 and over.

Over the past 10 years, the technology of mammography has been
modified to improve the quality of images for more effective can-
cer detection, to decrease radiation dosage and to decrease costs.

The National Cancer Institute (NCI) and the American Cancer
Society (ACS) are currently sponsoring 27 Breast Cancer Detection
Demonstration Projects (BCDDP) in the United States to evaluate
mammography, xerography, and thermography for breast cancer de-
tection and control, each center screening annually at least
5,000 asymptomatic women for 2 years plus a 5-year followup.

In March 1977, the National Cancer Institute issued guide-
lines that do not endorse mass screening mammography for women
under age 50, unless they have a personal or family history of
breast .cancer.3 This was primarily because of the risk that
irradiation may increase future breast cancer rates in this age
group.15
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CURRENT STATE OF DEVELOPMENT AND DIFFUSION

Diagnostic mammography is now generally available in most radi-
ologists' offices. Screening mammography is now widely used for
breast cancer detection and is being evaluated in the NCI-ACS
BCDDP mentioned above.

Present advanced technology for screening mammography uses ar.
X-ray tube with a molybdenum target, a vacuum—packed rare earth
fluorescent screen and film, and breast compression devices.

This provides high-contrast images with good detail and exposes
the breast tissue to a relatively low X-ray dosage.

Although mammography is no longer considered to be experi-
mental and its effectiveness for breast cancer detection has been
established, it has the disadvantage of exposing examinees to
X-rays. The hazard of future cancer from these X-rays themselves
is a small risk, and the epidemiological data from Hiroshima and
Nagasaki have recently provided some measures of this risk. Sev-
eral committees recently reported to the National Cancer Insti-
tute on this issue and concluded that periodic mammography could
expose women aged 35 to 50 to significant X-ray dosage during
their lifetime and potentially increase the incidence of breast
cancer in their later years; but the consensus was that for
women age 50 and over, the risk was not significant. Accordingly,
it is current generally recommended policy3 that screening mammog-
raphy, if done, be provided only to asymptomatic women age 50
and over; and only diagnostic mammography be available for symp-
tomatic or high-risk women under age 50. This case study there-
fore will evaluate the cost-effectiveness of periodic screening
of women age 50 and over.

IMPACT OF PUBLIC POLICY ON DEVELOPMENT AND DIFFUSION

In the past 5 years, the newspaper publicity generated by the
discovery of breast cancer in a President's wife and a Vice-
President's wife resulted in a sudden increase in the use of
mammography by the public and its widespread adoption in roent-
genology services. The fear of having breast cancer was a
powerful motivating force that essentially established a public
policy.

Currently, public policy on screening mammography is being
generally set by the National Cancer Institute and the american
Cancer Society, and the results of their ongoing early Breast
Cancer Detection Demonstration Projects will probably establish
policy for the future.
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EVALUATION OF MAMMOGRAPHY FOR BREAST CANCER SCREENING

Criteria for Evaluation

The evaluation of a diagnostic technology requires information
on its yield rates and costs. Yield rates depend upon test
sensitivity and specificity and disease prevalence.

A good test sensitivity is critical since it measures the
ability of the test to detect patients with cancer and is repre-
sented by the proportion of test positive patients who actually
have cancer (i.e., the ratio of true-positives to all of the
women with cancer in the screened population). (See Table 1.)
More serious is the effect of a poor test sensitivity, which is
represented by the cases missed (i.e., false-negatives).

Test specificity is measured by the proportion of patients
with negative tests who actually do not have the disease (i.e.,
the ratio of true-negatives to all the women without breast can-
cer). Poor specificity gives a high proportion of false-positive
tests and increases the costs of the program.

The prevalence of the condition in the target population must
be determined or estimated. The higher the prevalence, i.e.,
the more diseased people in the group being tested, generally
the higher the yield and the more cost-effective will be the di-
agnostic technology.

The unit costs of the test must be established, as well as
the costs of the followup tests and procedures necessary to
identify true-positives and true-negatives.

If it is desired to add to the evaluation the impact of the
diagnostic technology on the desired ultimate outcome of the
patients, then additional information is required on the alter-
native treatments likely to be provided, the probable results
of each treatment, the resources used for treatment, and the unit
costs of all treatment procedures.

Alternative Methods for Breast Cancer Screening

In order to detect breast cancer early (i.e., while still local-
ized to the breast), the following alternative methods for breast
cancer detection will be considered:

1. Clinical examination. The physical examination of the
breast by visual inspection and manual palpation by a physician
(or trained nurse) is the most commonly used method.

2. Mammography. X-ray examinations of the breast are in-
creasingly being used in breast cancer screening programs because
mammography is a more sensitive test than clinical examination,
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TABLE 1. Sensitivity and Specificity of Breast Cancer Screening Modes
(Projected Cumulative 5-Year Experience for Women Age 50+)
Total Cancer
Test Cancer Not
Test Result Results Present Present
Positive (+) Total Tests(+) True(+) False(+)
Clinical examination 467 70 397
Mammography 180 90 90
Clin. exam. & mammo. 156 97 59
Negative (-) Total Tests(-) False(-) True (=)
Clinical examination 9,533 30 9,503
Mammography 9,820 10 9,810
Clin. exam. & mammo. 9,844 3 9,841
Total Total
Totals Total Tested Cancers Noncancers
10,000 100 9,900
Clinical Clin. Exam.
Examination Mammography & Mammo.
P _ True(+'s) 70 _ 90 97
Sensitivity = Total cancers 100 = 0.70 100 = 0.90 100 = 0.97
s . - True(-'s) 9,503 _ 9,810 _ 9,841
Specificity = 30v1 moncancers 9,900 - °-260 g 500 = 0-991 g gp0 = 0-994

since it can detect some nonpalpable cancers. However, some
solitary dominant masses of the breast will not be detected by
nannography,23 especially in premenopausal women.

3. Clinical examination and mammography. Some breast cancer
detection programs provide both a screening mammogram and a clin-
ical examination of the breasts by physicians 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 cancer, and the increased
sensitivity of mammography in this age-group, this analysis will
assume that four groups each of 10,000 women age 50 and older were
randomly selected and three will 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 similar group
of 10,000 women who receive an initial and three subsequent an-
nual clinical examinations of the breast. Fiqure 3 is the antic-
ipated flow diagram 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 their initial and three annual reexaminations.

The costs of any test mode could be decreased further by pre-
screening out women with lower than average risks of breast can-
cer (i.e., examining only those with certain types of benign
breast disease, with early onset of menses, no pregnancies, with
a family history of breast cancer, etc.). However, not screen-
ing lower risk women eliminates the possibility of early detec-
tion of many cancer cases.

‘Periodic reexaminations for breast cancer would provide lower
yield rates than would the initial examination, depending upon
the interval between reexaminations. Reexaminations yearly
would yield significantly fewer positives after the first exam-
ination, and would probably yield about the same number of posi-
tives each reexamination. Accordingly, estimates could be made
of the most cost-effective interval between examinations for
various combinations of examination modes, e.g., manual palpa-
tion annually with mammography every 2 years or manual palpation
and mammography the first and second year, then manual palpation
every 2 years with mammography every 4 years, etc.® In this
example, it is assumed that periodic examinations are annual,
but for purposes of simplification the results of the second,
third, and fourth reexaminations in the 5-year study period are
assumed to be similar and are combined.

Assumptions of Case Study

In this analysis, the assumptions made were based upon the
studies from screening asymgtomatic women in prepaid group prac-
tices by Shapiro and Sstrax!’-2% and Griesbach and Eads,® with
modifications in estimates of sensitivity and specificity based
upon improved current mammography technology as reported from
BCDDP!3/30 and others.2+%+5 1In different populations with dif-
ferent examiners the results may be significantly different.
The calculations in this case study are not meant to be defini-
tive and are shown primarily to demonstrate the evaluation meth-
odology for equipment-embodied diagnostic technology.

The following assumptions have been made for this case study:

1. For each examination mode, the initial examination was
the first breast cancer detection examination for each woman.
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For each group of 10,000 asymptomatic women age 50 or older, all
who were invited complied with the initial and three annual re-
examinations and with any advised followup care.

2. For each 10,000 women in this age-group, 100 cases of
cancer of the breast would occur in the 5-year period. This as-
sumes an expected 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 50-59 an initial screening rate of 57 per 10,000 and
a second screening rate 1 year later of 26 per 10,000.ls To
simplify this analysis, second cancers occurring in the other
breast were not considered.

3. For each single screening examination, the sensitivity of
the test made is such that clinical ex ination detects 60 per-
cent of breast cancers, current mammography technology detects
85 rcent (preliminary BCDDP data exceed 85 percent sensitiv-
ity 3), and clinical examination Plus mammography detects 95
percent.

Of those screened as "positive" by a clinical examination
(i.e., dominant mass palpated) and/or mammography (i.e., sus-
picious for cancer), all will receive a diagnostic surgical bi-
opsy. For those biopsied for a dominant mass after a positive
clinical examination alone, 15 percent will be positive. For
those biopsied after a positive mammogra alone, 50 percent will
be positive. (Preliminarg BCDDP data indicate about 90 percent
true-positive mammograms. 0) For those biopsied following both
clinical examination and mammography, 90 percent will be positive
for cancer in one-half of the patients who have both a palpable
dominant mass and a mammogram suspicious for cancer. For the
remaining one-half the percentages are as for either test cited
above, or an overall average of 62 percent of biopsies for this
group will be positive.

The 5-year cumulative experience from four exa inations
will show projected sensitivity and specificity of the alterna-
tive modes as presented in Table 1.

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

5. For the control group that was not invited to receive
screening examinations, during the 5 years (although perhaps
three-fourths may see a physician who will do a routine clinical
examination including the breasts without additional charge) 10
percent would seek a conventional clinical examination for a
breast complaint and incur a separate cost thereby.
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6. Axillary node involvement will be found: in 50 percent
of the breast cancer cases in the control group,1'17'2“ and in
the false-negative and interim cases; in 30 percent of cases
with a dominant mass detected by clinical examination; and in
20 percent of cases detected by mammography.13

7. "Early" cases are defined herein as those with no axil-
lary node involvement and cancer localized to the breast only;
and in these 90 percent will not have a cancer recurrence within
5 years. "Late" cases are those with axillary node involvement
and 50 percent of these patients will return within 5 years for
more medical care and hospitalization. This analysis does not
consider other benefits to patients associated with the varying
outcomes.

8. In women age 50 or older, the long-term effects of ex-
posure to X-rays from mammography are negligible. (In women
under age 50, the risk of increasing the future incidence of
cancer from X-ray exposure must be considered in any evaluation.)

9. Average costs used in these calculations for patients in
1977 for their examinations and treatment procedures are repre-
sentative. It is important to emphasize that the calculations
that follow are shown primarily to demonstrate the evaluation
methodology. Since treatment regimens for breast cancer are
even less standardized than are diagnostic procedures, each pro-
gram should determine its own costs and then can use this model
to calculate its cost-effectiveness. The costs used herein are
generally based upon the California Relative Value Studies, and
are as follows:

Range ($) Average ($)

Clinical examination of breast and

axillae, by M.D. 10-20 15
Clinical examination of breast and

axillae, by R.N. 5-10 5
Average screening cost for

clinical examination 10
Mammography screening, bilateral

(two views each breast) 5-62 20
Breast biopsy and associated workup

for negative biopsy case 750-1,150 930

(biopsy, anesthetic, operating
room, frozen section, one hospital
day at $125)
Surgery and care for early cancer
case 3,500-5,500 4,500
(biopsy, mastectomy, anesthesia,
operating room, 6 hospital days
and 5-year followup visits)

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


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

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

111

Range ($) Average ($)

Surgery and care for late cancer
cases 4,500-6,500 5,400
(biopsy, surgery as for early
case plus 5-year followup with
chemotherapy and/or radiation
therapy)
Late care costs for cancer recur-
rence 4,000-8,000 6,000
(recurrent hospitalization for
14 days and chemotherapy and/or
palliative X-ray therapy)

Projected Results

Figure 1 shows the projected experience for breast cancer care
for the 5-year period for the control (unscreened) group. It is
predicted that for the 1,000 women who seek care for a breast
complaint (at an average cost of $15 an examination), 700 will
receive a clinical workup and surgical biopsy; and 600 will have
a negative biopsy and will stay in the hospital for only 1 day
with total costs ranging from $750 to $1,150 with an average
cost of $930 each patient. (Note that the figures show costs
for biopsies for only biopsy-negative cases since for biopsy-
positive cases the biopsy cost is included in the cost for mas-
tectomy.) The remaining 100 will be found to have a biopsy
positive for breast cancer. Of these 100 patients, 50 will not
have axillary nodes involved and their total hospital and surg-
ical care with 5 years of routine followup visits will cost
$3,500 to $5,500, with an average of $4,500 per patient. The
remaining 50 patients will have axillary 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 of $5,400. Of the 50 patients
with axillary nodes involved, 25 will require subsequent care
for cancer recurrence with additional chemotherapy and/or radia-
tion therapy and an average of 2 weeks hospitalization over

the 5 years for a cost ranging from $4,000 to $8,000, or for

an average cost of $6,000 per case. Of the 50 patients without
axillary node involvement, only 5 will have a recurrence of
cancer and require similar late hospital care. It is expected
that of the 100 breast cancer patients in the group, 30 will have
a recurrence or extension 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

Copyright © National Academy of Sciences. All rights reserved.


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

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

¢TIt

25
&
9,000 @‘P“é‘
W
< te
hoSPi“‘ care 25
|
-2\ 50
P e {150,000)
;2}00.56" « {270,000)
n:;::’a
No recurrance
700 2.
50 45
{225,000)
1,000
(15,000) 5
(30,000)

300

FIGURE 1 Nonscreened group: Decision flow diagram for projected 5-year experience of women
age 50+. (Total projected 5-year costs = $1,248,000. Figures in parentheses are $ costs.)
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cost of $12,480 per cancer patient or $125 per woman in the group
of 10,000 for the 5 years.

Figure 2 presents the predicted experience for the group that
receives annual breast clinical examinations from a screening
program assumed to be able to provide such examinations at a
cost of $10 per examinee. Over the 5 years, 39,790 screening
examinations will be thus provided at a cost of $100,000 for the
initial examination and $297,900 for the reexamination. These
screening examinations will generate 467 clinical workups and
surgical biopsies for a dominant mass palpated in a breast, and
70 will 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 230 women will seek care from their physicians
for a breast complaint and will undergo a surgical biopsy, and
30 will be found to have breast cancer. Of the total 100 breast
cancer patients in this group, 23 will have some cancer recur-
rence in the 5-year period. The total projected costs for breast
cancer care for this group of 10,000 women receiving annual
breast clinical examinations are $1,573,510, or $15,735 per can-
cer patient, or $157 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 will be found to have mammograms
suspicious for cancer from the initial and subsequent annual ex-
aminations, and 90 will be proven to have breast cancer by surg-
ical biopsy. Twenty patients will seek care and receive
mammograms at times other than the screening examinations, and
10 will be found to have breast cancer. Over the 5-year period,
18 of the 100 patients with breast cancer will 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 multiphasic screening program to
$62 by fee-for-service hospital radiologists. Excluding the
10,000 initial and 29,730 reexamination mammograms, the costs
associated with all the breast cancer care in this group are
projected at $671,700, which allows $576,300 that could be ex-
pended for annual mammograms and still not exceed the total costs
of $1,248,000 for the control (unscreened) 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 cost of $20, which
should be achievable by any well-organized mammography screening
program. At Kaiser-Permanente's costs of $5 per mammogram (which
includes radiologist's interpretation, for a screening load of
more than 10,000 women a year in the Oakland and San Francisco
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FIGURE 2 Annual clinical examination of breasts: Decision flow
diagram for 5-year experience of women age 50+. (Total projected
5-year costs = $1,573,510. Figures in parentheses are $ costs.)
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flow diagram for 5-year experience of women age 50+. (Total projected
5-year costs = §$1,819,290. Figures in parentheses are % costs.)
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programs), the total costs for the group for 5 years would be
only $920,750; this can be expressed as a cost of $9,208 per can-
cer patient, or $92 per examinee for the 5 years.

Preliminary BCDDP data indicate a 90 percent true-positive
experience with mammography.3° Using this rate of true-positives
in this example would decrease the number of false-positive bi-
opsies done by 89 and decrease the total 5-year cost for this
group by $82,770.

Figure 4 presents the projected experience for the group who
would receive annually both breast clinical examination and mam-
mography, at an average cost of $30 per examinee. From a recent
survey, Oldfield!? estimated $35 per patient to be a comfortable
figure for the cost of examining 25 patients a day for a compre-
hensive breast screening program with mammography, xerography,
and thermography. The end results over the 5-year period would
be to predict 17 late recurrent cancers. The total costs would
be $1,819,290, or $18,193 per cancer patient, or $182 per ex-
aminee for the 5 years.

The increased sensitivity of four annual examinations in 5
years as compared to a single examination in this period is shown
in Table 1. The percentage of breast cancers detected in the 5-
year period increases from 60 percent for a single clinical exam—
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 mammograms. For both clinical exam-
ination and mammography, this would change from 95 percent for a
single examination to 97 percent from four annual examinations.
In other words, the least sensitive test, a single clinical
examination in 5 years, will miss 30 breast cancers in 10,000
women; whereas the most sensitive testing alternative, annual
clinical examinations and mammography, will miss only three breast
cancers in 5 years in 10,000 women.

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

No Re-
Axillary Late currence
Nodes + Cases in 5 Years

Unscreened group 50 30 70
Annual clinical examinations 36 23 77
Annual mammograms 23 18 82
Annual clinical exam. & mammo. 21 17 83

The primary advantage of mammography over clinical examination
from the viewpoint of effectiveness for breast cancer screening
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(see Table 1) is its better sensitivity and specificity, thus
decreasing the number of biopsies performed on false-positive
cases without breast cancer, increasing the number of early cases
detected, and increasing the number of patients who have no re-
currences in 5 years.

Discussion

This evaluation model 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,s'lo'15
since it does not compare survival rates over this 5-year period.
However, if a 1l0-year cost-effectiveness study were made, it
might affect the time that late cases appeared in years 6-10.

Without consideration of any benefits to the patient from de-
creased disability and added years of life, that is, strictly
from a cost-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 primarily to demonstrate the methodology
for evaluation of this diagnostic technology. In Figures 2 and
3, the cost of a mammography examination is assumed to be twice
that of a clinical examination, and any change in this ratio will
significantly alter the final 5-year costs. Similarly, the sen-
sitivity of mammography as compared to clinical examination is
very critical in determining the higher rate of detection of
early cases from mammography. Each mammography program should
determine its own unit costs and yield rates and then can use
this evaluation model to calculate its own cost-effectiveness.

If the unit cost for mammography were higher than $20 or if the
sensitivity of the test 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 axillary node involvement and for late care for re-
current cancer are extremely variable since these are less stan-
dardized and will need to be individualized in accordance with
the prevailing medical and surgical practice of each community.

Based upon the assumptions presented in this study, for women
age 50 or more with an expected 5-year rate of breast cancer of
100 per 10,000 or more, health care costs for 5 years from an-
nual screening mammograms can be projected to be less costly
than: (1) annual clinical examinations, (2) annual mammograms
Plus clinical examinations, and (3) less costly than not screen-
ing if the cost per mammogram does not exceed about $14.50. This
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conclusion is based upon the estimated comparable costs for the
nonscreened group, and the predictions that annual mammograms
will result in patient outcomes over 5 years comparable to good
current medical experience for the detection and treatment of
breast cancer.

The yield rate of breast cancer will vary, of course, with
the population being studied. By this evaluation model, for
women ages 35 to 50 years, the yield rates from screening
mammography will be insufficient to make the procedure cost-
effective, since the prevalence of breast cancer is about one-
half that of women age 50 or greater and the sensitivity of
mammography is less in premenopausal women (since there is less
fatty tissue in the breast, which makes it more difficult to
visualize early cancer). Furthermore, as already mentioned,
the cumulative X-ray exposure to the breast by periodic mammog-
raphy in younger women introduces the hazard of the increased
incidence of breast cancer in later life due to radiation.

Mention should be made of xeroradiography (see p. 102),
which is very competitive with mammography for breast cancer
screening in women age 50 or more. It may cost slightly more,
and yields slightly more false-positives than current mammography;
but it provides slightly less X-ray exposure than mammography,
and it is easier to interpret. The dense glandular breasts of
young women are demonstrated in better detail by xerography
than on mammography.

In addition, thermography is an alternative procedure wherein
the breast surface is scanned with an infrared camera and the
infrared radiation emitted from the skin is recorded on a photo-
graphic film. After a prior 10-15 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 less sensitive than mammography for breast cancer detec-
tion in postmenopausal women. It will be less cost-effective
than mammography for women over age 50, since it is less sensi-
tive and less specific than mammography (that is, it will have
fewer true-positives and true-negatives, and more false-
positives and false-negatives). 5723 However, for women 35
to 50 years of age, screening thermography may be competitive
with screening mammography, since in this age-group mammography
is also less sensitive; and periodic thermography does not in-
crease the irradiation risk of future breast cancers. Thermog-
raphy has also been recommended as a method for identifying
high-risk women of all ages prior to diagnostic mammo?taphy.

The National Center for Health Statistics reported 1 from
health interview surveys that, in 1973, 76 percent of females 17
years and over admitted to their ever having a breast examina-
tion, of which 63 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 per-
cent in 5 years or more. It appears that the majority of women
in the United States already are receiving clinical examinations
of their breasts; the current cost-effectiveness for this mode

of breast cancer detection and control is represented by Fig-
ures 1 or 2, and the costs 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 policymakers to make
the decision as to whether for a similar 5-year cost the greater
effectiveness of mammography should make it the method of choice
for breast cancer screening of women age 50 and over. The deter-
mination of the most cost-effective method of breast cancer con-
trol for women age 35-50 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 large screening programs so as to provide their own data
on costs and effectiveness will help to establish firm guide-
lines and policies for mammography in breast cancer detection
and control. Especially necessary are more followup data on
women age 35-50 who already have been exposed to periodic mam-
mography, adjusting for the fact that with current technology
(1) the extent of X-ray exposure is much less than it was prior
to 1975, and (2) the sensitivity and specificity of testing is
now improved.

Limiting screening mammography to only those with higher risk
of developing breast cancer (see p. 103) will decrease the
initial screening costs and increase the short-term cost-
effectiveness of the program—-and this is the current policy
guideline for women age 35-50. Data are not yet available to
estimate the 5-, 10-, 15-, or 20-year cost-effectiveness of such
a policy. For women age 50 and over, data are available (as
indicated in the preceding section) to show that the limiting
of screening mammography only to high-risk cases will decrease
the periodic screening costs. However, since the lower-risk
patients not screened will return when they detect breast cancer
on self-examination and since their costs will then be higher
(and outcomes poorer), it is unlikely that a policy to screen
only high-risk women age 50 and over will be cost-effective over
a 5-year or longer period. One of the limitations of such a
cost-effectiveness model is that it does not consider all the
benefits 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 costs ($1.25-$1.82 million) for
5 years are not so different since there is clearly a trade-off
between early care and late care in the four alternatives con-
sidered. The increased benefits from earlier cancer detection
in decreasing the numbers of late cases become paramount, since
the study shows so little difference in 5-year costs. Therefore,
it becomes advisable for policymakers to do a cost-benefit anal-
ysis and assign some values to the various increased benefits
from screening mammography for women age 50 and over.

If one has the responsibility for the continuing care of a
defined population, then it is essential to evaluate the cost-
effectiveness of any equipment-embodied technology that is di-
rected to a potentially postponable disability (such as breast
cancer) over a sufficient length of time to include all of the
major costs of medical care for the disability. An easy way to
decrease immediate short-term costs is to deny access of patients
to relevant care resources, but this type of short-sighted econ-
omy often results in postponing care to a later date when it can
no longer be deferred, and the disability may then be more serious
and require more costly care resources. HMO's soon learn that
good early care is the best and the most economical care by de-
creasing the numbers of costly late, complicated, advanced and
neglected cases.
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APPENDIX A CASE STUDY OF
C MULTIPHASIC HEALTH TESTING

Morris F. Collen

INTRODUCTION

Multiphasic health testing (MHT) is an example of an equipment-
embodied technological system. It has a long history of irreg-
ular development and sporadic diffusion as it has attempted to
satisfy a variety of objectives in preventive medicine and in
health care delivery. The most advanced MHT systems have complex
problems of interfacing people (both patients and health profes-
sionals) to equipment and equipment to computers. Most patient
users find it very acceptable, but many physicians are reluctant
to adopt it. Some national governments have a policy of actively
supporting MHT and others discourage it. Industry has not found
it profitable to market, but many companies make MHT available

to their employees. MHT is difficult to evaluate since the total
MHT system has benefits greater than the sum of its parts. With
the increasing 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 will require careful reexam
ination by policymakers.

DEFINITIONS AND PURPOSES

Definitions

Personal preventive services in primary care are based to some
extent upon periodic reevaluation of the health status 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 result from the recommendation of a physician, a
health care program, or a public health agency.

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 examination, and
then arranges for diagnostic tests and procedures that in the
physician's judgment are necessary to complete the health evalu-
ation. The physician then makes a determination as to whether
the patient is well or sick and recommends appropriate followup
care.

MHT is a systemized approach to providing the laboratory
testing portion of a health checkup and it employs automated
laboratory procedures and specially trained allied health per-
sonnel to collect 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 using MHT followed by a physical
examination and a physician's decision if the patient is well or
sick, with recommendations for appropriate followup care. MHT
developed from the experience of public health mass screening,
which was modified in order to furnish personal preventive medi-
cal services to meet the needs of individual patients and their
physicians. Automated multiphasic health testing (AMHT) addi-
tionally employs automated equipment and computerized decision
rules to sort out those who have diseases. Multiphasic health
testing services (MHTS) is the expanded use of MHT programs
(either manual or automated) within health care delivery systems
to provide adjunctive services such as entry triage, health coun-
seling, health education, and preventive 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 community, program, or system (e.g., a medical founda-
tion, a health care delivery system, a public health program, an
industry, a military program, etc.), its functions and purposes
should support the goals and objectives of the overall program.

Functional Objectives of MHT

For personal preventive services in primary care medicine,
the usual purposes of MHT are:
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1. Provide reassurance, since many patients who come to see
their physicians for a health checkup are worried about their
health.

2. Define the health status of examinees and determine in-
dividual fitness (health appraisal). Monitor the status of the
continuing health of individuals by periodic examinations (health
surveillance) .

3. Detect unknown abnormalities (disease detection or case
finding). Monitor previously detected abnormalities by the
periodic examination of patients with known diabetes, hyperten-—
sion, etc. (patient surveillance and disease monitoring).

4. Serve as a referral laboratory for physicians for their
patients who need early sickness or diagnostic surveys (diag-
nostic adjunct).

5. Serve as an entry mode to the health care system (triage).

6. Provide hospital admission examinations.

7. Improve accessibility of health care by making health
checkups more readily available.

8. Provide health education and health maintenance to im-
prove health habits and behavior.

9. Provide efficient, satisfying, and good-quality testing
service to patients.

10. Provide efficient, satisfying, and good-quality service
to physicians. Save physician time by providing a high-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.

12. Be a cost-effective program.

13. Help to contain the cost of the process of providing
medical care by decreasing use of hospital beds and cost of ancil-
lary (clinical laboratory and X-ray) services.

14. Improve the outcome of patients by decreasing morbidity,
disability, and mortality.

Specific Functional Objectives for Each Test Phase

Each MHT program must define specific objectives for each test
selected for its examinees, depending upon their racial, ethnic,
and socioeconomic characteristics. Objectives should include:

1. A desired sensitivity and specificity for each test. The
determination of the accuracy required for each test and the set-
ting of boundary limits for "normal" and "abnormal” will define
the percentage of true-positives and true-negatives, and false-
positives and false-negatives. This determines the prevalence
of true-positives for each phase in the population to be tested.
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2. An expected cost-effectiveness for each phase. The usual
aobjective of a test phase is to detect a significant number of
true-positives for the target conditions at a reasonable cost.

Principles of Operation of MHT

General Principles

Many writers have advocated principles to guide MHT programs,
and these generally include that MHT should be an integrated com-
ponent of a health care program and closely related to its phy-
sicians' services. Such integration is most effective in a
formal organized system of care, but it can also function in an
informal cooperative relationship, in which case the linkages
must be truly operational. Provision for diagnoses, followup,
and treatment is essential, for without it MHT will fall into
disrepute. Thus it is necessary that there be (1) a defined or
target population of adequate size that agrees to use MHT for
checkups and (2) a group of primary care physicians who will sup-
port MHT by referring to it patients for examination and accept-
ing patients referred from MHT for followup care.

Test Selection for Health Problems

It is important to identify a set of health conditions, test,
and preventive progedures for each MHT program, customized to
fit the needs of its target population. A different MHT group
of tests is appropriate for children than for adults. It is ad-
visable to have a somewhat different battery of tests for young,
middle-aged, and older adults. The World Health Organization
advocates stringent criterialll before 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) tests that fulfill the following criteria:

1. Criteria for Selecting Conditions for Testing

a. They are important health problems for the individual
and/or the community. These include not only conditions that
are potentially disabling or life threatening (e.g., hypertension,
breast cancer, etc.), but also conditions that impair the quality
of life (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 test available
to detect the condition with sufficient sensitivity and speci-
ficity so that the cost per positive test is acceptable to both
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provider and user of services. In other words, the predicted
yield rate in the target population must be appreciable; if the
condition is rare it will probably be too expensive to detect.

c. Appropriate health care services should be available
for the condition, whether this be further diagnostic, curative,
or rehabilitative services; health and psychosocial counseling;
or palliative care--as may be indicated for each patient's prob-
lem. It is ideal (but not always achievable in reality) if the
test can detect the disease early enough and if effective ther-
apy is available such that the entire process of detection,
diagnosis, and treatment can be demonstrated to be cost-effective.

2. Criteria for Specific Test Selection

a. Cost per test must be acceptable to users as a rea-
sonable charge.

b. Cost per positive test. This criterion is the result
of the cost per test and the prevalence in the target population
and is basic to test selection. (For reassurance of health and
absence of disease, the cost per true-negative test becomes im-
portant.)

c. Cost per true-positive test. This criterion intro-
duces the essential specification of sensitivity and specificity
of a test, which impact followup costs. (See pp. 133-158 and
Table 4.)

d. Cost-effectiveness. This criterion attempts to mea-
sure the cost to effectively detect the condition early. Ideally,
a test should be able to detect a condition before irreparable
changes disable the patient. Cost-effectiveness is sometimes de-
fined as including therapy, i.e., the ability to alter the course
of the condition or disease.

e. Acceptable to patient. The test must be harmless,
cause no unreasonable discomfort, and take a reasonable length of
time.

HISTORY OF DEVELOPMENT AND DIFFUSION OF MHT

Over the past 45 years, multiphasic health testing (MHT) evolved
as a systemized approach to provide health examinations more ef-
ficiently to large groups. The concept of health checkups is not
new, as for decades the practice of periodic health examinations
has been recommended generally. In order to decrease the cost

of providing such examinations, some of the principles and meth-
ods of systems engineering have been applied in multiphasic health
testing. There was a gradual evolution through the various his-
torical steps of screening, mass screening, multiphasic screening,
automated multiphasic screening, and multiphasic health testing

to the most advanced automated multiphasic 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 identify those with 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
chronic noncommunicable diseases.

In order to decrease the costs of examinations of large num-
bers of people, screening techniques were developed that con-
sisted of simple, quick, and often only approximate tests that
could, with reasonable accuracy, sort out persons likely to have
the disease that was to be detected. 1In 1948, Breslowl® first
introduced the term "multiphasic screening” as an extension of
the mass screening technique. Since tuberculosis, 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
tests for several of these diseases in one "package."

As early as 1948 an editorial in the Journal of the American
Medical Association suggested that "in contrast to periodic
health examinations, these screening procedures are capable of a
very wide application; they are relatively inexpensive per per-
son tested, and they require relatively little time on the part
of physicians. . . .n66

In 1950, Ryder and Gett:ingll‘0 reported the historic action of
the Council of the Massachusetts Medical Society, which voted in
May 1949 to establish five pilot multiphasic clinics (called
"Health Protection Clinics") offering, on a voluntary basis,
health examinations under the auspices of the district medical
societies in cooperation with the community hospitals and other
interested groups.

In 1951, the first multiphasic screening project within a
comprehensive prepaid health plan was initiated in Kaiser-
Permanente's Oakland medical center and a year later in its San
Francisco medical center.3® These were supervised and conducted
by the same physicians who furnished the physical examinations,
treatment, and followup care as an integral part of the group
practice, prepaid medical care plan.

In 1951, 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 multiphasic screen-
ing be used to detect early disease.

In 1955, the American Medical Association began to offer health
examinations to its physicians at its annual meetings, and in 1961,
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through its Section on Pathology and Physiology, initiated typ-
ical multiphasic health testing examinations at its annual meet-—
ings.

In 1960, the American Public Health Association strongly
endorsed multiphasic screening, and in 1961 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, multiphasic screening began to receive
severe criticism for its poor quality of testing. The advent of
electronics and automation into medicine improved the quality of
testing and augmented screening capabilities so that not only
more tests, but also more accurate and quantitative measurements,
could be used.

In 1963-64, with the partial support of a grant from the U.S.
Public Health Service, the multiphasic screening programs then
operating in the Kaiser-Permanente Oakland and San Francisco
medical centers were replaced b% the first automated multiphasic
health testing (AMHT) programs. 8/39 The two programs have oper-
ated continuously since that date and have provided more than
one-half million examinations.

In 1966, a special committee of the U.S. Senate held extensive
hearings on multighasic screening, which resulted in a publica-
tion of abstracts®3 but no legislative action. Comprehensive
bibliographies were published in 1963 (siegel, !0 Mandel and
Lillick!!%) and in 1971 (Gelman®"). The first books on multi-
phasic screening were published in 1968.149,188 mne first compre-
hensive monograph on multiphasic health testing and adjunctive
services (MHTS) appeared in 1977.40

A great impetus to multiphasic health testing resulted from
a series of joint meetings of physicians and engineers arranged
by Devey of the Engineering Foundation®/!3 in the late 1960's
and early 1970's, followed by conferences sponsored by the Soci-
ety for Advanced Medical Systems (SAMS),59 the International
Health Evaluation Association (IHEA),130 and the annual Technicon
symposia.l“

By 1968, organized medicine recognized the increasing impor-
tance of MHT by establishing the Intersociety Committee on Multi-
phasic Health Screening, which included 10 major national medical
groups, as well as the American Medical Association.

Although it was not unusual for some MHT programs to incorpo-
rate physical examinations performed by physicians on site, in
1969 in the Kaiser-Permanente Oakland's MHT, a team of specially
trained nurse practitioners (under physician supervision) began
to provide complete physical examinations. Garfield advocated
MHT as an entry mode to medical care81-83 using multiphasic test-
ing and physical examinations provided by nurse practitioners to
triage patients into health care, preventive care, or sick care.
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In 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 publication of Pro-
visional Guidelines for Automated Multiphasic Health Testing
and Services,132 a major milestone in providing definitions and
guidelines for operation and test selection.

In 1972, the American Medical Association published its com-
pPrehensive Statement on Multiphasic Health Testing,160 in which
it reviewed the status of MHT programs at that time and advocated
that multiphasic testing "should be integrated into the health
care system in a manner that will assist the physician in the man-
agement of his patients." It prescribed principles and ethical
concepts, and provided guidelines for establishing and operatin
MHT units. The AMHT Program Directory, International 1972-731%
detailed specifications of about 200 operational MHT programs.

CURRENT STATUS OF MHT

The Kaiser-Permanente multiphasic health testing (MHT) program,
which has been operational in the Oakland medical center since
1964, has served as a demonstration model and provided the basis
for many of the MHT programs that followed. It also served as
the research and developmental center for evaluating many test
phases of MHT.

Recently multiphasic 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, quality, costs, and adver-
tising.108 "

MHT programs are now widespread throughout the developed
countries of the world. As of 1976 there were about 300 in the
United States, about 40 in Japan, about 30 in Europe, and a few
in Australia, Asia, 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 will have a health checkup each year by a sys-
temized multiphasic-type approach.

IMPACT OF PUBLIC POLICY ON DEVELOPMENT AND DIFFUSION

On pp. 128-131, the historical impact of governmental agencies and
of public policies on the development and diffusion 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 at least 40 MHT units, and its 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 of
the consumer (patient). The increasing trend to organized ar-
rangements for payments for health care will 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 welfare
benefit. It can be expected that the general public increasingly
will 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 fulfilled by MHT is the detection of asymp-
tomatic communicable diseases such as tuberculosis, gonorrhea,
and syphilis. The experience with sickle-cell screening programs
has alerted minority groups that, in addition to the potential
benefits, there can be problems associated with identifying ge-
netic or environmental high-risk groups.35 It has been suggested
that one should balance any possible medical benefits against
potential societal harm (such as by having health status stig-
matize an ethnic groupge).

Elinson®7 believes that whether or not a person will 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 using 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,90 Past-President
of the American Medical Association, coined the acronym "AMHTLC"
to emphasize that "Automated Multiphasic Health Testing" (AMHT)
must include "Tender Loving Care" (TLC), and advised that all MHT
personnel show concern, patience, understanding, and kindness 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 physician, so the extensive technology of
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the 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-
dividualized normal values 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 objectives within its over-
all health care delivery environment (see pp. 125-127).

Evaluation of Resources Used

An essential aspect of the evaluation of MHT involves identify-
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 identify and mea-
sure by a cost analysis. For the health care delivery system
within which MHT is located, the costs of resources used should
include the costs of followup care from MHT referrals.

Cost analyses of the Oakland Kaiser-Permanente MHT have been
reported“l'" 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 of
about 70 percent for salaries and wages (including fringe bene-
fits), 21 percent for supplies, and 9 percent for equipment de-
preciation. Indirect expenses are allocated to each test phase
and applied to salaries and wages to cover actual expense of
services from other departments, such as accounting, payroll,
personnel, and purchasing. Indirect costs also include plant
operation, comprised of "equivalent costs of ownership" (depre-
ciation, finance charges, interest, and interest expense) and
"maintenance" (janitorial services, maintenance supplies, tele-
phone, and utilities). 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 payroll costs. Unit costs of MHT are critically
related to the patient load. The Oakland Kaiser-Permanente MHT
examined in 1973 about 3,000 patients per month. If only 1,000
patients were examined monthly, the cost per patient would prob-
ably increase to $40-$50.40
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Effectiveness of MHT

The measurement of the degree of attainment of program objectives
is usually defined as the effectiveness of a program. The pri-
mary objective of MHT is to economically provide a good-quality
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 well. Accordingly, evaluation of MHT
effectiveness should as a minimum determine the yield and re-
ferral rates, the effectiveness of detecting targeted asympto-
matic disease, and the patient's satisfaction with the process.
Some measure of physicians' acceptance of and satisfaction with
the program should also be included in effectiveness evaluation,
if MHT is to function as a successful participant in the health
care community.

WHO advocates that evaluations of effectiveness of screenin
programs should consider the effect of MHT on patient outcome.
However, patient outcome is probably more dependent upon effec-
tiveness of therapy than upon effectiveness of disease detection.
The ability to favorably alter the course of the condition should
be a criterion for MHT test selection and is an important factor
in MHT cost-benefit 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, family, employer,
and society there are clear social benefits 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 literature on health status
indices. A useful and simple method for the triage of MHT ex-
aminees for referral to appropriate care services is that devel-
oped by Garfield®3 and Richart,!35 and it will be used in this
case study. Such classification of 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 classified as "well" if he has no
significant medical complaint or problem (see Table 1) and if the
doctor (Dr.) or other examiners record that he has no clinically
significant finding or abnormality. He is classified as "worried-
well" if he has a significant medical complaint or problem but
there are no clinically significant findings. A patient is
"asymptomatic-sick" if he has no complaints but he is found to
have a clinically significant finding (e.g., elevated blood
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TABLE 1 Average Health Status (HS) Mix for New Patients
Receiving Health Evaluations@
Health Status (Dr./Pt.) Number HS Group,$%
Well (Well/Well) 3,573 56.8
Worried-Well (Well/Sick) 729 11.6
Asymptomatic-Sick (Ssick/Well) 247 03.9
Sick (sick/Ssick) 1,736 27.7

6,285 100.0

4modified from Garfield et al.®3

pressure). A patient is "sick" if he has a significant complaint
and is found to have a significant 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-
sified as shown in Table 1. Those classified as "well" comprised
56.8 percent, as "worried-well" 11.6 percent, as "asymptomatic-
sick" 3.9 percent, and as "sick" 27.7 percent. Thus it is evident
that in this group, "health" care was indicated for 68 percent
("well” and "worried-well") and "sick" care was needed for only
32 percent ("sick" and "asymptomatic-sick"). Thus MHT can be used
to evaluate health status and to separate out those who need "health"
care from those who need "medical" or "sick" care. Each patient can
then be referred 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 specificity of the test. Yield
sometimes is applied to previously undetected abnormalities, but
herein it refers to all positive tests. The yield rate for a test
is 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 physicians for followup 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 of the test. The yield will be the sum of the true-
positives and the false-positives. For a sample of N persons, one
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TABLE 2 Cost per Positive Test by Age-Groupa

Under 40 40-59 60 and Over
Test 3+ $/+ + $/+ -+ $/+
Blood pressure 0.4 88 4.3 8 11.5 3
EKG 10.2 9 17.7 5 31.5 3
Chest X ray 2.1 69 7.4 20 19.2 8

aModified from Collen et al.%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 sensitivity (a) and a specificity (b), then:

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

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 mammograghy
detects 90 percent of cancers and 99.1 percent of noncancers,"
would then be:

y (10,000 x 0.01 x 0.90) + (10,000 x 0.99 x 0.0091)

180 "positives."

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

If a population group of younger women (e.g., age 35-50) were
selected wherein the prevalence of this disease was only 0.005,
the sensitivity was 80 percent, and the specificity was 99 percent,
then:

(10,000 x 0.005 x 0.80) + (10,000 x 0.995 x 0.01)

<
]

140 "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-positives.
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Diagnoses Reported Following MHT

The final diagnoses reported by the physicians following the
MHT and physical 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 physicians decided that the positive test was a
true or false one, and (b) whether they thought the positive test
was clinically important (i.e., warranted therapy). In one group
of "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
which 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 obesity and the second most common was hyper-
tension. 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 ability of the test to
separate out accurately those who have the condition sought from
those who do not. Applying a screening test to a population will

TABLE 3 Ten Most Frequent Diagnoses Found in 30,000
Consecutive Checkups and Percent Newly Detected

Per L ]
Rank Diagnosis 100 New
Some Important Abnormality 65.0
1 Obesity 17.3 25
2 Hypertension, primary 7.6 28
3 Anxiety state 7.3 31
4 Osteoarthritis 3.8 20
5 Diabetes mellitus 3.3 39
6 Fibrocystic disease, breast (women) 3.2 29
7 Varicose veins 3.1 34
8 Psychophysiological Reaction,
Gastrointestinal 3.0 40
9 Benign prostatic hypertrophy (men) 3.0 58
10 Anemia (women only) 2.0 78
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produce four categories of results, provided that the whole
population is also examined definitively to establish the actual
prevalence of the disease. These four categories are shown in
Table 4 and theg have been discussed extensively in the litera-—
ture.lu'71'87'l 9,172

For quantitative and semiquantitative tests it is possible to
vary the sensitivity and specificity by changing the screening °*
level at which the test is considered to be positive. However,
changing the screening level to increase the sensitivity will de-
crease the specificity, and a change to increase specificity will
correspondingly decrease sensitivity.

MHT tests are selected with a sufficient sensitivity to detect
an acceptable proportion of patients who have the disease (true-
positives), but if the test is too sensitive it will produce some
test results that may identify a person as having the disease (or
abnormality) when in fact this is not true (false-positives). Sim-
ilarly, the test selected usually will have sufficient specificity
to identify 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-positive test results, thereby increasing costs by gen-
erating secondary tests, using more doctors' and patients' time,
and increasing 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.

. . a
TABLE 4 Categories of Screening Test Results

Total
Screening Test Patients Health Status Test
Results Sick Well Results
Positive (+) True +'s False +'s Total +
Negative (-) False -'s True -'s Total -
Total cateogry Total sick Total well Total tested

1]

Sensitivity = True +'s True -'s

Specificity =

Total sick Total well

aModified from Thorner and Remein.!72
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Costs of False-Positives Attempts to evaluate and quantitate
the costs of false-positives 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 of working up the nonsick, and the costs of not treat-
ing the sick who, if not tested, would have gone undetected. These
types of cost-benefit studies are difficult to carry out. A cost-
effectiveness study bearing on this issue follows on pp. 143-145.

The costs of false-positives 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 is now convincing evidence that the higher
the blood pressure, the shorter the life. 1In order to treat hyper-
tension earlier and decrease the subsequent incidence of stroke,
there is increasing support for early detection of asymptomatic
hypertension--especially 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 capabilities of the disease are a basic consideration. For
example, the prevalence of breast cancer is low, but the value of
periodic mammography for asymptomatic women over age 50 is becom-
ing more convincing. (See Appendix B.49)

Costs of False-Negatives A false-negative is a more serious
error if the condition missed is potentially a disabling one, e.g.,
failing to detect early pulmonary tuberculosis by the screening
chest X ray has always been a great concern to the radiologist,
whether the screening program was only for a single disease, tuber-
culosis, or whether in a multiphasic program it was for several
conditions including tuberculosis.

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

As MHT testing increases its sensitivity to attempt to minimize
false-negatives, its testing costs and followup costs will increase.
Since it is unlikely 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 of malpractice suits. The increasing impact of medical lia-
bility (malpractice) settlements upon the practice of medicine has
generated the concept of "defensive medicine."!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, if challenged,
the diagnosis and treatment that he has provided his patient. The
increasing accountability of a physician for false-negative diag-
nosis significantly influences the average physician's mode of
practice.

On pp. 143-145 is presented a cost comparison of patients evalu-
ated by MHT as compared to the traditional physician's health
examination, and Table 5 shows the significantly lower costs for
the MHT group for the initial workup and 12 months followup care.
These data do not indicate any increased 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 traditional group might
be due to excess numbers of false-negatives.

Value of Finding a Negative Test It is difficult to objec-
tively evaluate the worth of finding a negative test. We know how
to express the value to the patient of telling 1 in 12 adults that
they have hypertension, or 1 in 500 women over age 50 that they
have a breast cancer, in terms of the likelihood of future dis-
ability and mortality. On the other hand, how do we express the
value of a negative test, that of telling 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 test. Garfield®! 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 sickness that
has historically prevailed throughout medicine.

Efficiency of MHT

In health care systems, the evaluation of program efficiency is
usually defined as the ratio between an output (net attainment
of program objectives) 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 multiphasic testing.

In evaluating the efficiency of MHT to achieve its objective
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 reliable
unit costs and to define precisely which clinically important
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test results or findings are considered to be "positive." Such
a study provides useful information as to which tests will be
most efficient in the examinations of a specified population.

Using a cost analysis for the Kaiser-Permanente program, the
MHT costs for a representative test (chest X ray) will be con-
sidered as an example. Table 2 shows the cost per positive test
for young, middle-aged, and older persons. The unit cost for a
chest X ray, including the radiologist's interpretation, was $1.45.
Clinically important abnormalities that were reported included:
suspicious density or lung lesion, lung fibrosis, hyperlucent
lung, mediastinal abnormality, hilar enlargement, other cardio-
vascular abnormality, or bone lesion. Not included were the fol-
lowing conditions: 1lung calcifications, fibro-nodular or
fibro-calcific lesion, pleural thickening or adhesions, blunted
costrophrenic angle, rib anomaly, scoliosis, 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 clinically important abnormalities (as defined 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.

It must be emphasized that these unit costs were related to an
MHT patient load of about 2,000 per month at that time. If 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 specific population examined.
Finally, it is important to emphasize that in 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 followup confirmatory and
validating procedures. (See Appendix B."“9)

Cost-Effectiveness of MHT

Introduction

A very useful method of evaluating MHT is by comparing its
costs to some alternative process for achieving the same speci-
fied objectives. Comparing MHT with another program (or even no
program) as to costs to achieve the same objectives does not
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TABLE 5 Comparative Use and Cost of Services (Initial and Followup) for a Health Examination (Adjusted
for Age, Sex, and Health Status

Initial Examination Services

Examination Followup Services

Total Costs

TMCa MHT-MDP MHT-RNC TMC MHT-MD MHT-RN TMC MHT-MD MHT-RN
No. $ No. $ No. §$ No. $ No. § No. § $ $
Medical dept. 30.0 28.52 15.0 14.75 3 2.95 12.2 9.39 8.7 5.61 9.3 6.64 37.91 20.36 9.59
M.D. (min.)
Other depts. - - - - - == 1.4 1.43 1.8 1.84 1.5 1.54 1.43 1.84 1.54
M.D. (min.)
Nurse pract. 0 o o o 30 8.22 0 o 0 (o] 1.8 1.25 0 (o] 9.47
(min.)
MHT (0] 0 1 17.46 1 17.46 -- - - - - - 0 17.46 17.46
Clinical lab. 6.45 10.71 O 0 0o o 3.14 5.21 1.48 2.451.78 2.96 15.92 2.45 2.96
(tests)
X-ray 0.87 3.60 O 0 0O O 0.31 1.27 0.38 1.57 0.32 1.30 4.87 1.57 1.30
(films)
EKG, etc. 0.13 0.71 O 0 0O O 0.10 0.58 0.20 1.12 0.14 0.78 1.29 1.12 0.78
TOTAL $43.54 $32.21 $28.63 $17.88 $12.59 $14.47 $61.42 $44.80 $43.10

a

b

TMC = 2,040 persons.

MHT-MD = 1,916 persons.

CMHT-RN = 2,329 persons.

SOURCE:

Modified from Collen et al.40¢50
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require putting dollar values on the changes in health status or
other patient outcomes that may be affected.

Cost-Effectiveness of Alternative Health Examination Modes

If it is necessary to respond to the public's demand for peri-
odic health examinations, or if an organizational decision is made
to provide health examinations to a group of people, the question
then arises as to which is the most cost-effective examination
method. The following study 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.“e'so'83

The Kaiser-Permanente Oakland medical center's MHT has been
described elsewhere.“? oOne group of patients received a system-
ized battery of tests and a self-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 physician (the MHT-RN group).163 Also available 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 physical examination. The physi-
cians who provided care in the traditional medical department
were the same internists who did followup 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 refer the patient to
appropriate specialty clinics for "examination followup" 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 similarly
selected patients receiving (a) traditional medical checkups (TMC),
(b) multiphasic health checkups with physician physical examina-
tions (MHT-MD), or (c) multiphasic checkups with nurse practi-
tioner physical examinations (MHT-RN). Their health status was
determined by chart review and they were classified as "well,"
"asymptomatic-sick," "worried-well," or "sick" (see pp. 125-126).
All data were then adjusted so that the groups were comparable
by age, sex, and health status. Since the same physicians pro-
vided the examinations and arranged followup care for all three
groups, the quality of care was assumed to be similar.

Table 5 shows the use and cost of services for the initial
examination visit 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., MET cost to Health Plan for a member
was $17.46, but the charge to a nonmember patient would have been
$30-$40) . The multiphasic panel of tests replaced the individ-
ually selected tests that were ordered by the physicians 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 followup 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 since the evaluation of possible variations from normal
required further diagnostic tests (clinical laboratory, radiology,
ECG, etc.) and/or physician specialist consultation visits (in-
ternal medicine, ophthalmology, gynecology, dermatology, etc.)
to confirm the validity of the finding or for further diagnostic
evaluation. The costs for ancillary services (clinical 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 is shown here by
comparing the sum of clinical laboratory plus radiology plus
special diagnostic procedures for followup evaluations ($7.06
for T™MC, $5.15 for MET-MD, and $5.05 for MHT-RN). These data show
that any false-positive tests generated from the initial MHT
examination did not produce excessive followup tests and did not
increase followup costs of ancillary services.

The total physician 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 visits, used a total of
43.6 minutes of MD time, on the average. The MHT-MD mode re-
duced the physician 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 25.5 minutes, or
42 percent less MD time than was associated with the traditional
health examination. The MHT-RN approach further decreased the
use of the initial physician time to only that for supervising
the nurse practitioners who performed the routine physical exam-
inations. As a result, the total MD time used for the MHT-RN
mode of health examination was only 13.8 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 visit and on the evaluation followup visits. 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
(MHT-RN) physical examination, the total costs for a health ex-
amination were decreased to $44.80 and $43.10, respectively (for
a decrease in total costs of 27 percent and 30 percent, respec-
tively). Since the total costs for ancillary tests (MHT), clin-
ical laboratory, X-ray, and ECG) were similar for all three modes
(about $22), the cost differences are entirely due to saving of
physician time.

Of additional importance was the finding that the initial in-
creased comprehensiveness of the MHT examination, when serving
as the entry mode to a health care system, had a significant eco-
nomic impact on the subsequent followup care for at least 1 year.
Table 6 compares the total resource costs utilized per 1,000 pa-
tients for 12 months beginning with the health evaluation. These
costs include all physicians plus all supporting personnel, over-
head, and facilities' costs, etc. Patients who received the
multiphasic health checkup (MHT-MD group) saved $25,213 per
1,000 patients per year as compared to those who received ini-
tially a traditional medical checkup (TMC). Contrary to state-
ments that multiphasic testing increases cost of care, the total
cost of care for the MHT-MD group over 12 months was only 80.8
percent of the TMC group (for the MHT-RN group only 75.2 percent
of TMC). This decrease of 19 percent in total care costs per
year was primarily due to saving in physicians' time, and this
saving generally applied to patients in all health status cate-
gories.

TABLE 6 Summary of 12-Month Total Resource Costs
($/Yr/1,000 Examinees, Adjusted for Age, Sex, and Health

Status)
TMC MHT-MD3 MHT-RNP
MD costs 93,673 68,714 54,683
(% of traditional) (100) (73) (58)
Total costs 131,179 105,966 98,629
(8 of traditional) (100) (81) (75)

@Modified from Collen. 5!
bModified from Garfield, B. R., et a1.83
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TABLE 7 Cost-Benefit Analysis of Periodic MHT Examinations in Men (Ages 45-54 at Entry)

1965-1971
1965 1966 1967 1968 1969 1970 1971 Total
A. Percent of initial group
with no or partial
disability
1. No disability (o 86.8 83.9 81.0 78.6 76.2 73.1 70.1
) S 87.5 85.5 83.2 82.2 81.2 77.8 74.2
2. Partial disability Cc 10.4 11.4 12.5 13.2 14.0 15.2 16.4
S 10.3 11.1 11.9 11.2 10.6 11.3 12.1
-
% B. Average annual
earnings/man c $7,038 $7,132 $7,350 $7,850 $8,271 $8,678 $9,270
S $7,083 $7,234 $7,488 $8,036 $8,510 $8,863 $9,371
C. Average earnings
difference/man s-C $45 $102 $138 $186 $239 $185 $101 $996
D. Net difference after
deducting MHT & OPD
expense s-C $41 $78 $113 $157 $210 $155 $68 $822
NOTE: S = Study group of 1,229 men (in 1965) urged to have a MHT examination every year.
C = Control group of 1,364 men (in 1965) not so urged, but voluntarily could obtain

such MHT examinations.
SOURCE: Modified from Collen et al.40:46
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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 of 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 specific test-evaluation process, comprises
Appendix B.49

Cost-Benefits of MHT

Although it would be desirable to conduct cost-benefit studies
of health checkups and of the MHT mode of providing such check-
ups, no such cost-benefit studies have yet been completed due to
the inability to measure and include all benefits. Klarman!02
classifies benefits under three headings: (a) direct benefits,
which are potential savings in the use of health resources; (b)
indirect benefits, which represent gains in future savings; and
(c) intangible benefits, which relate to value and quality of
human life. Emlet®? has suggested a comprehensive model for
cost-benefit analysis of MHT, but such a study has not yet been
completed.

A limited cost-benefit study of MHT has been conducted at
Kaiser-Permanente Oakland and San Francisco. It measured the
effect of MHT on disability, mortality, and the earnings of non-
disabled survivors.36738 1p this project, a "study" group of
approximately 1,229 men who were Kaiser Health Plan members,
initially ages 45-54, were urged to undertake annual MHT examina-
tions. A "control" group of similar composition and size were
not so urged but were followed up in a similar fashion for each
subject's health experience. The group described herein con-
stitutes the one age-sex subgroup in which a favorable effect
on disability was found, and is referred to again in the follow-
ing section.

Expenses associated with health-related events were compiled
for the study and control groups. Medical care utilization was
measured in the study and control group subjects in the Health
Plan. Disability rates were measured in subjects who remained
in the Kaiser Plan and responded to mailed questionnaires. Self-
rated disability has limitations but does provide some measure
of health status.

Table 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 disability adjusted to relate to
the initial population, so as to account for additional losses

in earnings due to mortality. "No disability" was defined in
the survey questionnaire as a present state of health enabling
one to do one's usual work with no limitation. "“Partial dis-

ability" was defined as a present state of health that caused
one to limit or cut down on the amount or kind of work one was
doing.

The combined proportions of living men with no disability and
partial disability (Rows A) were multiplied by annual .income
estimates to give the average annual earnings per man in the ini-
tial populations (Rows B). The study-control group differences,
shown in Row C, represent the differences in average annual earn-
ings due to differences in disability prevalence and mortality,
per man in the initial populations.

The study-control group differences in net earnings, after
deducting the MHT expenses and additional outpatient clinic ex-
penses, are shown in Row D. It can be seen that the total eco-
nomic impact favored the study group every year. The total
difference for the 7-year period is more than $800 per man. It
can therefore be concluded that urging 45-54-year-old men to
have an MHT examination every year has important cost-benefits.
It should also be pointed out that the amount of the savings as-
sociated with greater MHT exposure applied to men in the middle
income range, who formed the majority of the subjects in this
study. For men with higher incomes the difference would be greater;
for men with lower incomes, it would be less. The study did not
demonstrate, however, that multiphasic health checkups provided
similar cost-benefits for other groups, such as 35-44-year-old
males or 35-54-year-old females.

Effect on Mortality of Urging Multiphasic Checkups

The most important objective of periodic health checkups is to
decrease morbidity and mortality. The only randomized clinical
trial, a long-term controlled study of the effect of urging

adults to have annual multiphasic 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,"‘3'55‘57'133
and recently reviewed by Friedman.’8 From a pool of 46,000 eli-
gible Kaiser Foundation Health Plan members, ages 35-54, two groups
were randomly selected. The "study" group of 5,156 members has
been urged to have a multiphasic health checkup (MHC) every year.
The "control" group of 5,557 members has been left alone. Both
groups have been followed up in idential fashion to assess mortal-
ity.
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The major findings to date are summarized in Tables 8 and 9.
Although the control group subjects 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
1975, 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 still Health Plan subscribers. The death rate
through 1973 has been significantly lower in the study group for
conditions hypothesized in advance to be detectable by checkups
and amenable to therapy that would prevent or postpone mortality.
The death rate for these potentially 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 < 0.05). The two conditions chiefly responsible for the study-
control difference in mortality were hypertension and colorectal
cancer.

Although the overall mortality rates from all causes are sim-
ilar for the study and the control groups (Table 8), an interest-
ing 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 subjects have re-
ceived, whether in the study or control group. The mortality
rates and age-standardized mortality ratios for all causes of
death in all subjects are shown in Table 9. The mortality rates
were calculated on a person-year basis in such a way that having
more checkups was not confounded with survival. It has been
determined that serious illness at the start of the study was not
responsible for this mortality gradient. Obviously, in departing
from comparison of the study and control groups, and comparing
different degrees of cooperation of use of checkups, the bias of
self-selection can become important. The characteristics of the
low and high utilizers of checkups have not yet been compared to
determine the extent to which the mortality gradient can be ex-
Plained by the effects of self-selection. The differences in
mortality attributable to checkups are thus overstated in Table 9,
whereas in the study versus control group comparison they are
understated due to the effect of crossovers between the two groups.
A true measure of the effect of checkups on mortality probably is
somewhere between the figures shown in Tables 8 and 9.

Acceptance of MHT to Patients

Studies of social determinants of the use of preventive medical
services,93 which would include MHT, suggest that people are less
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TABLE 8 Deaths and Death Rates in Study and Control Group Subjects, 1965-73

Death Rate
a (per 1,000 for Chi
Number of Deaths the 9-Yr Period) Square
Study Control Study Control Value
Potentially postponable causes 35 59 6.8 10.7 4.51b
Cancer of colon and rectum 3 14 0.6 2.5 6.34°
Cancer of breast (women only) 12 11 4.3 3.8 0.10
Cancer of cervix and uterus (women only) (0] 2 0.0 0.7 0.46
Cancer of prostate (men only) 0 1 0.0 0.4 0.00
= Hypt.artension, hypertex.msive cardiov:-:\scular
o dis., and hypertensive hemorrhagic
cerebrovascular dis. 10 22 2.0 4.0 3.65
Hemorrhagic cerebrovascular dis. without
hypertension 9 9 1.8 1.6 0.00
Other causes 240 247 46.7 44.6 0.27
All causes 275 306 53.5 55.3 0.16

aPopulations alive as of January 1, 1965; Study-5156, Control-5557.
by < 0.05.
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TABLE 9 Mortality Rates and Standard Mortality Ratios,
All Subjects, 1965-73
Person-Years Crude
of Mortality
No. of Observations Number Rate Standardized
MHC's to in This of (Deaths/1,000 Mortality
Dec. 1973 Category Deaths Person-Years) Ratio
0 38,384.33 310 8.08 1.38
1 19,039.42 112 5.88 1.02
2 11,188.58 51 4.56 0.74
3 7,873.67 36 4.57 0.71
4-6 13,282.50 59 4.44 0.62
7+ 3,959.00 13 3.28 0.40

likely to use preventive services when they are poor, have little
education, are isolated from community groups and social net-
works, have limited health knowledge, have unfavorable attitudes
towards preventive care, and have little 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 10 shows that in one group of patients their
acceptance of MHT was related to their social class; upper classes
expected more and so the majority rated MHT to be about as ex-
pected, whereas lower classes apparently expected less so the
majority rated MHT to be much better than expected. Patients'
acceptance of and satisfaction 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

(843 Patients)

Social Class (Hollingshead)
All Upper Middle Lower

Much better than expected
A little better than expected

About as expected
Disappointed

(p < 0.001)

28 19 30 59
17 15 20 18
54 65 49 22
1 1 1 1
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TABLE 11 Patient Satisfaction Survey with Three Alternate Health Checkup Modes, by Presence
or Absence of Health Complaints?2

Question: How satisfied or dissatisfied were you with this checkup?

Percent of Respondents

Very Fairly Fairly Very
Satisfied Satisfied Neither Dissatisfied Dissatisfied No Answer

Patients with

Complaints
TMC (N = 163)
MHT-MD (N = 175)

MHT-RN (N = 182)

Patients with
No Complaints

T™C (N = 134)
MHT-MD (N 170)
MHT-RN (N = 140)

73.6 19.1 5.5 1.2 0 0.6
60.0 27.4 6.3 2.3 0 4.0
82.4 13.7 1.2 2.7 0 0]

75.4 19.4 0.7 1.5 0 3.0
75.9 17.1 5.3 0 1.2 0.5
80.7 15.7 2.9 0 0 0.7

aMod-ified from Collen et al.>0
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works and what it is expected to accomplish. Once patients have
an understanding of the MHT process, their acceptance of the
multiphasic examination is excellent.!5® The individual patient's
relationships with MHT are, in one respect, similar 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 25-year experience of Northern California Kaiser-Permanente
supports the view that MHT is very acceptable to patients. Many
surveys have been conducted, and the results of one recent patient
satisfaction survey is shown in Table 1ll. The great majority (87-
96 percent) of examinees were as satisfied 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 of the care process. An evaluation of patient
arrivals following referral for recommended followup medical care
showed similar arrival/referral ratios for the multiphasic and
traditional modes of health checkups.“8

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

Acceptance of MHT by Physicians

Health checkups are generally accepted by primary care practi-
tioners as a routine part of their work. 1In the traditional mode
of practice, the patient comes to the physician because he wants
reassurance that he is well, or because he has some medical com-
plaint, or because he has been advised by the physician or some-
one else to have a checkup. In the MHT approach, the reasons for
the checkup are usually the same. The process, however, is 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
multiphasic report, which often is unsolicited. Most physicians,
on initial exposure to a multiphasic followup patient and its
computer report will resent this variation from their customary
and traditional routine.

The acceptance of physicians of MHT is also influenced by
ethical and medicolegal considerations. McKeown!13 emphasized
the unconventional impact of screening on the usual practice of
the physician in which the screened patient arrives following
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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 responsibility 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 guidelines has
attempted to formulate ethical principles for MHT.160 Bates’
surveyed 417 physicians to ascertain their acceptance and fol-
lowup of multiphasic screening tests and demonstrated the lack
of responsiveness of practitioners in confirming an abnormal
test or initiating management of detected abnormalities. 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, since physician behavior consti-
tutes the "major block" in patient followup, three choices
appear open: improve followup through physician education, make
alternate arrangements for followup, or delete the test from MHT
because followup is not carried out. Williamson,!86 in a study
of physician responses to hospital admission screening test re-
sults, 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.

Mechanicl19 points out that medical decisions are influenced
by the physician's willingness to assume risks involved in the
decision-making process. Physicians usually adopt a conserva-
tive decision rule, which makes it a more serious "error" to dis-
miss a sick patient than to retain a well person; accordingly, a
large part of 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 of 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 followup 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 of false-negatives and thereby increases the followup to-
tal costs of medical care must also be considered. Both problems
are very difficult to evaluate and have been referred to in prior
sections.

Personal economics undoubtedly have some role in the accept-
ability of MHT by physicians. Medical checkups are often 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 giving 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 Periodicity for MHT

Lists have been published of recommended specific tests for
screening or health testing, but each MHT program should select
tests in accordance with its objectives, the population it
serves, 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
little data available directed to this question.

Frame and Carlson’’ provided a critical review of tests suit-
able for periodic health checkups. Gelman reviewed tests fur-
nished by 40 MHT units, and Bates’ reviewed physicians' use of
screening tests in ambulatory practice. Breslow et al1.19 devel-
oped lists of recommended conditions and tests for personal pre-
ventive health services for adults; and these are used as the
basis for Table 12. Breslow's task force advised that these
tests should be given three times during the 17-35 age period:
one between 17 and 20, another in the mid-twenties, and a third
in the mid-thirties. Subsequently, Breslow and Somers advocated
a "lifetime health-monitoring program."20 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 50, five between 51 and 60, and annually for
persons over 60.26

Table 12 lists a summary of recommended tests for adults age
35 or more. Kaiser-Permanente's studies indicate that periodic
multiphasic health checkups do favorably decrease mortality after
age 35, so it would appear advisable to recommend health examina-
tions every 1-2 years after age 35, and less often for younger
persons.

Summary of MHT Evaluation

Since MHT is still an evolving component of health care delivery,
its objectives are still developing and its applications are be-
coming more diversified. Accordingly, its evaluation must be a
continuing and iterative process. However, as of 1977, the ex-
tent to which MHT has achieved its objectives can be summarized
as follows:
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TABLE 12 Recommended Tests for Adults Ages 35 or More?

ASPH
FIC ATPM APHA TF BR&S CKP
History x x x x x
Height and weight x x x x x x
Blood pressure x b b X x x
EKG x x x x(1) x x
Vision x x x x
Tonometry X X X X
Hearing x(1) x(1) x(1l) x x
Spirometry x x
Mammography (females) x x X x(2) x(2)
Chest X ray x x
Podiatric examination x(1)
Dental examination x(1)
Laboratory examinations
Serum cholesterol x x x x x x
Serum triglycerides x x x x
Serum glucose x x x x x(3)
Serum uric acid x x
Serum SGOT X x
Serum BUN X
Serum creatinine . x x
Serum calcium x
Serum triiodothyronine (T3) x
Serum tryoxine (Ty) x
Hemoglobin/hematocrit x x x
Blood count (exclude differential) x x
Urinalysis X x
(exclude microscopic sediment) x
VDRL X X X X
Tuberculin x x x
Pap smear (females) X x x x x x
Stool guaiac X x x x x
Physical examination, general X x x x x x
Breast examination (females) x x x x
Rectal examination x x x x
Sigmoidoscopy x x

KEY: Recommended age 60+; (2) recommended age 50+; (3) after challenge
dose. FIC = Fogarty International Center Report for HEW, 1974;

ASPH = Assoc. of Schools of Public Health, Breslow Report, 1973;

ATPM = Assoc. of Teachers of Preventive Med., Breslow Report, 1973;
APHA = American Public Health Assoc. Proposal for National Health

Ins., 1974; TF = Breslow's Task Force, 1975; B&S = Breslow and
Somerszo; CKP = Collen, Kaiser-Permanente, 1977.

aModified from Breslow et al.!9 and Collen et al.“0
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1. From the viewpoint of the patient, MHT:

a. Decreases the length of time necessary to complete a
health checkup, is less costly, and is very acceptable.

b. Effectively detects some diseases before symptoms ap-
pear, evaluates health status, and refers for appropriate fol-
lowup care.

c. Improves long-term outcome by decreasing mortality
from potentially postponable conditions; and for men aged 45-54
(in one study) decreases losses due to disability, which in-
creases net earnings.

2. From the viewpoint of the physician, MHT:

a. Serves as a referral center for his patients for good-
quality testing at a low cost, effectively detects some previously
unknown disease, and monitors status of some known disease.

b. Saves physician time by transferring many routine
repetitive tasks to allied health personnel and automated instru-
ments.

c. Can improve quality and personalization of health
checkup by providing (1) normal values individualized 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 decreasing the amount of time spent in routine data gath-
ering for diagnosis and allowing more time with the patient for
therapy. Can store data in computerized files for subsequent
clinical, epidemiological, and health services research.

3. From the viewpoint of the medical facility administrator,
MHT:

a. Provides a "health center" component to a medical
facility for health care and personal preventive health mainte-
nance services.

b. Can be customized for the medical needs of the popu-
lation that uses his facility, including its outpatient clinics,
hospital, and surrounding community physicians.

c. Provides a good-quality, effective health examination
process at a lower cost per examination for ambulatory outpa-
tients or hospital admissions.

4. From the viewpoint of the health care systems planner, MHT:
a. Is effective and efficient for early disease detection,
health surveillance, and disease monitoring.
b. Provides the most efficient method of providing health
examinations to a large population.
c. Increases accessibility to and decreases costs of pri-
mary care services by an alternative entry mode (especially if
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physical examinations, determinations of patient health status,
and triage to needed services are performed by nurse practition-
ers).

In summary, although it is not yet possible to quantify all
the benefits of multiphasic health checkups to patients, there
is now accumulating evidence of improved outcome to some middle-
aged groups; of effective reassurance to the well and worried-
well who constitute the majority who seek health checkups; of
effective early disease detection and monitoring; of improved
quality of testing; and of overall improved cost-effectiveness
of health care delivery for all health status groups when multi-
phasic health checkups serve to provide the entry mode to primary
care.

POLICY IMPLICATIONS

In the United States, the increasing interest in preventive medi-
cine, the inclusion of health checkups by some Blue Shield plans,
the passage of the Health Maintenance Act of 1973, and the con-
cept that "health care is a right“81 will all tend to increase
the public demand for periodic health examinations. Already this
demand is encouraging the opening of MHT programs as stand-alone,
commercial for-profit laboratories, and these will require govern-
mental regulating just as do clinical laboratories.

A review of 25 years of MHT experience suggests the following
guidelines“5 for a successful MHT program:

1., MHT must have good standards of quality, including:

a. Accurate testing procedures, so as to achieve accept-
able reproducibility and validity of test measurements. This
requires a continuing program of quality control monitoring of
personnel and equipment.

b. High utility, that is, provide good test sensitivity
and specificity for detection of important diseases for which
effective therapy is available.

c. Comprehensiveness of testing, so as to screen for
many common conditions (e.g., a chemistry test panel alone will
not satisfy patients who expect a relatively complete battery of
tests).

2. MHT must provide good service, which means:

a. Integrating the MHT program into the community of pa-
tients and physicians. All patients should be referred to their
physicians, and MHT laboratory reports should be provided only
to the patient's physician for interpretation and prescription.
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b. Acceptability to the community physicians, so as to
obtain their support and conserve their time. MHT reports
should be provided in sufficient time, and be of such format
and content so as to significantly decrease the physician time
requirements for a health checkup.

c. Acceptability to patients, through prompt and pleasant
service to examinees at each test station and efficient schedul-
ing, organization, and followup procedures. Reliable service is
essential, since patients will be dissatisfied if equipment or
personnel failures too often result in "test not done," or "un-
satisfactory test," which requires return of the patient to the
laboratory for repeat testing.

d. Maintaining continuing patient records. The occa-
sional checkup is of lesser value than periodic health examina-
tions. Providing the physician with test results of prior
examinations for comparison permits trend analysis for border-
line abnormalities and aids in better diagnoses.

3. MHT must achieve a good economy, which means:

a. Processing a sufficiently large number of patients
each day so that the unit cost per patient for the MHT labora-
tory will be less than by traditional methods.

b. Selecting tests with an acceptable cost per positive
case. This requires "tailoring" the MHT test phases to the
specific needs of the community of patients and physicians
served (e.g., providing chest X rays to adult groups but not to
children, modifying 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 fulfilled, the program
should be successful for the MHT unit, the patients, the physi-
cians, and the community.
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