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Foreword

The roles of bioengineering and of medical technologies in the
health care system are certainly not new topics. Some of the topics
addressed in this volume have been discussed in other forums at
other times, but all too often with limited audiences and with no
permanent record or follow-up of the discussions. However, re-
cently the escalating cost of health care has catapulted technology
to center stage. Everywhere one travels in this country, one finds
the general public very concerned about their own personal health
care problems and confused about the contribution of technology
to health care.

The American Institute for Medical and Biological Engineering
(AIMBE) was formed several years ago to provide a unified and co-
herent representation of the field and to deal with problems that are
important to all areas of medical and biological engineering and
our affiliated societies. A major purpose of AIMBE is to establish
the scholarly and professional identity of medical and biological
engineering and to speak for this discipline on issues of concern
to the American people. In 1993 the delivery of health care—
technology, economics, and management—dominated the politi-
cal agenda. Therefore, AIMBE's second annual event, held at the
National Academy of Sciences on March 8-9, 1993, was devoted to
“The Future of Health: The Role of Medical and Biological Engi-
neering.”

It is AIMBE’s intent to promote the engineering approach to
medicine and to involve medical and biological engineers in ad-
dressing health and well-being through the development and ap-
propriate use of technology. As part of its mission, AIMBE hopes to
act as a catalyst in involving the community; to conduct research on

issues related to the evaluation, development, and appropriate use
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component of the overall costs of health care in this country is ad-
ministrative bureaucracy and inefficiency, due in part to the sev-
eral thousand individual and somewhat independent insurance
companies and the excessive paperwork that plagues all parts of
society—providers and patients alike.

Other major components of the costs of care are due to the liti-
giousness of society in the United States and to the practice of de-
fensive medicine. The fact that the U.S. has more lawyers per capita
than any other nation, and that these lawyers are accustomed to or
expectant of a well-to-do life-style and quality of life, increases the
level of litigation and complicates an already complex problem.

Another factor is that the general population, including lawyers
and physicians, basically has a very poor understanding of health
benefits versus risks. The fact that man is mortal—that concerns of
life, health, disease, and others are managed in large part by
statistics—is not well appreciated in our society.

Also, as related in two recent editorials in Newsweek,' it seems
that everything in our society that goes haywire or is negative is of-
ten viewed as someone else’s responsibility. If I smoke and get lung
cancer, itis the cigarette industry’s responsibility. If I slip on theice
in a shopping mall parking lot, it is that shopping mall’s responsi-
bility. If . child “{ﬂt_ches too much television, particularly too
e T s, s e TV et esponaibilly, an, o
e ef pital’); rgspons;}laili t;s a"; lgaldhturn, it is the physician’s and
pect to geta substantial awa;d Stati éfve e and 1o

- otatistics don’t matter in the case of

my personal problems. Things are seen as either black or white. It,
of course, cannot be my responsibility; so it must be vours
These are the general issues and o :

robl i
heart of our health care crisis, and are 5132) a(:IIE V}:hmh i thi‘
our other societal problems, € heart of many o
Health policy, health economi
. . ¢s, and technol
professionals often say that increased aPPlication(:)? %gchansiiisglii?;

. Itis im-

all chemical diagnostics, all phy:g. The conce

drugs and pharmaceuticals, and alcal diagnostic instruments, all -
Modern medical technologi

Il medical devices,

€S are generally developed by
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universities, research hospitals, and industrial research and de-
velopment (R&D) laboratories. These technologies are further
developed, engineered, and tested by industries, and are then ag-
gressively sold and marketed to health care providers. Those re-
sponsible for the ideas, inception, and the early development of
such technologies are generally physicians, biomedical engineers,
and/or industrial research scientists and engineers.

Although undergraduate engineering programs do indeed con-
sider the economics and cost-benefit aspects of engineering activi-
ties and products, such considerations are not generally included in
medical school or graduate engineering programs. It is safe to say
that in the great majority of graduate biomedical engineering pro-
grams in the United States there has been little or no attention
given to the cost implications—particularly the overall health care
cost implications—of the development, diffusion, and application
of new medical technologies. The same can be said for medical
schools” programs. However, those days are now clearly over.

The academic, clinical medicine, and industrial research and
development communities are now well aware that there is a
health care cost problem. We are all in part responsible for it, al-
though we often console ourselves by suggesting that lawyers and
insurance companies are responsible for far more of it. Yet we as
professionals have a responsibility to change the way we practice
bioengineering and the way we practice medicine.

The conference from which this book was derived was the out-
growth of a recommendation made by an NSF-Whitaker Founda-
tion workshop, held in April 1992 and organized by Dov Jaron and
Peter Katona.2

The conference had substantial discussion after each major
talk, as well as several extensive panel discussions. In this volume
some of the panelist statements have been incorporated in edited
form as short papers. The remainder of the panel discussion and
the individual discussions after each major talk have been very
briefly summarized by the editor and included after the appropri-
ate chapter.

The major objective of the meeting was to provide perspective
and background for AIMBE’s members and guests. Speakers were
chosen who, in addition to providing comprehensive and authori-
tative overviews and perspectives, would also motivate, rr.loblh_ze,
and otherwise encourage the medical and biological engineering
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community to seriously look at its collective and its individual ob-
jectives and actions in light of current national needs and concerns.
We think this book meets those objectives.

AIMBE's Board of Directors and the Conference Program Com-
mittee (Gilbert Devey, Richard Johns, Jerome Schultz, Clifford
Goodman, Kenneth Keller, Robert Nerem, and Louis Sheppard)
join me in acknowledging the involvement and participation of the
other discussants, introducers, and session chairs: Joseph Bor-
dogna, Donald Detmer, Pierre Galletti, Edward Hinman, Peter
Katona, Winfred Phillips, Lawrence Shearon, and John Watson.

Financial support was provided by the Whitaker Foundation,
the National Science Foundation, the Hugoton Foundation, and the
American Institute for Medical and Biological Engineering. Pfizer
and Becton Dickinson also provided financial assistance. We also
thank the National Academy of Sciences leadership and staff for
their excellent help.

Completion of this volume was aided immeasurably by Ste-
phen Kern of the University of Utah, who videotaped the entire
meeting. Lisa Marley Baker did most of the transcription; Cindi
Dunford and Mindy Steadman prepared the final manuscript, and
the staff of the University of Utah Press produced the book. We also
thank Dr. Louis Sheppard and Debbie Gohmert of the University of
Texas, Galveston, and Michael Murphy in R. Nerem'’s office at

Georgia Tech for the local arrangements and successful conducting
of the conference.
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CHAPTER 1

Prioritizing
Biomedical
Technologies

SAMUEL THIER
Brandeis University

“What the system should be doing is providing the proper bal-
ance of screening, prevention, diagnosis, treatment, and rehabili-
tation.”

“Technology is neither cost-enhancing nor cost-saving. Certain
technologies increase costs, certain technologies reduce costs.”

“There is almost nothing I did as an intern and resident that is
still the standard practice. The reason is that biomedical technol-
ogy has made it possible to do more things more effectively and
more safely than ever before—but at a cost.”

“We have a calculus which confines us to a separation of the led-
ger. We don’t make decisions which are in the best interest of the
public. . . . We do not do proper assessment of the costs avoided;
and the costs avoided are not simply within the medical system
but within society as a whole. Since health costs are spread over
the entire society, the health benefits should be spread and ana-

lyzed in the same way.”

Copyrighted material © 1994; Medical and Biological Engineering in the Future of Health
Care, edited by J.D. Andrade; University of Utah Press.
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4 Thier

What is a high-priority biomedical technology? It should:
*  be truly new;
* address prevention or cure of a problem;
» correct a great disease burden;

* improve net health outcome by having an enormous effect
on each individual patient or person;

be the obvious choice from among many for the particular
circumstance;

» substitute for all previous choices;

e be easy to perform;

have minimal invasive qualities and minimal side effects or
risks; and

* be very inexpensive compared to what it replaces.

If you have that technology, go right ahead and use it! The prob-
lem, however, is that life is just not that simple.

The perspective presented here might be somewhat different
from the perspective derived from an engineering basis. We will
compare the engineering perspective and the medical perspective,
because we need an equilibrium between the two if we want to de-
termine priorities and move forward.

The broadest definition of medical technology includes:
* medical devices and instrumentation,

* pharmaceuticals and biologicals,

* diagnostic and therapeutic procedures,

e care systems, and

information management systems.

These are all part of the technology of medicine and they are all in-
cluded in this overview, although they may not be susceptible to
the same prioritization or the same kinds of analyses.

Why is this a matter of concern to engineers, health profession-
als, economists, public policy experts, and the public in general?
We are, for the first time in several decades (but not for the first
time in our history), engaging the health care system and seeing
whether we can reform a system which we take tg be out of control.

The reasons we identify it as being out of control are that:
* there are limits to access;

* we have what man
public-health statis
mortality; and

the costs are higher

y consider to be an unacceptable set of
tics, including life expectancy and infant

than those of any other nation.
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Medical technology is frequently blamed as one of the key cost
culprits.

Those who are involved in the generation and use of technol-
ogy are nervous and concerned that health care reform may
decrease our capacity to continue to develop, introduce, and use
biomedical technologies. It is fascinating to me that technology is
seen as a prime culprit in this arena, because it was not very long
ago that it was seen as the promise for the future. It is now viewed
by many as too expensive and, even when it is beneficial, overused.

As a physician, I learned that new technologies often would
come at us too fast, before they were adequately evaluated and/or
faster than we could assimilate them into our own framework of
use. The physician would tend to use the additional technology un-
til s/he learned whether it really was an adequate replacement for
the old. During that period of disequilibrium a physician would
likely be using multiple technologies in order to obtain a result that
one of the technologies, if properly understood, alone would have
provided. The data was not available which would give you the as-
surance that a new technology was the best one to use, so your
comfort in using it in your practice was also missing. The pace at
which technology can be assimilated becomes important. Technol-
ogy has been oversold and underregulated (at least in regard to
safety and efficacy). This is not stated as truth but as criticism and
reflects reasons why people are worried about technology.

The range of criticism suggests that there must be some truth to
some of them. An editorial I wrote several years ago about man-
power policy in health was titled “Base it on facts, not opinions.”!
The same plea should be made for medical technology. There are
many opinions and selective data analyses which profess to show
one thing or another about technology and its impact on medical
costs. The sets of questions are rarely adequately framed, however,
and the analysis therefore is frequently misleading.

I graduated from medical school in 1960. Since that time, pre-
ventive services have improved dramatically. The statistical and
epidemiologic underpinnings for preventive activities are dramati-
cally better today than they were thirty years ago. We are develop-
ing more and better vaccines, and we have improved our capacity
to screen, in terms of the overall number of conditions for which we
can screen and the accuracy of the screening. We have developed
new tests which can be diagnostic and monitor the care provided.
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They are automated, reducing the unit costs, and they are more ac-
curate. The area of imaging has been completely revolutionized
with CT scanning, MRIs, and PET scans. Fiber optics have l?een
added and widely disseminated. There are new pharmaceuticals
and whole new classes of drugs for cardiovascular disease. There
are new groups of antibiotics as well as new groups of chemothera-
peutic and immunosuppressive agents. Transplantation surgery
developed broadly—artificial organs, rehabilitation, and informe.l-
tion management has become a critical part of what we do. There is
almost nothing I did as an intern and resident that is still the stan-
dard practice. The reason is that biomedical technology has made it
possible to do more things, more effectively, and more safely than
ever before—but at a cost.

What is the cost? Before we try to answer that question we must
consider a few cultural biases. First is the resistance to technology.
“It will never come into general use and its value is extremely
doubtful, because its beneficial application requires much time and
gives a good bit of trouble to both the patient and practitioner and
because its human character are foreign and opposed to all our hab-
its and associations.” That is a quotation from an 1834 editorial in
the London Times about the introduction of the stethoscope! The
public’s resistance to technology is high and has always been so.
Other kinds of biases creep in as well.

One of my favorite colleagues, Lewis Thomas, wrote a wonder-
ful essay on technology? in which he describes supportive technology
as that which produces comfort. He defines halfway technologies, in
which he includes dialysis and pacemakers; and he defines high
technology, which includes the replacement of a missing hormone or
a vaccination. He maintains the enormous expenses of halfway
technology have to be converted into basic research in order that
the full technology of prevention or complete cure is possible.
Squandering monies on halfway technology is not the proper pol-
icy, he argues. His views generated a tremendous amount of atten-
tion. He then wrote another essay entitled “My Magical Metro-
nome,”? which many people have not read and which I never hear
quoted. He describes developing a fluttering feeling in his chest,

going into the hospital, and finding himself to be in complete heart
block. He is put on a cardiac monitor in

classic Lew Thomas style, he writes th
tor and thought

that.” He then de

a coronary care unit, and, in
at he looked up at the moni-
“The handwriting on the wall. And illiterate at
scribes having the Pacemaker put in and his enor-
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mous pride at watching the pacemaker blip and his heart respond
in time. He is proud of himself for following this magic metro-
nome, and he recants; he says that halfway technology, when you
need it, is very, very useful. What we need is a balance between the
two—between halfway technology with its enormous expense and
noncorrective function, but with the capacity to move people back
to functional, autonomous lives, and high technology that moves
us ahead towards prevention and cure.

There are a few issues facing us if we want to analyze where we
are going in our efforts at prioritizing biomedical technology. The
benchmarks we must consider are safety and efficacy or effective-
ness. Efficacy is what happens in controlled circumstances; effec-
tiveness is what happens when the technology gets out into general
use. If you have a lethal illness, then safety is a different kind of
choice than if we are considering a technology that adds a minor in-
crement to that which is already present, technology that is a little
more expensive and a little more risky.

The capacity for choice, particularly patient choice, becomes
critical and must not be lost. Cost is important, particularly incre-
mental cost. We must look at what we are getting for the additional
cost relative to what we already have and the benefits provided.

We must ask whether the problems we have with technology
are intrinsic to the technology, or are intrinsic to its use. The tech-
nology may have, as part of its use, a certain set of risks, complica-
tions, or breakdowns. We also must consider the application of the
technology in practice. It is very dangerous to penalize the technol-
ogy if the issue is regulation or application. It would be a shame to
forego a useful technology when the focus should instead be on im-
proving the way it is used, disseminated, or regulated.

Let me approach this problem as a physician by looking pri-
marily at clinical need. What is it we are trying to accomplish? In
the final analysis, we are looking at the maintenance or return of
health as the goal of biomedical technology.

Consider screening, prevention, diagnosis, treatment, and reha-
bilitation. Screening is the kind of thing you can do with testing for
HIV, by looking for antibodies in the blood supply, or by looking at
populations of individuals. Mammography is another form of
screening. Both are extremely effective and each has major policy
debates associated with it: with HIV it is the intrusion of personal
privacy; with mammography it is the growing debate about
whether it really is worthwhile and effective. For those at age fifty
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and above there does not seem to be much debate, but there is con-
siderable debate as to the advisability of such screening for women
in their forties. These are the kinds of questions where data will
help. Then the technology can be appropriately applied. One must
not overuse the technology if the data show that it should not be
used. In prevention we have enormous amounts of information
now about smoking, diet, exercise, but we have little data on be-
havioral modification and the capacity to translate that knowlegige
into real usefulness for the population. Nevertheless, the smoking
incidence among adults in this country has dropped below that of
most other countries. Diagnosis, using imaging, is probably the
best example of how we have converted from invasive to non-
invasive technology and enhanced our accuracy at the same time.
Conceptualize that spectrum of activities. Now place different en-
gineered approaches into those different categories. We will invest
more in priorities in one of those areas than another in relation to
what we wish to accomplish.

How do we evaluate the technology? There are two levels of
analysis. One is the controlled clinical trial, used typically by the
pharmaceutical industry. The other is post-diffusion assessment,
which is critical. Some devices get modified in use, and the skills of
those using them become important parts of the evaluation. Fur-
ther diffusion should then be dependent on the evaluation. Since
we cannot evaluate everything developed by technology, we must
determine characteristics of the technology that would make it
most useful to be evaluated:

*  Does it improve the outcome of a patient’s treatment?

* Could it be applied to large patient populations?

* Does it address an important disease burden?

* Does it attempt to reduce risk?

* Does it reduce variation in practice?

* Does it reduce unit or aggregate costs?

To the extent that it meets these criteria, a new technology
would be selected for evaluation, and one would couple the evalu-
ation to the approval—the simplest approval being that of reim-
bursement. The reimbursement structure will, to a great extent,
control the diffusion of technology. But it is important not to delay
diffusion, as we did for CT scanning, which has been well demon-
strated to be a great benefit to the public. It is also important not to
move things through too quickly. If we are going to do the evalua-
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tion and get to the issue of costs, I believe we should use a broader
calculus than we have been using heretofore.

Technology is neither necessarily cost-enhancing nor cost-
saving. Certain technologies increase costs, certain technologies re-
duce costs. Unless you examine the individual technologies you
can’t answer the question. A classic example is prenatal care. There
is very good evidence that adequate prenatal care preventing low
birth weight will prevent or reduce the use of very intensive neona-
tal special care—that for every dollar invested you might save
three dollars. The problem is that the person investing one dollar is
not the person saving three dollars. The people who could have in-
vested one dollar did not because we have a calculus that confines
us to a separation of the ledger. We often don’t make decisions
which are in the best interest of the public.

A simple example is the lithotripter. This shock-wave disrupter
of stones, most effective for kidney stones, is an expensive machine
to put in place. Per treatment cost may be relatively significant—
certainly the up-front costs are significant—but, if you were to get
the patient out of the hospital in 24 to 48 hours, as opposed to a
week or ten days, the cost to the health care system is rather im-
pressively reduced. If, in addition, you get the person back to work
in one week versus four weeks, then the change in productivity and
time lost from work becomes an important component in the calcu-
lus. A more comprehensive economic impact needs to be built into
the cost-benefit assessment.

We have developed the view that if something is expensive
then that cost is added. We do not do a proper assessment of the
costs avoided; and the costs avoided are not simply within the
medical system but within society as a whole. Since health costs are
spread over the entire society, the health benefits should be spread
and analyzed in the same way. That is not now the case. In addi-
tion, the “cost” benefits in relief of pain, reassurance, decrease of
anxiety, and general patient satisfaction are a set of parameters
which need to be somehow quantified or at least considered and
made part of the calculus of the evaluation of a new technology.

Why bother? Because we face enormous technologic promise
—a biologic revolution. My friends in the engineering and physi-
cal sciences don’t like me to say it, but biological sciences are now
at the end of this century what physics was at the beginning of the
century. It is the exciting science, the open frontier, the place to
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which some of the brightest young people are being attracted.
What that might mean is beyond our imagination.

Could any of us have imagined in 1960 where we now stand to-
day? It would be silly to predict what kinds of things are going to
be happening in thirty years. But it is not hard to see the general di-
rections. Consider the genome project. By 1995 we hope to have all
the genes mapped, and in the next many years we will have their
sequences. We will then know the proteins which are genetic pre-
disposing factors for illness and resistance; we will develop the ca-
pacity to measure those markers and predict susceptibility and
resistance to disease at a level we cannot imagine today. Think of
what that might mean in terms of potential screening programs and
in preventive services. We will also be able to improve our ability
to diagnose, treat, and track diseases. We will be able to identify
and replace missing proteins. We may replace them at first by mak-
ing new biologics and getting them into patients. It is almost cer-
tain that later we will engineer the cells that patients will need to
maintain the production of those proteins. Thus a whole series of
illnesses can be corrected. These things are not beyond the realm of
imagination at this point. We are moving in that direction.

Bioengineering will extend beyond what we are talking about
in medicine into the nutritional area. The capacity to bioengineer
foods will have enormous impact, both in this country and in
developing countries. Behavioral science will be reinvigorated.
We may be able to teach people to change their behaviors in their
own defense. We will look for continued reductions in invasiveness
and improvements in imaging techniques. We will have better-
engineered devices.

We‘ likely will see some further constrictions on the regulation
of dev1c3es. élthough public opinion is driving such constriction,
tl?ere still Wﬂl be? continued improvements and expansion of de-
vices. Devices will be of enormous help in the field of rehabilita-
tion. The new molecular biology will allow us to begin to look at

tant, both in information management and also in the capacity to
manage the Systems of care which will need to be integrated if we
are gally 80Ing to have health system reform

ur approach to health system ref : i I

same mistake that we have msr?l’d e

€ every time, which is to say “We
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will define the global budget and thus control costs,” without ask-
ing what the system should be doing.

What the system should be doing is providing the proper bal-
ance of screening, prevention, diagnosis, treatment, and rehabilita-
tion. When it begins to ask questions about the proper balance, then
the technologies that relate to those various components of the sys-
tem will be the technologies that you will prioritize.
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CHAPTER 2
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“The cost of a given technology always decreases and its effec-
tiveness increases over time. ... Cost-effectiveness comparisons
made at the time of introduction of a technology will always be
misleading. If adverse decisions are made on the basis of that ini-
tial comparison, the ultimate benefit will be lost.”

“Data bases may have the greatest potential for reducing medical
costs of any single kind of technology.”

“Cost-effectiveness as a concept has some serious limitations in
terms of the values of the society.”

“What is needed is the social equivalent of an environmental im-
pact statement.”

The past, it has been remarked, is often no more than prologue. The
1989 meeting of the American Society for Artificial Internal Organs
is a case in point.! At a symposium on the first morning of that
conference, a number of people who frequently spoke at those
meetings—pioneers in the field of artificial organs like Belding
Scribner, Carl Kjellstrand, Michael DeBakey, Willem ]. Kolff, and
Pierre Galletti—were once again on the program, but they talked
about things that had seldom come up before. They talked—and
argued—about whether there should be limits on what we do to
extend life, about whether high-technology medical care should be
available to people regardless of race and economic class, about
whether we have overspent on medical care, and about whether
technology had all the answers.

Viewed in retrospect, the discussion that morning can be seen
as a manifestation of the beginning of an inexorable change in the
focus of those who have spent their professional careers in biomed-
ical engineering. Medical and biological engineers must now con-
front a set of issues and questions that most have not been trained
to consider. If they do not engage these questions constructively,
they, and everyone else, will find themselves forced to live with the
consequences of allowing others to do that work. That is why this
book is so important. Chapter 1 presented a medical perspective on
these questions. This chapter approaches them from an engineering
point of view, placing them in the broader context of the general
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tension in society regarding public policy in its relation to tech-
nology. ‘

Biomedical engineers have generally become involved with
medical and biological engineering because of their fascination
with the challenge of linking the physical sciences and engineering
with biology and medicine. There is a satisfaction, almost aesthetic
in nature, in creative problem-solving that brings together pre-
viously disparate disciplines such as physiology, chemical engi-
neering, materials science, instrumentation, and design. In Fhe
developmental stages of the field, professionals in one discipline
learned to talk to professionals in other disciplines. Physical scien-
tists and engineers learned to explain the relevance of their work to
medical scientists; researchers learned to deal with clinicians.
Professionals were both “suppliers” and “consumers,” funding
was fairly plentiful, and both the effort and the outcome were sat-
isfying.

These were conditions that existed in a number of technical
fields in the United States in the post-World War II era and ESRE
cially since the launching of Sputnik in 1957. In fact, ]ean—Claufle
Derian, former Chief Science Counselor at the French Embassy o
Washington, in his recent book America’s Struggle for Leadership in
Technology® argued that these conditions had given rise to a “shel-
tered technological culture” in the United States. It was one charac-
terized by assured markets; what we invented would be used.
Agencies or industries were willing to make commitments to the
major up-front costs of technological development. En gineering op-
timization could be based on quality and performance, not on cost
or need. Our strategy was one of ”technology push” rather than
“societal pull”—what we developed and marketed was whatever
engineering ingenuity could create.

That bubble, as Derian notes, is bursting in this country in
many fields and for many different reasons. It burst for AT&T with
deregulation, which thrust them into a competitive environment
that was completely unfamiliar to them It has taken that company
years to adjust and it is only now learning how to function in our
new world. It happened to those in the semiconductor industry

in the field of nuclear power when scientists and engineers encoun-
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tered the social fear and unacceptability of their product. And it is
now happening in biomedical engineering, where it is equally trau-
matic.

The causes of the disruption in the case of biomedical engineer-
ing are a confluence of social realities—the “externalities” of our
field—that can no longer be ignored. They reflect, first of all, social
needs and problems. The U.S. has medically under-served many
populations—minorities, those who live in rural communities, the
uninsured. Infant mortality and life expectancy figures are not
what one would expect in a developed country that claims a role of
global leadership. On the other hand, there are serious economic
constraints at work in the United States which require that the soci-
ety set priorities for its expenditures.

In setting priorities, however, we must confront and deal with
the ethical imperatives in the delivery of medical care. The princi-
ples of biomedical ethics include respect for the dignity and auton-
omy of the individual, commitment to beneficence—that is, to do
no harm to people—and attention to distributive justice. Each im-
pinges on biomedicine and each introduces subtleties of interpreta-
tion about which people of goodwill can disagree, but even these
do not exhaust the social issues with which we need to be con-
cerned. Beyond needs, economics, and ethics, the work of biomedi-
cal engineers is affected by a society’s cultural values—in a sense,
its prejudices.

One obvious manifestation of these culturally defined values is
the distinction between objective risk—generally, a quantifiable
notion—and risk perception. How people perceive risk, and how
they approach its management, is very much a function of how
they view technology: technophiles who believe—perhaps too
strongly—in technical solutions to all problems tend to understate
risk; technophobes, who want nothing to do with technology, tend
to overstate it. Although it is true that most people fall between
these two extremes, biomedical engineers must face the present re-
ality that, where the human body is concerned, American society
tends toward the technophobic point of view.

Consider, for example, the reaction that most people would
have to the novel medical management of a previously fatal disease
in which a physician was able to achieve a 90 percent cure rate but
actively contributed to the death of the other 10 percent. It is likely
that the vast majority of people would view this as a medical break-
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through, a great accomplishment. Compare that with the likely re-
sponse to a machine that did the same thing—saved 90 percent
and killed 10 percent. Although there is no data to support the
conclusion, most of us would expect the reaction in this case to be
negative and the litigation vigorous. To most people, there is some-
thing dehumanizing about technology; and to the extent that soci-
ety is alienated from technology, it will hold it to a much higher
standard with respect to risk.

Social needs, economics, ethics, and cultural prejudices, taken
in aggregate, represent the unstructured, but nevertheless real, in-
terests that manifest themselves in the actions governments take to
influence the development and adoption of technology in medi-
cine. Also, in our society, government “action” has its own set of
characteristics with which the biomedical engineering community
must contend: first, it is primarily regulatory in nature, aimed at es-
tablishing controls rather than incentives or guidance; second, it is
usually focused on the process rather than the outcome; third, it is
concerned with time scales that are very much shorter than those
usually associated with technological development, a mismatch, in
feedback control terms, that is highly likely to lead to instabilities.

Finally, biomedical engineers, fairly or unfairly, are burdened
with a responsibility that arises from how others use their products:
the companies that sell them, the hospitals that buy them, the clini-
cians who use them.

None of these externalities represents a well-defined issue: they
are interpreted differently by different people; they shift in relative
importance over time; they are not easily quantifiable. Moreover,
they are not independent problems; they interact in various ways.
Although engineers are used to dealing with complicated realities
and finding ways to model and cope with them, the familiar com-
plications of physical phenomena are far different from those of so-
cial phenomena. A common and understandable reaction to the
new circumstances that have burst the bubble of our version of
Derian’s “sheltered technological culture” is frustration. These new
problems are not ones that we like and not ones that we believe to
be our fair b.urden.. Frustration, however, is not a productive stimu-
lus to effective action. This is our new reality, and our ability and
W{lengness to cope with problems we don’t like may well deter-
mine how free we will be to work on the problems that first

attracted us to this field as well as how successful we will be in con-
tributing to health care.
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The remainder of this chapter is devoted to a discussion of
some of these new problems to illustrate some aspects of their com-
plexity and some ways of thinking about them. It will begin with
what must be a much longer and comprehensive effort to find ways
of incorporating these social constraints into our own efforts, where
that is appropriate, and of explaining ourselves and our field to
others, where that is necessary.

* ok * *

We begin with economic issues, since the crisis in the cost of
medical care has been a major driving force in raising people’s
sensitivity to technology in medicine. Technology has certainly
contributed to medical costs, although its contribution is often ex-
aggerated. It is difficult to get accurate data, but some estimates
have indicated that about 25 percent of health costs (and of health
cost increases) are associated with technology, suggesting, of
course, that 75 percent arises from other factors.

With respect to technology-connected costs, it is important to
keep in mind the difference between unit costs and aggregate costs.
These are illustrated in the four examples shown in Table 1. Kidney
dialysis costs about $25,000 per patient per year. The impact, how-
ever, is not in the unit cost; it is that, with 120,000 patients kept
alive through this therapy, the total cost is $3 billion a year, or
about 0.4 percent of our total national health care bill for 0.05 per-
cent of our population.

On the other hand, heart transplants, which cost about $300,000
per patient, are limited by organ availability to about 2,000 per
year. Thus, even if we placed no restrictions on transplant reim-
bursement, the total cost to the nation would be only about $600
million annually. This is still a large number, but it is much smaller
than the cost of dialysis, and it is not likely to get much larger. In
this case, the issue is not one of opening the floodgates to huge
aggregate costs for this therapy, but whether we consider it
“worthwhile” to spend $300,000—the unit cost—on individual
patients; that is, do we consider it cost-effective? There is, of course,
a non-financial issue as well: the question of equity—who gets
transplants and who doesn’t. That becomes an even more difficult
question if public reimbursement systems don’t cover heart trans-
plants while private systems do, and a scarce resource is thus dis-
tributed not on the basis of need or optimal benefit but on the basis

of the patient’s financial capacity.
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Table 1
UNIT vs. AGGREGATE COSTS

Kidney Dialysis _
$25,000/patient/yr X 120,000 patients = $3 billion/yr

Heart Transplants
$298,200/patient X 2,000 patients/yr = $0.6 billion/yr

Artificial Hearts
$328,000/patient X 35,000 patients/yr = $11.5 billion/yr

CVS Scans
$1,000/scan x 500 p./D.S. case = $500,000/D.S. case

According to current estimates, the artificial heart, when it is fi-
nally available, will cost about $330,000 per patient.> However, here
there is no natural limitation on the availability of artificial hearts
and, with up to 70,000 people who might benefit from the heart, the
total cost to society could reach $20 billion or more, clearly a matter
of great concern. This has led a number of people to argue that we
should abandon efforts to complete this development because the
clinical costs would be too high. On the other hand, let us assume
that a vigorous anti-smoking campaign over the next few decades
could reduce the incidence of end-stage heart disease to a much
smaller number, perhaps 3,000 to 4,000 per year. Would (or should)
the artificial heart then become more acceptable to society?

The final example illustrates a different aspect of the distinction
between unit and aggregate cost. CVS scans are performed on preg-
nant women above a certain age to detect any of a number of dis-
eases, but primarily Down’s Syndrome. For illustrative purposes,
assume that it costs about $1,000 per scan and that about one in 500
scans reveals a fetus with Down’s Syndrome. That would mean
that we spend $500,000 for each case of Down's Syndrome uncov-
ertled.. }'\s we move toward applying cost-effectiveness criteria to
priorities in medical treatment, how shall we judge such a proce-
dure? One of the things we may want to consider is what we can or
should do with the information. For instance, if a fetus with
Down's Syndrome is aborted, then it might be reasonable to weigh
the $500,000 cost involved in identifying it against the cost to soci-
ety of a lifetime of care for a person with that condition. However,
if that is to be the nature of the calculation, should we then limit
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CVS scans to those women committed to choosing abortion if a
Down'’s Syndrome fetus is identified? Clearly, economic decisions
are tightly interwoven with a number of social and ethical issues.

The cost to the health care system of technology-based care
arises not only from the cost of the technology itself but also from
the social system into which it is introduced. The litigiousness of
our society leads to what is sometimes called “defensive medical
practices,” erring on the side of more rather than less use of sophis-
ticated treatments to avoid negligence suits, and thereby incurring
costs that can far exceed those directly related to lawsuits.

Competition in medical care, unlike in many other fields, may
actually raise costs instead of reducing them. When the strategy for
improving one’s competitive position is to provide an impressive
range of sophisticated and expensive equipment, everyone pays for
the excess capacity either through its unnecessary use or through
increased fees. When hospitals performing only a few transplants
per year advertise themselves as transplant centers, everyone pays
for the overhead of maintaining transplant teams (or for the poor
results that come from insufficient experience).

Although all expenses are real, not all are unreasonable, nor
ought we to feel apologetic about them. For example, if a technol-
ogy is introduced for treating a disease not previously treatable,
medical expenses will go up because we are able to treat more
people, not because we have introduced inherently expensive med-
icine. The new treatment of the new disease may, in fact, be more
cost-effective in saving lives than existing treatments of other dis-
eases. In such cases, if total costs are to be controlled, the sensible
approach would be to phase out existing treatments that are less
cost-effective. As the Oregon experience has indicated, there are
grave practical difficulties in implementing such regulatory sys-
tems; but biomedical engineers should be thinking about how they
might contribute to that effort.

There are several other ways in which the biomedical engineer-
ing community can contribute to the effort to control health care
costs and to the dialogue about that effort. With respect to the con-
trol of costs, we must move beyond the “technology push” mental-
ity: cost must become as important a criterion as performance in a
new product; need must become as important as feasibility in un-
dertaking a new development; the goal of reducing total health care
costs must drive our efforts as much as the goal of increasing the
potential for treating disease.
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With respect to the dialogue about cost control, we must famil-
iarize decision-makers with the nature of technology. For example,
they must begin to understand the technology learning curve: that
the cost of a given technology always decreases and its effective-
ness increases over time. Therefore cost-effectiveness comparisons
made at the time of introduction of a technology will always be
misleading. If adverse decisions are made on the basis of that initial
comparison, the ultimate benefit will be lost. As another example,
decision-makers and the public at large must be helped to under-
stand the highly nonlinear costs of reliability. No technology is risk
free, and when society insists upon reductions in risk potential to
unrealistically low levels, it raises unit costs so high that the ef-
fectiveness of health care is actually reduced. That is, there are op-
portunity costs associated with risk reduction: increasing system
reliability from 90 percent to 99 percent may help 9 percent of the
treated population, but the increased cost may mean that a vastly
larger number of people will not be treated at all. Can the biomedi-

cal engineering community help to promote societal acceptance of a
more realistic approach to risk?

* % % ¥
Most public discussion of medical technologies has concerned
their economic impact. However, there are ma ny other dimensions
to their social impact and each deserves attention. In the following
paragraphs, a number of €xamples are presented, not in any at-

tempt to be comprehensive or exhaustive, but rather to illustrate
the range of issues.
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of life. Genetic analysis, “smart” monitors, and patient databases
are three examples of diagnostic technologies, each rather different
from the others. Genetically engineered drugs, dialysis, and artifi-
cial hearts are examples of therapeutic technologies, also different
from each other.

* Genetic analysis has not only been extremely important in
research aimed at identifying and correcting genetic defects but
also it has made it possible to identify latent disease conditions suf-
ficiently early that options are available to deal with them. Down'’s
Syndrome is certainly one example, but there are now many others.
However, the very effectiveness of these methods has become a
source of social concern, frequently cast in terms of the competing
claims of individual privacy and the public good. Who ought to
have access to this information? Should individuals be stigmatized
because they are known to have a certain trait? Should there be any
public right to information about an individual or a family in a
world where employers and insurance companies have begun to
take very seriously the issue of risk management? Should prospec-
tive parents have a right to information about a fetus that might
lead them to choose to abort it for reasons that might range from
the questionable to the frivolous—wrong sex, high risk for certain
diseases? Indeed, is it possible that the very ability to identify and
possibly correct certain problems in utero raises the specter of eu-
genics and changes perceptions about the worth of “defective”
people? All of these issues are now being raised by bioethicists and
public interest groups.

* “Smart” monitors raise a quite different set of issues. These
devices, associated with such systems as implantable defibrillators
or glucose pumps, not only monitor vital signals continuously but
can initiate actions in response to those signals, thus offering a pa-
tient a level of care that approaches having a physician continu-
ously present. But an instrument is not a physician, and society’s
view of liability is quite different with respect to a machine than it
is with respect to a human being. If we are to gain the advantages
that could come from wider use of these new monitors, we must
deal intelligently with these legal issues.

* Data bases, which may have the greatest potential for reduc-
ing medical costs of any single kind of technology, have had sur-
prisingly little use in medical care. Information technology is now
being widely applied in field after field, in business after business.
The private sector is investing heavily in it because it is found to be
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economical—it saves companies money and gives them quick
information useful for managing. Interestingly, however, where in-
formation exchange crosses the boundaries of individual compa-
nies (or practitioners), or where it requires a public investment in
data networks, it is used much less often. The sharing of medical
information is certainly inhibited by the lack of these networks and
there seems to be little impetus to change things. Physicians and
hospitals aren’t too eager automatically to share information on
patients and patients aren’t too eager to have it floating around,
particularly because of the current business strategy of insurance
companies. Physicians—unlike lawyers—take little advantage of
the potential for continuing medical education or treatment up-
dates that an information network could provide, probably because
there is no way to obtain reimbursement for the investment in the
technology. So, while this is a technology whose increased use
would certainly lower medical costs and would probably improve
care, we don’t seem to have a social organizational structure that
can bring about its adoption.

* Genetically engineered drugs, such as tissue plasminogen
activator and erythropoietin, have sensitized us to the difficult
problem of finding equitable approaches to making drugs available
to the public at a reasonable cost while allowing drug companies to
recoup the enormous research and development costs associated
with new drugs. Particularly in this area, the more general societal
question of “industrial policy” looms large. A tension has devel-
oped between governmental attempts to simplify the drug ap-
proval process on the one hand (lowering development costs, but
raising concerns about safety issues) and, on the other hand, grant-
1sr111gc ;nfnr:iied llntellectual property protection to companies through
i jvr::é?:u a;::gtgrpﬁan Drug Act (with its attendant po-
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gan. It could include, for example, dialysis machines and mem-
brane oxygenators as well as artificial hearts. What they have in
common is that they don’t cure a disease but help people to live
with it over the course of their lives. As a consequence, quality of
life emerges as a major issue, and with respect to implanted devices
reliable functioning over periods of time that may extend to five,
ten, or even twenty years is an important performance criterion.
Both present major problems. With respect to quality of life, who
ought to make the judgment? With respect to performance, how
shall we define it, how high a standard should we set, and how
shall we demonstrate, in realistic timeframes, that a system or de-
vice can meet our expectations? Moreover, how should we com-
pare the outcomes achievable using these devices with those
achievable with existing therapies—that is, how do we establish
relative cost-effectiveness?

The reports of the last few advisory groups called upon to as-
sess progress in the NHLBI's artificial heart program have begun to
deal with these issues,® introducing a measure termed quality ad-
justed life years (QALY). To calculate QALY, the extended years of
life achieved by a certain therapy is multiplied by a “quality of life
parameter,” a number between zero and one that represents a
quantitative representation of some qualitative judgment of how
“normal”/good/pleasant a person’s life is as a result of the ther-
apy. If the cost of the therapy is factored in, one can calculate a cost-
effectiveness measure—QALY/dollar spent.

Table 2 illustrates the use of this approach to compare conven-
tional treatment for end-stage heart disease with that for heart
transplantation and with the projected costs of the artificial heart.
As the table shows, by this measure the most cost-effective proce-
dure is a transplant. Perhaps surprisingly, the least cost-effective
procedure is the conventional drug treatment, not only because pa-
tients only survive for six months on average but also because the
accompanying extremely limited “bed-to-chair” existence is as-
signed a very low quality of life parameter. The table demonstrates
an important point sometimes lost in the public discussion of
whether or not to introduce “expensive” therapies: although the
cost-effectiveness of artificial hearts is still lower than that of heart
transplants, and though our health dollars might be better spent for
other purposes, consistency of reasoning would dictate that we
ought to stop providing conventional treatment to heart patients be-
cause that is still less effective.
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Table 2
END-STAGE HEART DISEASE:
COST-EFFECTIVENESS OF THERAPIES

Therapy Aggregate Cost Life-Years QALY
(K$) (years) (years)
Conventional Treatment 28.5 0.50 0.03
Transplantation 298.2 11.30 8.45
Artificial Heart 327.6 4.42 2.88

Thus, two significant issues are raised. First, it makes little
sense to argue that the way to hold down medical costs is to limit or
halt the introduction of new technologies; in fact, we might actually
reduce costs in circumstances in which new technologies are more
cost-effective. Second, cost-effectiveness as a concept has some seri-
ous limitations in terms of the values of the society. Are we really
prepared to halt conventional treatment of heart patients based
only on an economic argument? The Oregon experience indicates
how wrenching such an approach is to society. There are many who
believe that the Oregon plan will not be broadly emulated within
the United States. As rational as the approach may be, until there
are significant changes in the attitudes of people about life and
death, about how to define their own humanity and humaneness,
rationality and cost-effectiveness will not be viewed as the exclu-
sive criteria for judging the delivery of health care.

It would be a mistake, however, to reach the conclusion that
new technology is always more cost-effective and, even more im-
portant, that making it so is accepted as a major obligation. Gener-
ally speaking, the sheltered technological culture which we have
inherited has not inculcated that as a major motivation. For ex-
ample, during the years in which dialysis has been covered by
Medicare, its costs have remained approximately equal to the gov-
ernment’s payment schedule. Home dialysis costs have actually in-
creased over those years to reach that schedule. Interestingly, the
cost of a disposable dialyzing unit has gone down during that time,

as one would expect. Surely, dialysis is safer today than it once

was, and it is probably more effective, but it is not cheaper. Clearly,
cost reduction has not been a g

: SO oal; one of the challenges to the bio-
medical community is to change that situation_
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To conclude, we return to where we began. Scientists and engi-
neers committed to the application of technology to problems in
medicine must deal not only with the challenging complexities of
biological systems; they must also recognize the equally complex
realities of human society with its political, social, cultural, and re-
ligious values and structures. As with any highly interactive sys-
tem, a disturbance in one part has consequences throughout. To the
extent that those involved in the development of technology can
anticipate these many interactions, they can work constructively to
help society to deal with them. In a sense, what is needed is the so-
cial equivalent of an environmental impact statement. If the engi-
neers who best understand these new systems take the lead in
objectively assessing them, they will be in a better position to in-
sure that the assessment is an informed one.
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CHAPTER 3

A View from the Senate

DAVID DURENBERGER
U.S. Senator, Minnesota

“A dysfunctional medical market system is depriving us of the

resources we need...to serve the real health needs of the
people.”

“Fourteen percent of our GNP is currently going into medical “so-
lutions’ to long-term health care failure.”

“Solving the problem involves., . . changing our values.”

Washington is attempting to solve a problem which has not yet
been defined. In 1988 the major health care issue was long-term
care. A recommendation on long-term care was put on the shelf
and has not been pulled off in the Jast three years. Acute care has
not been perceived as a political problem. A problem that was per-
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One problem for Americans is our definition of health, health
care, and health policy. We have “medicalized” those definitions.
A real challenge in America is to broaden the definition of health to
include the behavioral and other problems we see around us. The
drive-by shootings, the kids killing each other for sneakers—these
are a large part of this problem. Medical access also is a part of that
problem. Long-term access to long-term care is also a part of that
problem. The environment should be part of health policy in this
country; genetics is part of health policy in this country.

One of the things we ought to emulate is the way other major
countries define health. Almost all of them define it in this much
larger context. Only in America have we totally “medicalized” the
definition of health care. Today our fetish for medical solutions and
our dysfunctional medical market system are depriving us of the
resources we need for the family, the community, and the country
to serve the real health needs of the people. Fourteen percent of our
GNP is currently going into medical “solutions” to long-term
health care failure.

Solving the problem involves cost containment. It also involves
changing our values. Americans want the job security of having
health insurance; they want costs under control or at least predict-
able; they want high-quality care. They don’t want to stand in lines;
they don’t want second-rate medicine. This in effect means that
most Americans want more and better for less.

How can we meet that challenge? It can be met politically by
turning the whole system over to the government, or a market ap-
proach can be found to resolve the problem. I don’t know of any
particular public service in which turning over a problem to the
government has worked—in which you need more and better but
you want to pay less. Government productivity is an oxymoron.

Many of my friends insist that the solution is mandated pay or
play—employer mandates must cover everybody on the existing
system. In my opinion, that is not going to do it. Others propose a
single-payer solution and want all states to do what Canada does.
But if America turns its system into a Canadian-style system,
where are Canadians going to get their medical care?

The way to do more and better for less is to increase prod-
uctivity. It means we have to change the behavior of everybody in
the current system. We as consumers have to change, producers
and providers of care have to change, and the health plans which
provide us access have to change as well. Employers have to
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change their behavior and the government has to become more pro-
ductive. Wherever you look in this particular system, you have to
find ways to do better at less cost. The best way to restrain cost
growth is to improve quality.

Among my many constituencies is the Mayo Clinic. The Mayo
Clinic is running out of business. If it is the best in the world, why
is it running out of business? It has a thousand doctors and a thou-
sand residents, and it is running out of work. So don't tell me
Americans know how to buy quality medical care. We ought to be
lined up in front of the Mayo Clinic instead of our local hospitals.
But we aren’t because we don’t know any better.

Improving and defining quality is critical. The debate presently
being waged includes the managed-competition people on one side
and the regulators on the other. In effect what we have is an issue in
which cost-containment is one side of the policy debate and cover-
age is the other side. On the cost-containment side, it is my view
that the only way to contain costs is to reward the best producers in
our system with all of the business. In order to do this, we have to
be able to reward the consumers of health care with dollar savings
when they buy the right kind of health plans that give them access
to the right kind of medical services. That is the essence of managed
competition.

Employers, not the government, are doing this right now in my
home state. Employers in my state over the last ten to twelve years
have found ways through HMOs and other kinds of accountable
health plans to reduce the cost of health care in Minnesota from 10
percent above the national average to 15 percent below the national
average. In Rochester health care cost is 23 percent below the na-
tional average; in Los Angeles, it is 78 percent above the national
average. If everybody in America did what we are doing in
Minnesota—changing the way medicine is practiced, changing the
way people buy their health care—we would probably have our
health care costs back at 9 percent or 10 percent of the GNP within a
decade. The key is rewarding good providers for their good behav-
ior and letting them show us what good behavior is. Let them show
us what the most appropriate use of technology is and what kind of
technology we really need.

We are just beginning this process. Minneapolis-St. Paul has a
population of 2.1 million people, and we have closed the equivalent
of ten 400-bed hospitals over the last ten years. The hospitals that
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remain are operating at only 46 percent of capacity. Similar things
can be done a market at a time all over America.

The coverage side is where the Clinton administration has some
problems. They want to reform coverage and do market reform at
the same time, and I don’t believe you can do that. In order to make
a market work, the consumers have to get the financial rewards. In
order to make a market work, I have to get some savings by choos-
ing the better health plan. By doing the correct and responsible
thing for my health I have to see a benefit which is not ripped off by
somebody in the system. Most of the savings in a market need to go
to the person who makes the market work—the consumer.

It is very important that we look elsewhere for universal cover-
age. The elsewhere is already there—the federal subsidies for
employer-paid health insurance, tax subsidies for our own ill-
nesses, Medicaid, Medicare, the VA, and retiree health benefits.
There is sufficient money in the system right now that, if it were
spent more appropriately, it could provide universal coverage.
Why is it that at age 65 we make everybody change the way they
buy health protection? We subsidize the big companies, the well-
off, and the rich, and we penalize the self-employed and individu-
als in small groups.

There is so much room for change. This is one of those times
when the solution is in all of us. It takes a leader like Bill Clinton
and a leader like Hillary Rodham Clinton to give us the vision for
the future of American health care and create a truly American so-
lution to our nation’s number-one challenge.
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“There is nothing like a problem becoming a middle-class prob-
lem to move it up on the political agenda.”

“Everything about the way we have arranged health care now eﬂci
courages people to want more, provide more, consume more, an
spend more on health care. . . . Our tax system encourages ,]’JEOPle
to take a lot of health insurance rather than higher wages.

“We have not had much incentive to adopt cost-reducing tech-

nologies. ... We need to reward cost-reducing technologies and
to provide incentives to use them where they count.”

“We must accomplish. . . these major goals. . . without destfo?;‘
ing the incentives for innovation and change and high quality.

“The real potential for the future is in bioengineering.”

S

Why are we hearing so much about health care reform today? Be-
cause we have 36 million

people who are uninsured? Because we
keep spending two to three times more on health care than we do
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on other things? No. The reason we are so concerned about health
care reform now has more to do with the fact that the recession of
1990 was a white-collar recession. Middle-class people who had not
previously been worried about health care and health insurance re-
alized that people like themselves were losing their jobs and, with
their jobs, their insurance. Because of the strange way health insur-
ance works, even if those people regained employment, they might
not be able to get insurance due to an illness ora preexisting condi-
tion. Thus, a problem that has existed for more than thirty years be-
came a real middle-class problem. There is nothing like a problem
becoming a middle-class problem to move it up on the political
agenda.

Those of us in public policy positions are, on the other hand,
more worried about rising national health expenditures and the
numbers of people without insurance. You are hearing many schiz-
ophrenic responses as to what problem we are trying to face. Both
sets of problems are out there: the problems individuals tend to
think about, which are, “How can I reduce the costs that I face?” or
“How can I make sure that 7y health care and my health insurance
is stable and there when I need it?” and the questions our politi-
cians are concerned about, such as “How can we make sure that
health care is provided to people who have been shut out of the
system?” Even more important, from the politicians’ point of view,
is the question, “How can we begin to restrain health care spend-
ing?” These two perspectives are not always the same, and they are
going to cause a lot of problems.

Let me now share with you the roles that technology and bio-
medical engineering can play, although I don't think they have al-
ways played these roles in the past. There is no question that many
people in this country attribute a part, sometimes a large part, of
our health care cost problem to spending on technology—its use
and its misuse. We should not be surprised that spending is an is-
sue in this country—everything about the way we have arranged
health care now encourages people to want more, provide more,
consume more, and spend more on health care, and that certainly
extends to the area of health care technology. The question is,
“How are we going to address this spending concern?” What sorts
of methods are we going to adopt to slow spending, and what will
such restraints mean for health care technological innovation and
for biomedical engineering? We must address these issues ade-
quately if we wish to avoid severe damage to the system.
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their jobs, their insurance. Because of the strange way health insur-
ance works, even if those people regained employment, they might
not be able to get insurance due to an illness or a preexisting condi-
tion. Thus, a problem that has existed for more than thirty years be-
came a real middle-class problem. There is nothing like a problem
becoming a middle-class problem to move it up on the political
agenda.

Those of us in public policy positions are, on the other hand,
more worried about rising national health expenditures and the
numbers of people without insurance. You are hearing many schiz-
ophrenic responses as to what problem we are trying to face. Both
sets of problems are out there: the problems individuals tend to
think about, which are, “How can I reduce the costs that I face?” or
“How can I make sure that my health care and my health insurance
is stable and there when I need it?” and the questions our politi-
cians are concerned about, such as “How can we make sure that
health care is provided to people who have been shut out of the
system?” Even more important, from the politicians’ point of view,
is the question, “How can we begin to restrain health care spend-
ing?” These two perspectives are not always the same, and they are
going to cause a lot of problems.

Let me now share with you the roles that technology and bio-
medical engineering can play, although I don’t think they have al-
ways played these roles in the past. There is no question that many
people in this country attribute a part, sometimes a large part, of
our health care cost problem to spending on technology—its use
and its misuse. We should not be surprised that spending is an is-
sue in this country—everything about the way we have arranged
health care now encourages people to want more, provide more,
consume more, and spend more on health care, and that certainly
extends to the area of health care technology. The question is,
“How are we going to address this spending concern?” What sorts
of methods are we going to adopt to slow spending, and what will
such restraints mean for health care technological innovation and
for biomedical engineering? We must address these issues ade-
quately if we wish to avoid severe damage to the system.
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It is no real surprise that this is a problem. Typically, consumers
are shielded from the cost of health care. That is part of what it
means to have health insurance, and constitutes both the good and
the bad of health insurance. Our tax system encourages people to
take a lot of health insurance rather than higher wages in their em-
ployee compensation packages. We have numerous structures that
encourage physicians and institutions to use any procedure that
might provide some medical benefit, even if there is some real
question about whether the benefit provided is anywhere compa-
rable to its costs, either to the individual institution or to society as
a whole. The incentive for such action is partly the reimbursement
system, partly the liability system. If a physician or institution
doesn’t do anything and everything that someone else might have
done in those circumstances, and the patient has a bad outcome,
then the individual and the institution will be subject to a lawsuit.
If we are going to moderate spending, we are going to have to find
ways to change the incentives motivating consumers, providers of
health care, individual physicians, and institutions, and we must
also reform our concepts of Iia'bility.

Many of our health policy colleagues have joined the camp of
those w.ho feel that technology has been a real cost-driver, that tech-
nology is so powerful a cost-driver that if we do not severely and
harshly restrain the introduction and/or diffusion of new technol-
ogy, we will not be able to control spending—even if it is technol-
ogy for which people want to spend money. That is frightening. It
inggilsggzléy 1}11nreal1st1c‘ Fo adopt a position that even i1-C people

' what a specific technology costs and thought it worth-
while we should not allow it to be applied. The fact that a number
of n‘i}’ colleagues indeed feel this way distresses me.
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passed through to insurance companies. This is the basic reason
why it is only in health care that technology has not resulted in cost-
reducing strategies. In most other areas of endeavor technology is
looked to as a way to provide more things or better things more
cheaply. Why is that not the case in health care? Two reasons:

* there is no direct incentive for providing cost-reducing

technologies;

* there is very little incentive to use such technologies be-

cause of our reimbursement system.

We need to reward cost-reducing technologies and to provide
incentives to use them where they count. There are very few tech-
nologies that are not cost-reducing some of the time. The argument
should not be whether, on a unit basis, they reduce cost. Yes, it is
cheaper to do angioplasty than it is to do bypass surgery. Yes, it is
cheaper to do some sophisticated imaging, even if it is very expen-
sive, than to do some expensive invasive surgery. However, it is
not cheaper for the system if five or ten times as many people have
angioplasty or imaging procedures as would have had surgery.
These procedures are only worthwhile if their use is determined at
the level of the individual patient; that is, if the technology is used
with discretion. What we need, therefore, is both better knowledge
about what works and when, and a reimbursement system that
supports doing things when they count. I very much agree with
Thier (see Chapter 1) that it is not just cost in the narrow sense that
we want to examine, but costs in the overall sense.

The question is, can we begin to find ways to provide financial
incentives to develop cost-reducing technologies rather than just
anything that provides any benefit? And can we find ways to en-
courage their use when it counts? Achieving these goals will re-
quire a change from the way we do things now. The initial obstacle
1s a lack of information about what works, although there is in-
creased interest in outcomes research and on making that informa-
tion available. Presently there are not financial incentives to use
cost-reducing technologies or to develop them; that needs to
change. There are no incentives to do things when they count most
rather than simply providing procedures for everyone.

We should be worried about health care reform. It is not just a
matter of trying to make sure that we find a way to provide health
insurance coverage to the people who are now without it, or to find
a way to moderate spending. We must accomplish both of these
major goals at the same time without destroying the incentives for
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innovation and change and the high quality of health care that
American consumers of health care for so long have taken for
granted. It is not an easy order. Don’t be fooled by people who
claim it is. It will require very delicate trade-offs if we are to
achieve the goals of decreased cost and increased access without
killing the drive for innovation and change that has so distin-
guished the American health care system.

The real potential for the future is in bioengineering. The desire
for new knowledge and better ways of doing things is so much an
inherent part of our society that, in the end, I believe the good sense
of our American citizens will prevail.




CHAPTER 5

Public Policy and Innovation

SUSAN BARTLETT FOOTE

“The support structure for basic science and technology must re-
late and correlate to social needs. . . . We have used payment pol-
icy as the implicit technology policy.”

“Most politicians do not have the appropriate skills. . . for tech-
nological decisions.”

“We need input...in the area of emerging technologies
that...may have great benefit. . . . Medical and biological engi-
neers are the people who know what the new emerging technolo-
gies might be.”

“Technology is not simply a cost problem. It is a health care qual-
ity issue.”

Only an academic thinks coming to Washington is coming to the
real world. Washington has its own form of virtual reality. We have
a technology policy challenge; now is the time to develop the solu-
tion. We now have the opportunity to come up with a new medical
technology policy. The problem is that technology issues are com-
plex, hard to understand, and not well understood in the policy en-
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vironment. Technology is often treated in the debate as an afte.r-
thought, an add-on, something separate from health reform. It is
something to worry about, to be ambivalent about, to blarpe for
cost increases when it is convenient to do so. Both the public and
the policymakers are not very well informed about the tremendous
complexity and interrelation of technology to all aspects of health
care. '
Health policy planners need help in order to do theil_‘ job right.
If we do it wrong, it will cause tremendous damage not just to you
professionally, but to the quality of our health care for decades to
come. '
The stages of innovation are presented in Figure 1. Note thE‘lt in
medical technology, unlike other areas of technology innovalltlon;
government and public policy have become imbedded in the Tnno-
vative process at virtually every stage. In terms of support of inno-
vation, a large number of government agencies are involved,
including the NIH, NSF, DOD, and NASA . There are private-sector
pressures on the innovative process as well. Virtually everywht?l' €
there is some kind of government agency that gets involved with
either pushing that technology, to use Keller’s term (Chapter 2), or
pulling it back and inhibiting it in some way. I have described these

various public policies, where they came from, what they do, and
how they change.!

Product

Science =3 Invention —> Development Adoption ~—> Diffusion
| | | o ]

|
DISCOVERY DISTRIBUTION
Stage 1

Stage 2

Figure 1. The Stages of Innovation.

There is very little interchange in Washington among these var-
ious sources of public policy. When we consider changing the
incentives in public policy, we must deal with entrenched bureau-
cracies with lives of their own that operate in ways very much inde-
pendent of each other. One of the big challenges, if we are really to
have a rational medical technology policy, is to redesign the federal
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bureaucracy. The support structure for basic science and technol-
ogy must relate and correlate to social needs; there must be some
feedback between the two. That is one challenge. Considering the
health reform to date, our technology policy, to the extent that we
have one, is really our payment policy. We have used payment pol-
icy as the implicit technology policy. When we talk about health re-
form and attempt to redesign the structure, focusing primarily on
payment and cost, we are indeed implicitly designing a not very
well understood technology policy.

There is considerable uncertainty about what exactly will come
out of the Clinton White House. There are really two paradigms at
far ends of the spectrum that are possible models—public regula-
tion or managed competition. Health reform most likely will fall
somewhere within those paradigms (Figure 2).

Clinton Managed
Plan Competition

RN

Private
Regulators
(Economics Model)

Public
Regulators
(Canadian Model)

Figure 2. The Spectrum of Health Reform Paradigms.

On the public regulator side, government must make fundamen-
tal decisions; the source of public policy will be government—and
government means politics. If you have ever tried to discuss EKG-
reimbursement policy with a senator for hours because that is the
pressing issue of the day, and this is someone who has never given
an EKG or designed an EKG device, you realize that politicians do
not have the appropriate skills and should not be required to micro-
manage technology decisions. The minute there is government
there is politics, and the minute there is politics there are other fac-
tors and biases that come into play.

The managed competition model relies primarily on the private
sector to regulate the marketplace—competition among health
plans will be the cost-control mechanism, not a price-setting gov-
€rnment entity. It is a model that is driven primarily by economics
rather than politics.

The preference of conservative Democrats and moderate Re-
publicans, which I support, is to design technology policy as part of
the economic or private-sector regulatory side. Some, however,
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only give lip service to the competitive model. What may develop
is a design that looks much more like a public regulator than a pri-
vate economic system. That can be done in a number of ways. Most
congressional staffers haven’t spent ten years in a business school,
so they don't always understand or trust markets. They think in
terms of government, because that is what they know. Government
means making rules and regulations, with punishments for vio-
lators. A big danger is that we will have a program that is called
managed competition but really isn’t. What may happen is that
government will make the technology policy in-house. First, you
will get centralization—the federal system making decisions about
technologies for the whole country, not just for Medicare, not just
for Medicaid, but for privately insured persons as well. What is the
government’s track record? On both technology assessment and on
coverage and payment policy it is pretty dismal. There are technol-
ogies buried in the morass of HCFA. There are delays and bureau-
cracy. Government tends to undervalue assessment—it isn’t a
service for which we pay very much. One percent of health care
spending goes to government assessment activities, a very small in-
vestment in assessment.

If we go to a price regulation model, we get into a problem Dr.
Weisbrod raised (Chapter 10). If the price is set wrong, then the
technology can be lost because all the signals say to the manufac-
turer or provider that they will lose money. It doesn’t take very
long for hospitals and other providers to decide that they simply
c'emnot get involved in a technology that will lose money every
time. There is a tremendous danger that addressing cost contain-
ment .by centralization is going to paralyze technology. Govern-
ment is not good at picking winners and losers and is not good at
pricing them.

There is a lot more promise on the private regulator side. Weis-
brgd (Chapter 10) has discussed the insurance issues. We are not
g0INg o go to a system where fewer people are covered; we are go-
s to keep an insurance system, and we need to restructure the
Insurance market so that the incentives to overutilize and over-
consume are changed. The efforts to create capitated, HMO-like,
gccountable health plans, not based on a fee-f0r~servic’e model, are
%mp}?r tant. Putting the risks of the health of the covered individuals
ﬁe;nes }:izfsthof tf.le Imsurance Provid?r in an integrated system

ere 1s much less incentive to overutilize care and
much greater incentive for rational allocation of high-cost capital
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equipment. I have been accused of saying “Americans like to bury
the hard decisions in the private sector.” That is how it should be.
Health plans are going to be measured on outcomes rather than on
inputs. It is not how many MRIs a particular plan has, but how well
the patients do in that plan. This will be the information by which
consumers make selections, thus depoliticizing much of the deci-
sion making.

Where problems still lie, and where we need input, is in the
area of emerging technologies that may be cost-raising locally or in
the short term but that still may have great benefit. We need some
incentives for greater assessment and understanding of the value of
those technologies. The challenge is to design a federal role that
doesn’t just block emerging technologies but builds in incentives
for the private sector to cooperate with the public sector to provide
the kind of information we need to understand just what it is that
these technologies might contribute, and to encourage them if we
need greater understanding. We also need a mechanism or process
by which we can move from the innovative stage through the ex-
perimental stage to the decision to adopt the technology. There are
some technologies that won’t be buried in the private sector, be-
cause the issues are not merely those of cost effectiveness. The pri-
vate sector can do cost-effectiveness measures pretty well. There
are some technologies which the public will perceive as a treatment
and, assuming it will be a benefit to them, will insist that it be in-
cluded in the benefit package. As long as there is some kind of stan-
dard benefit package, there is going to be tremendous pressure for
the federal government to have some system of making decisions
about the values of those new technologies.

That is where we really need help—because medical and bio-
logical engineers are the people who know what the new emerging
technologies might be and who they can help. We don’t want to
lose the momentum in the R&D sector, which is at risk of being lost
if we are not careful. Technology is not simply a cost problem;itisa
health care quality issue. Bring information to help those of us who
are working on this problem do a better job. It is in my interest,
your interest, and society’s interest to do so.

Discussion

In response to a question dealing with incentives and the pro-
duction of physicians, Dr. Foote said: “There is as much as $30 bil-
lion in the Medicare system for reimbursement for GME, general
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“What changed in 1992?...It is now a middle-class is-
sue.. .. There are a whole set of issues which are bringing fear to
the entire middle class.”

“The specialists are really the endangered species here....Our
medical schools turn out about four specialists to every primary-
care doctor—this behavior will change.”

“We almost never put in labor-saving technologies today—
rather, we utilize labor-consuming technologies.”

“There will be an emphasis on prevention, cost reduction, and
continuous quality improvement.”
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medical expenses. If there are any deans of medical schools who
would like to help me restructure the GME and indirect medical
costs in order to get more primary-care physicians produced in this
country, we would certainly change the incentives.

There was a reference made to the very large administrative
costs in our present system. Dr. Foote responded: “Itis true that we
have tremendous administrative overhead; however, some of the
HMOs have administrative costs below those of Canada, so a
single-payer system is not necessarily the only way to cut adminis-
trative costs, but it is one way. The fact that Americans like choice
tends to some extent to drive costs up. Choice has a cost.”
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Copyrighted material © 1994; Medical and Biological Engineering in the Future of Health
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Health care expenditures per capita in the Unitgd State§ are consid-
erably higher than the GNP of some of our major trading pa_rtnf;s
and competitor nations. We spend about $2,000 per person in the
U.S. for health care, whereas our nearest competitors are more]?
the range of $600 to $1,200 per person. Britain hag_‘, (.:a.pped its hi’a z{-
expenditures, and has done so for a long time,. utilizing global ut
gets. Germany has had an extensive rise in its health care Cos si
around 5 percent per year compounded in real ferms until it pres
ently capped its budget at about 9 percent. Japan’s cgsts are star'tu;g
to get a little out of hand. That nation has a large aging POPU]ah%é
and it has not capped its expenditures in the same way that the
countries have. . -

There are about 40 million uninsured people in the Unite
States. The actual number fluctuates based on unemployment and
other factors, but it has been fairly steady for ten years or so. Health
insurance costs for employers who pay for health insurance is rqn-
ning around $4,000 per employee per year, a figure projected to ?se
next year to about $4,400. This is a doubling over the past. ve
years, and it is the basis of the problem we are facing. Business
costs for health care are up again in 1993 by about 10 to 12 percenf,
with 3 percent of that due to inflation—that means a rise of about 7
to 9 percent in real terms. The increase is lower for managed care—
about 4 percent—but is higher for indemnity plans.

Why is this a hot topic today? What changed in 1992? We ha{ve
had this cost crisis for years, and we have had major problems with
access to health care for years. It is hot because it is now a middl?-
class issue. It is also a budgetary deficit issue. The primary factor is
that the middle class in the U.S. is afraid of health care expen-
ditures and the loss of health insurance. They have never been mo-
tivated by the idea of what percentage of GNP it is. They are
motivated by these personal questions:

* “How much does my health insurance cost?”

“How much are my cash take
“How much of my cash wag
insurance and deductibles?”
“What if I lose my job?”

There also are the issues of exclusion for preexisting conditions. Of-
ten employers do not offer insurance because they are in smaller
service industries. There are a whole set of issues which are bring-
ing fear to the entire middle class.

What are the factors that affect health care costs? If we consider

-home wages?”
es do I have to spend on cO-
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the annual rates of change in real terms over the past three decades,
we find that population factors account for about 1.2 percent of the
increase in health care costs. This is due to the growth in population
and the aging of the population—factors that relate to demograph-
ics. Another much larger factor is economy-wide inflation. A third,
but smaller, factor is excessive medical-care costs.

Other factors also represent a relatively large amount. Thereis a
major distinction that is critical to this analysis, and that is the
growth in costs. We are not referring to the $800 to $900 billion, but
rather to the growth that is added on each year. Since 1970 costs
have increased from about 8 percent to about 14 percent of the
GNP. In real terms the growth rate has been averaging 5 to 6 per-
cent per year, with very little change after adjusting for inflation.
The major factors affecting health care costs are:

* demographics

* input prices

* volume and intensity

* waste
One interesting component to the demographics is the growth of cen-
tenarians in the U.S.—from a little over 10,000 in 1960 to an esti-
mated 100,000 in the year 2000 to a projected 1,000,000 in the year
2050! Input prices are the costs of inputs that go into health care in
the form of wages and supplies. Volume and intensity is the area that
concerns us in this setting—it is a catch-all for such factors as big
technology (machines, equipment, special facilities, operating
rooms, etc.), as well as small technologies (small instruments and
new lab tests, for example). It includes the use of older technologies
for new purposes, such as diagnostics, imaging, laboratory uses,
etc. Also included in the volume and intensity category are some
elements of defensive medicine—the additional things we do that
wouldn’t be done if we could look a little differently at the liability
issues involved. Volume and intensity also includes more specialty
care (a form of technology)—we pay specialists more than we pay
primary-care providers. The cost of excess capacity is also included.
We have about a third of our hospital beds unoccupied at any given
time. There is also a lot of other excess capacity in ancillary and
Supportive services.

The last major factor is waste, which includes administrative
complexity, difficulties in billing, and diseconomies of scope—the
fact that we have so many different products and activities in the
Same institution that there is often a costly level of congestion and
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confusion as well as costly billing and payment mechanisms. There
are also small area variations in costs which affect the overall levels
of costs but not their rates of growth. For example, why do we use
SO many more resources in one area than in another area? There are
also the issues of the tax laws favoring employees, at least the em-
ployees who buy health care, because health care is paid before tax
deduction and there is little incentive for patients to limit their uti-
lization of the health care system. Then there are the standard is-
sues of greed and fraud which also come into play.

Consider the differences between the growth in costs and the
base of costs. As certain elements of the cost structure in health care
have changed, the overall annual growth rate of 5 to 6 percent con-
tinues unabated. This growth factor is the push, the driving force,
for our concerns and problems. A major shift in the base, for ex-
ample, resulted from DRGs changing from retrospective payments
to prospective payments; that cut our costs for a short period of
time. But the growth trend continued. The same thing happened
with the introduction of HMOs—although it cut costs, it didn’t af-
fect long-term growth trends. We can save money in the short
terms by cutting costs via uniform billing, test reform, etc., but for
the long-term impact we have to look at the fundamental growth
trends.

Minnesota’s health care costs are about 15 percent below the na-
tional average. Minnesotans don’t pay as much as we do. But this
year employers in Minnesota are anticipating a 12 to 15 percent rise
in their expenditures from the lower base. They haven’t changed
the trend. Many things being proposed that will result in shifts in
the base are unlikely to change that fundamental trend of 5 to 6 per-
cent growth, annually compounded.

As mentioned above, about 1.2 percent of cost growth is due to
demographics—population and aging. We cannot control those—
they are part of the system we live in. About 2 percent is input
prices. We can exert control there—on physician wages, supplies,
nurses’ Wages, for example. The rest is volume and intensity—2 to
3 percent. This is where technology is the major driver.

There are a number of different proposals to change the health
care system. The employer mandate plan is where all employers must
high you may get ayt:xpayd(i)r play clause—if your rates are to0
nesses will be hgel d i VOHCh.er__and s small:bust

ped. There are mechanisms PI'OpOSEd fora large




Health Care Economics 47

employer to opt out and pay into a government plan via a standard
payroll tax of about 7 percent to 9 percent. There are really no cost
controls in that approach.

Another proposal is managed competition, utilizing HIPCs
(health insurance purchasing cooperatives), more recently called
Health Alliances, to approve and monitor qualified plans. These
are large cooperatives of employers (possibly including the govern-
ment) and other groups, who invest in health care for their employ-
ees. Large purchasers can wield clout in the market regarding costs
and quality. In some cases, these groups also purchase the cover-
age. The idea behind the managed competition or HIPC approach
is that HIPCs will act as informed, cost-conscious surrogates for
consumers in granting qualification and approval to plans. This ad-
dresses the problem of most consumers not knowing how to buy
health care intelligently. It is not like buying an automobile or per-
sonal computer; it is a very difficult purchase decision, and most
people don’t have the necessary knowledge or information. The
HIPCs will provide that for us as a surrogate. An additional part of
the managed competition proposal is that the employer’s contribu-
tion and the tax exclusion will be limited to the lowest cost plan,
which will encourage providers to develop low costs in order to get
the business.

Another aspect is payer-rate regulation, to limit the rates paid
by private payers as well as those paid by Medicare and Medicaid.
There could be some differences allowed, but by and large the idea
is to make the payment amounts the same for every payer, which
will avoid cost shifting. As the proposal now stands, there may not
be limits on volume. It is amazing how the health care system can
create demand. What happens if you try to control costs this way 1s
that there is the creation of demand and increased volume—and
costs actually g0 up.

The major cost-control proposal being discussed is global bud-
gets. There are two types of global budgets being discussed—one
Caps only the public budget; the other caps the total budget. Not
many people are thinking in terms of only the public budget; there
is usually some combination with private budgets. For example, as-
sume that we set total spending at no more than 14 percent of the
GDP. You could also limit spending by sector, such as by provid-
ers. You can put limits on capitation rates or on the amount of in-
Surance per head that will be paid on an annual basis. Or you can
put limits on price to providers—that is price control.
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The global budgets in many EC countries include capitation
limits and an annually negotiated fee schedule with physicians 'and
other providers. They also annually negotiate bud gets for hgspﬂals
or use a DRG-type point system, and they have strictly limited ac-
cess to capital. Capital access is determined by some global budget
administrative authority. That administrative authority is kn_OWI‘l
by different names in each country but is essentially a national
health board. In the U.S. a National Health Board is also being con-
sidered. It would be another big, new regulatory agency that would
approve new technologies using cost-effectiveness studies and. out-
comes research, and it would help set medical practice guidehqes.

What might be in the Clinton proposal? Perhaps the following
components:

* Global Budget or Price Controls,

* Managed Competition,

* Managed Care,

*  Universal Coverage,

* Employer Mandates,

* A National Health Board.

Managed care means a greater emphasis on primary care anfﬂ
much more limited direct access to specialists. There would be uni-
versal coverage, probably phased in because the costs could be
substantial—perhaps $50 to $150 billion. It would likely include
employer mandates, because employer payment is already an inte-
gral part of the system and we cannot change it very easily. It could
also streamline billing processes, constrain drug prices, probably
reform the malpractice laws, g0 to a community rating instead of
an individual rating for diseases and insurance payments, call for
more prevention and primary care, and probably do more in the
AIDS treatment area.

HIPC and provider health-delivery plans could have the fol-
lowing changes and factors:
* Managed Competition, through bidding and contracting;
* Managed Care, through primary-care gatekeepers;
* Al Payer Rate Regulation/Community Rating of risk;
¢ Tort Reform, either directly by law or indirectly by clinical
pathways;
* Drug Regulation of prices through large bulk purchasing;
* Simplified Billing to all payers;
Global Budgets via annual capitation fees.
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What would this mean to the management and structure of the
health care industry and what might it mean to the R&D commu-
nity? Consider managed competition and managed care—the
HIPCs will probably have the following kind of impact on the de-
livery of care or on provider processes:

* increased primary-care alternatives,

e decreased costs in the short term,

* increase in process and outcomes quality,

* decreased breadth of physician decision making,

* reduced number and income of specialties,

* reduced number of acute beds and bed-days used,

* increase in mergers and alliances,

* more competition on price and quality.

There will probably be increased primary-care alternatives—there
will be more and more shifts to HMO-types of activity for most
people who have paid insurance, whether or not it is paid by pri-
vate employers. There will be increased use of facilities outside of
the hospital (home health care, for example). There will probably be
some decreased health care costs in the short term—perhaps quite
significant reductions. There will be an increase in the use of pro-
cess and outcomes quality information in making decisions about
health care and about which institutions and which providers one
would go to. There will be reduced breadth of physician decision
making—more clinical protocols or clinical pathways will be writ-
ten in order to reduce the variation in treatment and practice
patterns, and also to reduce the resources being used to treat par-
ticular problems. There will be a reduced number and income of
specialists.

The current levels and future output of specialists will be
greatly affected. Specialists are really the endangered species here.
About one-third of our physicians are primary-care physicians;
two-thirds are specialists of various types. We have the lowest
number of primary-care physicians in the developed industrialized
world. Other countries have numbers much higher. In Britain 70
percent of all physicians are primary-care providers. Specialists in
most of the rest of the world only get cases from the primary-care
doctors. As we move more to HPICs this will also be true here. Our
medical schools turn out about four specialists to every primary-
care doctor; this behavior will change, and incentives are already
being structured to accomplish that. We might see some specialists
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going back to primary-care practice in order to get enough business
sufficient income.

andelheroe will be a reduced number of acute beds and bed-days
used. We already have an excess capacity of about 33 percent. Sccl)ini
hospitals will be closed down; others will merge or_ will be uge -0-
longer-term care or different activities. There will be major In
creases in mergers, alliances, and joint ventures. ‘ ;

Minnesota is already experimenting with this particular aspleti-l
of health care reform. There are fourteen firms in Minnesota whic
got together to form a HIPC. They are firms whose emp.loyees usi
about $200 million worth of care per year, and who constitute abol.;1
6 percent of the market there. RFPs were issued to various healto
providers. A major coalition involving two HMOs, the Maye
Clinic, and a large group practice presented a bid for that call]'e
against Blue Cross, Blue Shield, and others. The first group was t ;
low bidder and was awarded the business. Other hospltals_ an
groups are realizing they now have to form coalitions. There 15'an
ever greater demand for primary-care physicians and a decreasmg
demand for specialists in those coalitions. We will see more of t.heSS
mergers and relationships in the management area. The provdei:e
in turn will try to build their power to countervail the power of t
HIPCs. $t ’

What does this mean for technology? Such major coalitions an
mergers means that the resulting entities are not going to buy as
much technology and they are going to use their technology ‘mo?‘e
effectively. Instead of having 300 to 400 percent excess capacity in
some of their technology areas, over time they are going to reduce
it to 150 percent or less of needed capacity. This will be true Qf beds
and in all other technologies. We will see more competition on
price and quality.

Making global budgets is a strategy that actually decreases the
6 percent growth rate, because it puts a cap on total spending. Ina
global-budget environment we can expect:

*  Price and quality competition/market niches,

* aslow diffusion of cost-increasing technology,

an increase in labor-saving technologies,
an increase in salaried physicians,

an emphasis on prevention,

areduction in system Capacities,

a reduction in speed of access,
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* astrong emphasis on cost reduction and continuous quality
improvement (CQI).

We almost never institute labor-saving technologies today—
rather, we utilize labor-consuming technologies. In the future,
there will be an emphasis on prevention, cost reduction, and con-
tinuous quality improvement.

The trends in research funding are likely to be:

* basic research funding will decrease (not so much from
government sources as from private industry, which will
not see the same growth markets for new technology as at
present)

* more cost-effectiveness criteria for developmental research
and more governmental approaches before the introduction
of new technologies

* less overall funding for developmental research

* ashift of R&D to true cost-saving technologies
There will be a shift in R&D to true cost-saving technologies—most
of the past and present cost analysis is individual- or item-specific
and does not look at the system as a whole. In fact, even though it
may look like you save some cost on an individual basis, when you
look at the total system, almost all new technologies and new
health care—delivery approaches usually add more people, more fa-
cilities, processes, etc. When we think of cost analysis, we have to
think of it as a system analysis and not just as an individual tech-
nology or individual item analysis. That is a very critical point.

What is likely to happen in the short term is difficult to say.
There are 741 registered health lobbyists in Washington, D.C. Re-
member what happened to catastrophic coverage for Medicare
when it went through—everybody wanted it until they had to pay
for it. That caused a major uproar and the bill was rescinded rather
rapidly. Also, nobody is really talking about long-term care, which
Is a big cost-driver and will increase. Long-term care for the United
States? I don’t know what it will be. In those countries with public
long-term care financing, the aging of their population is leading to
a great financial burden on the working population.

The European community seems to have some grip on most of
the problems: universal coverage, cost control, and controlled ac-
cess. They have universal budget caps, decentralized purchasing
agencies to buy health services for customers, and growing compe-
tition among both public and private providers. There is quality
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self-regulation in most of their systems. There are capitation pay-
ments to primary-care providers, who are the gatekeepers to the
system. They have far fewer specialists and they have both capped
and separate capital budgets. Although each individual system has
unique features and its own set of problems, almost all of the Euro-
pean systems are converting to such a model. We are also moving
in that direction.




CHAPTER 7

Discussion: Continuous
Quality Improvement

SUSAN HORN
Intermountain Health Care (IHC)
Salt Lake City, Utah

“The best way to decrease health care costs is to improve qual-

ity. 7

“Randomized control trials...would be too restrictive...be-
cause we are looking at all aspects of care.”

“We are controlling costs by finding out what works and what
doesn’t.”

“We must find better ways to make health information more ac-

cessible to people who are trying to find the best medical prac-
tice.”

—

The best way to decrease health care costs is to improve quality.
Our goal at THC has been to find the best outcomes of care for the
least necessary cost. We have been structuring our health care sys-
tem so that we can find and use effective, efficient processes across

E(’pwighted material © 1994; Medical and Biological Engineering in the Future of Health
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the continuum of care. We don’t just look at what is happening
with inpatient settings; we also look at the ambulatory setting. We
never look at winning in just one sector; we look at the total picture
to find the best outcomes for the least necessary cost over the whol.e
spectrum of health care expenditures. We have to document opti-
mal outcomes and routinely generate scientifically valid clinical
knowledge in the course of delivering care, in order that we can
continually improve quality, cost, and the processes, as well as
demonstrate that we have the most effective, efficient care.

How do we do it? There has been much resistance in the med%-
cal community to moving in this direction. We had similar experi-
ences to those shared by Kilpatrick (Chapter 9)—the system ree_llly
did not want to change. We have been able to convince medical
people in the Salt Lake region and across the nation and the world
(many of whom have come to learn how we are doing this in Salt
Lake City) to take the gold standard that we were using befort.e-—
randomized control trials—and put it in a new framework, which
we are calling clinical practice improvement, a branch of continuous
quality improvement, and then find out what works best. We select
areas we want to study the same as we would for a randomized
trial. We use a clinical-quality monitor to collect the data, just as
physicians or other providers would collect it on their charts. I_t 18
not a separate data-collection effort. Then we go on to make im-
provements in the process of care based on those facts. ;

As Samuel Thier indicated in Chapter 1, we must have a ba51's
in fact, not solely on opinion. In terms of the clinical-quality moni-
tors, we feel that every patient who comes into the hospital with a
particular problem should become part of an effort to find the best
care. We look at severity of illness, differences, and indicators for
treatment, so everybody coming in can become part of the effort t0
find the best process of care.

How do we find those best processes? In randomized control
trials we have to explicitly specify everything ahead of time. Here
that would be too restrictive, because we are looking at all aspects
of care. We are not just looking at the big, new technologies. We
look at little things, such as when is the most appropriate time t0
deliver a prophylactic antibiotic before surgery, how to prevent ad-
verse drug events, or how to prevent pressure sores from develop-
ing. These are all things that are not big items when you look at
them in terms of new technologies, but they end up costing a great
deal in terms of health care. We determine the best processes by
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three methods. One is to measure how people are being treated,
feed this information back to practitioners, and have them converge
to the pattern that appears to be giving the best outcome for the
least necessary cost. Feedback of data does cause change to happen.

A second methodology, when it is appropriate, is that we get
experts together and ask them to develop very precise protocols.
That means that for every physiological problem, we decide, as a
team, what to do. That again is often a difficult process. As it begins
to come together and as physicians begin to think in that direction,
however, it can have enormous benefits in terms of decreased costs.
Finally, and this is becoming more prevalent now, we take external
sets of process specifications, apply them internally, and then mod-
ify and improve them over time. These are, in essence, the steps we
take to utilize a randomized control trial format to find the best out-
comes for the least necessary cost.

Where does this lead in terms of the bottom line? One example
is represented by data for DRG 209, Total Hip. Ten IHC hospitals
perform this procedure; in the rest of Utah there are also ten non-
IHC hospitals that perform it. Using the rest of Utah as the basis,
THC's length of stay in total is about 23.6 percent below the rest of
Utah; it is 23.9 percent below in terms of average cost and 23.3 per-
cent below in terms of average charges. Every IHC facility has used
a clinical practice improvement model to look at how they are treat-
ing this DRG. They were directed to do this by IHC corporate pol-
icy. The global ramifications are evident. There are some non-IHC
hospitals that also have costs below the other non-IHC institutions,
but overall every IHC institution has achieved significant cost
savings—and this was only the first step. Now we are beginning to
pool our processes together to see if we can find the most optimal.

The data for coronary artery bypass surgery (DRG 106 and 107)
offers another example. In this case there are only three IHC facili-
ties and three non-THC facilities in the state that perform this pro-
Cedure. One THC hospital has a smaller sample size; it has not yet
Initiated a clinical practice improvement effort. It is more like tt.le
NOn-IHC hospitals in terms of cost. Two other IHC hospitals put in
A major effort in this area, with great effects in terms of improving
the quality of care. That is the kind of evidence we are able to share
With practitioners to point out to them that if they participate with
us in this endeavor, they will end up being able to show to health
care payers that they are delivering the best quality of care for the
€ast necessary cost.
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The overall effect of this endeavor can be seen when we com-
pare hospitals in Utah to those in the rest of the nation. My analysis
has been adjusted for case mix, wages, teaching, and the other
things in the Health Care Financing Administration model. Charge
differentials and cost differentials were examined. Since 1987 Utah,
and IHC in particular, have been below the rest of the nation in
terms of charges. Many people attribute such results to the basic
life-style in Utah. IHC has always been lower than non-IHC hospi-
tals with regard to charges. However, as the years progressed to
1991, IHC became ever more efficient, with now a 43.2 percent
lower charge than the rest of the nation, whereas non-IHC is nearer
to the rest of the nation and in 1991 was only 10.7 percent below the
national average. However, the real bottom line refers to cost. In
1987 and 1988 the costs at IHC were slightly (2 percent) higher than
at the non-IHC hospitals in the state of Utah. They were still below
the national average, but IHC did not have an advantage. In 1988
clinical practice improvement studies began. In 198889 we were 2
percent better than non-IHC. In 1990 it was 4 percent and in 1991 it
was 10 percent better than the rest of Utah and 22.8 percent below
the national average. For 1992 the IHC figures were about 16 per-
cent below the rest of Utah. The direction is right. We are control-
ling costs by finding out what works and what doesn’t.

About 500 clinical-practice improvement studies have already
been conducted at IHC, but that is only the tip of the iceberg. There
are still hundreds and hundreds of processes that we need to study
to find out what works best and how we can get the best outcomes
for the least necessary cost. We believe that efforts in this direction
are one very important aspect in the control of health care costs. It
turns out that foreign nations—Spain and England, for example—
are beginning to turn to Clinical Practice Improvement (CPI); they
feel that price controls alone no longer will be able to solve health
care cost problems. We have to find out what works and what does
not work.

The fact that we have a computerized medical record system at
THC means that we can look at many items of information about 2
patient, such as details as to how severely ill the patient is, and
relate that to the process of care. The fact that that data is easily ac
c.essible is what has helped us to move as quickly as we have in
finding the best medical practice. We must find better ways t0

malf:e health information more accessible to people who are trying
to find the best medical practice.




CHAPTER 8

Discussion: Health Care
Economics and Management

KERRY KILPATRICK
Center for Health Policy and
Management
University of North Carolina
and

ROBERT HUEFNER
Department of Political Science
University of Utah

'}’:e have no mechanisms for making cost-effectiveness trade-
0 S."

TT}EEY spend millions on marketing but very little on productiv-
ity improvement.”

Real cost constraints will require more global budgeting or
€ventually a single-payer system.”

—

ﬁys’fems engineering is one branch of engineering that relates to the
€alth care cost-containment problem. Also called operations re-
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search, management science, or management engineering, it is the
branch of engineering that deals exclusively with productivity en-
hancement. Working in the health care setting is an extraordinarily
frustrating experience for systems engineers. Twenty or so years
ago when bright-eyed systems engineers tried to make changes in
the health care system, we found that the system did not want to
change very rapidly. Now things are even worse. How many major
teaching hospitals have major industrial engineering operations, as
compared to their operations in marketing and planning? They
spend millions on marketing but very little on productivity im-
provement. The frustration is that price times quantity equals ex-
penditures, as Pierskalla (Chapter 6) pointed out; but price times
quantity also equals revenues. Somebody’s revenues are being re-
duced as you try to reduce either component of the price times
quantity equation.

Reducing costs reduces income for physicians, nurses, and
other people in the system. Without the growth in jobs in the health
care sector, there wouldn’t have been any growth in jobs in this
country in the last five years. In some cities, the health care indus-
try is the only industry supporting the economy. In Durham, North
Carolina, for example, we no longer call Durham the “City of To-
bacco”; it is now the “City of Medicine.” The Duke University
Medical Center can be thought of as a giant funnel for community
resources and for support of the economy.

Can anything be done to save the productivity-enhancing attri-
butes of technology while we are trying to control the cost in-
creases? Pierskalla has suggested global budgeting as one thing
that could be done. What is its effect on technology? The stock mar-
ket has told us that even hints of global budgeting lead the stock
market to go downhill. We don’t actually assess the trade-offs be-
tween what we should be doing, but rather we assess whether this
emerging technology is more cost effective than a technology we al-
ready have in place.

One fundamental issue is that we spend about a third of our
Medicare dollars—roughly 60 billion dollars—on the last year of
life. Should those dollars be spent on prenatal care and vaccina-
tions? Should they be spent in other sectors of the economy? We
have no mechanisms for making cost-effectiveness trade-offs. Even
further down the line, we don’t have any mechanism for trading off
those dollars with expenditures in education, housing, or infra-
structure which might tend over the long-term to alleviate the
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problems. At one time we thought the 1983 DRG changes were on
to something, and then somebody discovered the charge shift, so
you could just shift your charges to the other payers. As long as
that safety valve is there, we will not have cost constraints. Real
cost constraints will require more global budgeting or eventually a
single-payer system.

Part of the problem is our inability to do the technological fore-
casting required to evaluate emerging technologies. Many grant
proposals to evaluate emerging technologies are reviewed as inad-
equate because they do not show sufficient historic data upon
which to base the evaluation. That is the point. In order to evaluate
emerging technology you have to do some forecasting. We need to
be more innovative and put more intellectual capital into techno-
logical forecasting for emerging technologies. We need to ask what
will happen if this technology is successful; what happens if it
grows to a certain state; what happens if at a certain point on the
Iearning curve, either in terms of cost or productivity, it is a reason-
able technology to adopt. We can do some pretty good technologi-
cal forecasting, but such evaluation is not being done in the United
States although there is some such activity in Europe.




CHAPTER 9

Romance and Realism:
The Strategic Vision of the
National Institutes of Health

BERNADINE HEALY, M.D.

N

“Accountability must apply to everyone, whether one looks at
biomedical research from the grass roots up or from the top
down.”

“This puts an obligation on us, each in our own way, to tell the
public what we are doing and how it is done. Keep in mind, after
all, that the public perception of what we do is not always
exact—and when that condition exists, it is our problem.”

“Keep listening to the public, and keep talking with them about
what we are doing, about the outcomes we are hoping for, about
the costs and—by far the most urgent—about the benefits that
they and their children will see from all we spend and do.”

“We must be adaptable,.. -especially in recognizing critical
areas of fundamental research—and then in funding them.”

I

Copyrighted material © 1994; Medical and Biological Engineering in the Future of Health
Care, edited by J.D. Andrade:; University of Utah Press.
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There is an old song they used to sing around closing time in bars
—at least that’s what I've been told. I'm not going to sing it, be-
cause it has about twenty-seven verses and, besides, it’s not closing
time yet. But the song tells a story about a man who just got mar-
ried and has come home with his new bride. But when they get
home, the woman of his dreams takes out her glass eye, removes
her false hair, drops her teeth in a glass, and unstraps her limb
prosthesis. By the time she’s through, there’s not much left. Per-
haps most interesting, the title of this song—and the refrain sung
after every verse—is “He’s a Very Unfortunate Man.”

Far be it for the Director of the NIH, who happens to be a
woman and who takes great pride in our Women'’s Health Initia-
tive, to see even a trace of sexism in this old bar song. If he is unfor-
tunate, what about her? But of course, the “unfortunate” husband
was a romantic, expecting the woman of his dreams to be perfect,
and was reduced to despair when his romanticism got run over by
the freight train of reality.

We know that in the fields of medicine and biology and bio-
medical engineering there has to be a dose of romanticism—a
belief that our heroic efforts and determination can conquer any
disease or disability. But something else has to come first—and
that is an even larger dose of realism, an acceptance of the facts.

Creating Our Own Future

The unfortunate man’s unfortunate wife’s glass eye and the rest
May be pretty crude stuff compared to an artificial vein engineered
from tissue, but both of them deal with reality: we're not perfect,
We need help. To consider human disability “unfortunate” is just
about as useless as making fun of it: both postures ignore the plain
reality that we can do something about human need and imperfec-
tion if, instead of wringing our hands over scarce resources, we put
our hands to work in the real world. Let's be realists first and then
FOmantics,

The mission statement of the NIH both defines and conditions
the essential realism of our strategy: “Science in the pursuit of
knowledge to improve human health.” This means that ideas and
fesults—especially results—come first. This also means that the
real and applicable fruits of scientific work, even when driven by
fOmantic enthusiasm, are more critical than any of us as individual
SClentists and researchers. To be the best, we must have the inspira-
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tion and creativity of individual scientists. Therefore the NIH em-
braces investigator-initiated research by its scientists. But we must
at the same time look at national needs.

The importance of assessing public need is at the heart of strate-
gic planning for science. Congressman George Brown, who heads
the House Committee on Science, Space, and Technology, recently
asked what kinds of research offer the greatest hope and prospect
of improving human life. He addressed the question in the context
of long-range planning and priority settings. Our NIH Strategic
Plan, completed after more than two years of work, carries the title
“Investment for Humanity.” When you manage an investment, you
may be looking toward payoffs in the future, but you are account-
able to the investors—in our case, the American taxpayers—every
single day in the present.

This sense of accountability must apply to everyone, whether
one looks at biomedical research from the grass roots up 0Or from
the top down. My own sense is that it would do all of us a lot of
good to take the time—and find the patience—to work through at
least one of the congressional authorization or appropriation bills.
You will see incredibly detailed congressional top down manage-
ment. NIH strategic planning has for the first time given us the
chance as a scientific community to participate in the process a3
well.

The next time someone asks you, “What has science done for
me lately?” you will see what a strategic question it is. You may do
well by pointing to the increases in cancer survival rates or the de-
creases in deaths from stroke or by describing a new treatment for
cystic fibrosis or new drugs for orphan diseases. This is certainly
more dramatic and persuasive than telling them about the number
of RO1 grants. But you will do even better in answering that ques-
tion if, in addition to enumerating breakthroughs in extending
healthy life or counting the dollars spent in the last fiscal year, you
can also describe how our present efforts are directly connected t0 2
better future. And that is the function of the Strategic Plan—that is
why we have it and why it belongs to the American Institute for
Medical and Biological Engineering as much as it belongs to the
National Institutes of Health or to researchers anywhere else- Ap-

proach the Plan with a sense of proprietorship, since many of you
participated in its development.
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The Flexibility of the Plan

The Strategic Plan is, in fact, a vision. Itis printed on paper, not
chiseled deeply in granite: it is a map for us to use for the time be-
ing, for our foreseeable future, not a companion piece to Mount
Rushmore. Let me explain with an example or two.

Forty years ago, the Nobel Prize for Medicine was shared by
Hans Krebs and Fritz Lipmann for their work on metabolism—
particularly for identifying the mechanisms in living organisms for
breaking down food molecules to produce adenosine triphosphate
(ATP). Considering that the energy released by ATP drives the bio-
logical processes needed to sustain life, growth, movement, and
reproduction in plants and animals, we can agree that Krebs and
Lipmann had taken on one of the burning questions of the day and
answered it. But, by an irony we all recognize and understand,
their breakthrough removed their work, as a process, from the lead-
ing edge of science and transferred it, as an accomplishment, to the
category of received knowledge.

As a second example, take AIDS. Had we written a Strategic
Plan or even just a fiscal-year budget about a dozen years ago,
AIDS research would have been absent. And for good reason: we
didn’t know about it. Just as the discovery of the Krebs Cycle put
an end to one kind of effort, so the eruption of AIDS has obliged us
to begin another. In other words, we have learned that either the
great breakthrough or the new calamity are both likely and that any
Plan must be adaptable.

We must be adaptable, as well, especially in recognizing critical
areas of fundamental research and then in funding them. As we
identify critical needs—and not only because of a scourge like
AIDS but also because of new knowledge we can apply—those
dreas must be permitted to grow ata different rate than other areas
In the national health and research budget. Let me summarize: the
Strategic Plan must be flexible enough to respond to changes in the
requirements of science and in the needs of the society. And itis.

Perhaps most important of all, the Strategic Plan will increase
our flexibility. A plan like this is not intended to control or influ-
ence any individual investigator’s pursuit of discovery, but, on the
contrary, to influence and, as far as possible, condition the erwiron-
ment in which biomedical researchers operate—and operate freely,
as creative individuals.
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Planning is really no more or less than the dose of realism, and
the Strategic Plan’s six trans-NIH objectives are fully responsive to
the real changes in both science and society. Think of itin terms of a
family.

1. Critical Science and Technology

There are no stepchildren here. However, the needs of one child
may lead it to cry out louder at times—and for good reason. Thatis
happening in the family of biomedical research today; so our first
objective is to ensure that we treat critical areas of science and tech-
nology in basic biology as priorities all across the NIH. The critical
areas we have identified are molecular medicine, immunology and
vaccines, structural biology, cellular and integrative biology, and,
of course, biotechnology and bioengineering.

These critical areas of science and technology are providing
today—and will be providing in the foreseeable future—the new
and dynamic fundamental knowledge on which virtually all NIH
activities must rely. As a matter of plain fact and good practice, the
several disciplines mentioned in the first objective will be relying
on one another. For example, the efforts of integrative biologists to
further our understanding of the human brain are likely to give us
fundamental information necessary for the development of new
preventive, therapeutic, and restorative measures which might al-
leviate, remedy, or even reverse the effects of central-nervous-
system disabilities. As their understanding of the life of the human
cell and, especially, of specific cellular functions advances, the use
of cells as therapeutic agents will be shifting from concept to tech-
nique. And while the concept may serve the bioengineer as the r0-
mantic jolt to begin a new investigation, it will be the possibility of
a technique, the product of basic science, that will provide us with
the realistic environment for getting down to work and solving the
problem.

In truth, we will be solving more than one problem. The first
and obvious one is the problem of improving human health. The
second problem takes us into the heart of the American economy-
The business pages of the newspapers are still debating the relative
merits of a manufacturing economy as opposed to a service
economy—and perhaps they will forever and we may never be
any the wiser for all the quarrels on this subject. But no one is ar-
guing the importance of advancing technology, whether applied by
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manufacturing or as a service to other industries. Both historical
fact and future necessity prove that truth.

As Americans, we have both the tradition and the patents to
point to as evidence of our preeminence in invention and technol-
ogy. The MIT economist Lester Thurow recently has argued elo-
quently that technology, in all its varieties as an “industry,” is the
first among equals of all the key industries that will enable America
to compete head to head with Europe and Japan.

2. Critical Health Needs

This is the point to which we must always return, because ap-
plying critical science and technology to improve the health of the
American people will shape and control any strategy we may agree
on. The individual NIH institutes—each focusing on specific dis-
eases or questions of human health—are the tactical agents for re-
alizing the NIH’s overall strategy. If they are going to succeed, then
we must accomplish our second objective, which is to strengthen
the ability of the nation’s biomedical research enterprise to respond
to current and emerging public health needs.

Some of these critical health needs are basic environmental biol-
0gy, health and human behavior, disease control and prevention,
the health of women and of underserved minority populations, and
aging. Biomedical engineering has a major role to play in virtually
all of these critical health needs.

3. Intellectual Capital

The third trans-NIH objective—the renewal and growth of il.'l-
tellectual capital—is critical to the first two. Winston Churchill
said, “The empires of the future are the empires of the mind.” He
Spoke those words fifty years ago—and we are the future he was
talking about. The spice trade or oil wells or even high technology
will not invariably enrich us or give us power—-only ideas will.
We can put our greatest faith in products of the mind. We can only
be as creative and successful, therefore, as the scientists who make
Up our enterprises. To this end, our strategy depends on our efforts
to ®Ncourage and foster the present and the future creative arenas
of the men and women who are carrying on biomedical and behav-
1oral research.

We can accomplish some of this with training and career devel-
OPment and by deliberately seeking out a talent base that is both
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robust and diverse. But again, we need a dose of realism. Promis-
ing young people are shying away from biomedical research, and
the reason isn’t romantic—it’s money. Talented U.S. post-docs are
becoming harder and harder to find, and trained researchers are
turning to other fields. This may be the biggest threat from lean
NIH budgets: young people see no future and turn away. We must
do better in career development or find ourselves fresh out of the
intellectual capital we need to invest in our future. We have come
up with some mechanisms, like the Shannon Award and Junior R01

grants, to try and address the need to attract and retain young sci-
entists. But we need more.

4. Research Capacity

Our fourth objective—one closely related to the development
of human capital—is to attend to the needs for research resources,
instrumentation, lab facilities, and enabling technologies like com-
puters and software in order to give physical, and applicable, ex-
pression to the ideas and discoveries of biomedical research.

5. Stewardship of Public Resources

This objective, of course, means spending a lot of money—510
billion currently—that belongs to the taxpayers. It means that we
must be efficient and responsible, honest and fair, and that we must
let the public know what is happening with their money. Their in-
vestment will only last as long as their confidence in us.

And this puts an obligation on us, each in our own way, to tell
the public what we are doing and how it is done. Keep in mind, af-
ter all, that the public perception of what we do is not always
exact—and when that condition exists, it is our problem. For €x-
ample, I recently heard someone who is pretty knowledgeable
about medical affairs refer to bioengineers as “divine tinkerers, but
on a grand scale.” For him, “on a grand scale” was the operative
phrase, but maybe it was not for the public.

There is still a romantic notion that all great research is still
stuck in the nineteenth century—that devices or techniques that
may, for example, enable a deaf person to perceive sound will be
“invented” by an inspired individual noodling around at a bench
covered with spare parts and about ten dollars’ worth of stuff from
the hardware store. It's an image of the romantic hero colored with
a little looniness—you know, Alexander Graham Bell meets GyT0
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Gearloose, with a touch of Archimedes jumping out of his bathtub
and running through the streets shouting “Eureka!”

We are looking to three-dimensional imaging that will enable
surgeons to perform laparoscopic suturing and knot tying as easily
as in open surgery. We are looking to extracorporeal livers, capable
of purifying a patient’s serum for a few days or weeks while wait-
ing for a transplant. And we are looking to the technology and the
therapeutic benefit that we would achieve from biohybrid artificial
organs—pancreas, lymph node, nerve, and muscle—in the treat-
ment of various diseases. You know our progress has been pro-
duced by cooperation and interdisciplinary labor, not by the lone
genius; and you know that ten dollars won’t buy the biomedical
devices, the processing technologies, or the biomaterials to get the
job done.

6. Earning the Public’s Trust

Divine tinkering, indeed—and on a grand scale of both human
and financial resources. It is the grand scale—why the scale must
be so grand to produce such grand results—that we must never
forget to explain to the men and women of America. For we will fail
to convince the public of our good stewardship if we do not make
sure that we are earning their trust, our sixth objective. In part, this
requires us to hold the NIH to the highest standards. In part, this
Iequires us to respond to the social, legal, and ethical issues that
health research must inevitably raise. And in part, it requires us to
keep listening to the public and to keep talking with them about
what we are doing, about the outcomes we are hoping for, about
the costs and—by far the most urgent—about the benefits that they
and their children will see from all we spend and do.

This tells you the obvious: that all six of these objectives are
connected. For example, you cannot really separate the building of
a scientific infrastructure from research capacity or separate the
Promotion of critical science and technology from the formation of
Intellectual capital. So everything the NIH does or finances must
Ul’timately and clearly connect with the health of Americans.

The Strategic Plan will provide a blueprint of our biomedical
Tesearch enterprise, describing what it takes for us to succe'ed and
to achieve the high expectations the public has for medical re-
Search. The Strategic Plan connects our romantic strivings to our
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sense of reality by letting us keep our eyes on the stars while we
keep our feet on the ground.

Discussion

With Ms. Healy’s announced resignation as Director Of_ th_e
NIH, there was concern as to who will champion her strategic vi-
sion and implement the Strategic Plan. It was noted that neither the
president nor the Office of Science and Technology Policy necessar-
ily support the NIH Strategic Plan, but that the Plan’s recommen-
dations are being seriously considered. :

Another discussant noted that there is general agreement in the
research community on many aspects of the plan and that “most of
the pieces have the broad support of the community, make a lot of
sense, and should move forward.” .

It was noted that the bioengineering community feels “very
positive about- the process. It was the first time there has been a
way for the bioengineering community to enter into such a plan-
ning process. We are very pleased that there is a specific focus on
biotechnology and bioengineering in the strategic plan.”

In response to a comment and a question dealing with researffh’
funding priorities, Dr. Healy said, “You are alluding to a question
which you are perhaps too polite to ask. ‘Why is biomedical engl”
neering a stepchild in the biomedical research community?’ t_hmk
this is in part due to the fractionation and hierarchy of disciplines-
Disciplinary fractionation does none of us any good. Perhap? the
recent silicone breast-implant problem is a good example of intel
lectual discrimination. Drugs are well evaluated by the NIH and by
the regulatory process, but device research and evaluation is not
well funded within NIH. Why weren’t silicone breast implants
studied? Where is the biomedical science base? The biomedical en-
gineering community needs to be more assertive regarding appro”




Romance and Realism 69

NIH gets more micromanagement than most other government
agencies because the public is so interested in health and in bio-
medical research, and we of course want to be and have to be
accountable and responsive; but that is no excuse for excessive con-
gressional micromanagement.”

In response to a question dealing with behavioral and nutrition
studies, Dr. Healy said that these are trans-NIH areas and that a
stronger science base is required. “Nothing is more important to
health than adequate nutrition. Behavior is a strong thrust through-
out NIH. Behavioral studies are an integrated part of biomedical
research today, and they could provide a very important role for
biomedical engineering. It is exciting that the life sciences appear to
be coming together in a number of areas, including the behavioral
sciences.”

In regard to a comment on training and education, Dr. Healy
responded, “No one seems to be planning or developing resources
for education.” She referred to a study dealing with the number of
Scientists and engineers per capita: “We led the world many years
ag0. We have slipped considerably. Japan and Germany have im-
Proved their position. These results are a measure of national value
and national investment in its own future. Adequate education and
training of scientists and en gineers has been left out of the d_ialogue
in this country, although it is prominent in the NIH Strategic Plan.
The single biggest challenge we face is the development of science
and engineering talent for our future.”

Editor's Reference ; '

L. Investment for Humanity: A Strategic Vision for the National Insti-
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Technologies, Incentives, and
Health Care Costs:
What Is in Our Future?

BURTON A. WEISBROD
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“Incentives matter, and society sets them—although often un-
wittingly....R&D incentives can be changed; technological
change does not ‘just happen.””

“We should be...focused on ways to redirect R&D so that

F 4 "

tomorrow’s health care technology is less costly than today’s.

“Advances in knowledge about health care treatment and pre-
vention are not chance events.”

“Public policy is now in search of a “basic package” of health
care services to be guaranteed to our entire population. . .. What
is “basic” today depends very much on what is possible today,
not on what was possible in the past.”

“The kinds of new technologies developed in recent decades
would have taken very different forms if the incentives facing
the R&D sector had been different.”

Copyrighted material © 1994; Medical and Biological Engineering in the Future of Health
Care, edited by ).D. Andrade; University of Utah Press.
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“How can public policy go about redirecting health care R&D to-

ward cost-reducing technologies?. . .Establish large prizes for
cost-reducing technologies.”

“Society does not have to simply respond to tomorrow’s technol-
ogy; we can shape it.”

“What is meant by technology?. . .1t is simply knowledge.”

Is technology the culprit behind the explosion of health care costs
—or is it a savior? Could it be both? What is the future for health
care technology in an era of cost containment, and is that future
within our control? What is our vision for the kind of health care
technology we seek to develop?

Tomorrow’s state of technology depends on today’s incentives
in the R&D sector, and public policy can profoundly change those
incentives. This is the case in health care as it is elsewhere in the
economy. Thus, as we work to control health care costs, we must
recognize the profound long-term effects we can have on incentives
for developing new technology. Public policy to control those costs
will also shape incentives to develop new knowledge; in the pro-
cess, these incentives will determine the state of technology that
our children will inherit.

Sound national policy requires that we understand that soaring
health care expenditures are not the result of increased costs of pro-
viding the same service we were providing twenty, thirty, or forty
years ago. Most of today’s health care diagnostic and treatment ca-
pabilities did not even exist a few decades ago. Spiraling health
care costs are clearly a serious problem, but the problem is not that
we are getting less for our money. Rather, we are paying more and
getting more—we are consuming a steadily improving and ex-
panding set of health services. At the close of World War Il we were
spending little or no money at all on intensive-care hospital units,
on artificial hips, knees, and other joints, and on coronary bypass
surgery; they were unknown.

This focus on technological change is directed at the new diag-
nostic tests, surgical advances, drug therapies, and other advances
that are occurring with dizzying frequency. By emphasizing tech-
nology as a driving force, I hope to shift the terms of the policy de-
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bate: we should be less preoccupied with solutions that hold a
promise of instant gratification in the form of slower growth in
prices of particular health care resources—such as prescription
drugs and diagnostic equipment—and become more focused on
ways to redirect R&D so that tomorrow’s health care technology is
less costly than today’s. We make a mistake if we concentrate only
on the costs of health care services that are now available; in just a
few years there will be a vastly different array of services. What
they will be like, and what their costs will be, are not preordained;
they are the fundamental questions facing health policy planners.

What is meant by “technology”? It could be hardware, ma-
chinery, or equipment, of course; but it need not be. It is simply
knowledge—knowledge that is sometimes embodied in equip-
ment and devices such as CT scanners or laser devices for cataract
surgery, sometimes embodied in pharmaceuticals and vaccines,
and sometimes embodied in people, as, for example, in the knowl-
edge of surgeons about a new surgical technique or of consumers
about how to conduct a self-examination for breast or testicular
tumors.

Once technology is viewed as knowledge, it becomes easier to
see the possibility that public policy can affect incentives for the
R&D sector to pursue one form of advance in knowledge rather
than another. It then follows that advances in knowledge about
health care treatment and prevention are not chance events; they
are, in general, results of planned scientific research and related en-
gineering development. The kernel of this theme is that medical
R&D is influenced by the anticipated rewards, and these rewards
come through the health care finance system. Incentives matter, and
society sets them—although often unwittingly.

Though my focus is on ways that public policy can alter future
health care technology, I am not suggesting that technological
forces are the only elements of health care policy. They are not. We
are, and should be, interested in the pricing of health care re-
sources. We are, and should be, interested in ending the “job lock”
effect of employer-based health care insurance, which prevents
workers from moving to more preferable jobs because of fear of los-
ing health care insurance coverage. And, as a civilized society, we
are, and should be, searching for a political-social consensus on our
obligations to meet the health care needs of the poor.

These are all matters deserving action. Still, as society struggles
to establish policy for overall cost containment in health care, the
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R&D sector and its incentives cry out for attention. Our goal should
be to develop new cost-reducing technologies while we reduce ef-
forts to develop technologies that improve quality of care but
increase costs in the process. To do this we should establish incen-
tives for the enormously creative and responsive health care R&D
sector to shift its efforts toward cost-reducing technologies. A pub-
lic policy that favors cost cutting over quality enhancement is a bit-
ter pill; but if we are to succeed in the long-term in reining in health
care costs, there is no other option.

R&D incentives can be changed. Technological change does not
“just happen”; it is heavily influenced by public policy, although
often in unintended ways. It was not inevitable that recent decades
would bring forth the kinds of innovations that we now take for
granted; a different incentive structure would have brought differ-
ent results. The dramatic difference between the technological
innovations in health care and those in education illustrate the
powerful effect of incentives. If schooling were financed the way
we have financed health care, each child would receive a battery of
diagnostic tests at the beginning of the school year, teachers would
then determine what kind of education each child “needed,” that
education would be provided to the child, the costs of the educa-
tion would be calculated, and the school would send a bill to a gov-
ernmental agency or private insurer, which would in turn remit a
check. Imagine what that would have meant for the development
of educational technology: anything that teachers found to be effec-
tive would have a ready and profitable market, whatever the cost!
[tis no coincidence that today’s hospital is vastly different from the
typical hospital of 1960, while the fifth-grade classroom of today
and that of 1960 are virtually indistinguishable.

In health care, as elsewhere in the economy, higher quality is
normally more costly. Sometimes, of course, it has been possible to
increase the quality of health services while also cutting costs. The
polio vaccine, for example, not only virtually eliminated this devas-
tating disease of youth but also in the process eliminated the high-
cost iron-lung technology. Similarly, certain drugs have come to be
substituted for high-cost ulcer surgery. Yet most technological
advances in recent decades have not been cost-reducing. MRI diag-
nostic devices, organ transplants, and techniques for keeping ba-
bies weighing two pounds (or even less) alive have expanded our
health care options but have also increased costs. Rather than sub-
stituting for even more costly measures, they have provided addi-
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tional ways to sustain life or to detect problems that then require
costly treatment. These new technologies have much to commend
them, but cost reduction is not one of them.

To see the overall effect of technological change over recent de-
cades, ask yourself what the level of health care expenditures
would be now if the state of technology had been “frozen” at, for
example, its state in 1950. We would be unable to spend money on
most of the high-cost techniques that we take for granted today.
People with head injuries could not be examined with costly MRI
equipment, AIDS victims could not be treated with costly AZT,
people with diseased livers could not obtain transplants, and
people with kidney disease could not obtain dialysis. Many people
would suffer or die prematurely, but health care costs would be
lower—in my judgment, far lower.

Public policy can and should set the incentives for health care
R&D knowingly and with recognition of their consequences. But
we have not done so. To see how some potent incentives have revo-
lutionized health care, let us review some history. By understand-
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Figure 1. Health Care Expenditures in the U.S., 1929-1991 as a Percentage
of the GNP.

Sources: Statistical Abstract of the United States; and Historical Statistics: Colonial Times to
1970, Part 1, Series B249.
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Country Percent Growth
Iceland 650
Spain 261
Japan 234
Switzerland 233
Norway 227
Netherlands 218
United States 215
Belgium 212
Italy 209
France 205
Mean 197
Sweden 191
Finland 190
Ireland 185
Austria 183
Germany 174
Denmark 167
Greece 166
New Zealand 157
United Kingdom 156
Canada 156
Australia 154

Figure 2. Growth of Health Care Expenditures
as a Percentage of the Gross Domestic Product (1960-1987).
Source: Calculated from data in Health Affairs, Fall 1989, page 170.

ing how we came to spend one-seventh of our entire national
output on health care, we perhaps can see how to change the fu-
ture. Some historical facts follow.

Fact one. The explosion of health care costs, now at 14 percent
of the Gross National Product (GNP), and rising, is relatively
recent—a post-World War II phenomenon (see Figure 1). Not gen-
erally recognized is that between 1929 (the earliest year for which
data is available) and the early 1950s, the share of the GNP devoted
to health care barely changed, hovering around 4.0 to 4.5 percent.
Since then something new has been happening in health care.

Fact two. Whatever has occurred during this period has been a
worldwide phenomenon and not just limited to the United States.
Although the absolute level of health care expenditures is highest
in this country, it has been rising everywhere. In fact, for most of
the period since 1960 health care expenditures in the United States
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rose at approximately the same rate as they did in the other coun-
tries of the OECD (Organization for Economic Cooperation and De-
velopment), although in recent years the differential has increased
somewhat. Interestingly, though, while all of the OECD countries
devote smaller percentages of their GNP to health care than does
the U.S., some six other countries have had even higher rates of in-
crease of health care expenditures than the U.S. over the last several
decades (Figure 2). Some very potent worldwide forces are at work.
The key force is technological advance and the particular forms it
has taken, forms which were dictated largely by the U.S. incentive
structure.

Fact three. The post-World War Il era has seen an enormous ex-
pansion of health care insurance coverage. Few people in the U.S.
had any kind of health care insurance at the onset of the war, and,
while coverage expanded during the war, only 9 percent of the
population had surgical insurance coverage by 1945. Twenty-five
years later 78 percent of citizens had such coverage, and by 1989 the
figure was 87 percent (Figure 3).

Year Hospital Expense Surgical Expense  Health Care
Coverage Coverage Coverage

1940 9 4

1945 23 9

1950 50 36

1955 61 52

1960 68 62

1965 71 67

1970 77 74

1975 82 78

1980 83 78

1985 85
1986 85
1987 86
1988 86
1989 87

Figure 3. Percent of Population Covered by Health Care Insurance
1940-1989 (Selected Years).

Sources: Source Book of Health Insurance Data 1991, Table 1.1, page 7; Source Book of Health In-
surance Data 1984-1985, Table 1.1, page 10; Economic Report of the President, February 1991, Table
B-31, page 321.
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Fact four. The post-World War II era has seen historically un-
precedented technological advances. In the case of prescription
drugs, for example, as much as 30 percent of the 200 largest-selling
drugs are new each year (Figure 4); fully 75 percent of the 200 top-
selling drugs in 1972 were gone from the group fifteen years later.
Advances in organ transplantation techniques also illustrate the
enormity of technological change. During one decade—the 1980s
—the number of heart transplants increased from virtually zero to
nearly 1,700 per year; liver transplants soared from essentially zero
to 2,160 per year.

R
e
[~J |

Number of Drugs New to Top 200

Figure 4. Drugs New to Top 200 from 1973-1987
Based on Number of Prescriptions.
Source: “Drugs New to Top 200,” Pharmacy Times, 1973 to 1987.

These facts are all interrelated; the extent of insurance coverage,
the forms that R&D take, and the level of health care expenditures
all reflect the dynamic interplay of incentives. Increased insurance
coverage and expanded technology have interacted to drive total
health care expenditures upward (Figure 5). The expansion of
health care insurance sent a powerful signal to the R&D sector (Fig-
ure 6): develop anything that is effective (as urged by physicians,
hospitals, or the FDA) and do not be concerned about its cost, be-
cause an insurer—private or governmental—will pay. The R&D
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sector responded to both incentives. It turned its considerable en-
ergy and creativity to the search for ever more effective means to
detect and treat, and sometimes to prevent, illness. The R&D sector
was enormously successful; but it also disregarded costs. The result
was historically unprecedented improvements in health care but
also historically unprecedented increases in costs.

Technology

Health Care
Insurance System

Health Care
Expenditures

Figure 5. The State of Technology and the Incentives to Use the Technology
Determine Total Expenditures: The Short Run.

Science pase

N o [Fechnion;

Health Care
Insurance System

Figure 6. The Health Care Insurance System Establishes Incentives for the
Ré&D Sector.

Just as growing insurance coverage encouraged the develop-
ment of effective but high-cost technologies, so too was there a re-
ciprocal response. The development of those technologies sent a
powerful signal to consumers: obtain even more comprehensive
health care insurance or you will be unable to pay for the wonder-
ful but high-cost innovations. Consumers also respond to incen-
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tives; they demanded more expansive health insurance coverage

from employers and, for the elderly and the poor, from government
through Medicare and Medicaid programs (Figure 7).

Technology

Health Care
Insurance System

Figure 7. The Technical Capability for Delivering Health Care Affects the
Form and Coverage of the Health Care Insurance System.

The system'’s response was powerful. Expanded health insur-
ance coverage, to more people and to an ever-wider range of tech-
nologies, cut consumers’ sensitivity to rising costs of care; that
expansion signaled for industry to develop costly new technolo-
gies, and those new technologies further increased the demand for
insurance, which again stimulated R&D aimed at innovations that
were medically effective, regardless of cost. And so health care
costs soared. As they increased, consumers were under growing
pressure to seek expanded insurance coverage (Figure 8).

Health Care
Insurance System

Health Care
Expenditures

Figure 8. The Level of Health Care Expenditures Affects the Demand for In-
surance.

These diagrams may help to portray the health care system that
is generating the bulk of health care cost growth. The system is
complex, but its components are not. Figure 5 portrays the fact that
the level of health care expenditures at any point in time depends
largely on the incentives that the insurance system presents to uti-
lize or not utilize the existing technology. Figure 6 shows that the
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insurance system affects incentives to use the science base to de-
velop new technologies. Figure 7 indicates that the type of health
care technology that is available affects the demand for health in-
surance. Figure 8 shows that changes in health care expenditures
cause changes in the demand for insurance. Figure 9 puts these rel-
atively simple subsystems together; simplified as it may be, it por-
trays the web of key interdependencies among the health insurance
system, the R&D system, and the level of health expenditures. Pub-
lic policy should be constructed in recognition of system-wide ram-
ifications; a change in one element will change the others.

Science Base

\» Technology

Health Care

Insurance System x
‘¥ Health Care
Expenditures

Figure 9. The Dynamic System of Interaction of the Health Care Insurance
System, Technological Change, and Health Care Expenditures.

As the United States struggles today with health care policy,
there are two important lessons to be learned from the past forty
years:

1. The kinds of new technologies developed in recent decades
would have taken very different forms if the incentives facing the
R&D sector had been different—if, for example, there had been
large rewards for developing cost-reducing technologies. Public
policy can redirect R&D and thereby stem the upward trajectory of
health care costs. The effects of such a redirection of R&D would
not be visible immediately—the R&D “pipeline” is typically ten
years or more long—but we can begin to turn around incentives

Now.
2. In health care, as elsewhere, there is no “free lunch”: the
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harder we try to contain health care costs, the more we will displace
R&D on quality-enhancing therapies. Early evidence indicates that
incentives are already beginning to shift away from quality and in
favor of holding down costs and prices. Cost-conscious HMOs
more than tripled their memberships during the 1980s—from nine
million persons in 1980 to nearly twenty-nine million in 1987. In the
late 1980s a scientifically promising line of research on a cochlear
implant for hearing-impaired persons was discontinued because
the downward price pressure emanating from the Medicare Diag-
nosis Related Group (DRG) hospital-service pricing system was
expected to reduce its profitability. Earlier, in the 1970s, when a
ceiling price was placed on government payment for kidney dialy-
sis, the direction of R&D was promptly affected in favor of cost re-
duction: large surface dialyzers were developed that cut the time
required per session from the 6 to 8 hour range down to the 3.5 to
4.5 hour range. The point is not that any of these responses to price
pressure is undesirable, only that they reflect shifts away from the
search for quality in favor of the search for lower cost.

There should be more incentives for health system R&D to de-
velop cost-reducing knowledge. If that is done, we can do more
than contain aggregate costs; we can deal with a problem that is se-
riously dividing our society—the widening gap between the most
advanced technologies for health care and the level of care that so-
ciety is willing to assure to all citizens. Public policy is now in
search of a “basic package” of health care services to be guaranteed
to our entire population. Few Americans, however, would find it
acceptable to define such a package as comprising even the most
advanced state of technology in, say, 1960. What is “basic” today
depends very much on what is possible today, not on what was
possible in the past. The more we develop expensive but effective
new technologies, the more the cost of a politically and socially ac-
ceptable basic package of services will escalate. The recent experi-
ence of the Oregon initiative showed the gargantuan difficulty of
reaching consensus on the content of a basic package of health ser-
vices. Devising a mechanism for expanding the basic package in
light of technological change is a challenge that lies just ahead.

Itis worthwhile to encourage states to experiment with alterna-
tive formulations of the basic services to be made available to ev-
eryone. Our longer-term social policy goal, however, should be to
focus not on defining a minimal level of services but on narrowing
the technological difference between truly high quality care and the
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quality that we are willing to make available to all our citizens.
Narrowing that gap requires focusing on R&D, and specifically on
shifting incentives in favor of developing new technologies that cut
costs.

My emphasis on R&D that would be cost reducing should not
be confused with the current rush to “technology assessment,”
which represents the use of cost-effectiveness analysis to determine
the desirability of adopting technologies that already have been de-
veloped. At that point it is largely too late to focus on costs. Society
is tortured by the prospect of facing squarely the question of
whether a potentially life-saving technology that already exists is
“worth” the cost; should society, for example, pay the $300,000 an-
nual cost to treat each victim of certain painful and life-threatening
complications of a particular disease treated with a new drug?
Should society adopt measures to discourage development of such
a costly technology? Or should we encourage R&D on even such
high-cost products, but then subsidize their prices to consumers?
Or should we force the developers to reduce prices?

How can public policy go about redirecting health care R&D to-
ward cost-reducing technologies? I will indicate a direction we can
take; once we accept the central importance of reorienting R&D we
can move to the challenge of devising operational programs and in-
centives.

If we want to send a clear signal to the R&D sector that cutting
costs of health care is more important than further improvements
in quality—and there is little doubt that this is the trade-off—one
idea is to establish large prizes for cost-reducing technologies. Just
a few months ago, a consortium of electricity producers offered a
$30 million prize for the development of a refrigerator that would
reduce electricity usage by 25 percent; two finalists were selected to
submit prototypes. With aggregate health care expenditures of
$900 billion per year, we can easily consider prizes of hundreds of
millions of dollars. This would dramatically increase incentives for
the R&D sector. Health care costs would not drop immediately, of
course, but society would have taken a vital step toward a mean-
ingful long-term strategy for cost containment.

Making incentives clear is no easy task. A decade ago Medicare
instituted the DRG pricing system to help control hospital costs.
Hospitals now receive essentially fixed prices for treating a Medi-
care patient; the payment depends on the person’s particular diag-
nosis, not on the actual costs incurred. The intended incentive was
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for hospitals to pay more attention to cost control. What kind of in-
centive does the DRG system send to the R&D sector? The answer
is not clear, the reason being that there has been scarcely any policy
debate over how the DRG system should respond to the develop-
ment of new technologies generated by the R&D process. How
rigid or how responsive to new technologies will the set of DRGs
and their prices be? Depending on the answer, the system will send
entirely different incentive signals to the R&D sector. Consider two
very different cases. In one, the number of DRG categories and the
prices paid by Medicare for each would be fixed permanently. In
this case, any device, drug, or technique that was effective but
more costly would have a quite limited market, for hospitals would
find it difficult to pay for a product that had a greater overall cost of
treatment, even if it brought longer life or higher quality of life for
the patient. Hospitals would shun cost-increasing innovations.

But what if the DRG regulatory system was very flexible, so
that any new medical technology product that was effective would
lead to the establishment of a new DRG with a price that was high
enough to permit a hospital to adopt it? In this case, the DRG Sys-
tem would devolve into essentially the kind of cost-based reimbur-
sement system that we have had for most of the post-World War II
era, and the DRG system would lose its cost-cutting incentive ef-
fect.

The United States seems to be traveling a kind of middle road
between these extremes, with some new DRG categories having
been established and prices to hospitals having been altered. The
resulting signal to the R&D sector is less than clear; incentives for
R&D on quality-enhancing versus cost-reducing technology are
ambiguous.

In summary, society does not have to simply respond to tomor-
row’s technology; we can shape it. However, as we do so, and,
more broadly, as we develop health care policy in its many dimen-
sions, we should bear in mind that the United States is in a unique
position among nations. We are both the world’s preeminent pro-
ducer of health care R&D and the preeminent consumer of its prod-
ucts. For most other nations, changes in their health care insurance
systems or in their price policies for health care resources have little
or no effect on their own R&D sector, because most have little or no
R&D. Similarly, their policies have relatively little effect on the
R&D sector of the United States, because each country—although
not the aggregate of all countries—constitutes a relatively small
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market compared with that of the United States. For the U.S., how-
ever, health care R&D is both a large and highly successful innova-
tive industry and one that is affected in a major way by our own
decisions to encourage or discourage it.

I urge U.S. policymakers to refocus their thinking about health
care. R&D is, in my judgment, the driving force behind both the
wonderful advances in health care since World War II and the in-
creasingly contentious advances in its costs. But the R&D sector
was responding to social incentives operating largely through the
health care insurance system. It will respond to new incentives, if
we set them clearly and predictably, to give greater emphasis to
cost containment. We need a better balance between improving
quality and controlling costs. What is the future for health care
technology? The answer, in significant measure, remains ours to
choose.

Discussion

One discussant noted the increase in numbers of physicians rel-
ative to the population, resulting in increased incentives to treat: “If
you have a headache, you can either give the patient two aspirins
or give them a CAT scan or MRI and two aspirins. Everyone with a
headache does not need a CAT scan. I think there is a correlation
between the increased number of physicians and the increase in the
costs of medical care.”

Dr. Weisbrod responded: “Physicians also respond to incen-
tives. There were times when the number of physicians was de-
creasing relative to the population. We then proceeded to increase
the incentive for medical schools to turn out more physicians and,
lo and behold, they did. Physicians know that if they see more pa-
tients and do more things, they make more money. If we had a Sys-
tem such that physicians would not make more money by seeing
more patients, sort of a capitation or HMO approach, the incentives
would be completely different. It is important to note that situa-
tions facing physicians have changed a great deal in the last genera-
tion. Life used to be simpler. The Hippocratic oath basically says,
‘Physician, look out for the well-being of your patient.” The physi-
cian was the agent for the patient. What has happened in recent

- decades is that, increasingly, physicians have been put into the po-

‘ sition of being agents for the fiscal authority, the gatekeepers. The
physician is now in the unenviable position of being a double
agent, an incompatible and unenviable situation.”




CHAPTER 11

Engineering Cost-Effective
Health Care Technologies

DOV JARON
National Science Foundation

“Mobilize the engineering and scientific community to be proac-
tive on the issue, to stimulate the community to ask some serious
questions about the role of technology, to provoke new thinking,
to raise the awareness of our community, and to hopefully re-
verse the perception that technology itself or its developers are
responsible for the rising costs of health care.”

The National Science Foundation (NSF) and the Whitaker Founda-
tion recently announced a new research thrust in cost-effective
health care technologies. There were many people involved in mak-
ing this new thrust possible, particularly NSF’s Assistant Director
for Engineering, Joe Bordogna, a great believer that technology can
be used to help contain health care costs.

Thirty-six million Americans do not have access to health care.
There is no question that rising health care costs are affecting each
one of us. Every time we visit a physician or are admitted to the
hospital the bill becomes more expensive. The increasing costs are
affecting both small and large businesses. Some small businesses
are closing because they cannot afford to provide health insurance

Copyrighted material © 1994: Medical and Biological Engineering in the Future of Health
Care, edited by ).D. Andrade: University of Utah Press.
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to their employees. The problem is affecting our national economy,
our ability to compete in the national market, and (unless some-
thing is done about it) it will affect the standard of living of the
present generation as well as that of generations to come.

There are several culprits responsible for the rising costs of
health care: the third-party payment system, the lack of incentives,
exorbitant fees charged by health care providers, excessive litiga-
tion (forcing physicians to practice defensive medicine and perform
more procedures than are necessary), inefficiencies, and perhaps
fraud and waste in the system. There is also a perception, some-
times justified, that medical technology is one of the major drivers
of accelerating health care costs; by implication, the creators of
those technologies are also to blame. If indeed we have a hand in
the rising costs of health care, we should also be part of the solution
to rising costs.

Historically technology has always been a major factor in in-
creasing economic efficiency and productivity, in creating national
wealth, and in improving the standard of living. But this is not true
in the health care system. Technology has not really done much to
address the cost issues related to health care. Our profession re-
cently has been talking about the issues involved and discussing
ways in which we can become active participants in developing
ways in which technology can indeed help to reduce or at least con-
tain health care costs. As a result of those discussions, the National
Science Foundation (NSF) and the Whitaker Foundation jointly
sponsored a workshop on “Technology for Health Care Cost Con-
tainment” in April 1992. The workshop included engineers, physi-
cians, other health care professionals, economists, health care
administrators, and representatives from NSF and NIH. The work-
shop report has been published.! The purposes of the workshop
were to define areas where engineering and technology can be ap-
plied to contain costs and to make general recommendations to
NSF and the Whitaker Foundation on the role the two entities can
play in this process.

The workshop was followed by a task force formed by NSF,
which included representatives from the directorates for engineer-
ing, computer information science, and engineering (social, behav-
ioral, and economic), as well as the mathematics and physical
sciences directorate. It also included representatives from the
Whitaker Foundation and NIH. The outcome was a recommenda-
tion for a research thrust jointly funded by NSF and the Whitaker
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Foundation called “Cost-Effective Health Care Technologies.” We
expect that the results of this research will help to contain or reduce
costs without compromising the quality of medical care.

The thrust is also intended to function as a catalyst to mobilize
the engineering and scientific communities to be proactive on the
issue, to stimulate the community to ask some serious questions
about the role of technology, to provoke new thinking, to raise the
awareness of our community, and, hopefully, to reverse the percep-
tion that technology itself or its developers are responsible for the
rising costs of health care. It is also intended to stem some of the
rhetoric that advocates some curtailment of the development of
new medical technologies.

We are certainly not seeking to fund another expensive MRI
system or another costly machine to sustain life. That is not our ob-
jective. We hope instead to stimulate research to develop new tech-
nologies that, in the long run, will enable systemic changes to be
made in health care delivery. Clearly, the problem is enormous and
we have very modest funds to start this initiative. At this time we
can address only a subset of the problem.

We encouraged proposals in three different areas:

1. Technologies that would bring about major changes
in the hospital system by increasing efficiency and effec-
tiveness. Examples include the creation of a system that
supplies real time, fully integrated monitoring at the
bedside; the use of operation research technologies and in-
formation and communication technologies; and the devel-
opment of knowledge-base and other relevant technologies
that will change the present paradigm by which care is pro-
vided in the hospital setting.

2. Development of technologies that will accelerate the
decentralization of the health care delivery system and
move it away from the most expensive environment to
other areas, such as the home setting. We expect that such
changes will reduce the costs without compromising qual-
ity. Although this trend has already begun, maintaining the
same quality of care requires that new technologies be de-
veloped, examples of which include communications and
effective networking.

3. Development of technologies which will empower
Fhe patient, facilitating reliable self-diagnosis and increas-

Ing the ability for self-therapy.
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Another emphasis of this thrust is the creation of teams. We
would like to bring engineers and scientists together with health
care providers in order that the problems they address are prob-
lems on which both sides agree. NSF does not fund any clinical
work, so the research proposals that come to us cannot directly in-
volve patients.

The NSF-Whitaker research thrust on cost-effective health care
technology was announced in March 1993; it resulted in more than
100 formal proposals. For further information, contact:

Bioengineering Program The Whitaker Foundation
Biological and Critical Systems Division 901 15th St. NW

The National Science Foundation Suite 100

1800 G Street, NW Washington, DC 20005
Washington, DC 20550 Phone: 202-833-6920
Phone: 202-357-9545 Fax: 202-833-6928

FAX: 202-357-9803 Email:

P00019@PSILINK.COM
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CHAPTER 12

Initiatives in
Biomedical Technologies

RICHARD SATAVA
Advanced Research Projects Agency
(ARPA)

“ARPA has a vision of how medicine may be changed in the fu-
ture.”

“Telepresence refers to manipulating remote objects in the real
world, whereas virtual reality creates its own world in which you
can merge yourself and manipulate the objects within it....
Telepresence surgery...will help the surgeon by giving 3-D
vision, dexterity, and sensation back to his or her hands.”

“Your resident can practice safely on a computer without fear of
AIDS or other contamination, without the fear of animal-rights
concern.”

“Multiple surgeons could operate upon one patient at the same
time through two telepresence systems.”

“Bring the surgeon right to the battlefield, right at the time of
wounding, but using telepresence.”

Copyrighted material © 1994; Medical and Biological Engineering in the Future of Health
Care, edited by J.D. Andrade; University of Utah Press.
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ARPA has a vision of how medicine may be changed in the future.
Why did ARPA and the Department of Defense (DOD) get into the
biomedical technology arena? Defense has two responsibilities. The
first is to the individual soldier by minimizing and treating battle
casualties. Throughout this century, despite improvements in tech-
nology, we have not been able to decrease battle casualties on the
front line; we still sustain 90 percent of our casualties in the front
lines. As the DOD redefines its role away from traditional military
confrontations, it now has taken on humanitarian responsibilities.
Individual soldiers are now assuming strategic as well as tactical
importance. For example, in Somalia, that single marine who was
wounded during the humanitarian effort had an international im-
pact, one well beyond his importance as a tactical soldier. The sec-
ond responsibility of the DOD is to peacetime health care; one of
the largest HMOs in the United States is the Military Medical Sys-
tem of the Department of Defense.

At its creation in 1958 ARPA was envisioned as the national
technology engine, with the responsibility of finding new and inno-
vative technologies and maintaining and enhancing the nation’s
technological edge in medicine and health care. We propose to ex-
ploit this technological edge. There is no question that we can de-
ploy these technological advantages for dual use, whether they be
for innovative treatment modalities, diagnostics, and medical in-
formatics, or for advanced education and training environments.
We will not be looking into the areas of policy and cost savings per
se, but developments in those areas will be a result of the work
we do.

Several thrusts have already matured within ARPA. One is the
global grid—a global telecommunications infrastructure which
will permit integrated medical-informatics programs. We expect to
provide a support structure for medical devices, the development
of personal status monitors, telesurgery, and medicine—all built
upon the information infrastructure in the global grid.

There are many nonmedical technologies that have come from
business, industry, and academia. The vast majority of things that
have been medical improvements have not originated from “medi-
cal” research; they have been technologies that we have inherited
and adapted to the medical field. In addition, we have now a new
technology, laparoscopic surgery, a minimally invasive surgical
procedure. Until recently all operations were performed by literally
ripping the patient open, manipulating his/her organs, removing
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those that were damaged, repairing them, and then putting the pa-
tient back together again. Today that process is not necessary for
many procedures, because we can make tiny holes, insert small
cameras and instruments, and remove or repair the organs without
ever having to cut the patient open. This has been an absolutely gi-
ant step forward for the patient, who has decreased pain, is often
out of the hospital in a day, and is back to work in a week, instead
of being in the hospital for a week and back to work in six weeks.
Yet, while this has been a giant leap forward for the patient, it has
been three giant steps backward for the surgeons. We have lost our
3-D vision, our sense of touch, and we no longer have the dexterity
that we had during the open procedure.

We have a new type of surgeon coming on the scene—our chil-
dren. The ones that you and I are concerned about because they
have been playing too much Nintendo. Well, they are the new sur-
geons of the future and they have a new skill, something that you
and I did not have intuitively as we grew up. They are able to look
at a television screen or monitor and are able to manipulate things
on it. At this time it may be only PacMan eating bugs, but in the fu-
ture it may be the ability to perform surgery remotely. The pivotal
eventand driving force for this change was laparoscopic surgery. It
has had a profound effect upon the way medicine is being per-
formed today. Yet, despite its benefit to the patient, surgeons want
their 3-D vision, sense of touch, and dexterity back. We have ex-
plored several areas and have been able to put together a frame-
work for the future of surgery, applicable to medicine as a whole.

Virtual reality may indeed be at the heart of one of the most
profound changes that we have been able to discover. Consider a
surgical workstation not too dissimilar from today’s radiology
workstation. By using telepresence, networking, robotic control,
and artificial intelligence, we will be able to enhance the power of
the surgeon. The world of virtual realty not only will bring training
and education but also will bring in planning as well as prognosti-
cation. Virtual reality as we know it today requires a helmet with
stereoscopic TV cameras in front and earphones that isolate you
from the real world. Once you put on the helmet, the only thing
you are aware of is what the computer presents. A virtual world is
not a real world, but one has the sensation that it is real. Imagine a
glove (called the “gesture input device”) replacing a joystick. This
would allow you to roam around inside the imaginary world, grab
things, pick them up, and move them as if they actually existed.
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With virtual reality we can practice on things that don’t really
exist but have the potential for existing. A person in a virtual world
is completely isolated from everything, working within this imagi-
nary world almost like Alice in Wonderland down in the rabbit
hole. In about 1940 Edwin Link came forward with the first air-
plane simulator, and we all know how important flight simulators
are today. Pilots never even get into aircraft until they spend hun-
dreds or thousands of hours with flight simulators and have per-
fected their techniques. Virtual reality is on that cusp. Consider a
virtual reality surgical simulator. But there is a difference between
telerobotics, telepresence, and virtual reality. Virtual reality is an
imaginary world, whereas telepresence is in the real world.

Teleoperation involves a remote hand controlled by the opera-
tor on a one-to-one basis. As the operator moves his or her hand,
the remote slave hand moves. This is very distinct from telero-
botics. In telerobotics there is also a remote manipulating hand, but
that hand is controlled by robotics—it has an independent knowl-
edge of its own. Telepresence is akin to teleoperation in the sense
that it is a one-to-one relationship between one’s hand and the re-
mote arm. The new technology of virtual reality has some similari-
ties to telepresence. Telepresence refers to manipulating remote ob-
jects in the real world, whereas virtual reality creates its own world
in which one can merge and manipulate the objects within it. What
does this have to with surgery? There are at least two things: edu-
cation and basic surgical anatomy, as well as training a surgeon to
operate.

In learning anatomy one could use a virtual reality surgical
simulator to actually travel inside of the organs and learn new per-
spectives about how the human anatomy should be perceived, per-
spectives one couldn’t possibly get even if you dissect a cadaver.
You could fly through the stomach into the duodenum, back up the
bile duct and out the gallbladder. One of the interesting things
about the virtual world is that you can enlarge or become micro-
scopic in size depending upon the perspective you want. Currently
all we are able to do is operate on individual organs that are large
enough for us to see. But there are a number of disease states in
which we may want to go down to small organs or even to the cel-
lular level.

Pilots for past generations have been learning how to fly by us-
ing flight simulators. They have not been allowed to fly an aircraft
until they have performed and perfected their aviation techniques
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on a simulator. A virtual reality simulator will provide the interac-
tions, feelings, and 3-D aspects of being in an operative procedure,
but without one ever having to touch a patient. Your resident can
practice safely on a computer without fear of AIDS or other
contamination, and without the fear of animal-rights concerns. A
simulator has all of these educational and training potentials. In ad-
dition, it can be a powerful research tool. Today, architects can
show their building drawings in 3-D and can go through them with
their clients. There is no reason why we cannot, with a properly cre-
ated anatomy, do surgical research without ever having to operate
on an animal. These are potentials and benefits that were well be-
yond anyone’s imagination as few as five to ten years ago. There is
no reason why virtual reality simulation shouldn’t be pursued ag-
gressively; it is done in all other areas of industry and technology.
Medicine should catch up. This technology will be absolutely inte-
gral to new foundations of surgery and medicine; education, train-
ing, surgery, and post-procedure evaluation will all be part of a
single, seamless system.

We should be doing telepresence surgery.! Telepresence sur-
gery was developed as an answer to laparoscopic surgery. It will
help the surgeon by giving 3-D vision, dexterity, and sensation
back to his or her hands. For example, after the surgeon initially
puts in the trochar, s/he will sit next to the patient. This is a natural
transition from laparoscopic surgery and has the advantage of giv-
ing the surgeon the feeling of being in an open operative procedure.
As it is performed, what we have is a connection between the pa-
tient and surgeon via an “umbilical cord.” With laparoscopic sur-
gery, we are removing internal organs without ever actually seeing
them or touching them. What we do is look at the TV screen, take
an instrument and stab it in the belly, and hope that what we are
poking at is actually what we are seeing on the screen. By doing
this with telepresence, we will in essence be able to put an elec-
tronic interface between the surgeon and patient that will enhance
the surgeon’s abilities. By having that interface, we also will be able
to bring other things to bear as well. For example, if we operate
from a surgical workstation, we don’t have to be in the same place
as the patient. Two or more surgeons could operate upon one pa-
tient at the same time through two telepresence systems.

We could have a medical center—in essence, the medical cen-
ter of the future, the medical center without walls—using tele-
medicine, whether it be teleradiology, telesurgery, or video consul-
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tation. Such a medical center could reach out to remote, small clin-
ics, embracing those remote clinics as part of their actual system,
and multiply the power and effect of each individual physician,
particularly the specialist. Small communities would have access to
the care that is now only available within our urban medical cen-
ters. We could provide services to places that are too remote or
dangerous to get to—such as space stations or third world coun-
tries, for example. Assuming that we have the surgical workstation,
or physician’s workstation, we will not only be able to incorporate
real time and real patient care but also we will be able to bring 3-D
images, MRI, and CT scans, and superimpose them upon the actual
patient being operated upon, thus giving the surgeon real time,
x-ray “vision” while s/he is operating. S/he will be able to see,
deeply imbedded in the liver, that cancerous lesion because of the
3-D projection of the CT scan or the MRI.

A surgical simulator brings realistic images to the surgeon in
training identical to what s/he would see on real people.? S/he
practices on the computer simulation and with the flip of a switch
can perform surgery on a real patient. We will then have flattened
out the learning curve. The surgeon does not have to practice on a
plastic model or an animal in training, and then be supervised.
S/he will be able to do this in a single step. Finally, this technology
is not limited to surgical procedures. Other procedures, such as
endoscopy and microsurgery, will be possible from remote work-
stations.

The DOD believes strongly that this concept is worthy of being
pushed forward by the soldier of the future (Figure 1). The concep-
tual interaction between the soldier of the future and medicine of
the future developed because we realized that we will have to
monitor the soldier at all times. Imagine soldiers on the battlefield
with personal status monitors on their wrists or collars providing
continuous real time vital signs, their location on the battlefield,
and whether or not they are friendly forces. When a soldier is
wounded, this individual will set up an alert on the global system
over the global grid so that anyone will be able to know that s/he is
wounded and precisely where s/he is located. Medics rapidly can
go to the casualty and remote telepresence surgery can be per-
formed via a mobile armored van (Figure 1).

In ancient times, battle casualties were taken care of after the
battle. When the battle was over, the surgeon would go out and fix
what he could while everybody else was back home eating. In 1796
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Dominique Larrey revolutionized battle casualty care in medicine
with the ambulance. Now when the soldier was wounded he was
immediately evacuated to a field hospital. There was still a time de-
lay, however, called the “golden hour of surgery.” Our intent is to
bring the surgeon right to the battlefield, right at the time of
wounding, but using telepresence. In addition, the information that
is going to be available from the personal status monitor to the
medics will be distributed so that all necessary individuals will
have that information available to them.

The ARPA perspective is that the grand challenge to revolu-
tionize the delivery of health care lies with the electronic interface.
This will be enabled by

* the Health Care Information Infrastructure; and

* HighPerformance Computingand Communications (HPCC),

of which the global grid telecommunications network is

critical.

With these two ARPA programs well on the way to maturity,
the Biomedical Technology Program will fund projects in the fol-
lowing areas:

1. Advanced diagnostics, including remote sensing of
vital signs (such as the Personal Status Monitor), portable
miniature “stat labs,” advanced digital imaging devices of
all types (CT, MRI, PET, SPECT, ultrasound, surface laser
scanning), telemedicine consultations (such as teleradiol-
ogy, telepathology, etc.).

2. Advanced interventional therapy, including tele-
presence surgery, pharmacologic agents (against shock/
hemorrhage which can be autoinjected at the time of in-
jury), and Trauma Pod to provide complete stabilization
and en route therapy during evacuation.

3. Advanced training and evaluation, limited to using
advanced simulation technologies, such as virtual environ-
ments to permit virtual prototyping of equipment, virtual
training on a simulated “cadaver,” or medical forces train-
ing in the SIMNET environment.

4. Medical information infrastructure, which will in-
clude massive medical data bases, shared/distributed envi-
ronments which are platform independent, and decision
support (such as a “Medic or Physician Associate”).

What is common to all of the above projects is that they are gJ]
mediated through a digital interface (even the pharmacologic
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agents are to be administered using some form of digitally con-
trolled device). The revolution is the digital physician and the ad-
vanced technologies which will enhance the physician’s abilities.
There will be advanced technology demonstrations in 1995 and
1997 to showcase these new technologies in a military environment
which is linked to the civilian sector (dual use). Wisely implement-
ing the above technologies will give us leverage to actually de-
crease the costs of health care.
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CHAPTER 13

National Initiatives for the
Enhancement of Information
and Communication

MICHAEL NELSON
Offtice of Science and
Technology Policy

“A sense of geological time scales...is very useful in dealing
with Congress.”

“We are moving ahead aggressively....We will have the core
technology from which to build the rest of the infrastructure.”

“Help schools and other information have-nots get into the infor-
mation game.”

“We have to find new ways to fund the research and develop-
ment that develops the new technologies that underly the new
products and the new jobs.”

“It is a very exciting time to be involved in the political process.
Geological political time has sped up.”

Copyrighted material © 1994; Medical and Biological Engineering in the Future of Health
Care. edited by ].D. Andrade; University of Utah Press.
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“Scientists have had a method of picking subjects and problems
for over five hundred years which has been exceedingly success-
ful. If we replace that with political methods, such as priority set-
ting, we are unlikely to do better, and will most certainly do
worse.” (C. McDonald)

['have been impersonating Senator Gore for several years, and now
I get to impersonate Vice President Gore. I guess that is a promo-
tion. I am a geologist by training; after finishing a Ph.D. at MIT, I
came down to the Hill on a one-year fellowship, thinking that it
would be an interesting detour before going back to a career in re-
search. I quickly learned to enjoy working on science policy and
stayed on. One reason was that, as a geologist, I was very well
trained for work in science policy—I had a sense of geological time
scales, which is very useful in dealing with Congress. I have been
working on information technology issues for several years, and it
has been one of the more exciting things I have done.

[am now in the White House Office of Science and Technology
Policy (OSTP). Before that, I worked in the vice president’s office
trying to help the new administration put together its budget for
science and technology. In the next few years I will be working
with Dr. John Gibbons, the director of OSTP, with Vice President
Gore, and with people in the agencies to implement our vision of an
information infrastructure.

This chapter briefly outlines our information technology
programs and suggests how they can benefit the biomedical engi-
neering community. It also asks how the community can assist in
developing this initiative to make sure it meets the needs of the
community and the health care needs of all Americans.

When we were developing Senator Gore’s legislation on high-
performance computing in 1990-91, the medical applications of the
advanced computing technology were always of great interest. Sen-
ator Gore’s legislation set up the high-performance computing and
communications program (HPCC), which provided funding to
develop more advanced supercomputers and more advanced soft-
ware to run on those supercomputers, high-speed networks to
allow people to interact across the distances, and training for the
people who will develop and use the next generation of informa-
tion technology. It was a very broad bill. In one of the first hearings
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we held on high-performance computing there were graphic dem-
onstrations of CAT scans of the brain, processed to develop a 3-D
model which could be manipulated in electronic space. The fact
that we can look at things in 3-D and then process the data any way
we please makes the program a very powerful tool. The idea that
we can use information technology in this way helped bring home
the message that the billions of dollars we are proposing to spend
in this area are going to provide multiple benefits in health care and
other fields.

Another very exciting application is the ability to use high-
speed networks to provide medical services to rural communities
and to other areas well away from major medical centers. The idea
that a family doctor in a small town in South Dakota would be able
to use a high-speed network to teleconfer with a specialist at the
Mayo Clinic and share CAT scan imagery and other data with that
doctor to get a second opinion had a lot of appeal to the members of
our committee—partly because about 60 percent of them were
from rural states like South Dakota.

Medical records is another exciting area (see Horn, Chapter 7;
and McDonald, Chapter 15). If we can have more powerful super-
computers, better databases, high-speed networks, and then be
able to connect them all, we can really save money on medical rec-
ords. In consolidating those records by putting them all in elec-
tronic form, you eliminate the need for acres of filing cabinets and
the need for transferring records between different doctors’ offices.
You also eliminate problems with lost or misplaced records. Ac-
cording to some estimates, use of technologies like these could ac-
tually cut the total federal bill for health care by between 20 and 60
billion dollars a year. That is pretty substantial, and the idea raised
a lot of eyebrows among the senators.

Another area where high-performance computing would be
useful is in the sequencing of DNA. One of the biggest challenges
for the Human Genome Initiative is how to quickly and effectively
store and process all the genetic information that will come out of
that project. How do you match the sequences; how do vou find
what you really need? '

Another area is epidemiology. If we can do a better job of col-
lecting medical records and outcomes, we can do a better job of
determining where the pressing health concerns are. Are there re-
gional differences that we need to understand and address? There
are many different areas where more advanced computing and
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more advanced networking can help, and health care is certainly
one area where we can save the country hundreds of billions of
dollars.

President Clinton has released a technology plan as part of his
economic plan. He and Vice President Gore visited Silicon Graph-
ics, a computer firm in Silicon Valley, where they released a 36-
page policy paper to provide a framework for technology. It was
released online at the same time the president was releasing it in
California. The area of information infrastructure is one of six new
initiatives in the plan and is a concept that appears throughout the
policy document. The document has two parts. One is a framework
which brings order to the entire federal technology effort; the other
consists of the six initiatives, one of which is information infra-
structure.

The first objective is to adequately fund and implement the
high-performance computing and communications program. This
program has been in place for several years and has focused on de-
veloping the core technologies: faster supercomputers, more so-
phisticated software, faster networks. Most of the work is being
done at ARPA, the Advanced Research Projects Agency; NSF,
which primarily funds university research; the Department of En-
ergy, which is using its federal labs to develop technology; and
NASA, which has a key role to play in high-performance comput-
ing and in developing software for aerospace applications. Other
important agencies related to the project include the NLM at NIH,
the National Institute of Standards and Technology, NOAA at the
Department of Commerce, the EPA, and the Department of Educa-
tion. These participants will help ensure that the new technology
can be used by a broad community.

That program is going ahead. We have requested an additional
47 million dollars in fiscal year 1993 to provide additional funding
to the NSF so it can fully implement its part of the program. About
850 million dollars is going into this program in 1993 and about a
billion dollars in 1994. So we are moving ahead aggressively.
Clearly we will have the core technology from which to build the
rest of the infrastructure.

The second initiative is the information infrastructure technol-
ogy program. This is a program focused on taking the technology
developed by HPCC and making it user-friendly, accessible to the
average American. We will focus on developing applications for
advanced computing and networking in four areas: the first is edu-
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cation, not just K through 12 but lifelong learning, including
retraining in the workplace; the second area is manufacturing—
high-speed networks and supercomputers can do a great deal to
help American companies be more competitive in the marketplace
and quicker at marketing new products and thus beating their com-
petitors overseas.

The third area is health care. NIH will be the lead agency in de-
veloping a range of applications using the core technology. Appli-
cations will be developed for rural medicine and telemedicine. NIH
will develop technology for handling genetic data, medical records,
imagery, and the visualization of medical imagery, such as CAT
scans, PET scans, and x rays (see Chapter 14).

The fourth area is libraries, an area that hasn’t received enough
attention. Vice President Gore is very fond of saying that one of the
reasons he is doing all this is so that his son can come home from
school and sit down at a device, hopefully no more complicated
and no more expensive than a Nintendo machine, and log onto an
electronic version of the Library of Congress. This would allow him
to see images, hear sounds, and watch videos containing different
types of information. He can explore dinosaurs one day, airplanes
the next, and cruise through information like you would in a li-
brary, picking up a book here and there, examining and exploring
and learning new things. It would be a powerful new tool for a
child to use to educate himself or herself in many ways, and to get
excited about fields of study. The library program would help de-
velop the technology needed to store trillions of bits of data and to
make that data accessible to people around the country. We have
requested 47 million dollars for 1993 applications to be distributed
between NIH, NASA, NSF, and other agencies.

A third part of the overall program is the pilot project program
of the Department of Commerce. We want to use the federal gov-
ernment to help schools, libraries, and other nonprofit organiza-
tions explore what they can do with networking. There are a lot of
schools that would love to get on Internet and connect up to the
world, but they don’t have the money to get a few computers and a
modem. This program is designed to help schools and other in-
formation have-nots get into the information game and take ad-
vantage of the network and technology that is out there. This
program will start off at 47 million dollars and will grow to about
150 million dollars over the next two to three years. It is part of
the public telecommunications facilities program at the National
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Telecommunications and Information Administration of the Com-
merce Department. It is a way for the government to demonstrate
what is possible, to show people how we can pull it all together and
start building these networks. It is really a way to help create an
incentive in the private sector to get them in the business of provid-
ing these services, and thus drive down the prices and create the
momentum needed to build a national high-speed computer net-
work, Gore’s long-term goal.

We are moving towards a world in which we will have a high-
speed network capable of carrying about a thousand times more in-
formation than our present telephone network does and delivering
it at about the same cost to every home in America. That is the long-
term goal. These programs will help provide the catalyst: by devel-
oping the technology, demonstrating that technology, making it
accessible to people, and hopefully getting the private sector to step
in and move forward. Unfortunately, that will not happen unless
we do the fourth part of this initiative, reform our telecommunica-
tions policies. We now have a number of regulatory policies that
were designed in the 1950s that are just not working. In order to ac-
celerate the technology we have organized an interagency task
force to take a close look at where the problems are and then
change those regulations which delay the implementation and de-
ployment of this new technology.

The fifth area is information policy. The federal government
spends billions of dollars every year collecting information. Unfor-
tunately, it doesn’t do a very good job of returning that information
to the taxpayers who pay for it. Our hope is that by changing the
way we price data, by changing the incentives we give our agen-
cies, we can help get data out to people. NLM has done a very good
job of putting medical information on line—other agencies could
follow their lead. In so many cases it seems that the pc icy is one of
controlling rather than disseminating information.

The fiscal 1994 budget, although greatly constrained, will pro-
vide increased funding for these initiatives. In addition to the infor-
mation infrastructure component of technology policy, there are a
number of other exciting pieces. We have devoted significant
amounts of additional funding to the Department of Commerce for
the commercialization of new technologies. DOC will become a fo-
cal point for the development of new technologies. Just as we have
had ARPA at the Defense Department for developing technologies
for the defense sector, we need the equivalent on the civilian side.
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The National Institute of Standards and Technology (NIST) has
been chosen as the focal point. The administration is proposing to
double the budget for NIST over the next five years. It is going to
. provide a very dramatic increase for the “Advanced Technology
Program,” which will provide hundreds of millions of dollars to
companies in the form of matching grants for developing new tech-
nologies. We are not trying to help someone develop a product but
rather to develop a technology and to lay the foundation so that
others can go forward and develop something for the marketplace.
This really is competitive research. It is the stuff that you can’t
make money on but which you have to do if you are going to de-
velop new products. It used to be that Bell Labs did that; and the
DOD did that, but the money is not there anymore. We have to find
new ways to fund the research and development that develops the
new technologies that underly the new products and the new jobs.

The Advanced Technology Program has already been funding
biomedical technologies, operating much the same way as the
NSF—that is, with a broad general announcement of opportunity.
We don’t want to fund projects that are not going to work or for
which there is no market. Our reviews are done primarily by
people working in the private sector. NSF and NIH have funded
the best basic research in the world because we have a very effec-
tive system for funding the best basic research. We want to do the
same thing for technology. We are asking companies to put up at
least 50 percent of the money—so this becomes a way to help com-
panies that are really willing to work.

Another area of importance is the Clinton administration’s
broad view of our health care system; we are trying to determine
just what it is we can do to drive down the costs of health care.
Anybody who has seen the projections knows that we just can’t af-
ford the steady growth in health care costs that are projected for the
future. One obvious place is telemedicine, with which one special-
ist can serve a large area. We won't need to have quite so many
clinics and hospitals throughout the country, thus saving money.

Medical records is another good example, and one that is get-
ting a great deal of attention. Another area of interest is the national
performance review, which President Clinton has announced and
which is under Vice President Gore’s direction. We are examining
the entire federal government from top to bottom, evaluating how
it works, how it doesn’t work, finding out where the inefficiencies
are, finding out how we can do a better job of serving our cus-
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tomers, taxpayers, voters, and children of this country. The per-
formance review also will obviously look at things like the VA
hospitals and will touch on some of the same issues that Hillary
Clinton’s task force looked at. We really have to see how we can
better organize our medical agencies and how we can better deliver
cost-effective solutions to medical problems.

This is a very exciting time to be involved in the political pro-
cess. Geological political time has sped up. Things are happening.
There are a number of places where biomedical engineering should
be involved: for example, in the high-performance computing pro-
gram, particularly the information infrastructure and technology
part. This will develop applications for health care. There hasn’t
been enough work done on exactly where the benefits are, or on
what the potential is of computer technology in health care. There
are good people doing good things, but there hasn’t been a system-
atic look at what is going on.

There are a number of groups, inside and outside of govern-
ment, evaluating the cost-benefit ratios. Where can we do the best
job of applying this technology? Where should we put our money?
This is primarily the responsibility of the Commerce Department.
People who are developing new technologies on the medical side
should talk with the Advanced Technology Program at NIST. They
are taking a $67-million program and expanding it very rapidly to a
nearly $300-million program. It is important that they realize that
there are great opportunities in this field and that they should be
looking to this sector when making announcements on different
programs. OSTP will continue to have a very important role in this
development. Dr. John Gibbons, OSTP’s director, is very open and
eager to find out what is going on out there. He and I will be look-
ing for the advice of the bioengineering community on overall tech-
nology policy.

Discussion

There were a number of comments indicating that it may be dif-
ficult to develop the money for a national information infrastruc-
ture and that existing big technology/big science projects should
be reconsidered by the administration, including the strategic de-
fense initiative, the space station, and the superconducting super-
collider. Dr. Nelson noted that those projects are being downsized
and that funds for all three have been substantially decreased
and/or restructured in the last twelve months. There was also a
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plea to not sacrifice the funding of basic science for such technologi-
cal initiatives. Nelson projected that it is unlikely that there will be
significant increases in basic research but it is also unlikely that
there will be significant cuts. He said the administration is happy
with the basic-research system, but mentioned that we may need to
set priorities better and otherwise improve the process.

Concern was expressed that NSF, and perhaps NIH, is being
forced to deal with technology at the expense of their programs in
basic science. The questioner expressed concern that the adminis-
tration may not fully understand the difference between science
and technology. Part of Nelson’s response dealt with the blurring
between science and technology, particularly in biotechnologies
and medical sciences. In response to this discussion, Dr. McDonald
said that he was disturbed to hear the justification for science being
based solely on curiosity. “There is nothing wrong with curiosity,”
he said, “but I am afraid we have done wrong to say that science
should get what it wants because scientists should be allowed to
follow their curiosity. Rather, the point is that for over five hundred
years scientists have had a method of picking subjects and prob-
lems which has been exceedingly successful. If we replace that with
political methods, such as priority-setting, we are unlikely to do
better, and will almost certainly do worse.”

Another questioner noted that there is a big difference between
basic molecular biology and the bioprocess engineering that is re-
quired to fully apply and commercialize its important develop-
ments. Another comment was made to the effect that, although
there has been considerable discussion in the administration as to
the importance of infrastructure, there appears to have been less
emphasis on people infrastructure, i.e., appropriate training and

fellowship programs.
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CHAPTER 14

The Information Infrastructure
of Health Care

DONALD LINDBERG
Director, National Library of Medicine
and Director, National Coordination
Office for High Performance Comput-
ing and Communication (HPCC)

#The infrastructure of medicine is schools and brains. Tradi-
tional medical education has tried to pack the head of a student
with all that he or she needs to know in order to practice medi-

cine.”

“The importance of lifelong learning is recognized in 1993 legis-
lation that expands the HPCC Program.”

“But biology and medicine depend upon more than words. Much
of the understanding of complicated processes of health and dis-

ease lies in images.”

“Digital telecommunications may provide ‘agile medical care’ via
instantaneous video consultation with colleagues at distant ma-

jor medical centers.”

Copyrighted material © 1994; Medical and Biological Engineering in the Future of Health
Care, edited by ).D. Andrade; University of Utah Press.
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Itis clear that the information infrastructure of health care depends
on new computer and communications technologies. I believe in
computing and communications systems. I took the job with the
Office of High Performance Computing and Communication
(HPCC) because I believe it to be the most important science project
that I have encountered in almost ten years in government.

The infrastructure of medicine is schools and brains. Tradi-
tional medical education has tried to pack the head of a student
with all that he or she needs to know in order to practice medicine.
Although we know that the half-life of medical education is only
five years, I am not aware of a single medical school in the United
States that teaches lifelong learning—which is the only way physi-
cians can stay current.

We know that computers are the only possible way to provide
all the information physicians need. But we don’t really equip our
physicians to benefit fully from this information technology. Few
medical schools in the U.S. even teach students how to use a per-
sonal computer.

We all want to be able to deliver information at the time and
place that it is needed for patient care. Health care information
must be problem-oriented and understandable. The National Li-
brary of Medicine (NLM) is the largest source of health care infor-
mation in the world. Each region of the country has a regional
library and many resource libraries, which are networked with
4,000 basic biomedical libraries. Outreach has long been a top prior-
ity of the NLM. Outreach means helping health professionals to see
how modern information services can make them more effective as
health care providers, and it also means lowering the barriers to ac-
cess that information. Today MEDLINE and the more than forty
other databases that make up a system called MEDLARS (Medical
Literature Analysis and Retrieval System) comprise the largest and
most widely used biomedical computer system in the world. By all
measures, the MEDLARS system has been a spectacular success,
the only practical way that a biomedical researcher or health care
practitioner can keep up with the vast literature in the life sciences.
Over 350,000 new articles are entered into the system each year.

NLM'’s user-friendly computer program—Grateful Med—allows
a health professional or researcher to compose a database search in
the office or home by simply filling in a form displayed on the com-
puter screen. The program then automatically connects to the NLM
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computers across high-speed networks, conducts the search, and
downloads the results to the user’s own computer. Over 50,000
copies of this freely copyable program have been sold, and the ma-
jority of searches of NLM databases now are conducted via this
user-friendly software.

Grateful Med provides access not only to MEDLINE but also to
a growing number of specialized information databank collections
on topics such as AIDS, cancer treatment, bioethics, and toxicology.
Extensive data on the medical and environmental effects of hazard-
ous chemicals is available via the TOXNET collection of databases,
which include recommendations on the management of emergency
spills and other environmental releases.

Our “Loansome Doc” program allows for interlibrary loans of
articles, which can be delivered by fax or mail, or can be picked up
in person at the library. More than five million computer searches
were done on the NLM computer system this past year. We know
that about half of those searches were done to get information for
the direct care of sick patients; the other half were done for medical
research and education.

Continuing-education requirements for physicians can range
from zero hours in seventeen states to more than thirty-five hours
in other locales. For lawyers, more than half of the state bars require
continuing education. These requirements range from twelve to fif-
teen hours. For registered professional engineers, only two states
required continuing education—lowa and Alabama, each of which
requires fifteen hours per year. A growing number of engineering
specialty groups are beginning to require continuing education;
these include the American Academy of Environmental Engineers
and the National Academy of Forensic Engineers. Among the fif-
teen professional societies that comprise AIMBE, none require con-
tinuing education for their membership.

The importance of lifelong learning is recognized in the 1993
legislation that expands the HPCC Program. Originally introduced
by former Senator Al Gore in 1992, the legislation calls for applica-
tions in the areas of health care, education, lifelong learning, digital
libraries, and manufacturing. To this end, the HPCC Program
recently added a fifth component, Information Infrastructure Ap-
plicatic;ns and Technology (IITA). IITA will support integrated-
systems technology for critical applications through development
¢ telligent systems interfaces, including support for virtual real-

of in
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ity, image understanding, and language and speech understanding
programs, as well as data and object bases for electronic libraries
and commerce.

The original four components of the HPCC Program focused
on:

* hardware design,

* the National Research and Education Network (NREN),

* software development, and

* training and education.

Ten federal agencies participate in the program, which had 1993
funding of $800 million.

One of the most visible and successful parts of the HPCC Pro-
gram is the NREN (National Research and Education Network), the
federal core of the Internet. An estimated 1.5 million computers
worldwide are connected to the Internet, about 70 percent of which
are in the U.S. Approximately 100 countries are connected by the
Internet; and more than 1,000 universities and colleges and an addi-
tional 1,000 high schools in the U.S. are connected to the Internet.

In terms of the number of addressable networks—not persons,
and not computers, but networks—we estimated that by 1993
there woulid be 10,000. However, before the 1993 year is half over,
we are already at 12,500 networks. Some networks encompass
entire states, some networks are regional; there is substantial geo-
graphical overlap. When the present Internet began in 1987, it con-
nected six supercomputer centers on a backbone that operated at a
then phenomenal 1.45 million bits per second. Now the backbone
operates at 45 million bits per second. In the future, we will rely
upon a backbone transmission speed of greater than a billion bits
per second. The number of packets on the network backbone con-
tinues to grow by about 12 percent per month. In 1987 the heaviest
day occurred when one million packets were on the backbone. The
busiest day in 1992 was a billion packets.

But biology and medicine depend upon more than words.
Much of the understanding of complicated processes of health and
disease lies in images—pictures of body systems, organs, and mol-
ecules which cannot effectively be described in words, A standard
black-and-white chest x Tay may contain the equivalent of at least
32 million points of light, or pixels. We can and do make electronic
versions of such medical images at the NLM, but to transmit these
images over currently available computer networks is simply not
feasible. It would take more than ten hours to send just one X-ray
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picture. We need an advanced national information infrastructure
capable of quickly transmitting these and other forms of computer-
based medical information.

For practitioners who work in isolated rural areas, digital tele-
communications may provide “agile medical care” via instanta-
neous video consultation with colleagues at distant major medical
centers; or it may also provide the simultaneous viewing of x rays
and discussion of findings while both practitioners see the images
on viewing screens, perhaps thousands of miles apart.

The National Coordination Office for High Performance Com-
puting and Communications has operated since September 1992
at the National Library of Medicine (phone 301-402-4100; fax
301-402-4080; E-mail nco@hpcc.gov). Its three major functions are
to provide: liaison to industry, universities, and Congress; coordi-
nation of HPCC Programs across federal agencies; and information
about the HPCC Program to all. We would be happy to receive
your suggestions.

Discussion
It was noted that second-year medical students seem to have

difficulty appreciating the relevance and potential of medical infor-
matics. Dr. Lindberg suggested that fourth-year students might
have a very different view—after the students have some clinical
experience, they are generally more appreciative of the importance
of adequate information sources and infrastructures. There was a
brief reference to the Iliad hospital information and medical infor-
matics programs used in many medical schools (Applied Informat-
ics, Inc., Salt Lake City, Utah).




CHAPTER 15

Computer-Stored Medical
Records: What They Can Do
for Us and What We Should

Do for Them

CLEMENT J. MCDONALD, M.D.
Indiana University School of Medicine
Regenstrief Institute for Health Care

“The practice of medicine is still in the hunting-and-gathering
stage of social evolution. ... The computer-based medical record
can solve these logistic problems, advancing us to the agricultural
stage or beyond.”

“Most medicine aims at managing a patient’s illness. This is a
continuous control effort, and having a stream of data available
over time is an important input to refining the care process.”

“Sociology is as influential as science in some medical deci-
sions.”

“We will be able to see patterns in these data that lead to the dis-

covery of clinical truths and better management of the whole pro-
cess of care.”

Copyrighted material © 1994; Medical and Biological Engineering in the Future of Health
Care, edited by |.D. Andrade; University of Utah Press,
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“You must do a controlled trial to learn anything. This is not uni-
versally true.

“It is clear that being alive can get you sued.”

“The large regional or national utilization of medical-patient re-
cords certainly requires a national information infrastructure.”

The computer-based patient record (CPR) will be the most perva-
sive and influential technology in the future of health care.! We of-
ten describe the CPR as a computer-stored version of the paper
chart; but that understates its capabilities. It would only be accu-
rate if a paper chart could tell you where it was when you called for
it, have an intelligent conversation with you regarding the patient’s
course of treatment, and jump into a pile of paper charts from insti-
tutions all over the city to produce useful medical statistics.

Computer medical-record systems will help care by:

* solving the logistic problems of locating and transporting

data;

* influencing the care process by providing feedback and intel-

ligent responses to the data they contain; and

* providing new medical insights by enabling us to examine

outcomes across the entire population of patients.

These three aspects can be illustrated by reference to formal
studies we have performed using the Regenstrief Medical Record
(RMR) System at Indiana University Medical Center.? In 1972 we
started the data base with thirty-two patients from a diabetes clinic.
At that time, I thought we would finish the medical record in about
a year, and then we would get on to the fun things, such as auto-
matic diagnoses and pattern recognition. I was naive. We are still
developing the record. We have had some success: more than
twenty years later we have data on 800,000 patients, generated
from 600,000 ambulatory visits and 50,000 inpatient encounters per
year. The total data base includes over eighty million separate
observations from three hospitals on the Indiana University Medi-
cal Center campus and thirty outreach clinics scattered throughout
the city. The RMR contains results of virtually all diagnostic
studies, treatments, vital signs, and inpatient/outpatient encoun-
ters. It includes results of clinical laboratory tests, nuclear-medicine
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procedures, x rays, CAT scans, and all other formal procedures per-
formed in a hospital. It also includes information on all treatments
as well as the full text of the physician’s dictation. The computer
has not replaced the paper chart in our institution vet, but it does
contain most of the information needed to care for the patient. The
paper chart is only rarely used; the computer record reduces both
the work required to maintain the chart and the need to access it.
Soon, we hope to discard the paper chart altogether.

Locating and Transporting Information

The practice of medicine is still in the hunting-and-gathering
stage of social evolution. Physicians spend excessive amounts of
time checking on test results, searching for old x-ray reports, track-
ing old records, and contacting other care providers. The computer-
based medical record can solve these logistic problems, advancing
us to the agricultural stage or beyond. We can stay in one place and
harvest the data through a video screen.

To show the logistic benefits of computer-organized patient
data, we studied the effect of providing flowsheets to physicians in
the emergency room (ER). In a randomized trial, we either pre-
sented a flow sheet of the patient’s data as the patient came in the
ER door or we did not. We assumed the physicians would behave
differently if they had this information in their hands, and they did.
The intervention reduced test costs by about 14 percent: with the
computer flowsheet, internists spent thirty dollars in testing; with-
out it, they spent thirty-five dollars.> Among the surgeons, the dif-
ferences were approximately the same proportions but were not
statistically significant, because fewer tests are ordered for the cuts
and falls treated by surgeons in the ER.

Feedback and Intelligent Analysis

To the degree that patient information is stored in a structured
and coded format, a computer-based record will also be able to re-
act to its medical content, providing feedback control to the care
system. As in any good engineering system, there are many oppor-
tunities to regulate the care process based upon information avail-
able to the process. Medical students often think of medicine as a
snapshot—they think they will simply examine the patient, reach a
brilliant conclusion, and close the case. In reality, most medicine
aims at managing a patient’s illne

ss. This is a continuous control
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effort, and having a stream of data available over time is an impor-
tant input in the refining of the care process.

The computer record can examine itself and provide reminders
and warnings to care providers based upon a set of rules. We as-
sumed that physicians make errors primarily due to oversights—
failures to execute rather than failures of knowledge. Errors are
inevitable—a natural part of life—and there are a number of psy-
chological studies showing that more errors are made in very busy
environments.* We assumed that we could reduce the error rates
and oversights by having the computer look at the medical record
and generate reminders. So we wrote programs to analyze every
patient record, using more than 1,400 rules.

We then studied the effect of these computer-generated re-
minders on physicians’ behavior.> Over a two-year period, physi-
cians were randomly assigned to either receive these reminders or
not; approximately 150,000 reminders were delivered. There were a
total of 150 different reminders the computer could suggest. In one
study, which produced reminders for residents, faculty, and nurse
clinicians, the computer had very significant effects on outcomes.
The differences between study and control are quite large, in some
cases up to 400 percent, and in each case these differences are statis-
tically significant. What Samuel Johnson said a long time ago,
“Man more often needs to be reminded than informed,” is still true
today. Other have found similar results.®

As an aside, we noticed that sociology is as influential as is sci-
ence in some medical decisions. For example, in 1978 the use of
mammography was almost vanishingly small—it was being or-
dered only 2 percent of the time that it would be appropriate. With
the reminders, this increased to 8 percent. We then asked physi-
cians why they weren’t ordering mammograms; hadn’t they read
the American Cancer Society advisories? They gave us two kinds of
reasons, one of which was because “no one else does them”; and
that was certainly true. The second reason was that they had vague
negative attitudes about anything involving radiation.

Up to that point, we had not required physicians to use termi-
nals. They could (and did) use them to retrieve patient data, but
they did not have to enter any patient data using the terminals. We
then became braver; we put physicians in front of terminals in the
outpatient service and asked them to order all their lab tests
through the computer. We would perform various interventions as
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they were ordering tests in the clinic, relaying information on diag-
nostic efficiency or cost. These interventions reduced test orders in
the study group by 9 to 15 percent.”

We then got very, very brave and asked the same physicians on
the inpatient service to order everything on the inpatient service—
tests, drugs, diets, nursing orders, etc.—through the computer. I
say we were brave because this was not something that physicians
had in the past cheerfully accepted. When we developed the PC
workstation for the physicians, we included three basic functions:
general textbook information, the patient’s medical record, and
positive and active guidance. We also provided less serious ser-
vices to reduce computer phobia: computer animated cartoons and
satellite weather photos. The main influence we provided was the
feedback we gave to the providers as they entered orders. We fur-
nished menus that offered the most effective way to work on or
treat a given problem. We provided counterdetailing (supplied
messages that countered the hype applied to some expensive
drugs). We displayed the prices of everything the physicians or-
dered in an attempt to raise their cost-consciousness.

We randomly assigned physicians either to use the computer or
to use standard paper methods to write orders; we then measured
the difference in the cost of care between the cases of the physicians
who wrote orders with and without the computer. The effects of
this study were significant.® Costs were 13 percent lower in the
study group compared to the control figures, and length of hospital
stay was nearly a day shorter.

Examining Outcomes Across Entire Populations

The computer-based record can also help us to look at the
whole picture. When we have access to all the data, from all the pa-
tients, we will be able to see patterns in that data that will likely
lead to the discovery of clinical truths and the better management
of the whole process of care. We can ask: What are really the good
outcomes? How does the care process relate to outcomes? What
technologies should we invest in? An inkling of the possibilities
comes from the Medicare database, Surgical death rates that are re-
ported in the literature as being from 0.5 to0 1.0 percent are related
as being three to four times higher in the Medicare death data.? If
this is correct, surgeons should raise their decision thresholds and

do fewer of these procedures. Such insights could radically change
medical practice in the United States.




Computer-Stored Medical Records 123

The use of large databases (and the inferential statistics re-
quired to analyze them) is unfamiliar to most medical researchers.
Some argue that you must do a controlled trial to learn anything;
but this is not universally true. It is certainly not true in astronomy,
where scientists depend solely on observational data—there is a
lot of it, and it is often very disordered. Astronomers have invented
very sophisticated methods for trading quantity for quality in data.
For example, by using special methods for analyzing data—such
as spectral power analysis, least squares, nonlinear regression, and
specially tailored subroutines—they are able to see things they
could not otherwise see. I look forward to the day when statistical
methods will have matured to the point that they can provide the
same insights from large medical records databases.’

We have seen what computers and medical records can do to
benefit us. What can we do for them? Large and fairly immediate
opportunities exist for reaping the benefits of computer-stored rec-
ords if we will take advantage of the wealth of patient information
that is already stored in computers by health care providers. We
find computers everywhere within the health care system. Most of
them contain rich amounts of clinical data, but it is scattered across
many computer islands (laboratory, billing, pharmacy, automatic
EKG carts) within many institutions (nursing homes, community
pharmacies, hospitals). If we are to reap the benefits of computer-
stored records systems, we need standards for representing all this
information electronically so that it can be combined to become a
communitywide medical-record system. It would then be possible
both to perform statistical analyses and to supply the information
to care providers. In particular, we need standards for codes that
represent tests, procedures, and diagnoses; standards for the struc-
ture of the messages that carry this information from computer to
computer; and standards for identifying patients and providers'’ (see
Chapter 16).

Opportunities to establish many of these standards already ex-
ist in important sectors of the health care industry. If we are to have
any hope of achieving these benefits in the near term, we must be-
gin with what exists. A proposal for moving quickly to a first-phase
set of standards is being developed by the American Medical Infor-
matics Association (AMIA).> We need to settle on the standard
identifiers to use for patients, providers, and institutions. In many
domains, message standards already exist, and these should be
made the message standard for near-term, medical-record data
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transmission. There are a variety of coding systems that can be
patched together to make a fairly complete coding system. We
should adopt, in many of these areas, the existing code systems and
encourage the federal government to allow the National Library of
Medicine (NLM) to build these into a more extensive coding
system. By such actions, we will have the messages, codes, and
identifiers to rapidly move to the benefits of a computer-stored
medical-record system.
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Discussion

In response to an inquiry about reducing paperwork and forms
and the possible legal implications of computer-assisted record sys-
tems, Dr. McDonald said, “It is clear that being alive can get you
sued. But there is some evidence that the risks are less with a com-
puter system utilizing reminders than without.” He said there is at
least one hospital-information system which has received a re-
duced malpractice rate because there are certain reminders in the
system, thereby reducing the potential for diagnostic or treatment
error.

There was a reference to the importance of cartoons or icons to
minimize the activation energy barrier often associated with the
human/computer interface. There was also a question as to the im-
portance of the Gore Initiative and the national information infra-
structure as it related to the medical patient record. McDonald
remarked that the large regional or national utilization of medical
patient records certainly requires a national information infrastruc-
ture. Access to and the use of such an infrastructure has to be some-
what transparent to the local user. Such a national initiative will
require the rapid adoption of appropriate standards.

The issue was raised of the confidentiality of individual patient
records and the possible resistance of individual medical practi-
tioners to the perusal of their patients’ records. It may be that the
inclusion of records into a national system might well begin with
major hospitals, HMOs, and large group practices, and then later
expand to other sectors of the medical health care community. Dr.




i e ———

Computer-Stored Medical Records 125
McDonald noted that there is a critical mass problem: “Once most
are connected, then everyone will wantin.” Although the confiden-
tiality issue can be used as a weapon to stop such integration, it is
likely to evaporate once the process gets started, confidence in
mechanisms for protecting confidentiality builds, and the benefits

become apparent.
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CHAPTER 16

New Strategies for Medical-
Imaging Technology

RICHARD I. KITNEY
Imperial College of Science,
Technology and Medicine
and
C. FORBES DEWEY
Massachusetts Institute of Technology

“We have recently established an international consortium for
medical imaging technology (ICMIT). The aim of the ICMIT pro-
gram is to change the current pattern of acquisition, diagnosis, re-
trieval, and storage of images in such a way that the diagnostic

process is much more cost-effective.”

“Bringing these various image modalities into a common infor-
mation framework is a key objective.”

“Medical equipment manufacturers have tended to adopt a
closed architecture approach. Equipment manufacturers must
recognize the need for open architecture in equipment design.”

% 1994: Medical and Biological Engineering in the Future of Health
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To control the costs of diagnostic imaging, it is necessary to exam-
ine the technology, the clinical practice, and the modalities of use
with the objective of identifying administrative and technological
opportunities for improving delivery efficiency and for reducing
costs. It is the premise of our program that the only way to be suc-
cessful in this endeavor is to maintain a global perspective that
takes full advantage of modern electronic and computer technol-
ogy and seeks to gain acceptance for standards and for new meth-
ods of diagnostic information delivery.

Open- and Closed-Loop Healthcare Systems
OPEN-LOOP SYSTEMS

The key areas of health care which must be addressed under
any advanced health care system are:

* screening,

* prevention,

* diagnosis, and

* treatment.
In many current health care systems these features are not inte-
grated into an overall system. Such systems can be thought of as
comprising a single loop, where the patient passes through diagno-
sis to treatment (Figure 1).

Diagnostic Treatment YT
@ » Patients

Patients »
Procedures Out

] N o
In Procedure

Figure 1. A Traditional Health Care System.

A typical scenario is that the patient visits the hospital and un-
dergoes some form of diagnostic scan, such as a simple chest x ray.
The clinician may not see the patient again. The physician’s clinical
decision may be made on the basis of images and diagnoses passed
to him by, say, a radiologist. Patients requiring more than one type
of scan are often moved from one department to another. The scan
information and associated data is typically stored on hard copy
data forms. The information is put in an envelope which is sent to
the examining clinician. Long-term storage of the information often
involves dividing the information and returning it to its original
department. Frequently information either is lost or is sufficiently




New Strategies for Medical Imaging 129
difficult to retrieve that new tests are performed. If the patient
changes his or her health care provider, the records may or may not
follow.

The “integration” of information is therefore often done man-
ually by a single clinician studying the data and information on pa-
per and/or film. This exercise is purely for the purposes of clinical
diagnosis and does not relate to any form of accounting, either in
terms of overall patient statistics or the accounting of resources.

CLOSED-LOOP SYSTEMS

In a closed-loop health care system, patient statistics are moni-
tored for the purposes of determining the system dynamic, that is,
the operation of each section of the system. The original open-loop
health care system (which could, for example, be a single medical
department) is now embedded in an overall closed-loop system
comprising several sections (Figure 2). There are two inner loops
relating to diagnosis and treatment. Each loop has the same charac-
teristics and consists of a feedback loop of patient/diagnostic statis-
tics. This feeds into a decision dynamic which is partially controlled
by the main decision dynamic. The output of the local decision
point controls the resource dynamic for the diagnostic loop and the
treatment loops, respectively. The input to the local decision dy-
namic will typically be the number of patients to be treated over a
given period. This in conjunction with the local diagnostic informa-
tion will control the local resource dynamic.

EPIDEMIOLOGY STUDIES
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Main > Diagnostic . Treatment
Control Procedure Procedures
: . Diagnostic Treatment
Resource 1ag! Resources el
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2. A Module in a Closed-Loop Health Care System. (Note the inclu-
trol and statistical monitoring.)
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We have recently established an international consortium for
medical imaging technology (ICMIT). The aim of the ICMIT pro-
gram is to change the current pattern of acquisition, diagnosis,
retrieval, and storage of images in such a way that the diagnostic
process is much more cost-effective. A key factor to understand is
that there is no reason why the image acquisition process and the
diagnostic functions must necessarily be performed in the same
physical location. Although data acquisition requires the presence
of the patient, it is possible to acquire all the diagnostic information
at a site close to the patient’s home and then transfer it to the diag-
nosing clinician, who may be in a totally different part of the coun-
try or even in a different country.

The integration and transmission of such information almost by
definition requires an electronic medium. Once data in the form of |
written text, spoken diagnosis, waveforms, images, etc., is stored .
electronically, full integration of the patient records can be |
achieved. Transmission nationally or internationally becomes pos-
sible. A key aim of the program is to ensure that all generations of
computers and scanners can be attached to the system. Once this |
has been achieved, it will also be possible to uniquely identify each
image with an international code which allows secure integration
of information from databases at a number of sites.

Medical Image Acquisition and Storage

The processing and analysis of images from various measure-
ment technologies is a major area of growth in the health care sec-
tor. Imaging procedures are currently carried out in a wide range of
medical specialties, including radiology, cardiology, pediatrics, on-
cology, neurology, obstetrics, and gynecology. |

The rapid development of medical imaging techniques during
the last decade has witnessed the emergence and maturation of
several new imaging modalities—x-ray-computed tomography
(CT), magnetic resonance imaging (MRI), positron emission tomog-
raphy (PET)—in addition to a significant enhancement of the capa-
bility of existing modalities such as conventional x radiography
and ultrasound imaging. These new modalities along with devel-
opments in the established modalities, such as digital subtraction
angiography (DSA), rely heavily on digital-processing techniques.
Digitized signals are amenable to a wide range of sophisticated
image-restoration and processing methods,

The concept which underlies many of these developments is
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that of the picture archival and communication systems (PACS), an
all-digital or “filmless” medical-imaging environment. Images are
compared and processed on a single imaging workstation, allowing
the clinician to view images of a single anatomical site obtained
from different modalities. The system will automatically follow a
given analysis protocol, which has special features for a given mo-
dality, without direct operator involvement.

An extension of the PACS approach is the development of soft-
ware for 3-D (three-dimensional) modeling of anatomical struc-
tures. Such software allows anatomical structures which have been
imaged in terms of a series of 2-D slices to be converted into a full
3-D volumetric representation. The slices may be of different image
planes through the structure. An exciting aspect of the software is
that 3-D solid computer models can be resliced at any orientation
and converted back into a series of 2-D images. This facility is seen
as being particularly important, because it allows the clinician to
cycle between 2-D and 3-D representations of a given structure.

One of the most important trends in medicine today is the at-
tempt to make both diagnostic and therapeutic procedures less in-
vasive. In therapeutics, catheter-tip cameras are used to facilitate
keyhole surgery. The treatment of diseased arteries using balloon
angioplasty could not be accomplished without simultaneous x-ray
angiography. In treatment planning, CT, MR, PET, and nuclear im-
ages can give a noninvasive view of human pathology without sur-
gery or other invasive techniques. In monitoring the outcome of
therapeutic intervention, the comparison of sequential images is in-
valuable. Bringing these various image modalities into a common
information framework is a key objective of this program.

Key Areas of Technology
Rapid developments in technology are affecting all phases of

medical image acquisition and storage. In developing a strategy for
the future, it is necessary to identify those areas where change will
continue to occur. It will then be possible to design systems capable
of handling those future developments as well as current require-
ments. The areas where change is expected to be especially rapid

are:
« computer-imaging processing,
« data storage,

transmission and retrieval, and

ation of data from multiple imaging modalities.

« integr
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Computer processing. The three principal types of scanners in use
today are computed tomography (CT), magnetic resonance (MR),
and ultrasound. In all three modalities there has been a trend to-
wards the introduction of digital image manipulation. The next
stage in this process will be an ever-greater degree of image analy-
sis and processing. To date this often has been carried out by dedi-
cated proprietary systems (usually composed of heavily modified
personal computer technology with proprietary electronics), which
are used as an adjunct to the main scanner, However, in the future
it is likely that such processing will be performed by integrated
workstation technology which employs one or more machines
across a computer network. Transparent network software operat-
ing on computer systems conforming to international standards for
Open systems is a key technology for the future.

Data storage and retrieval. Until recently, data storage in relation
to medical devices was either achieved by making a hard copy or
by storing images on analog video cassette tape. In the latter case,
the resulting image is usually of much poorer quality than the orig-
inal. In addition, it is very hard to select an exact sequence, making
further manipulation of the images difficult. The use of computer
processing enables much more sophisticated forms of data storage
and retrieval to be employed. Raw data can be stored in digital
form on an optical disk; retrieval is both accurate and rapid. Key is-
sues for the future include image compression, image-transmission
methods across a local area or wide area network (LAN or WAN),
and intelligent database technology that supports multimedia
records.

Integration of data. Medical diagnosis is, by its very nature, a
multimodal process. The primary-care physician must use data
from a wide variety of sources, including simple data such as per-
sonal observations of the patient’s health, anecdotal information
furnished by the patient, and the patient’s pulse rate and blood
pressure. To these we now add imaging modalities. In most cases,
the data from these different modalities is complimentary and can
be used most effectively in combination_ CT scans based on X-ray
technology provide excellent views of bone structure, while MR
images reveal detail about soft tissue. Proper digital integration of
these imaging techniques can lead to a composite view of the pa-
thology that is not available from individya] measurements.

The very act of bringing all the related records into a consiste
format, available to the examining physician at the geographi

nt
cal
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decision point, will be in itself a major contribution to diagnostic ef-
ficiency. The hard-copy folder which is crammed with records of
disparate form and uncertain origin make finding and collating di-
agnostic data very difficult. Because records from many imaging
modalities are stored separately, the records frequently cannot be
brought to the examination in a timely fashion. Key technological
issues that must be addressed are the data base technology sup-
porting the multimedia records and user interface technology that
gives the physician easy access to the stored data.

Conclusion. In order to develop a new strategy for local or wide
area medical-imaging environments, it is important to define a
medical-imaging space comprising applications, technologies, and
modalities (Figure 3). Past and current strategy in the design of

THE MEDICAL IMAGING SPACE

Modalities

Applications

Ultrasound

X-Ray

Computed Tomography (CT)
Magnetic Resonance (MR)

Positron Emission Tomography (PET)
Nuclear Imaging

Electrocardiogram

Modalities

Microscopy

Chromatography Technologies
Applications Technologies
Orthopedics Computer Hardware
Cardiology Scanner Equipment
Oncology Computer Software
Histology Data Transmission
Pathology Data Storage
Surgery Data Compression
Obstetrics Databases
Gynecology Visualization
Neurology Multi-Media
Nephrology Expert Systems
Pulmonary Neural Networks

Figure 3. The Medical-imaging Space, including Applications, Technolo-
gies, and Modalities.
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medical-imaging technology has been to develop techniques and
devices which are both application- and modality-specific. For ex-
ample, the image-processing and data-storage methods used in a
particular magnetic resonance scanner are likely to be unique to
scanners from a particular manufacturer and not easily transferable
to a remote viewing console. It is very difficult to transport images,
data, etc., between a given MR scanner and a remote viewing con-
sole developed by another manufacturer, because medical equip-
ment manufacturers have tended to adopt a closed-architecture
approach and no hierarchical-imaging strategy has been developed
which allows image analysis and data processing to become both
modality- and application-independent.
We shall now develop such a strategy.

New Strategies for the Wide Area Imaging Environment

In order to develop strategies powerful enough to encompass
both current and future requirements in diagnostic imaging, it is
necessary to understand the different segments of the process.
These segments relate to the acquisition, compression, storage,
transmission, manipulation, and cross-modality correlation of im-
age data. This strategy represents the integrating principles behind
a wide—possibly worldwide—radical imaging network which
we call MEDINET.

Components of the imaging process: MEDINET will require the
development of a structured data-processing environment that
serves all four levels of the medical diagnostic hierarchy. It will be
necessary to connect a wide range of scanners and other informa-
tion systems to the network. If the network is to be effective, it will
have to cope with a number of generations of equipment which
have been developed by different manufacturers over many years. |
Data will have to be stored, moved around the network, and inte- |
grated with data, text, and images from other devices.

Level 1 is concerned with the acquisition and storage of data
from a large range of medical devices, some of which present data
in analog form. It will be essential to define specific guidelines, and
often software and hardware, for analog-to-digital conversion. In '
the case of a scanner which already provides data and images in
digital form, it will be necessary to develop interfacing software,
running on a suitable platform, to allow access to the network. This
process will also involve the optimization of the images from each
modality feeding the integrated System. It will require the develop-
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ment of processing schemes which are specific to the exact nature
of the modality in question and which, ideally, are based on a de-
tailed knowledge of the imaging process. |

Level 2 activities are concerned with the storage, transfer, and
display of all image types on MEDINET. This requires detailed con-
sideration of the optimum coding and compression schemes ap-
propriate to the various images (with careful attention to the
maintenance of diagnostic fidelity). Thus, data or images acquired
according to the protocol of Level 1 will be compressed and stored
or transmitted by software under Level 2. The software will pro-
vide a standard header format ensuring that each image, or data
file, can be uniquely identified. The header will contain full infor-
mation on equipment type, acquisition parameters, and any other
processing which has been carried out.

Level 3 relates to the manipulation and integration of data from
a wide variety of sources. At the simplest level, this involves pro-
cessing a single signal or image—for example, a blood-pressure
waveform or MR image. Hence, Level 3 activities encompass a va-
riety of signal- and image-processing operations including one-
dimensional filtering and spectral estimation; spatial filtering,
including edge detection; and textural analysis. The next degree of
sophistication comprises integration of images, waveforms, and
text for the purpose of producing a medical report. This process
will often involve the retrieval of data and images from different
databases on a network. In the most extreme case, information may
be obtained from a number of sites in different countries. Efficient
integration and interpretation of diagnostic data stored as digital
records requires a graphical display interface between the physi-
cian and the computer. This interface must be easy to operate, sup-
port different imaging modalities in 2 consistent manner, and be
flexible enough to accommodate future analysis software.

Level 4 involves the use of computer processing and digital
d retrieval, which allows the possibility of integrat-
ation from more than one modality. One example
ration of bone images from a CT scanner with the
and nerve images obtained from an MR scanner.
Such integration has major potential clinical benefits because of the
special diagnostic properties of each type Of. scanner. Once image
processing at this level has been completed, it may be necessary to
revert to Level 3 in order to store or incorporate the results into a

clinical report.

data storage an
ing image inform
might be the integ
associated muscle
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Synthesis of the imaging process: Any successful imaging strat-
egy that serves all of the diagnostic segments of MEDINET de-
scribed above will need to have certain integrating features:

It must be capable of accommodating existing standards,
such as the American College of Radiology-North Ameri-
can Equipment Manufacturers Association (ACR-NEMA)
image header standard, and industry standard database
technology existing in the medical community.

The technology must rest on established worldwide open-
system standards for computers. This is absolutely essen-
tial in order to reduce the expensive reliance on proprietary
systems and captive proprietary technologies. It is also the
key that will allow a wide spectrum of the scientific com-
munity to contribute imaging technology that will improve
diagnostic capabilities and advance image-analysis meth-
ods. With open-systems standards, contributions can be
made independently, at any of the four segments of the im-
aging process, without a major restructuring of the other
levels being required. It also invites the addition of poten-
tially cost-effective technologies such as expert systems and
structured diagnostic techniques.

The technology must respect and take advantage of the “ob-
ject nature” of images; they are compound entities with
information content that goes far beyond the raw data pro-
vided by scanner hardware. A raw image is of little use
without an accompanying detailed interpretation of what it
is or without the background information about the patient
and the circumstances surrounding the image acquisition.
It is crucial to successful integration of the individual seg-
ments to develop these object-oriented representations. The
data processing environment must accommodate a natural
evolution of object-oriented technology, which, in its own
right, has the capability to provide significant productivity
gains in several areas of health care.

A synthesis of the four levels of MEDINET requires that

solutions at each level must anticipate and be consistent
with revolutionary chan i
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conducting magnet technology will reduce hardware and

' operating costs of MR scanners to the point that machine
amortization and maintenance costs are secondary to the
costs of clinical diagnostic time and archival storage.

‘ Details of the Imaging Process

Level 1—Data Acquisition. Within the context of the local area or
| wide area medical-imaging environment, data acquisition is the
first stage in the process of transferring data from a particular type
of scanner to the network and then to various computer systems for
display and further analysis. In the case of MR and CT scanners,
individual manufacturers adopt different standards for data for-
matting. Indeed, within an individual manufacturer’s range of
scanners there may be significant differences in data format
between current machines, and there certainly are between differ-
ent generations of machines. There have been numerous attempts
to overcome this problem by defining standards for data format-
ting under different conditions. Such standards will be discussed
later. A well-known standard of this type is that proposed by ACR-
NEMA.

While the definition of such standards is important and worth-
while, there is a major problem associated with their use. In order
for a given standard to work on all the scanners, it is necessary for
computers and associated equipment to be designed to conform to
the standard. While this may happen in time, at present the large
installed base of scanners of different types and modalities do not
conform. There also are at least three other significant problems
which must be overcome for a standard such as ACR-NEMA to be
universally adopted:

» Technology is developing at such a rate that the time scale
for the development and adoption of any standard may al-
ways be too long.

Corporate strategies may restrict a given company from
complying. For example, if a company is to comply with a
universal standard, it must believe in an open-architecture
approach in which its scanners and equipment are designed
to interface with the equipment of other manufacturers. At
least one major manufacturer of medical equipment pres-
ently does not believe in this strategy. Its current policy is
that within a given hospital all the imaging equipment and
computers should be manufactured by a single company.
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This is a strategy which is very familiar to the computer
hardware world, and it is one that is designed to secure a
very significant market share for a single company.

* Groups such as the American College of Radiology are
mainly interested in defining standards for a given medical
specialty. Further, for a standard to be accepted internation-
ally, it must be compatible with similar standards defined
by other equivalent bodies and by the equivalent groups
within other specialties.

How can the problem of the incompatibility of data be over-
come? By the use of “Superset Technology” in conjunction with the
use of a hierarchical-network approach.

Level 2—Data Compression, Storage, and Transmission. A wide
range of data compression techniques will be available under Level-2
processing. These will include both nonreversible and reversible
algorithms such as run-length coding, techniques based on linear
estimation, and wavelets.

To date, the storage of data and information has mainly been
achieved by the use of paper or film. There have been some at-
tempts to electronically store data, particularly standard radiologi-
cal images like chest x rays. However, in the new strategies for
health care it will be necessary not only to store data electronically
but also to extract and integrate information from a number of
sources. These sources may be the databases of different depart-
ments within a single hospital; in the future it will be necessary to
integrate information from a number of remote sites. It is important
to understand that such information is likely to be of three different
types:

* Text data, including patient details (name, age, address,
etc.); histories of previous illnesses and investigations; and
other general information,

* Signal information, including ECG traces, EMG traces,
blood pressure and respiratory waveforms.

* Image information, including x-ray scans, MR and CT
scans, etc.

Such information will be required at the i
cal examination and may have to be acces
mote sites and then integrated. This ap
multimedia. It is important to note that 0
the traditional methods of acquiring da
tronic media is that with the latter the i

me of a particular medi-
sed from a number of re-
proach implies the use of
ne key difference between
ta and that of using elec-
nformation in the original
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database is left unchanged. In the case of information stored in the
| form of hardcopy, the primary information is often removed.
| The first step in the retrieval of data is the identification of the
data source. In the future it is likely that this will be facilitated by
the use of some form of patient information card. In its simplest
- form, the card would contain basic information such as name, ad-
| dress, date of birth, etc., together with information about where the
| patient is registered—that is, the location of their primary data-
| base. There may be three basic tiers to the hierarchy: a national reg-
ister, a regional or state register, and a local register. Each patient
on the network will have a master index at a local register—either
at his/her primary health care center or at a local hospital.
Consider the case of a clinical problem arising while a patient is
| abroad and the hospital to which he or she is admitted is on an in-
‘ ternational network. Access to the patient’s primary database could
be achieved by the use of his/her personal information card. In its
most basic form, the required data could be a series of numbers
very similar to a telephone number, comprising the country code,
area code, and local number. All the information could then be
automatically accessed and transported across the network to the
clinical decision point. The system would then assemble it in inte-
grated form on the investigating clinician’s computer screen.

Object Description
The types of information that can be accessed differ in a num-

ber of ways. The basic approach to the access of information must
therefore be one that considers each piece of information via an
object-oriented approach. Objects may comprise an ECG, blood
pressure records, a chest x ray, or an MR image. Clearly, the nature
of each of these objects will be very different. Two important con-
siderations are the amount of data comprising each object and the
format of the data. There is vast variation in the amount of data
arising from different types of objects; the system must be able to
accommodate each type as individual objects. The overall format-
ting of objects is of critical importance in allowing data, signals, and
images to be passed across local or wide area networks.

A good example of a modern standard is the new ACR-NEMA
standard Digital Imaging and Communications in Medicine
(DICOM) version three. It is anticipated that the standard will
be available for general use in the first quarter of 1994. The objec-
tive of the DICOM development group was to provide a health care
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system standard which will be capable of encompassing various
imaging modalities and medical specialties. It is very important that
the information conveyed be specified unambiguously and related
to other objects as described above. DICOM image objects are being
designed for various types of images, such as MR, CT, PET, ultra-
sound, and conventional x ray. In addition, the aim is for the stan-
dard to be able to transport physiological signals and associated
analytical data such as graphs, histograms, statistics, and others.

A second important area which is being addressed by the
DICOM standard is networking. The aim is to fully support net-
working via the TCP/IP and OSI standards. Because the basis of
the standard is an object-oriented approach, future developments
of the standard should be far more straightforward.

While standards such as DICOM are probably essential, it is
nevertheless important to understand that, almost by definition,
they are based on a top-down approach strategy, which means that
manufacturers of medical equipment are expected to conform to
the standard in their new designs. Such standards will not work for
systems already installed and for those new systems which do not
comply. There are three major problems associated with the adop-
tion of imaging standards such as ACR-NEMA or DICOM.

*  The time scale for the development and adoption of a stan-
dard may be too long to be of practical use because of the
rate at which technology is developing.

* For various strategic reasons major manufacturers may not
want an open-architecture approach to be adopted.

* There is likely to be some incompatibility in standards be-
tween individual medical specialties and in different coun-
tries.

How can these difficulties be overcome? By a three-component

strategy:

* abottom-up approach;

*  ahierarchical approach to the local and wide area imaging
environments (of which the network is an integral part); '

* by the adoption by manufacturers of open architectures.

A key part of the ICMIT strategy is to adopt a bottom-up
approach—software will be developed which allows any existing
scanner to be interfaced to the network, regardless of whether it
complies to a standard like ACR-NEMA_ This is what we call
Superset Technology (Figure 4). Taking the example of a generic
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scanner, data from the scanner passes through a translator which
converts the data to a form that can be transmitted across the net-
work. The remote computer which is receiving the data has, as its
first stage of processing, a second translator, which converts the
data to a form that is capable of being read by the computer’s user
interface. The superset software within the translator provides a
“wrapper” within which all the information relating to the object
being transferred is stored—i.e., data format, standard information
(e.g., from the ACR-NEMA standard), type of image, etc.

Scanner

?

Translator 1

!

Local or Wide
Area Network

!

Translator 2

!

Display and
Analysis
Workstation

set Technology—the ICMIT Bottom-Up Approach to Interface
anner to the Network.

Figure 4. Super
Any Existing Sc
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The adoption of this approach means that at the first stage
(Level 1), the data object is detached from its hardware source and
becomes an independent entity on the network. Once the data ob-
ject has passed through the translator associated with the scanner,
it becomes hardware independent. This is very important because
other medical network strategies are based on the concept of the
“remote computer” accessing the scanner directly, taking the data
in raw form across the network and carrying out all the processing
steps at the remote computer—which implies that the operator of
the remote computer has to have information about every scanner
on the network.

Level 3—Data Manipulation and Integration. The third level of
the hierarchical medical-imaging environment comprises the pro-
cessing of images and data. At this level, analysis is modality inde-
pendent. (Level 2 of the system, operating under the Flexfile
format, will automatically compensate for the characteristics of the
modality). Hence, the system operator (e.g., the examining clini-
cian) will be aware of the modality from which a particular image
originates (together with other basic information), but will be free
to process different images using identical mathematical tech-
niques.

Level 4—Cross Modality Data Integration. Level 4 is the highest
level of the imaging system. Under this level, the system operator
has the ability to process images from more than one modality, us-
ing identical mathematical techniques, including arithmetic opera-
tions such as the summation of whole images.

Conclusions
We have discussed some of the ways in which modern medical-
imaging technology can be applied to a range of data. The data may
have originated from groups working in various medical special-
ties; been recorded on scanners operating under different modali-
ties; and/or been transported across a telecommunications network
to a remote viewing station, typically comprising a standard work-
station. It is our view that the effective implementation of local and
wide area medical-imaging networks requires the application of
two key criteria:
* equipment manufacturers must recognize the need for
open architecture in equipment design; and
* an effective local area or wide area network must be
capable of handling data objects in the form of images, sig-
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nals, data, text, etc., with equal efficiency. This will involve
the processing and display of such objects in integrated
form on a single screen, often at the clinical decision point.
Another requirement is that such a system must be capable
of accommodating the large range of medical equipment
which forms the already installed base at hospitals

throughout the world.
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CHAPTER 17

Discussion: Information and
Communication Technology
In Radiology

DOUGLAS MAYNARD
Bowman-Gray School of Medicine
Wake Forest University
Winston-Salem, North Carolina

“Information and communication technology is one area in radi-
ology where you can actually improve the care of the patient and
at the same time actually reduce costs.”

Radiology has been interested in information and communication
technology for a long time; the field is very active in developing
programs with industry and government. Our department de-
signed and implemented our own radiology information system
(RIS) in the 1970s because there wasn’t one available at that time. In
the last ten years we have collaborated with Be]] Laboratories to de-
velop what we call “filmless radiology.” We feel that information
and communication technology is one area in radiology where you
can actually improve the care of the patient and at the same time
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actually reduce costs. There is technology currently available that
can be readily applied; we need to see how it can work in the health
field to improve care and decrease costs.

We have worked in the areas of telemedicine, teleradiography,
and high-speed networks. There are two areas which illustrate the
potential. First, we have integrated our hospital information sys-
tem, RIS, and our images and digital voice system. What does this
do for us? From a patient care standpoint, when a patient gets ad-
mitted to the hospital or outpatient facility, the patient is given a
hospital unit number, a name, a location, and a position—that in-
formation then tracks that patient throughout the entire hospital
and throughout the radiology department. What this means is that
we have much more adequate data from a patient-care standpoint.
Some of the information in the computer allows us to determine if a
test is being done appropriately for the patient’s specific disease or
problem. It also allows very quick retrieval of information for the
clinician—either in voice, text, or imaging forms. This provides
our clinicians with information they can act on quickly. And how
does this decrease costs? We have found that a large number of
clerical jobs are no longer needed, because we don’t have to keep
reentering the information. The amount of transcription time has
decreased. There are other savings that can’t be easily documented,
such as travel to and from the x-ray department by clinicians. It has
been shown that information that can be immediately transferred
from one place to another really does decrease the length of a
patient’s stay within the hospital.

Second, we have installed a high-speed network connecting all
seven buildings in the medical center complex. In conjunction with
the General Electric Corporation, we have put in a network with
our six CTs and two MRs so that a clinician or physician can actu-
ally view the study from any location. How does this improve care?

We have an outpatient facility that is about one mile away that we
iologist, but we have technologists there who
y. That remote clinic has a fiber-optic

link into the main hospital, so the patient can go to a very accessible
atient facility and have the study done. That patient can be
d concurrently by the physician or radiologist residing at
ctivity. The patient’s images are then trans-
viewed—either on a screen or

do not staff with a rad
do twenty to thirty CTs per da

outp
monitore
the main inpatient a
mitted to the main facility to be

d—and sent to the proper radiologist. If the patient has a

printe




146 Maynard

head study, for example, it goes to a neuroradiologist. This de-
creases costs because we are not staffing that facility with a
radiologist—we have one who is already on line in the hospital.

There are many possibilities to apply this technology in the fu-
ture to both improve patient care and to decrease costs. It may only
be limited by our imagination of how it can be used.

Discussion

Dr. Donald Detmer, discussion moderator, pointed out that the
computer-based patient record report of the Institute of Medicine!
was a very unique study. It was one of the first studies to be inter-
nally commissioned by the Institute of Medicine, because the insti-
tute had concluded that the technology was both available and
changing rapidly, and that such a study was timely and important.
The study pointed out the need for national standards, also ad-
dressed by McDonald in Chapter 15. The report advocated the for-
mation of the Computer-based Patient Record Institute (CPRI),
which is now in existence, to serve as a public and private focus for
the development of standards and technology.

It was pointed out that the proof that a standard is good is that
it does the job. TC/PIP was given as an example. There was a refer-
ence to the American Standards Institute, which is the U.S. agency
that officially communicates with the International Standards Or-
ganization (ISO). It was pointed out that there is a committee, the
ACR-NEMA Committee, working on standards for the radiology
community. The work of the EMLS was also noted.
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CHAPTER 18

Empowering Patient
Decision Making

JOHN WENNBERG
Dartmouth School of Medicine

“We really don’t know very much about what patients want in
medicine, because we rarely ask them. . .. There is nothing in the
clinical history...which allows us to predict what patients
want. ... We were operating on people who didn’t want sur-

gery.t!
“How well have we evaluated the impact of these treatments on
patients?. . . The answer is—not very well at all.”

“The assessment, by the patients, of their symptoms is very im-
portant, even decisive, with regard to choice of treatment.”

“The goal is to give each patient the best available information
about his or her particular medical condition, so that the patient
can share in the treatment choice with the physician, understand-
ing and expressing his or her personal preferences in certain key
areas. That choice has never been presented quite this way.”

“This strategy of bringing the patient into the equation may actu-
ally lead to a reduction in the use of care.”

Copyrighted material © 1994; Medical and Biological Engineering in the Future ol Health
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“Physicians always thought that there was too much information
presented and the patients wouldn’t understand it; whereas the
patient groups seemed to agree that the amount of information
was about right, and they indeed did understand it. People really
can deal with information.”

What is the relevance for patients of outcome research? Where are
we now in terms of our real understanding of the health care crisis?
Much of the rhetoric suggests that progress in biomedical science
and technology has reached the point where we no longer can af-
ford what patients want, that we need to ration care. We are nof at
that point. Although we do have new ideas and technologies, we
are not at all certain how well all those technologies work for the in-
dividual patient or for the patient collective. N‘.[oreover, we really
don’t know very much about what patients want in medicine, be-
cause we rarely ask them.

Background

My background is that of an epidemiologist looking at the dif-
ference in the rate of surgical procedures and medical-care delivery
as a function of where patients live. We found some enormous dif-
ferenlces in the risk of surgery depending on where you live. The
relative risk of having a bypass operation if you live in New Haven
as colnjpared to Boston is two to one—for résidents of these com-
munities, not for people who come from outside to have surgery.
The probability for a hysterectomy is twice as high for a New Ha-
ven woman as it is for a Bostonian. Hip replacements are about 70
percgnl more frequent in the Boston area, and carotid artery sur-
gery is about 2.2 times more common if you live in Boston. The ba-
sic pointis not that people in these different communities are being
under- or over-treated, but that they are being treated differently.
The following lists the conditions and their options: f

Condition Treatment Options

Angina Surgery vs. Angioplasty vs. Drugs vs.
Watchful Waiting

Menopausal Bleeding Surgery vs. Hormones vs. Drugs vs.
Watchful Waiting

Empowering Patient Decision Making

Arthritis of the Hip Surgery vs. Drugs vs Watchful
Waiting

Threat of Stroke Surgery vs. Aspirin
Such data as we found raises the questions: Which rate is right?
What works in medicine? What do patients want? How well have
we evaluated the impact of these treatments on patients? And the
answer to the last question is—not very well at all.

There are rules that require that drugs be evaluated before they
reach the market, but we have no rules for reevaluation once a drug
is in the market. Drugs can be used for any purpose that the physi-
cian may discover. New ways of treatment are often discovered
in the context of clinical practice; new options open up. Our own
studies of prostate disease showed that drugs approved for
hypertension—namely, alpha blockers—became empirically use-
ful in treating the symptoms of prostate disease; but we found this
without clinical trials. Generally, surgery doesn’t get clinical trials.
Not a single clinical trial was done for prostate disease.

We need to articulate a science policy that promotes evaluation.
We need a policy for the evaluative sciences as distinct from the
biomedical sciences. We have not made that distinction clear. We
do have the FDA and the Agency for Health Care Policy and Re-
search; we also have the NIH, which sometimes does clinical trials
and sometimes not. We have no orderly process for assuring that
the evaluations are done. An exception is patient-outcomes re-
search teams. These interdisciplinary groups of epidemiologists,
biostatisticians, clinicians, individuals expert in functional status
measures, and others have been given a task of systematically pa-
trolling the problems associated with a particular condition. There
is a PORT (patient-outcomes research team) for most of the condi-
tions listed above.

The Prostate
Our group has been interested in the prostate. When we began

our research we could see regional variations. For example, in some
parts of the state of Maine, 50 percent of men were having their
prostates operated on for benign prosthetic hypertrophy by the
time they reached 85 years; in other communities, it was less than
10 perceht, The option at that time seemed to be benign neg!ect. As
we began to research the situation with surgeons from different
e state and began to put together a large database, we
re were no clinical trials. There was in fact very little
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information on the theoretical reasons for doing prostate surgery.
Some surgeons believe that early surgery helps people live longer
because surgery later when people were older and sicker was
avoided—a theory of preventive surgery. Others believed the sur-
gery helped the patient feel better—a quality of life philosophy of
surgery. By piecing this information together, we were able to dem-
onstrate that there was no likely advahtage in terms of life expec-
tancy from early surgery. The disease was not as pernicious in its
natural progression as many urologists thought, and if the patient
waited and lived with the symptoms, he probably would not de-
velop renal disease, bladder obstruction, or conditions which
would require surgery.

It became clear that prostate surgery was a quality of life opera-
tion if it was of any value at all. There was no evidence about the
actual impact of prostatectomy on men. We could find no single
study in the literature that declared how symptoms and quality of
life were affected in any systematic way. With this background, we
began to develop a more articulate vision of what outcomes re-
search is, as distinct from other types of biomedical research. The
metric used to evaluate the result of prostatectomy was urine flow.
The assumption was that if you urinated more easily you felt better
or lived longer—a typical reductionist-type notion that focuses on
one measurable aspect of physiology. What did matter to patients
was how they urinated and how they felt. It mattered to them if
they could have sex, and it mattered to them if there were risks
with the operation. By getting focus groups of patients together and
asking them what was at stake, we were able to develop an inven-
tory of what mattered to the patient. It wasn't just symptoms, it
was fear of cancer. We found that people were bothered to different
degrees by symptoms. Some had very noticeable symptoms but
:;;lr:; :‘;;‘;’i::l’d_rb}f;); ;:‘L:Ch about them. The subjective aspects be-
i importan-t by descsinjmnt, I:.>y the patients, of Hu':.r symptoms

) : ’ sive, with regard to choice of treatment.

If a patient Fhuoses surgery for his benign prostate hypertro-
phy‘: the pr.ohablll‘ty is that his symptoms will be improved: We did
Pl b e ey el
PP i cﬁnié\;] tt. imgff\ :.;re had no_cc-nhjolsi there were
welland gave us a sense of t};acg otr lmg5 Wl‘_-:ch o e
the Puint.uf view of s ,Em ol population. Tt was clear from

ymptom improvement that prostate surgery
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was effective. We also found that there were certain risks associ-
ated with the benefits, including incontinence, impotence, and
death as a result of the operation.

On the watchful waiting side, the symptoms we discovered
from a few natural history studies were quite variable. Some
people would get better, some worse, and most stayed the same.
But if one chose watchful waiting, one avoided the risks mentioned
above—a benefit of watchful waiting—but there was also a
greater risk of acute retention.

That ended the second phase of our investigation of the pros-
tate, The first was the discovery of the variability; the second, the
questions of what was the theoretical basis of this controversy, why
were people doing things differently, and what were the outcomes
and theoretical structure of the decision problem. We came to a rea-
sonable conclusion about four or five years ago. We had accumu-
lated a large database that gave us reasonably precise probability
estimates for many subgroups of men. By the state of symptoms
and operative mortality rates we were able to predict patient condi-
tions and the severity of illness. What became clear was that we
had a very large set of probabilities which had to be communicated
to patients, because rational choice depends on the patient’s infor-
mation. So, we had a communication problem. One effective way to
get information summarized and relevant to a subgroup is to use a
computer. You enter in information about the patient characteris-
tics, symptoms status, and disease status, and you get the best esti-
mate that you can for that particular subgroup. Easy to do.

How do you communicate to patients that they have options?
Our problem' became the melding of the probabilities of outcomes
with the value the patient applies to the outcomes. We turned to in-
teractive video technology. We were able to present to patients sce-
narios of their future depending upon their choices. The problem of
how to communicate probabilities to patients became the subject
for this part of our research. The interactive video strategy turned
out to be useful because of two features:
we could get the probability correct for the patient’s sub-
group and get the patient to see scenarin"ns of the future, so
he could begin to make his own evaluations; and,
by virtue of having all that information, we were in a posi-
tion to do more sophisticated studies than had previously
As distinct from a clinical trial where random-

been done.
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ization is the ke'\' feature, we could now undertake a clini-
cal trial in which the preference of the patient became a key
factor in the choice of treatment.

We have been able to follow up large numbers of patients and
to begin to fill in missing probabilities. For example, one of the
most important probabilities to a man who has acute urinary reten-
tion and is successfully catheterized, in the sense that he can now
urinate again, is what is the chance that it will happen again. If the
chances are 5 percent or 100 percent, there is a big difference in the
choice. The database that was available would not allow us an ac-
curate estimate, except we were certain from one study in the U.K.
that it was not 100 percent. We think it was about 5 percent, but we
had to tell the patients in our scenario that. We are now beginning
to follow up a number of patients who have elected watchful wait-
ing after that stage, and that probability estimate will now be pos-
sible to be updated.

There are two important dimensions of this particular strategy.
The first is communication—to improve the ethical nature and sta-
tus of the doctor-patient relationship by making it possible and ap-
propriate for the patient to make a choice. The second dimension is
to do longitudinal studies to update and make better use of avail-
able information.

The interactive video, “A Shared Decision-Making Program,”
isn't just an educational video. It is designed to give patients the
information they need to participate in their medical-treatment deci-
sions. It is called “shared” because it is used in the health care set-
ting, with the doctor referring patients to this clinical information
tool. The topics are medical conditions for which patient preference
is important in choosing among alternative treatments. The goal is
to give each patient the best available information about his or her
particular medical condition so that the patient can share in the
treatment choice with the physician, understanding and expressing
his or her personal preferences in certain key areas. That choice has
never been presented quite this way.

The program is delivered using an interactive video disk. It
looks and feels like a television program, with an important differ-
ence: personal information about each user is entered into the com-
puter before each viewing—things like age, symptoms, and test
results. This determines what that person sees: each viewer re-
ceives information tailored to his or her own situation. The benign

n
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prostatic hyperplasia video involves two physicians describing
their different decisions as BPH patients, one choosing surgery and
the other choosing a nonsurgical approach. Viewers are given more
detailed information about some of the possible complications. For
example, they are told about acute retention, an uncomfortable
possible complication of watchful waiting, but one that is not darf-
gerous if treated promptly. A viewer’s own probabilities of experi-
encing the various outcomes are presented to him graphically.

The evaluation process for the BPH program involved more
than one thousand patients seeing the program at ten differen; sites
across the U.S., Canada, and the U.K. The response from patients,
physicians, nurses, and health care administrators has been over-
whelmingly positive. _

We have used this program most successfully in prepaid group
practices, because the surgeons there are on salary and c:an readily
shift their practice when patient demand changes. The Jmplurlanl
point here is the distinction between the preferences a nc! attlltudcs
of the patient and the objective situation. There is nothing in the
clinical history, physical exam, urine flow, or symptom levels
which allows us to be able to predict what patients want. We are
learning that their concerns about impotence and the degre.e of dr__;-
comfort they have with their symptoms ultimately determine their
choice.

After we implemented the interactiv
only one out of five men with severe symptoms chose surgery. The_
rest chose watchful waiting. The implications are quite clear. If
in place to say that patients should
e symptoms, there wouldn’t be a
ho would have disagreed. Yet it
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ization is the key feature, we could now undertake a clini-
cal trial in which the preference of the patient became a key
factor in the choice of treatment.

We have been able to follow up large numbers of patients and
to begin to fill in missing probabilities. For example, one of the
most important probabilities to a man who has acute urinary reten-
tion and is successfully catheterized, in the sense that he can now
urinate again, is what is the chance that it will happen again. If the
chances are 5 percent or 100 percent, there is a big difference in the
choice. The database that was available would not allow us an ac-
curate estimate, except we were certain from one study in the U.K.
that it was not 100 percent. We think it was about 5 percent, but we
had to tell the patients in our scenario that. We are now beginning
to follow up a number of patients who have elected watchful wait-
ing after that stage, and that probability estimate will now be pos-
sible to be updated.

There are two important dimensions of this particular strategy.
The first is communication—to improve the ethical nature and sta-
tus of the doctor-patient relationship by making it possible and ap-
propriate for the patient to make a choice. The second dimension is
to do longitudinal studies to update and make better use of avail-
able information.

The interactive video, “A Shared Decision-Making Program,”
isn’t just an educational video. It is designed to give patients the
information they need to participate in their medical-treatment deci-
sions. It is called “shared” because it is used in the health care set-
ting, with the doctor referring patients to this clinical information
tool. The topics are medical conditions for which patient preference
is important in choosing among alternative treatments. The goal is
to give each patient the best available information about his or her
particular medical condition so that the patient can share in the
treatment choice with the physician, understanding and expressing
his or her personal preferences in certain key areas. That choice has
never been presented quite this way.

The program is delivered using an interactive video disk. It
looks and feels like a television program, with an important differ-
ence: personal information about each user is entered into the com-
puter before each viewing—things like age, symptoms, and test
results. This determines what that person sees; each viewer re-
ceives information tailored to his or her own situation. The benign
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prostatic hyperplasia video involves two physicians describing
their different decisions as BPH patients, one choosing surgery and
the other choosing a nonsurgical approach. Viewers are given more
detailed information about some of the possible complications. For
example, they are told about acute retention, an uncomfortable
possible complication of watchful waiting, but one that is not dan-
gerous if treated promptly. A viewer’s own probabilities of experi-
encing the various outcomes are presented to him graphically.

The evaluation process for the BPH program involved more
than one thousand patients seeing the program at ten different sites
across the U.S., Canada, and the U.K. The response from patients,
physicians, nurses, and health care administrators has been over-
whelmingly positive.

We have used this program most successfully in prepaid group
Practices, because the surgeons there are on salary and can readily
shift their practice when patient demand changes. The important
point here is the distinction between the preferences and attitudes
of the patient and the objective situation. There is nothing in the
clinical history, physical exam, urine flow, or symptom levels
which allows us to be able to predict what patients want. We are
learning that their concerns about impotence and the degree of dis-
comfort they have with their symptoms ultimately determine their
choice.

After we implemented the interactive video, we found that
only one out of five men with severe symptoms chose surgery. The
rest chose watchful waiting. The implications are quite clear. If
practice guidelines had been set in place to say that patients should
be operated on if they have severe symptoms, there wouldn’t be a
physician in the United States who would have disagreed. Yet it
turned out that when patients were asked what they wanted, only
one in five actually chose surgery. Retrospectively, it appears that
we were operating on people who didn’t want surgery.

We asked patients how much they were bothered by their
symptoms and how much they were concerned about impotence,
since those factors became the desiderata of choice. In the regres-
sion studies we did, symptoms no longer even entered the equation
after we asked about attitudes in regard to impotence and degree of
discomfort. This unveils a new concern and area in medicine that

we need to begin to consider.
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Patient Preferences

All of the protession’s technology has been focused on the no-
tion that the physician is the sole and sufficient agent for making
decisions for patients. In many cases, that is quite reasonable. For
example, if one has an acute myocardial infarction and there is a
preterred algorithm for survival, survival would be everybody’s
preterence. The algorithm works fine. In addition. for some major
surgical endeavors there are also preference-based choices for most
patients, even in the case where life is extended. In our work now
with interactive video disks dealing with cancer, we are finding
that women will ¢ ommonly forego the risks of chemotherapy, ac-
cepting a slightly elevated increase of risk of recurrence in order to
avoid the downsides of chemotherapy—a perfectly rational choice.

Generally, in the case of BPH, we have found that patients tend
to be more risk-averse than their advising physicians. If this 1s a
general reaction, we might expect that the strategy of bringing the
patient into the equation may actually lead to a reduction in the use
of care. In fact, in the prepaid group practices in which we have
been doing these experiments, we have seen declines in surgical
rates of about 50 percent, and they were already relatively low in
these HMOs as compared with the rest of the country. This brings
up interesting questions. If we begin to uncouple sup'plicr-induft’d
demand and we begin to shift what we know and don’t know onto
the patient, we will clearly end up with a market that has different
dimensions and requirements than the market we know now.

The number of urologists available has had nothing to do with
these issues. The number of urologists is related to the needs of res-
idency programs and hospitals to staff themselves and has little to
do with the demand in the market. The number of urologists em-
ployed in the prepaid group practices was in excess of the amount
demanded in that setting. When we compare the number of physi-
cians hired by prepaid group practices to the numbers available in
the U.S. economy as a whole, we see massive excesses—there aré
60 percent more urologists in the rest of the economy than are hired
by prepaid group practices and 250 percent more surgeons!

A New Rationale

If we begin to focus on the patient, and if we can develop a
strategy of consistent evaluation with the probability estimates for
these conditions continually updated, then we have an opportunity
to enter a new phase of treatment. As we began our studies, we had
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three possibilities: transurethral prostatectomy versus open prosta-
tectomyv versus watchful waiting. By 1992 new items were coming
into the market. Balloon dilations are an outgrowth of the success
of angioplasty. An enterprising urologist in Boston figured that if it
works for the coronary artery, why would it not work for the pros-
tate. He formed a small company, developed 2 balloon, got FDA
approval, and is now marketing it—without clinical evidence of
how it works or compares to other conditions. An alpha-blocker
drug became popular after its introduction by some urologists.
Then along came Proscar, a drug designed to work on the prostate.
Another new idea was hypothermia—you could heat it up, make
it shrink, and help people urinate more easily. Along came another
again from the medical technology
p. Another surgical idea is TUIP,
cision of the prostate

idea of putting in little tents—
industry—little tents to shore it u
transurethral incisional prostatectomy, an in
rather than the “roto rooter” procedure that is usually associated
with the transurethral prostatectomy. Finally, lasers got to the pros-
tate. So, all these technologies came in, and we have now intro-
| duced some of them into the interactive video.
| One of the most disappointing aspects of our whole research
| pmjeri, however, has been the fact that we have not been able to get
funding to do clinical trials on these things—there is no mecha-
} nism available for doing clinical trials. Our dilemma now is how to
|

go the next step—to gain an orderly strategy for evaluation.

Discussion
It was noted that the
and informed patients. Are

work presented utilized well-educated
there any problems or limitations using
it for the general man oOf woman on the street? Dr. Wennberg re-
sponded that the patient populations involved a broad cross-
section of backgrounds, both educational and racial, including a
Veteran’s Administration hospital population. He pointed out that
the physicians always thought that there was too much information
presented and that the patients wouldn’t understand it, whereas
the patient groups seemed to agree that the amount of information
was about right, and they indeed did understand it. He said, “I
think people really can deal with information.”

It was noted, however, that there is a report in the pediatric lit-
erature related to institutional review boards and informed consent

sugges
tionatel

ting that more poorly educated individuals tend dispropor-
y not to participate—they tended to be more intimidated,
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and backed out of research studies. [t was mentioned also that
there is very little literature on this topic. Another commentator
said that consent forms have been targeted to the sixth- to eighth-
grade level, but it is clear that they need to be targeted to the first-
grade educational level.

It was noted by ]. Andrade that an informal evaluation of IRB
forms of five different urban hospitals concluded they “were abom-
inably written; they were very difficult to understand at any grade
level. I think the problem is writing and communication skills. Phy-
sicians are no better at it than engineers. They are both atrocious.”
'here was general agreement.
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CHAPTER 19

Minimally Invasive Surgery:
Big Procedures Through Small
Holes

JOHN HUNTER
School of Medicine, Emory University

“When the bar is set too high, the surgeon fails and the patient
falls—and then industry is nowhere in sight.”

“It was industry pushing new procedures on the public despite a
lack of evident benefit....I should have asked them how they

spelled integrity.”

“The potential savings is nearly half a billion dollars. But this
isn’t the only advantage. The greatest advantage is getting people
back to work and to play more rapidly.”

“We need to find ways to put our hand back in the abdomen
through these little tiny incisions, or ultimately through no inci-

sion at all.”
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[ like to think that an associate professor of surgery should be
someone strutting around hospital corridors witha pod of residents
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and students behind him, or someone involved in the OR in theat-
rical dissections of the living. What I do may be disappointing to
you—I watch television all day! The television monitor that I
watch provides a two-dimensional image of a tissue I am working
on with footlong instruments, six to eight inches beneath the ab-
dominal wall. The image is dependent on a 300-watt light source to
illuminate the abdomen, a fiber-optic guide to get the light into the
patient, a rigid telescope only one centimeter in diameter to con-
duct the image out of the patient, a high-resolution video camera
perched on the end of the telescope to receive that image, and two
video monitors—so that both surgeon and assistant can see what
they are doing without getting a stiff neck. This is called laparo-
scopic surgery, and it is but one small component of minimally in-
vasive surgery. The term “minimally invasive surgery” has been
assaulted by some surgical philosophers as being as much of an
oxymoron as “somewhat pregnant.” “Surgical philosophers” is it-
self perhaps an oxymoron. The term “minimally invasive surgery”
has stuck, however, because the procedures described lie some-
where between noninvasive procedures that do not violate the
skin, such as shock-wave fragmentation of kidney stones, and pro-
cedures that leave a big gash—traditional hands-on operative
therapy.

Minimally invasive surgeries are procedures that were once
performed with a large gash and that can now be performed with a
small slit or with no incision at all, utilizing natural body orifices
such as the mouth. Big procedures through small holes, indeed. At
this juncture we should recognize that we surgeons are still one
step away from the ideal, which would be truly non-invasive,
seamless surgery. Although I recently co-edited the first North
American text to try to cover the technologies and techniques of
minimally invasive surgery,' laparoscopic surgery is what I know
best. Developments in laparoscopic abdominal surgery will serve
in this paper as a paradigm for minimally invasive surgery. Al-
though my focus is laparoscopic surgery, the story is little different
for coronary artery dilatation, arthroscopic surgery of the knee, or
any of a dozen procedures practiced by interventional radiologists.

The history of laparoscopic surgery is short. Although individ-
uals have been putting primitive endoscopes through the abdomi-
nal wall and down the gullet for a century, modern endoscopic
surgery dates back to the early 1960s, at which time flexible, fiber-
optic coherent bundles were developed to conduct light around
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corners. Laparoscopic surgery was made possible with the devel-
opment of the solid-rod-lens telescope, which transmitted signifi-
cantly more light than previous air-filled telescopes, allowing
adequate illumination of the gas-inflated peritoneum for the first
time in history. For twenty years surgeons pressed their eyes to the
ends of these telescopes; but they were severely limited in what
they could do by the need to hold the endoscope with one hand,
leaving only a single hand to perform the surgery. In the late 1980s,
laparoscopy went video. The ability to work off a video monitor de-
creased eyestrain, increased the length of procedures that could be
accomplished, and allowed many hands and imaginative minds to
become involved in the procedure; it also increased the complexity
of the procedures that could be performed. Teaching endoscopy be-
come a joy instead of a trial. It should be no surprise that with the
availability of video laparoscopy, groups of surgeons in France,
Germany, and the U.S. simultaneously developed the technique of
laparoscopic gallbladder removal, also known as laparoscopic cho-
lecystectomy, or lap chole, for short.

Lap chole requires four small punctures—one for the telescope
and three others for operating instruments. If lap chole had been a
drug or instrument rather than an operation, it would have under-
gone three phases of testing: a small phase-one study to prove
safety, phase two to establish efficacy, and a phase-three prospec-
tive randomized trial to prove that it was better than open chole-
cystectomy. These procedures were not subject to such scientific
rigor because the public became the judge—after all, this is a
democracy—the public overwhelmingly voted with their feet that
they wanted their gallbladders removed with the new laser sur-
gery. It was an accident of history that excitement about laser medi-
cine was peaking at the time lap chole was introduced, offering
laser manufacturers the opportunity to sell a laser to every fifty-bed
community hospital that hoped to corner the local market on lap
chole operations.

This brings me to a story that typifies one of the potential prob-
lems with the industrial support of research. When I was at the
University of Utah, I was asked to run a prospectwe randomized
trial comparing laser lap chole with electrosurgical lap chole. In or-
der to run this trial, I obtained the support of both a laser company
and an electrosurgical company, each providing me the necessary

equipment. Halfway through the trial, I ran out of laser fibers and
called the laser company to replenish my supply. They asked how
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the study was going, and I informed them that I hadn’t cracked the
data _\‘ct; but it appeared that the two methods were about equiva-
lent. At this point they said they were going to recall their laser and
provide no more fibers; they said, “Why would a laser company
want to support a study that wasn’t going to show the laser was
better?” I suggested to them that they should because they said
that they would. That argument didn’t seem to phase them. In a
calmer moment, I concluded that I should have asked them how
they spelled integrity.

Other problems that have sprung up in the relationships be-
tween surgeons and corporations are conflicts of interest and the
premature promotion of new procedures. Conflicts of interest often
arise during the education of surgeons in new procedures. The ac-
cepted format for educating a practicing surgeon has been a short
course over a long weekend, in order not to pull the surgeon away
from his or her practice for too long. Course directors, in an effort to
keep costs down and remain competitive with industry-sponsored
courses, have been forced to rely upon industry to supply equip-
ment for hands-on training. The AMA has approved such activity
as long as lectures and printed material are not blatant corporate
advertisement. Clearly, however, the presence of one company’s
product rather than another’s at a surgical course is tacit endorse-
ment, and it well may be in conflict with an optimal education.
Less-than-ethical arrangements involve sales commissions—also
known as kickbacks—offered to surgeons for sales of high-priced
items such as lasers to the students attending that surgeon’s course.
Industry has been very involved in the development of new proce-
dures, pushing more and more procedures by laparoscopy, hoping
to have first access to the production of the instruments necessary
to perform these procedures. When the procedures have been
tested in animals, and the FDA has given its blessing, we have seen
the phenomenon of corporations hyping procedures and putting
undue pressure on practitioners to try things that the practitioners
are not sure is right or in the best interest of their patients. When
the bar is set too high, the surgeon fails and the patient falls—and
then industry is nowhere in sight.

A case in point is laparoscopic hernia repair, which was re-
cenFly assailed in an editorial in a leading surgical journal as “the
socloeconomic tyranny of surgical technology.” I think what they
were trying to say is that the corporations s
ment were pushing this procedure on the p

upplying hernia equip-
ublic and on surgeons
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before it had been adequately evaluated. To be fair, it was not truly

surgical technology which was pushing the system, it was industry
pushing new procedures on the public despite a lack of evident
benefit. The only thing that is clear about laparoscopic hernia repair
is that it is more expensive than is open hernia repair. In Seattle, it
costs the patient and insurer an average of $1,500 more than hernia
repair. In Atlanta, the difference was even more striking—with a
$6,200 difference between laparoscopic and open hernia repair.

Compare this with lap chole which costs society $800 less than
open chole in our study at the University of Utah. If one multiples
this by 600,000 cholecystectomies performed each year, the poten-
tial savings is nearly a half-billion dollars. But this isn’t the only ad-
vantage. The greatest advantage is getting people back to work and
to play more rapidly. No one has been able to figure out how much
money in otherwise lost work time laparoscopic surgery has saved
this country, but it should be greater than the procedural savings.
Suffice it to say that probably most of you feel that if you were gone
from your labs for a week on vacation, things wouldn’t suffer too
greatly. But if you were gone an unplanned absence of four to six
weeks, havoc would result. More importantly, imagine the disaster
if our secretaries, lab techs, and nurses were gone for four to six
weeks. In general, minimally invasive surgery gets patients back in
the work force in a week, while standard surgery requires four to
six weeks for the patient to reach the same degree of recovery.
Clearly, if performed responsibly, laparoscopic surgery has the
ability to save billions of health care dollars.

Industry was critical to the laparoscopic revolution, rapidly
d instruments to meet an incredible, almost in-
d. Without the involvement of private-sector in-
dustry in Germany, Japan, and the U.S., we would not be nearly as
far along as we are in our ability to perform minimally invasive
surgery. Industry has led the way in providing new technology, ap-
plying new, compact, color-chip CCD cameras, and more recently
providing 3-D imaging. Tasks that many surgeons in 1992 found
too difficult using two dimensions such as suturing and knot tying,
are more easily performed with 3-D imaging. Yet another chal-
lenge, the ability to sew tissue back together after removing the

may be achievable by the average general surgeon
private-sector in-

providing optics an
stantaneous deman

diseased section,
with stereo optics—another development of

dustry.
Industry h

as been a ready source of revenue to do laparoscopic
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research, but there are strings attached. By its very nature, indus-
trial research is technology driven. The initiative is to test the latest
gadget and see what it can do. If it doesn't perform well, the study
is suppressed while the instrument is redesigned. Scientific re-
search, in contrast, is hypothesis driven. Technology supplies the
means to test the hypothesis, but it is not an end in itself.

Several engineering laboratories are working to produce very
interesting microrobots which might be used in minimally invasive
surgery. ARPA has interests in virtual-reality surgical simulators
(see Chapter 12). In addition to telepresence, robots, and simula-
tors, what are other future directions of minimally invasive sur-
gery? Surgeons, radiologists, gastroenterologists, and others will
develop more combined endoscopy/laparoscopy procedures, and
engineers will develop more compact instruments. One of the
trends we have seen recently is for instrumentation to get larger, re-
quiring larger access ports—I think we are beginning to lose sight
of what minimally invasive surgery really is. Most laparoscopic
instruments open and close like a hand, but there is no wrist move-
ment involved. Adding articulation to simulate wrist movements
would be valuable for more complex surgical tasks. One of the real
missing elements of laparoscopic surgery is the loss of tactile sense.
Strain gauges have been used to try to replace that tactile sense, but
my experience with them suggests that they are still fairly primi-
tive. We need to find ways to “put our hand back” in the abdomen
through these little tiny incisions, or again, ultimately, through no
incision at all. QOur social responsibility is to prove that new tech-
nology improves the patient outcome, and that the price of the im-
proved outcome is less than the price of the alternative therapy.

In the next year at Emory University we will be testing a new
hypothesis related to outcomes research and cost-effective medi-
cine. One in ten Americans suffers heartburn on a fairly regular
basis. About 10 percent of those people are on medications that
control acid in the esophagus. The price of these medications is un-
believable—$100 a month, $1,200 , year. Some people take the
medications for fifty years—that amounts to $60,000 spent! We can
provide effective control of acid in the esophagus with a minimally

i.nvasive sur.gical procedure that costs less than $10,000. The ques-
tions are: will it keep these patients off medication? and will it pro-

than the medication?
, and it is another area where minimally

vide them with relief equivalent to or better
This is outcomes research
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invasive surgery may be able to reduce the overall cost of medical

care in this country.

Discussion

In response to a question dealing with the costs of procedures,
Dr. Hunter noted that most calculations did not consider the posi-
tive economic benefit of returning the patient back to work much
more quickly. Often noninvasive surgery costs more than alterna-
tive procedures; the real savings is in the decreased hospitalization
time. Additional savings are realized in the rapid return to work,
although this is often difficult to estimate.

In response to a query on optimum technology for mini
invasive surgery, Dr. Hunter noted the importance of tactile sensa-
tion and felt that technologies which would allow physicians to
work faster—such as a wider, brighter field of vision—and per-
haps the use of larger instruments similar to those used in conven-
tional surgery would all be desirable. He said that although there
was some debate about the value of 3-D imaging, he personally
finds that he feels much less fatigue working in 3-D than working
in 2-D. He also suggested that some organizations, perhaps the sur-
gical societies, should get involved in regulating surgical proce-
dures, although at present they are not empowered to do that.

mally
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CHAPTER 20

Minimally Invasive
Diagnostics: Imaging

WALTER ROBB
President, Vantage Management, Inc.
Formerly Senior Vice President,
General Electric Medical Systems

“We have to face reality—one industry can’t expect to be the
golden one forever.”

“There will be dedicated body scanners, head scanners, lirr‘lb
scanners, and probably even a breast MR scanner. ... We will
have scanners designed for specific therapies.”

“Research will not stop, but industrial R&D support will simply
not be sustainable at present levels.”

“There is something that is going to help all the modalities-—.the
availability of massive, Parallel computers at a reasonable price,

which will allow us to increase our computing speeds a thou-
sandfold.”

“The next decade will Probably be...an era for cost reduction
and reliability and Productivity improvements,”

Copyrighted material @ 1994; Medi

cal and Biological Engineering in the Future of Health
Care, edited by |.D. Andrade: Unive

rsity of Utah Press,

166




Minimally Invasive Imaging 167
As a participant in the diagnostic-imaging industry for the past
_twenty years, I share with my colleagues tremendous pride in the
industry’s accomplishments. The CT and MR revolutions were
marked by an unbelievable collaboration between industry, medi-
cal schools, research institutes, and academia. During those twenty
years there has been continual progress in both imaging perfm;-
mance and cost reduction. In 1978 the CT scanner, a great machine
in its day, cost about $800,000; a comparable machine today is less
f}}an $350,000. What other segment of health care can show that
kind of cost improvement? Today’s scanners—with more detec-
tors, bigger and faster computers, and continuous rotation—now
cost a million dollars, or about $800,000 in 1978 dollars. When our
children are sick, we want them examined on the best CT scanner
that is available.

' .This'is an important time for a preview of the future of diagnos-
.hc Imaging. After twenty years of significant breakthroughs, there
i1s presently nothing on the horizon as big as the discovery of MR
and CT. Rather, there are now greatly increased cost pressﬁres and
the FDA is moving slower in new device approvals. Although it is
distasteful for someone who loves technology as much as I do to
face this future, we have to face reality—one industry can’t expect
to be the golden one forever.

. Looking at CT first, it is obvious that decreasing patients’ time
in the system (or “throughput”) and reduction of costs will be the
next major thrusts. Technologies such as continuous rotation, heli-
cal scanning, and faster reconstruction will increase the output of
machines; will reduce retakes because there will be less motion be-
tween slices; and will increase the ability of a scanner to screen pa-
tients, probably faster than you can get the patients in and out of
the room. In addition, auxiliary workstations will be relatively in-
expensive, allowing multiple physician viewing without any slow-
down in scanning. The productivity of CT scanners will be limited
primarily by patient handling time, and that will be helped by hav-
ing detachable gantrys. The necessity for x-ray tube cooling will
continue to be an equipment limitation, even though significant im-
provements have been made in this area. The next improvements
in slices scanned per minute are most likely to come from being
able to scan more than one slice at a time. This allows a flat cone of
x rays to be used instead of that very thin slice that meant less than
1 percent of the photons produced were being used—the rest be-
absorbed in the lead around the collimator. Down the road, we

ing
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will have CT scanners which have a broad cone of x rays that may
encompass 128 slices at once. We already have this in industry—
looking at the blades in jet engines. This could allow an entire or-
gan to be viewed in one or two passes. This will require massive
computers, because the reconstruction job for 128 slices is much
more complicated than the reconstruction of only one or two slices
at a time; but fast computers will make it possible. At the lower
price end, we will see excellent scanners at low prices; hospitals
won’t need to run extra hours because of scanner limitations. It will
be cheaper to buy a second or third scanner than to have the second
shift, when a hospital is never very efficient. There will be no rea-
son not to have a dedicated scanner right next to the ER. There also
will be some specialty scanners such as those already available
which can image the heart in 50 milliseconds and look for calcium
in the arterial wall. Special scanners for bone-density measurement
will also become available. Even with all this, the CT field will cer-
tainly not be as exciting in the near future as it has been in the last
twenty years.

In MR, the emphasis will be on customer choice. Every MR
scanner doesn’t have to accommodate a 300-pound man. Also,
there will be choices in accessories, such as multi-element surface
coils for showing an entire spinal column. Choices in gradient
power will determine whether or not one will have fast scanning
capability. There will be dedicated body scanners, head scanners,
limb scanners, and probably even a breast MR scanner. In addition,
I think we will have scanners designed for specific therapies. Using
nonmetal laparoscopes one will see 3-D images while working in
the abdomen, for example. Hospitals eventually will have as many
MR scanners as they have conventional x-ray rooms today.

Unfortunately, the new economic environment will slow re-
search on some of these new items. This is disappointing, because
new capabilities are starting to be recognized, including functional
imaging, spectroscopy, 3-D blood flow, and heart-wall motion. Re-
search will not stop, but industrial R&D support will simply not be
sustainable at present levels.

Conventional x ray is a pretty mature modality—it will soon
be 100 years old. However, through electronics, we will have more
automation in feedback to set exposures and optimize images, re-
ducing the need for retakes and additional radiation dosage while
improving the diagnostic quality of the films. Unfortunately, films
and phosphors are about as efficient as they probably are going to
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ally the industry will have some form of solid-state

get, but eventu
rformance of today’s im-

image detector that will far exceed the pe
age tubes and simultaneously provide high-quality digital images.

Finally, image processing in real time during fluoroscopy will
allow a significant reduction in radiation levels. This is important
in long therapeutic procedures, not on
the doctor. Cardiologists are limited in the number of
they can do today by the amount of radiation they receive. Fast
ed excitement to con-

und the develop-

ly to the patient but also to
procedures

electronic processing will give some renew
ventional x ray, if only the market can afford to f
ments.

Nuclear medicine developments will include multihead nu-
clear cameras and detector systems that capture a greater percent-
age of the emitting gamma rays, as well as counters that are faster
so that even shorter half-life isotopes can be used, making nuclear
studies faster, more definitive, and with lower radiation doses to
the patient. Progress will come from developments in the biological
and chemical areas, such as customized tagged antigens and anti-
bodies. Nothing will match nuclear medicine for its ability to locate
multiple metastasis.

Ten years ago, PET and biomagnetism would have received
much attention and R&D money, but unfortunately their develop-
ment will be strongly influenced today by whether the cost per pa-
tient can be significantly reduced. That may be more dependent on
patient load than on the cost of the equipment. Getting more pa-
tients per scanner may mean limiting the hospitals that have those
scanners.

In the area of “functional imaging” we may be hurt by having
too many contenders, such as MR, PET, SPECT and biomagnetism.
It is unlikely that any one modality will obtain optimum support,
although a major breakthrough in one of these modalities could
change the funding situation. The good news is that government
funding is going up- More good news is that there is something that
is going to help 41l the modalities—the availability of massive, par-
allel computers at a reasonable price, which will allow us to in-
crease our computing speeds a thousandfold. This means that we
can now seriously consider reconstructing 3-D images of a patient’s
abdomen in a reasonable time. We can rotate and slice it, manipu-
late it, rehearse Surgery; and perform simulations at reasonable
cost. With advances in fuzzy logic and image understanding, we
will be able to segregate specific organs or tissues in an image.
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In summary, while there is still a lot of opportunity for im-
provement in diagnostic imaging, the next decade will probably be
characterized as an era for cost reduction, reliability, enhancement,
and productivity improvements. It will be very interesting work;
however, unless things change, it will not have quite the rate of
technical advancement that characterized the last twenty years. Are
we smart enough to achieve simultaneously both improvements in
performance and lower costs? That may well determine who wins
and loses among companies in the next decade.
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Minimally Invasive
Diagnostics: Biochemical
Sensors

ISAO KARUBE
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“Such biosensors make possible new types of brain research and

brain science.”

“The fatigue of various individuals can be monitored remotely.
We intend to use this system for truck drivers and for airplane pi-

lots.”

“In the future, the aged and those who live alone will have an in-
sor-based toilet in their residence—the output of
nnected to a telephone line, which in turn will be
maintenance facility.”

telligent, sen

the sensors co
connected to the local hospital or health

“These technologies will significantly change health care in the

twenty-first century.”

My objective is to briefly present the recent trends in biosensor re-
' lopment. The biosensor concept initiated in the

search and deve
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United States in 1962 with the work of Clark and Lyons on the mea-
surement of glucose in blood.! In 1967 Updike and Hicks? produced
a glucose biosensor. At about the same time, my group was work-
ing on enzyme batteries to develop a biochemical fuel cell using
various organic compounds, including glucose, for the battery fuel.
We learned that the current obtained from the fuel cell depended
upon the concentration of the fuel. We then decided to use such an
enzyme fuel cell to determine the components of organic com-
pounds. This was the starting point of our biosensor work more
than twenty years ago. We now have been involved in biosensor
development for the past twenty years and have developed a wide
range of biosensors in Japan, some of which are now commercially
available. At the beginning, we were mainly concerned with clini-
cal applications; however, biosensors now are applied for indus-
trial process control, for food analysis, and, more recently, for envi-
ronmental monitoring and control.

Output

Electric Signal
Output

f/ Transducers \

Electrode
Semiconductor
Photon counter

Sound detector

KPil_‘Z()E“E‘(TT\L device /

Chemical
substance

Heat

Light

Sound

Mass change

Y~ Molecular recognition ‘\

element

\ Bio-functional membrane

Analytes

Figure 1. Biosensor Principle.
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A biosensor consists of two major components: a biological
element, which recognizes a special chemical compound, and a
physical element, which converts the chemical-binding event to an
electrical or optical signal, which is then processed by a micro com-
puter system. The biological recognition elements are often en-
zymes. Oxygen or hydrogen peroxide electrodes often constitute
the detection element. In recent years, a wide range of semiconduc-
tor devices have been used as detection and transduction compo-
nents of biosensors (Figure 1).

The first commercially available biosensor was developed in
the United States by Yellow Springs Instrument Company in Ohio.
The first biosensor commercially produced in Japan utilized glu-
cose oxidase, immobilized and fixed on a hydrogen peroxide elec-
trode; it was used for analyzing glucose in blood within about ten
seconds. A consortium of twelve companies was involved in the
commercialization of this glucose biosensor. Variations on this ap-
proach are now being developed for food analysis and for fermen-
tation process control. Enzyme-based biosensors are particularly
popular, and various types of enzyme sensors are now commer-
cially available around the world.

Another approach to biosensors is to use living cells, particu-
larly microbes, that are responsive to the special chemicals of inter-
est. E. coli microbes, for example, can recognize glutamic acid. They
carry glutamate enzymes, resulting in a release of carbon dioxide,
which can be monitored with a carbon-dioxide electrode. Such an

E. coli-based sensor is very robust and can be applied to fermenta-

tion process control and for the measurement of glutamic acid con-

centration in food.
The first microbial-based sensors were used in environmental

s; one was biological oxygen demand (BOD), a marker
of wastewater quality or degradation. Classical BOD measure-
ments take about five days, but using a biosensor the measure-
ments can be obtained within about ten minutes. Related sensors

or the measurement of cyanide, mercury,

are under development f
sulphur dioxide, nitrate, and ammonium ions—all using immobi-

lized, living cells.
The rapid develo

app]ication

pments in semiconductor technologies and
microfabrication greatly expanded biosensor development. Of par-
ticular importance is the ion-sensitive, field-effect transistor, cou-
4 with immobilized enzymes Or cells. The enzyme reaction or
response leads toa local pH change, which then results in a

le
cellular




174 Karube

change in the FET gate potential, resulting in a change in the tran-
sistor current, and thus a signal. Semiconductors are easily mass
produced. The price of the biosensors can be significantly reduced
using such microchip technologies.

Multichannel microelectrodes based on silicon technologies can
now be produced, each containing its own different immobilized
enzyme. Photolithographic methods readily allow the fabrication
of multichannel microbiosensors. We have systems in which seven
different systems are immobilized to determine seven different
chemical compounds at the same time. The combination of silicon
and thin-glass substrate technologies allows for the fabrication of
complicated sensors, such as multiple microoxygen electrodes, on
one chip. The immobilization of the enzyme or other biochemical
recognition element is of course critical. Immobilization technolo-
gies are important in maintaining the activity of the enzymes or the
cells.

We have worked with ultra-microbiosensors, using carbon
fibers as small as two micrometers in diameter. Such fiber-based
microbiosensors can be injected directly into tissues. We are now
using them with other collaborators in brain research. We can ob-
tain recordings from brain tissue, utilizing a glutamic-acid-sensing
microsensor containing glutamate oxidase immobilized on the mi-
crocarbon fiber electrode. Such sensors rapidly detect glutamic acid
released from neural tissues upon electrical stimulation, thereby di-
rectly detecting the neurotransmitter response. We of course are
also using acetylcholine sensors. Such biosensors make possible
new types of brain research and brain science (Figure 2).

Electroplated Platinum Silver paste Glass capillary

71 Carbon fiber

/

Immobilized glutamate oxidase
Epoxy resin Cable

Figure 2. Ultra-micro Glutamate Sensor.
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We are now fabricating biosensors on plastic sheets, using vari-
ous printing technologies. After processing and printing, each sen-
sor simply can be cut off the sheet and used in the determination of
various compounds. For example, glucose oxidase immobilized on
the sensor becomes a glucose sensor.

A variety of types of transduction systems are available, includ-
ing surface acoustic wave (SAW) devices, which we are using for
the development of flavor- or smell-based sensors (Figure 3). Mem-
branes can be immobilized on the SAW quartz crystal, using Lang-
muir Blodget transfer technologies. Complicated mixtures of
compounds responsible for unique flavors are detected using mul-
tichannel chips. Our chips can detect the flavor or smell pattern
from various alcoholic beverages as well as various types of food.
We are collaborating with police departments, and they are provid-
ing substantial assistance to our laboratory.

Oscillation circuit

©®

e

signal selector computer

1®®r

Figure 3. SAW Device Odorant Sensor System.

The detection of odors and smells is important not only to the
food industry but also in the medical field. By coupling multi-
channel biosensor elements onto integrated circuits, the device can
provide on-board calculation, signal comparison, and signal analy-
sis. Complete photodiode, integrated-circuit chips are available for

less than twenty dollars, permitting the construction of very sensi-
s. We are utilizing this for a freshness sensor. The

t raw fish, and freshness is very important. We
Juminescence with a peroxidase-based sensing
th this photodiode IC chip, to determine in less
than ten seconds the freshness of fish. This also‘can be appliec_i to
e contamination; in this case, we use an immuno-chemical
he detection of pesticides—work supported by the

y of Agriculture.

tive sensor system
Japanese like to ea
are utilizing chemi
system, coupled wi

pesticid
reaction for t
Japanese Ministr
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Figure 4. Watch-type Fatigue Sensor.

1—Working electrode (gold), 2—counter electrode (silver), 3—watch-type
sensor, 4—potentiostat, 5—transmitter, 6—receiver, 7—A/D converter,
8—computer

We have recently developed disposable sensors for noninvasive
diagnostics utilizing perspiration and urine samples. Fatigue sen-
sors also are of particular interest, utilizing lactic acid or ammonia
markers. They are designed and built using a watch-type structure
incorporating a miniature FM transmitter. We know that after hard
exercise there is a rapid increase in lactic acid in sweat, which can
be monitored. The lactic acid output, and therefore the fatigue of
various individuals, can be monitored remotely (Figure 4). We in-
tend to use this system for truck drivers and for airplane pilots.
Their condition can be monitored remotely and noninvasively us-
ing a simple FM receiver.

The Japanese “intelligent toilet” has received considerable
press. Nearly all of the toilets in Japan are produced by only two
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companies; they are sponsoring the research of a post-doctoral fel-
low in my lab to develop various biosensors to be incorporated into
toilets. It will be possible to monitor urine electrolytes and even
urine protein concentration via the intelligent toilet. I believe that
in the future the aged and those who live alone will have an intelli-
gent, sensor-based toilet in their residence. The sensors will be con-
nected to a telephone line, which will in turn be connected to the
local hospital or health-maintenance facility. The signals will be
regularly monitored by an expert system, and thus the health
condition of these people can be monitored regularly. The expert
system can alert the physician or health care provider to unusual
situations and the patient can then be called or visited as necessary.

Our final dream, however, is to utilize microbiosensors coupled
with microrobotics and drug-delivery technologies. We can envi-
sion microrobots traveling through the bloodstream, detecting and
removing lipids and plaques in the blood vessels, or detecting and
then dissecting cancerous tissues or other unwanted biocompo-
nents inside of the body.

[ strongly believe that these technologies will significantly
change health care in the twenty-first century. The Japanese gov-
ernment has estimated that the biosensor market will grow to
about $17 billion within the next five to ten years. Disposable bio-
sensors will expand this market even more.
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CHAPTER 22

Bioprocess Engineering:
Opportunities for Improving
Quality and Decreasing Costs
of Health Care

CHARLES COONEY
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“Bioprocess engineering can impact the drug development pro-
cess: it can improve drug discovery, speed up development, im-
prove process and product quality, and improve manufacturing
operations.”

“There is a very intimate relationship between the definition of
the product and the definition of the process.”

“Therapeutic substitution is one of the biggest challenges to the
industry.”

“Health care cost-containment will cap revenues; at the same
time there is an increased cost of drug development.”

How can bioprocess engineering improve the delivery and quality
of health care at a lower cost ? As we look back upon the changes
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that have taken place in the pharmaceutical and biopharmaceutical
industries, we have seen science through molecular biology create
tremendous changes in how we manufacture molecules. This
change likely will continue, as bioprocess engineering will lead to
better-processed products at lower cost. Yet if thisis really going to
occur, there are a number of things that have to happen.

There are four areas in which bioprocess engineering can im-
pact the drug development process: it can improve drug discovery,
§peed up development, improve process and product quality, and
improve manufacturing operations.

An often-heard opinion in the pharmaceutical industry is that
the cost of goods is not a large part of their selling price—therefore
changes and improvements in manufacturing technology are not
likely to be important to the future of this industry. Two years ago
we initiated a program at MIT involving the Biotechnology Process
Engineering Center, the Engineering Research Center, and the
Sloan School of Management. We chose to look at the competitive-
ness and productivity of the pharmaceutical industry. As we began
to survey the industry to address some of these questions, we
found a resounding answer to the question about the importance of
manufacturing; it is and will become increasingly important.

The time line from discovery to commercialization of a drug is
on average twelve years. Thereis a need very early in the discovery
s engineering to make, at almost any cost, enough
material to begin preclinical testing. The manufacturing technology
used bears little relevance to the cost-effective technologies needed
later on: the need is for enough material for preliminary testing.
Later on it is necessary to begin the process of development. It is at
this point, the second stage, that it is important to begin to put to-
gether a cost-effective process; the product is still seven to eight
years away from the point of commercialization. It is at this second
stage of process development that there exists the maximum op-
portunity for innovation. Yet at this point one could well be dealing
with technologies that are going to be outdated by the time com-
mercial manufacturing begins. For a number of reasons, once you
pass the initial stage of process develoPment, begin precolmmercial
manufacturing, and enter clinical trials, the process is almost
frozen—and it is still four to five years away from commercial-

process for proces

ization! ‘ : @
There is a very intimate relationship between the definition of

the product and de

finition of the process. This has an impact on our
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ability to develop cost-effective processes with innovative technol-
ogy. Let us try to understand some of the trade-offs encountered at
the early development stage. These are illustrated in terms of an
equation which describes the driving force in the commercializa-
tion of many products:
Gross Profit = (Market Share) (SA) (SP) (CM)

where SA = Specific Activity, SP=Selling Price, and CM = Cost of
Manufacturing.

The selling price is determined by market forces, and therefore
by the utility of the drug itself. You pay to get rid of a headache or
to dissolve a clot; you don’t pay for a gram or microgram of mate-
rial. So, the specific activity is very important as an early determi-
nant in drug discovery. With cost of manufacturing, you pay to
manufacture mass, you don’t pay to manufacture utility. This
equation points up an important trend that has taken place in the
pharmaceutical industries—the desirability of looking for mole-
cules with a high specific activity. A very high value for SA means
that one doesn’t need metric ton quantities but perhaps instead
only small quantities. Examples include the regulatory biothera-
peutic proteins that are made in relatively modest quantities. One
can envision in the future smaller processing plants, the develop-
ment of molecules with very well defined, very specific, activities,
and, because of the small amounts of that molecule, a minimization
of side effects.

As we look to the specific activity of new molecules in the dis-
covery and the clinical trial stages, they do tend to be much more
highly active per unit weight. This is a bit of a nightmare, because
these molecules are difficult to manufacture. They tend to be very
potent molecules—thus the need for containment and special pro-
cessing is very important. Nonetheless, this represents the modern
challenge of bioprocess engineering: the need to make very highly
active and very specific molecules—often complex in structure—
in small amounts, and to do so under economic terms.

Biologics are molecules that tend to be heat labile, subject to
contamination, and somewhat variable in their physical and chemi-
cal characteristics. With biologics, as opposed to more well defined
drugs, there is a close, more intimate relationship between the pro-
cess and the product. Many of the products that come forward out
of discovery programs are: large complex molecules (proteins, pep-
tides, carbohydrates); low molecular weight (optically active) mol-
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ecules; specific recognition molecules; and molecules with high
specific activity.

What does this mean in terms of bioprocess engineering? A re-
cent OTA report on the cost of R&D in the pharmaceutical industry
showed a pattern that has begun to emerge since 1980 in IND appli-
cations: an increased number of molecules are going through the
FDA-CBER (biologics) route rather than the CDER (drug) route.
What does this mean? These are the molecules for which approval
of the molecule involves simultaneous approval of the process,
hence the great impact that bioprocess engineering has on the defi-
nition of these products. The process must be defined very early in
clinical testing, and therefore the opportunity for process innova-
tion is minimized. In fact, in many cases there is a negative incen-
tive for optimization. This is one of the great challenges that we
have to face. The drivers of change in manufacturing technology
are:

» product quality,

» regulatory compliance,

e environmental constraints,

* process safety,

» cost of manufacturing,

e competition,

+ generic substitution,

* therapeutic substitution, and

« method of drug delivery.

Definitions of product quality are going to put increasingly
n the nature of the product and the process.
Regulatory compliance with FDA, OSHA, and environmental regu-
lations is putting tremendous constraints on the kind of things we
can do. Yet, at the same time, we need to innovate and change, and
to demonstrate on a continuing basis that this change and innova-
tion is going to work. This dichotomy is very difficult to manage.
The cost of manufacturing needs to come down, but not because
manufacturing costs per s€ have been high. Rather, constraints on
pricing, together with the increased costs of doing R&D and in-

pliance, mean that we have to find additional

creased costs of com !
dollars. Other factors include increased pressures for generic sub-

stitutions and what is perhaps the greatest challenge to the phar-
maceutical industry~therapeutic substitutions. There are going to
be more “me to0” drugs that provide therapeutic substitution.

tight specifications 0
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Drugs with fewer side effects also will be developed as a conse-
quence of new technology. The life cycle of existing drugs will be
shorter and the developer’s ability to be recompensed to cover the
costs of new R&D will be less. Cost-effective manufacturing is go-
ing to have to bear at least some of the brunt of these challenges if
this industry is going to continue to survive.

Consider the manufacture of insulin in recombinant E. coli: the
process involves thirty discrete unit operations. One of my research
areas is computer-based process simulation. These simulations per-
mit us to ask questions and to think about biochemical processes,
not as a sequence of unit operations assembled by the incremental
addition of each step but as an integrated process and complete
unit operation. We can do a lot of “what if” scenarios. We are using
process simulation both in business schools as well as engineering
schools to allow individuals with different perspectives to look at
how to improve, optimize, change, and otherwise understand these
complex processes. For example, the simulation/model can help us
answer the questions: what are the opportunities and what are the
barriers for change in the process of insulin manufacture?

The kinds of changes and innovations fall into two categories:
new processing steps and innovative technologies that allow for the
elimination or minimization of the number of expensive purifica-
tion steps. At this point in the process in development, we cannot
go back and make major changes, because we have to freeze the
process years before it is put into practice. Biotech companies must
develop close strategic relationships with universities and vendors
in order to avoid putting in place processes which are likely to be
cost-ineffective later; this has not yet been done very effectively.

Over the last twelve years the biggest barrier to effective re-
search has been the unavailability of good analytical procedures to
characterize the product in the early stages of process devel-
opment. A change in investment strategy, particularly how com-
panies do their analytical work, will have a major impact on their
ability to design better processes and on their ability to document
the impact of process change later. Speed to market is key; one can’t
afford to do process innovation that will lengthen that critical path.

Alternative solutions or processes may be feasible, such as us-
ing a genetic-engineering approach to overcome protein folding or
aggregation problems. A requirement for success is that you need
to know where you want to go, and you have to have the means to
measure where you are so that you can know when you arrive at
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where you want to go. One needs to apply metrics to processes, In-
ventories, equipment, and quality control. Our experience is that
metrics have not been applied in any systematic matter in the bio-
technology industry.

There is a mandate for change in this industry. It has been very
exciting taking new science and technology and delivering new
products to the consumer. But health care cost-containment will
cap revenues at the same time that there is an increased cost of
drug development due to increased competitiveness, processing
constraints, safety and environmental needs, and therapeutic sub-
stitutions. We must improve the efficiency of manufacturing pro-
cesses, make processes more robust, improve their reliability, and
reduce manufacturing costs. Bioprocess engineering then will have
an important role in the effective delivery of lower-cost pharma-

ceuticals.




CHAPTER 23
The Future of Bioengineering

GEORGE BUGLIARELLO
Polytechnic University

“What is wanting is the determination to make it happen. Bioen-
gineers need to take a leading role in the architecture of the sys-
tem, in its implementation, and in pressing for a rethinking of
how the medical profession and the other health care professions
operate and are integrated.”

“Many of the inadequacies in the prevention of disease occur to-
day for lack of political will. Bioengineers should not stand idly
by any longer. We need to help generate that political will....
We can and must do more to change the system.”

“Biotechnology will be central to bioengineering—indeed to all
of engineering—and bioengineering in turn will be ever more
relevant to key aspects of molecular biology and genetic engi-
neering.”

“The time has come to look at bioengineering not any longer as a
specialized effort tucked into a corner of engineering or medicine
but as mainstream engineering as well as mainstream health care
and as a key factor in the efforts of our species to modify nature
for its well-being and for its future.”

Copyrighted material © 1994; Medical and Biological Engineering in the Future of Health
Care, edited by ).D. Andrade; University of Utah Press.
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Introduction

It is certainly most appropriate when we talk about bioengin-
eering to think about the future, because bioengineering is truly a
pivotal discipline for the future of our species. First, two quota-
tions. The much-maligned philosopher Epicurus in his letter about
happiness warns us against hubris as well as inaction by saying,
“Let us remember that the future is neither totally ours, nor totally
not ours.” The second quotation is from Peter Drucker: “Long-
range planning does not deal with future decisions, but with the
future of present decisions.”

For all practical purposes, bioengineering is a post-World War
Il phenomenon. Since the end of that war, the growth of bioengin-
eering has been extraordinary. When I started doing research in
bioengineering, at the beginning of the sixties, there was only a
small group of people involved in the field; and when you went to
visit them you did not need to ask where their laboratories were
located—they were almost invariably in the basement or, as in my
case at Carnegie-Mellon, in the attic. This book is an indication of
how much the field has grown—in universities, in hospitals, and
in industry. We must recognize that despite this growth, bioengin-
eering is still in its adolescence and, like all adolescents, is not quite
sure of itself, or what it is, or what it wants to be; and it is often
frightened by the seeming immensity of the challenges ahead.

The field of activity of bioengineering is very large indeed;
it ranges from the endeavor that constitutes the greatest part of
our work today, health care, to what has come to be called bio-
technology—tl{e application in general of engineering knowledge
to biology and, a much less traveled path, the application of biol-
ogy to engineering. There are challenges in each of these areas. We
must always keep in mind Peter Drucker’s point that the future of
each of them will be determined by our decisions foday.

The Health Care System : |
Let me start with the health care system in the United States. 1

want to make three points. The first is. that the "S){stem" S 2
trouble. The second point s that, para:doxwally, bloenglpeering has
contributed to this problem, not from intent or becagse its products
. but because its great technical virtuosity has been ap-
e context of a system that needs to be reformed,
her have been used as an instrument for reform-
se of the incentives the system has provided,
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bioengineers have worked more at the high-cost end of medicine—
the surgical and restorative aspects—than at the preventive area.
Surgical and restorative aspects contribute out of proportion to the
total cost of health care, and, by so doing, they contribute to
unemployment and poverty, which can kill just like a disease. The
situation is aggravated by the system’s failure to control greed.
For example, the high concentration of MRIs created by the shame
of self-referrals absorb resources that should better be employed
elsewhere.

My third point is that we must contribute to fixing the problem.
It is clear by now that the problem has been generally resistant to
government solutions. Even if issues such as defensive medicine,
unfair insurance coverage, or poor control of third-party reim-
bursements are a big part of the problem, what is most essential is
to systematize and rationalize the system. And that is what we as
engineers ultimately are all about—the concepts of system, ratio-
nalization, cost-effectiveness, and feedback.

Most of the technical means for changing the health care system
are at hand. The combination of expert systems, management infor-
mation systems, high-speed networks, new imaging techniques,
and new sensors and PCs in the patient’s home make it possible to
think of a rational restructuring of the system—a new architecture
for it. For instance, long-distance networks and local area networks
involving physicians and their patients, besides being able to con-
nect physicians to expert systems and to each other, can radically
transform the nature of an office visit, the nature of a physician’s
training, and our ability to keep the physician up to date. They can
also change the location where health care is provided as well as
the role, influence, and knowledge of the patient. This will help us
create critical masses of skills and at the same time have a more
sensitive system.

The performance of X-ray and other equipment in the doctor’s
office will be monitored by specialized health care networks. Costs
will also be monitored, and duplication of tests and records re-
duced. Patients may be able to carry their records implanted on
their bodies. A much higher level of health care assistance will be
possible in third- and fourth-world environments, which will have
access to highly sophisticated, expert medical systems, networks,
and telesurgery. And, of course, automatic translation of languages
will facilitate the creation of a truly global, real-time, health care
network.
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The point, to reiterate, is that almost all of this is technically
possible today. But what is wanting is the determination to make it
happen. Bioengineers need to take a leading role in devising the ar-
chitecture of the system, in implementing it, and in pressing for a
rethinking of how the medical profession and the other health care
professions operate and are integrated.

There are at least three major challenges for bioengineers if we
are to take that leadership role. The first is to insist that medical ed-
ucation go beyond the current paradigm. Medicine has become
highly technological. The time has come to couple the concept of
the physician-scientist to that of the physician-engineer—in other
words, a physician who fully uses science but also fully espouses
technological concepts such as system, feedback, and cost-
effectiveness, and does so not only in the context of research but
also (and above all) in the context of medical practice.

The second challenge is to champion the restructuring of the
health care system. This is by far the most difficult task for two rea-
sons. In the first place, bioengineers, like all engineers, are reluctant
to challenge the system within which they operate. The second rea-
son why the task is difficult is because it not only involves the solu-
tion of medical and engineering problems but also, as Keller has so
effectively stressed (Chapter 2), a keen sense of sociotechnological
approaches—of how technology can change a social system and
how a social system is shaped by the technology it uses. Restructur-
ing the system involves many aspects: from empowering the
patient, to the creation of physician-patient telecommunication net-
works, to a wider application of cost-effectiveness concepts, to the
seemingly trivial concept of "just—in—time” systems. These aspects
of a restructured system are all interconnected. Thus, empowering
patients and enabling them to make intelligent choices are matters
both of paradigm and of technology—the latter involving, for in-
stance, patient expert systems as well as telenetworks, enabling the

physician to be in contact with the patient at home and to be able to
intervene, if necessary. This would help decrease the time wasted
by millions of patients waiting on the convenience of the physician

or the hospital.

The third challenge for bioengineers is to champion new careers
in the health care field. We need a new group of health care profes-
als combining engineering and medical knowledge. To reiter-

dical profession with the strong
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need to develop new careers in the management of health care
communication networks—the networks that will enable health
care specialists from virtually all over the world to be brought to
bear on the needs of the individual patient.

We must do more to change the system. If bioengineers join
forces with visionaries in medicine, medicine will become more ac-
cessible, more cost-effective, and more predictive and preventive.
Sixty percent of all deaths in the U.S. are premature. The fact is that
many of the inadequacies in the prevention of disease occur today
for lack of political will. Bioengineers should not stand idly by any
longer; we need to help generate that political will.

Biotechnology

Let me move very rapidly to the other major arenas for bioen-
gineering, starting with biotechnology. Here, too, I would like to
make three points. The first is that biotechnology is indeed a
technology—it is a modification of nature. To paraphrase Saddam
Hussein, it is the mother of all technologies.

The second point, if one accepts the first, is that biotechnology
can be seen historically as a failure of bioengineering, because it is
one of the most fundamental modifications of nature that one can
think of. Engineering is about the modification of nature; but to my
knowledge there was not a single paper, not a single mention by
bioengineers of the potential, the prospects, or the reality of DNA
replication before those interventions burst upon the attention of
the world through the achievement of the molecular biologists.
There is, I believe, a profound lesson in that—namely, that our ho-
rizons as bioengineers were too limited at the time. Involved as we
were in very difficult and exciting work in many areas of living sys-
tems, we missed this most fundamental aspect. We have regained
ground, fortunately, as our knowledge of instrumentation and pro-
cessing techniques has become essential to genetic engineering. But
the lesson we should learn is not to lose perspective of what we are
doing—to think in the most fundamental way possible, dreaming
the biggest dreams.

The third point is that biotechnology basically presents three
challenges to bioengineering. One is the challenge of industrializa-
tion—the scaling up of bench experiments all the way to produc-
tion. This, as we know, is an area of great importance for our
competitiveness, because other countries, without havin g made the
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immense investment in basic research that we have made, may be
able to profit industrially by it, just as has happened in the field of
electronics.

The second challenge to bioengineers is to apply engineering
principles to biotechnology. Genetic engineering, the core disci-
pline of biotechnology, is truly an engineering discipline: it deliber-
ately modifies genetic structures; it designs organisms. Thus far it
has developed without any major input from engineers. Yet, for the
past 150 years at least, engineers have evolved theories of design
and highly sophisticated concepts of risk, safety, and related fac-
tors. Furthermore, engineering design skills will make it possible to
design an organism by computer—to simulate morphogenesis and
forced evolution, if one may use that term. The ability, through
computer-generated designs, to accelerate time factors and test
new biological designs that have not withstood the crucible of evo-
lution will become ever more important to biotechnology.

The third far-reaching challenge in terms of engineering bio-
technology is to optimally blend genetic engineering and artificial
organs—using them as options or trade-offs when we work at
modifying biological organs and organisms. For instance, it is con-
ceivable that the great challenges of the permanently implanted
artificial heart or artificial liver will be solved by an intimate combi-
nation of nonliving parts and genetically engineered tissue.

In brief, therefore, there can be little question that biotechnology
will be central to bioengineering—indeed, to all of engineering—
and that bioengineering in turn will be ever more relevant to key
aspects of molecular biology and genetic engineering.

to Biology
f engineering to biology encompasses the
study and the modification of organisms, including the extension
and enhancement of our natural biological parameters. There are
still many areas that have received Iittlg attentiqn by mainstream
bioengineers. One such area.is ergonorn.lcs—the }nterface between
the organism and outside artifacts. Consider, for.mstance, the chal-
ble wheelchair. There are at this moment, in this
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easier to transfer a patient to a dental chair, a car, or a bed, and also
to develop wheelchairs or, better, individual patient-transport de-
vices, that can climb steps. I will not dwell on the need for other
patient-assist devices, nor on the economic potential of an industry
to produce them. Such an industry will not take off, however, with-
out strong incentives,

Biology Applied to Engineering

The fourth major domain of bioengineering is biology applied
to engineering—what has come to be called biomimesis. This is the
reverse of engineering applied to biology and is a much less trav-
eled road, one of yet largely unexplored importance to engineering.
Whether we think of combinations of biological sensors and micro-
chips, of more effective ways of transforming energy, or of smart
materials, we see immense Opportunities for engineering to be in-
spired by the highly sophisticated living-systems designs that have
evolved following a Process that is totally different from the tradi-
tional engineering design process. We see, for example, the possi-
bility, however distant yet, to design active materials that combine
strength with sensing, communication, self-repair, and energy

structures as we do today in engineering design. We also see very
different approaches to Systems integration—an area of potentially
great importance to industries that at this moment are struggling
with the problem.

The key point is that the direction from biology to engineering
makes us aware of alternative ways of approaching the design and

recyclability.

Eventually the two directions, engineering applied to biology
and biology applied to engineering, will converge. They will
converge in the concept of the biomachine—a living organism inti-

lutionize engineering design as wel] as perhaps the very essence of
what we are.
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Conclusion

The future of bioengineering will depend on our vision in each
one of the four areas I have briefly discussed. Regardless of what
the specifics of that vision may be, one thing is clear: bioengineers
must become far more conscious of what bioengineering represents
and of its potential as it straddles engineering, biology, and medi-
c.ine. The leaders of AIMBE deserve our thanks for the determina-
tion with which they have pressed for a bioengineering input in the
Planning of the NIH and the NSF. We should, indeed, be prepared
to contribute to every major discussion and plan about the future of
technology and of our society.

The great promise of bioengineering—in health care, in the cre-
ation of new technologies and new industries, and in providing a
new vision for our future as living organisms—cannot be realized
without a change in the context in which bioengineering operates.
To change that context, bioengineering must become far more in-
volved in science policy—just as the telecommunications commu-
nity is doing today with the telecommunications highway, the
Space community with the space station, or the national computer
industry in terms of its competition with Japan. Ultimately, how-
ever, science policy intervention by bioengineers cannot be limited
to a subordinate support of the genome project or of other NIH pro-
grams. It must project a bold vision of bioengineering in all of its
four major aspects. These aspects must come to be viewed as a co-
herent whole, each important to the success of the other ones.

The time has come to look at bioengineering not any longer as a
specialized effort tucked into a corner of engineering or medicine
but as mainstream engineering as well as mainstream health
care—as a key factor in the efforts of our species to modify nature

for its well-being and for its future.
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CHAPTER 24

The Future of Health:

The Roles of Medical and
Biological Engineers

JOSEPH ANDRADE
University of Utah

“Members of communities have responsibilities. . . . They cannot
leave these duties and responsibilities to others.”

“Our community in general has simply chosen not to be in-
volved. It is not only we who suffer the consequences of that
choice, it also is our society that suffers.”

“Engineers. .. know how to deal with systems, very complex
systems, and they can help develop models and means to define
and to address such complex problems.”

“In some respects we must all do less, so we have the time to do
what we do more compassionately, relevantly, and effectively.
We need to teach less, but to teach it better; we need to educate in
a more integrated and systems-like manner.”

“We all hope and expect that a national health care plan will in-
clude legal liability reform and improvement of the federal regu-
latory structure.”

Copyrighted material © 1994; Medical and Biological Engineering in the Future of Health
Care, edited by ).D. Andrade; University of Utah Press.
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‘l’lt is time engineers—and bioengineers in particu]ar-—began to
ead.”

d. educated, and enlightened by

In this book, we have been informe
ll-written chapters. We

an array of prm'ocati\'e, informative, and we
have also been urged and encouraged to get more intimately, re-
sponsibly, and effectively :nvolved—not only in the debate about
health care costs and health plans but in the actual redirection of
our own individual efforts and activities In reducing the costs, im-
proving the quality, and significantly increasing access to health
care in this country and around the world.

Let us consider six points:

« social responsibility,

 national values and needs,

e  @CONOMICS,

» quality, productivity, and efficiency,

e benefits and risks, and

« education and communication.

Social Responsibility
We are each members of a hierarchy of communities: our fami-

lies, the institutions in which we work and contribute, our city,
county, state, nation, and our lovely green and blue biosphere—
the planet Earth. Except possibly at the biosphere level, we are
members of each of these communities by choice. We could choose
to be in a different state, in a different community, and even in a
different family. Members of communities have responsibilities:
they must be involved in the process of determining the commu-
nity’s values, its needs, and its governance. They should not leave
these duties and responsibilities to others.

Unfortunately, the technical community, and engineering in
articular, tends to relegate some of its social responsibilities t0
mbers of the community. Often in one’s upper elementary
school years there begins tobe a number of bifurca-
pified as a people person Of as an analytical persor;
rson Or you are a physical science person.
i‘hnsc splits may continue through high school, into college, and fi-
nally into our adult prufessional careers. The caricature of engi-
nce}s and scientists is that they are not people people-they shun

P
other me
and junior high
tions: you aré ty
you are a life science pe
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reporters; they have disdain for politicians; and they tend not to
serve on school boards, city councils, or state legislatures.

This book and the conference from which it came have argued
that we must all be involved. Individuals with engineering and
technical backgrounds can and should make significant contribu-
tions to a range of social and national problems. Their technical and
analytical training and background can provide vital input to prac-
tically all socioeconomic issues and controversies, whether it be the
role of technology in health care, the environment, and the bio-
sphere, or in regard to weather and natural catastrophes. We must
insist that these important issues and problems be addressed by our
various communities and social systems. We must help generate
the political will and the leadership to address these important so-
cietal concerns.

Our training and background provide a perspective as well as a
set of analytical and critical tools. That perspective is often absent
or is incompletely and ineffectively presented in sociological de-
bates and deliberations. It is not because people do not want to lis-
ten; it is not because we are ostracized or kept from being involved;
it is because our community in general has simply chosen not to be
involved. It is not only we who suffer the consequences of that
choice, it also is our society that suffers.

Those days are now over. We are seeing the development of a
new ethic, a new sense of social responsibility in the scientific and
technical communities. The old perception—and excuse—of the
“two cultures” is weakening. We can look forward to an increasing
level of involvement by the scientific and technical communities in
the full spectrum of societal problems, and in particular the nature
of health and of health care.

National Values and Needs

Engineers rarely attempt to solve problems that don’t exist.
They like to have well-defined, well-presented problems. The prob-
lem with the health care problem, as Senator Durenberger so force-
fully put it, is that the problem has not been adequately defined.
The problem is not just that we spend 14 percent of our GNP on
health care; the problem is not just that there are nearly 40 million
uninsured; The problem is not just that we have over 2,000 individ-
ual insurance companies, each with their own forms and bureau-
cracies—the problem is more than that. Samuel Thier said it very
concisely: “What the system should pe doing is providing the
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proper balance of screening, prevention, diagnosis, treatment, and
rehabilitation.” Senator Durenberger went on to say: “What are the
real health needs of the people? Is the medical market system with
its dysfunctional manner depriving us of the resources we need to
meet those real needs? Do we have to change our values to help
solve this problem?” What do we really mean by “health care™?
Have we defined health, health care, and health policy properly?
They are defined very differently in other countries. These are diffi-
Cl_ilt and not particularly analytical questions, and they are the
kinds of questions that engineers don’t like to address. Engineers
and physical scientists chose their professions because they like
well-posed problems; they become very uncomfortable if they
must deal with such ill-posed questions and problems. Neverthe-
less, they are our problems and, as socially responsible adults and
citizens of our communities, we must deal with them.

The state of Oregon has been involved in discussions and
planning with respect to the general health and well-being of its
population for the last five years or so.! After many years of public
discussion and debate involving all sectors of the Oregon popula-
tion, the state evolved the Oregon Health Care Plan, which defined
and identified their values and needs with respect to health and qual-
ity of life. The plan addressed the issues of access, quality, costs,
and economic constraints, and it formulated a standard benefits
package for health and health care, with a major emphasis on pre-
vention, healthful living styles, and early diagnosis. There was a
deemphasis on expensive, heroic, and halfway technologies and
procedures. The Oregon Plan, and the dialogue leading to it, has
generated a considerable amount of criticism, discussion, and de-
bate. It nevertheless serves as a model for what we as a nation and
what we in other states and regional communities can do.

Scientists and engineers know that problems need to be at least
partially defined before they can be effectively addressed and even-
tually solved. We really do need to decide if health care is a right,
and/or how much health care is a right, and how much are we
d on health care? What do we do about individuals
healthy life-styles? Do we wish to maintain
e so characteristic of the present sys-
d it very concisely: “Choice has a
cost”—and generally a significant cost. Do we want to empower
e a significant financial stake and intellectual stake
ll-being and in the selection of treatments or
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nontreatments of their health-related problems? These primarily are
all values questions—societal questions that need to be addressed
in appropriate forums in order that the problem can be defined.

Economics

What are the costs of health care? Dr. Thier argued that perhaps
we need a new calculus, to consider all of the costs and all of the
benefits related to health and well-being. The costs of your health
and well-being began at the moment of your conception, and they
escalated from there. The cost of prenatal care can be allocated both
to the mother as well as to the fetus, as can the costs of birth itself.
Can we develop a calculus for the total costs and benefits of a hu-
man life? If my average life Span is seventy years, what will it cost
my parents, me, and my community from my conception to my
death and burial? We have rarely, if ever, looked at the problem in
such an inclusive manner.

Missing a vaccination early in life can lead to significant prob-
lems and inordinate costs later in life. We can’t simply focus on the
incremental cost of that vaccination, or on the incremental cost of
the health-problem episodes resulting from a lack of the vaccina-
tion. They are all related. The integral stretches from conception to
burial. It is an integral which includes an enormous amount of vir-
tually unpredictable statistics and probabilities. Some of us know
how to do integrals. Some of us know how to deal with noisy data.
Some of us know how to trade quantity in data for quality in appli-
cation. We can help address those complex problems.

Is the cost of hand-gun control, or gun control in general, a
health care cost? Are the costs of drug prevention programs health
care costs? And the costs of drug treatment programs—are they
health care costs? Is the cost of a summer job for an inner-city teen-
ager, who is likely to acquire both guns and drugs, a health care
cost? And what are the health care costs to society at large if that
gun-toting, drug-selling, unemployed teenager sells and distrib-
utes those drugs and uses that gun? These are all parts of the
calculus—parts of this incredibly complex integral. We must now
integrate, and not only over the life of an individual and over all of
the individuals in society; we must also integrate and consider all
of the cross-terms as well. The integral must include all of society.
Engineers, at least certain kinds of them, know how to deal with

systems, very complex systems, and they can help develop models
and means to define and to address such complex problems
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We all know from personal experience that the scientific and
technical communities and the medical communities respond to
économic incentives. Incentives do indeed matter, and it is today’s
incentives which drive tomorrow’s outcomes. If we can simply
identify and define what we want tomorrow, we can implement in-
centives today which should help drive that outcome. That is again
why it is so important to define the problem, so that we can put
in place programs and incentives with which to address and to

solve it.

Quality, Productivity, and Efficiency

We have seen that quality in the health care system can be sig-
nificantly enhanced and improved. Improvement in quality and
overall enhancement in productivity and efficiency also will lead to
lower costs. Productivity and efficiency enhancement does not just
mean minimizing labor costs. In fact, it may mean just the opposite.
It may well mean taking a little more time to get an appropriate
medical history, taking a little time to make the patient aware of
his/her medical problem and to educate the patient about the
trade-offs of different possible treatments or no treatment as well as
to involve the patient in self-diagnosis and self-monitoring. These
actions will increase labor costs in the time spent by physician,
nurse, or health care provider. But such “increases” in labor costs
might indeed be excellent investments in enhanced quality, pro-
ductivity, and efficiency in the sense of achieving better health and
a better health outcome over the longer term. Patients certainly do
not want to talk to machines, and they do not want to talk to health
care providers who function like machines. They want to talk to in-
formed, involved, compassionate people who can listen as well as

pronounce and prescribe.
Hunter and Foote both addressed the issue that there are far too

many specialists in this nation, and that the ratio of specialists to
primary-care providers is completely out of balance. Incentives are
evolving to change that, but they could evolve more rapidly. The
same situation is perhaps true in biomedical engineering. There is
far more interest in graduate projects that tend to push the scientific
and technology envelope, driven of clourse b)f incentives from the
funding agencies, than there is on projects which may help to solve
a current health care need but that may involve more pe-

an or less exciting technologies.

and meet
destri
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Benefits and Risks

The scientific and technical community tends to have some ap-
preciation of probability and statistics. Those with even the weak-
est introduction to the life sciences know that organisms eventually
die, and that they die from myriad causes. Most of us know that the
Gaussian distribution, or normal, curve is more or less endemic
throughout biology. Yet, although these principles tend to be part
of the education of some college and university students, they are
not a part of the education of the general public nor of their law-
yers. Unfortunately, these concepts are also not well known among
many physicians and medical providers. When they are, they often
are not transmitted effectively to their patients.

Keller (Chapter 2) discussed the issue of benefit and risk.
Clearly there are more safe as well as less safe activities and proce-
dures. Clearly there is malpractice. Clearly there are poorly de-
signed and manufactured devices; and clearly we need effective
regulation with respect to safety and efficacy. But just as clearly
there are statistics and there are probabilities. It is no one’s fault if
an earthquake levels your town or your home. It may be your fault
for choosing a home on an earthquake fault, if that fact was indeed
known to you. Is it really society’s fault if you live on a 500-year
floodplain? Is it someone’s fault if one out of 10,000 medical im-
plants leads to a negative or even catastrophic outcome? Is it fair or
right to insist that that device have a one in 1,000,000 failure rate,
increasing its development, testing, and manufacturing costs by or-
ders of magnitude to produce such reliability? Is it fair to make the
other 999,999 individuals who receive that implant pay the excep-
tionally high cost required for that level of safety?

Lawmakers and lawyers must come to understand statistics
and probability. You and I and our colleagues must educate them.
We must see to it that these concepts are incorporated in all profes-

sional courses of study—in all majors, on all campuses, in all
schools.

Education and Communication

Health care and the costs of health care are important to every
single individual in society. We are all involved and we are all part
of the problem. Every single group, every component of society,
will have to change its own behavior patterns in order to effectively
and successfully solve this problem.? In some respects, we must all
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do less, in order that we have the time to do what we do more com-
passionately, relevantly, and effectively. We must encourage
people, ourselves included, to get off of treadmills leading to no-
where, in order that we will have the time to reflect, to identify the
problem, and to solve it. All groups must become far better in-
formed and involved in the entire health care area. They must
select their physician collaborators more carefully. They must
design their experiments—particularly animal and human experi-
ments—far more carefully and efficiently. They must attempt to
develop the societal impact statement, described by Keller, regarding
the future applications and societal impact of new medical proce-
dures or technologies. They must consider and perhaps overcome
the technological imperative, also described by Keller, and realize
that most ideas and inventions never come to fruition or are never
applied, perhaps for good reasons.

Lawyers and judges must be educated—many can be. Letters
to the editor, radio and television interviews, discussions with re-
porters on local cases and controversies—these all help educate the
media, the general public, and the law profession.’ Simple, every-
day, elementary-school-level examples of statistics, benefit versus
risk, probability, and related topics can have significant impacts,
particularly if the entire technical community begins to assume its
education and communication responsibilities.

The media often fuels unrealistic expectations; there are many
examples of miracle medicines in the media. Health care profes-
sionals, biomedical engineers, and others must work with the me-
dia to make them more aware of the realities of medicine and
health care.

The issue of risks, particularly as applied to health care, must
be considered and communicated to the general public and to the
media. The difference between voluntary and involuntary risk
must be made clear. The role of risk awareness in influencing be-
havior is critical. The importance of patient choice and empower-
ment should be emphasized. Cost is unlikely to be brought under
control without a general appreciation of the limits of technology
and of the inability of devices to correct the natural wear and tea.r of
the aging process. This includes the acceptance by pahen}s of risks

= with the statistically demonstrated benefit.
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inquiries or statements informing them of risk-benefit-cost issues,
they and their staffers would respond. Dr. Healy said, “This puts
an obligation on us, each in our own way, to tell the public what we
are doing and how it is done. Keep in mind, after all, that the public
perception of what we do is not always exact—and when that is so,
it is our problem.”

Scientists and engineers generally have poor communication
skills. Such skills are not fostered in our curricula, and there are not
many incentives for developing those skills. There is a general atti-
tude, sort of an arrogant pedestal syndrome, that we don’t want to
lower ourselves to the level which would be required for dialogue
with the general public or the media. Those with communication
skills generally do not have the scientific and technical skills, so the
information that is getting to the general public, with the exception
of that provided by a few good science writers and reporters, is
usually incomplete at best and completely erroneous or misrepre-
sented at worst. You and I have to correct that. We have to chal-
lenge those reporters, those writers, those lawyers. We have to
inform them, and the community influenced by them, that their sci-
entific and technical facts either are correct or incorrect, that their
analysis of a technical or semi-technical issue either is appropriate
or inappropriate, that their consideration of risk is reasonable or
unreasonable given the data and understanding at hand. Not to do
so is socially irresponsible—it leads to the system and the prob-
lems we have, and the blame becomes ours for being so unin-
volved.

Every major report on engineering education, medical educa-
tion, undergraduate education in general, and public education
over the last decade or so has said that we need to teach less, but
teach it better, and that we need to educate in a more integrated
and systems-like manner. We need to produce graduates and pro-
fessionals who are good listeners, effective communicators, and re-
sponsible citizens. Although I have yet to see a significant response
in the higher education sector to these reports, the public education
sector is changing rapidly. There are major movements and activi-
ties throughout the nation to enhance education at the elementary,
junior high, and high school levels, particularly in science and tech-
nology education, and that includes mathematics, statistics, and
related topics. I am optimistic. As these students move into the col-
lege and university environments, as they challenge their profes-
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sors and fellow students, as they move into the job market and the
economy and interact with their co-workers and fellow citizens, I
think they will help realize the fulfillment of the hope for a more re-
sponsible and involved electorate.

Prognosis and Predictions

Regarding the field of biomedical engineering in particular,
George Bugliarello said: “The time has come to look at bioengineer-
ing not any longer as a specialized effort tucked into a corner of en-
gineering or medicine but as a mainstream field involved in our
efforts to maintain and enhance our species and our planet. But we
must first deal with the health care question. That is perhaps the
highest immediate priority of the biomedical engineering commu-
nity.” Specifically, we must deal with the following topics and
problems.

1. Health Care and Its Costs. We must each examine the health
care, health costs, and health technology fields objectively and de-
cide where our individual talents and interests can be most effec-
tively utilized. Although this book is a significant contribution to
such study, it is not enough. There are a number of other excellent
sources which should be consulted. More importantly, we must
stay current and involved in the ongoing dialogue and analysis of
these complex problerns.5 We must encourage our students to learn
something about economics, the health care calculus, benefits and
risks, and what activities and efforts are needed and could really

make an impact.
2. The Health Care
the technological imperative de

Products Industry. There is no question that
scribed by Keller and the funding

incentives for new technological development have significantly
changed. It is therefore unlikely that small incremental improve-
ments in medical devices or technology will prove to be very cost-
effective in the new calculus, unless they are accompanied by
significant reductions in cost. New inventions and new technolo-
gies are likely to be of significant interest only if they‘ represent
fﬂajor leaps or advances in either quality or_ Cos_,t-reductlon. Incre-
mental changes will probably be of decreasing interest.

3. Information. This volume has made a strong case for enhanced
tion and communications technologies, and fora computer-
nt medical record that is transportable around the coun-
und the world.® It is likely that this initiative will
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grow and will be implemented. It is also likely that medical-
equipment manufacturers will have to design their equipment and
their software, not only to comply but to lead in such efforts if they
expect to be commercially successful.

4. More Diagnostic Information. The availability of rapid, high-
speed, transparent information and communication networks, and
the ability with them to analyze and cross-correlate large amounts
of data from large populations, will drive an interest in having even
more information, because the analysis of the information in such
large databases will likely lead to new correlations, hypotheses,
and insights into disease, treatment, and overall health and well-
being. This in turn will drive an interest in even more information;
so it is likely that there will be an interest in developing large data
sets, even for normal patients, as reference and control values. My
guess is that early in the twenty-first century when one orders any
clinical chemistry, say from a blood or urine sample, hundreds of
chemicals will be analyzed at the same time. It will be as easy to do
one hundred clinical chemistry determinations on a sample of
blood as it is to do one, six, twelve, or eighteen. There will of course
be no additional charge for this extra information; it will simply be
there because it is expected. Those companies who are used to
making large amounts of money on single-test kits are likely to
have a very rude awakening when kits and instruments that ana-
lyze 50, 100, or even 1,000 chemicals will be available at almost the
same price.

5. Academic Research. Much academic research in medical in-
stitutions is funded by internal funds, often clinical funds “con-
tributed” by academic clinicians. Other academic research is
sometimes funded from monies attributed to indirect costs but then
utilized internally by the institutions for other purposes. As our na-
tional health care plan evolves, it is likely that there will be signifi-
cant constraints, if not outright elimination, of cost shifting and of
the use of clinical incomes for other than clinical purposes. Itis also
likely that the use of indirect costs for other costs also may be cur-
tailed.

There will be a significant shake-out, particularly in research
hospitals and in teaching hospitals’ research activities. This will
lead to increased pressure on NIH and other funding agencies. The
need for health-outcomes research will continue to increase, includ-
ing the appropriate testing and evaluation of medical devices and
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cost-benefit-risk studies and analyses. There will be a growing ex-
pectation that these studies should be at least in part funded by
federal sources. That will make the finite research pie even more
difficult to allocate.

6. Regulation. We all hope and expect that a national health care
plan will include legal liability reform and an improvement of the
federal regulatory structure. This will only happen if the scientific,
engineering, and medical communities do everything they can to
?ducate the public on such issues as benefits, risks, and costs. If that
indeed happens, then there may well be a move to incorporate such
concepts in the regulatory structure.

: 7. Bio-Based. Engineering. Finally, there is some perceptible mo-
tion towards what George Bugliarello called “biomimesis,” or
what some of us have called bio-based engineering. Bioengineers
trained in physiology, cell and tissue engineering, or biotechnology
represent Bugliarello’s biomimesis, but they are only the tiniest tip
of the iceberg.

There is a wealth of biodiversity, much of it going back billions
of years and involving millions if not billions of species. Engineers
generally ignore it. Back in junior high and high school, you may
have either loved to learn to dissect frogs, or you loved to learn
about magnets or chemicals. The former sends you on a pathway to
the life sciences and perhaps into medicine; the latter sends you on
a pathway through the physical sciences and sometimes into engi-
neering. The two pathways rarely meet or intersect in college or
university environments or in professional life. Bioengineering and
its sister disciplines, biophysics and biochemistry, are exceptions,
although even in these cases there is a strong human (or at least
mammalian) emphasis. Practically all of the rest of biology is to-
tally ignored. However, the growing interest in bio-based engineer-
ing and biomimesis is expected to grow rapidly, leading to totally
new solutions to a variety of industrial, environmental, medical,

and related problems.

Summary
Senator Durenberger told a little story in a speech in Portland,

Oregon, some years ago. He was challenged by an irate constituel?t

as to why he had voted for a particular piece of legislation. is

reply: “Madam, sometimes leaders have to lead.” It is time
eers—and bioengineers, in particular—began to lead.

engil
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many hospitals across the United States. This research became the ba-
sis for the Computerized Severity Index for hospital management and
payment purposes. She and colleagues also developed an ambulatory
patient severity system, and she is developing a nursing acuity mea-
sure based on severity data.

Dr. Horn speaks frequently on the topics of severity of illness and
quality of care and has authored more than eighty articles ang chapters
in statistical methods, health services research, severity of illness mea-
surement, and quality of care measurement. She holds a Ph.D. degree
in statistics from Stanford University.
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A renowned expert in laser surgery and endoscopic surgery, Dr.
Hunter lectures widely and serves on the editorial boards of: Laparos-
copy and Surgical Endoscopy, Surgical Endoscopy and Interventional Tech-
niques, American Journal of Surgery (consulting editor), and Archives of
Surgery (consulting editor). He received his M.D. from the University
of Pennsylvania in 1981, and he did his internship and residency at the
University of Utah. He is board certified in four states. He now serves
as Associate Professor of Surgery at Emory University.
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Science Foundation, where he was Director of the Division of Biologi-
cal and Critical Systems in the Engineering Directorate. During his ten-
ure as a division director at NSF, he spearheaded a number of new
research initiatives, one of which was “Cost-Effective Health Care
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dynamics and modeling, assessment of cardiovascular function, con-
t.rol and optimization of cardiac-assist devices, and cardiovascular
function under stress.

Dr. ]arpn is a member of IEEE, the Engineering in Medicine and Bi-
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ety for Artificial Organs, the ASEE, Tau Beta Pi, Eta Kappa Nu, Sigma
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form proposals, evaluating the economic efficiency of the incentives,
and analyzing their cost-containment implications. She is also working
on modeling the dynamics of multispecialty group practice and evalu-
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Kenneth H. Keller was born in New York in 1934, He attended Co-
lumbia University and received undergraduate degrees both in liberal
arts (1956) and in chemical engineering (1957). He then entered the
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working on the development of nuclear power plants for naval vessels
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After earning M.S.E. and Ph.D. degrees at Johns Hopkins, Keller
joined the faculty of the University of Minnesota in the Department of
Chemical Engineering in 1964 and has remained associated with that
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department throughout his academic career. His research has included
studies of blood-surface interactions in artificial organs, diffusion and
reaction in blood flow, fluid mechanical factors in such diseases as ath-
erosclerosis and sickle cell anemia, and mechanisms of mobility. In
1980 he received the AIChE’s Food, Pharmaceutical and Bioengineer-
ing Division Award for his research.

During the course of his academic career at Minnesota, Dr. Keller
chaired the Biomedical Engineering Program (1971-73), served as As-
sociate Dean (1973-74) and Acting Dean (1974-75) of the Graduate
School, was head of the Department of Chemical Engineering and Ma-
terials Science (1978-80), Vice President for Academic Affairs
(1980-84), and President of the university (1984—88). Following a year
as visiting fellow and lecturer at Princeton University’s Woodrow Wil-
son School of Public and International Affairs, Dr. Keller joined the
Council on Foreign Relations in 1989, where, as the Philip D. Reed Se-
nior Fellow for Science and Technology, he has established a new pro-
gram aimed at examining the influence of science and technology on
U.S. foreign policy formulation.

Dr. Keller has been active in several professional societies, particu-
larly the American Society for Artificial Internal Organs. He has held
many positions in ASAIO, including its presidency during 1980-81. He
has also served on a number of committees and study sections of the
NIH and is a Founding Fellow for the American Institute for Medical
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University of Florida, where he was Professor of Industrial and Sys-
tems Engineering, Professor of Medicine, and Professor of Health Ser-
vices Administration.

Kilpatrick was raised in Michigan and earned a Bachelor of Science
(Engineering), a Master of Science (Industrial Administration), and a
Doctor of Philosophy (Industrial Engineering) degree from the Univer-
sity of Michigan in Ann Arbor. He also holds a master’s degree in Busi-
ness Administration from Harvard University. His research and publi-
cation interests are principally in the application of operations research
to problems in health services organization, financing, and delivery.
These have included health manpower supply and requirements anal-
yses, optimal staffing for health services facilities, facilities require-
ments forecasting, decision support systems for multi-hospital
systems, computer-assisted clinical decision making, and health care
technology assessment studies. He has done extensive policy analyses
of the uncompensated-care problem from the perspective of both hos-
pitals and physicians, and he has studied the costs and funding of
health professions education.

In 1984-85, as a Robert Wood Johnson Health Policy Fellow, Dr.
Kilpatrick served on the health policy staff of U.S. Senator Dave
Durenberger (R-MN), who was then the chairman of the Health Sub-
committee of the Senate Finance Committee. Kilpatrick was princi-
pally responsible for Medicare legislation dealing with payment for
outpatient surgery, graduate medical education funding, and preven-
tive health initiatives under Medicare.
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more than 150 papers in the fields of biomedical signal-and-image-
processing and the application of computers to health care. He has
worked on the study of arterial diseases, cardio-respiratory control,
biomedical image processing related to magnetic resonance imaging
and ultrasound, and the development of PACS system and 3-D visual-
ization techniques.

Dr. Kitney has worked extensively in the United States, principally
at Georgia Institute of Technology, the University of California at San
Francisco, and MIT. He is co-director of the joint MIT-Imperial College
international consortium on medical imaging technology. He has been
a member of both British government and European Commission ad-
visory committees on the application of information technology to
health care and he is involved in the formulation of health care policy
for the U.K. and the European community.
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Donald Lindberg received an A.B. in biology from Amherst Col-
lege in 1954. After earning an M.D. from Columbia University in 1958,
he went on to internships and fellowships at Amherst and at the
Columbia-Presbyterian Medical Center. From 1960 to 1968, while a
resident, he directed the Diagnostic Microbiology Laboratory at the
University of Missouri (UM) Medical Center. From 1966 to 1969 he was
associate professor of pathology at the U-M Sc.hool of Medicine. During
the 1960s he directed both the MiSSOl'JI'l Regional Automated Electro-
cardiography System and UM’s Medical Center Computer Program.
From 1979 to 1984 he was professor of pathology at UM.
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a new direction. In 1969 he was appointed professor and
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chairman of the Department of Information Sciences in UM’s School of
Library and Information Sciences. From 1976 to 1980 he also served as
director of UM’s Health Services Research Center. A pioneer in infor-
mation and computer activities in medical diagnosis, artificial intelli-
gence, and education, Dr. Lindberg was appointed director of the Na-
tional Library of Medicine in 1980. Since 1988 he has been adjunct pro-
fessor of pathology at the University of Maryland School of Medicine.
Recently, Dr. Lindberg was named the first director of the National
Coordination Office for High Performance Computing and Communi-
cations (HPCC). This is a concurrent position with the directorship of
the NLM. The National Coordination Office coordinates HPCC pro-
grams across federal agencies; acts as a liaison to industry, universi-
ties, and Congress; and provides information and communications
about HPCC.

Dr. Lindberg has received the Markie Scholarship in Academic
Medicine (1964-69), the Surgeon General’s Medallion (1989), the
AMA’s Nathan Davis Award (1989), the Walter C. Alvarez Memorial
Award (1988), the Presidential Senior Executive Rank Award (1990),
and the Uniformed Services University of the Health Sciences Out-
standing Service Medal (1992). He is a council member of the Institute
of Medicine and a fellow of the American College of Medical Informat-
ics. Dr. Lindberg sits on the boards of many distinguished societies
and associations. He has written four books and authored more than
150 articles, reports, and monograph chapters.
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C. Douglas Maynard, M.D., has wide experience in health care de-
livery and policy-making at the local, regional, and national levels. A
graduate of Wake Forest University and the Bowman Gray School of
Medicine, he completed a residency in radiology at the Bowmah
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Gray/Baptist Hospital Medical Center in Winston-Salem, North Caro-
lina. He has been Professor and Chairman of the Department of Radi-
ology there since 1977. Previously he was Director of the Nuclear
Medicine Laboratory, Assistant Dean for Admissions, and Associate
Dean for Student Affairs. He is a diplomat of the American Board of
Radiology and the American Board of Nuclear Medicine, and he is cer-
tified in radiology with special competence in nuclear radiology by the
American Board of Radiology.

Maynard serves on the Board of Chancellors of the American Col-
lege of Radiology (the primary body representing socioeconomic
aspects of radiology). He is Vice President of the American Board of
Radiology (the accrediting body for all training programs) and a mem-
ber of its Radiology Residency Review Commuttee. Past president of
both the Society of Nuclear Medicine and the Society of Chairmen of
Academic Radiology Departments, he was recently appointed to the
board of directors of the Radiological Society of North America (the
largest scientific radiology society). He is a member of Leadership
Winston-Salem and is on the board of directors of the Winston-Salem
Business and Technology Corporation, the Winston-Salem Chamber of
Commerce, and Forsyth Technical Community College.

Dr. Maynard is particularly interested in applying classical engi-
neering techniques to medicine. Locally, he directed the development
of a prototype image-management system with engineers at AT&T
Bell Laboratories. Regionally, he championed the development of a
graduate engineering education and research program involving sev-
eral North Carolina universities, both public and private, with an ob-
jective to coordinate the goals of medicine with engineering sciences to
improve and reduce the costs of health care.

Dr. Charles Douglas Maynard
Department of Radiology

The Bowman Gray School of Medicine
Winston-Salem, NC 27103

Tel: (919) 7162466

FAX: (919) 716-2029

CLEMENT J. MCDONALD, M.D.
Regenstrief Institute

Dr. Clement J. McDonald has been one of the pioneers in medical
beginning in 1966 as a post-M.D. graduate student in
d continuing from 1968 to 1970 at the National

informatics,
bioengineering an




224 List of Contributors

Institutes of Health, where he managed the development of one of the
first automated clinical laboratory systems. After completing his inter-
nal medicine residency, he continued his medical informatics work at
Indiana University as a faculty member of the Department of Medi-
cine, where he still works today.

His major research focus has been the computer-stored medical re-
cord and how it can be used to improve the medical-care process. In
1976 he published results of the first controlled trials of the effect of
computer systems on physician’s problems. This large trial of com-
puter reminders included 12,000 patients and 150,000 reminders over a
two-year randomized controlled clinical trial; it showed up to 400 per-
cent improvements in care. McDonald has studied the effects of a vari-
ety of computer interventions on physician behavior; for example,
these include the provision of a compact and organized flowsheet of
patient information; display of information about past test results; pro-
vision of an empirically based probability estimate that an ordered test
will be positive; and display of test prices when a physician orders that
test.

Dr. McDonald has also been a leader in the development of stan-
dards for transmitting electronic clinical data between independent
computer systems. In 1988, ASTM Subcommittee E-31.11, which he
chaired, published the first fully qualified consensus standard for clini-
cal data interchange. He continues to foster the development and use
of standards as chairman of ASTM E-31.11 and HL7’s order-entry,
clinical-data-reporting subcommittees, and is chairman of the Ameri-
can National Standards Institute (ANSI) planning panel on medical in-
formatics.

Dr. McDonald has been a leader in professional societies of medi-
cal informatics; he was a board member and officer of the Symposium
for Clinical Informatics. He was a founding board member, and is now
president, of the American Medical Informatics Association; he has
been active in national review committees for a variety of agencies,
and is currently a member of the IOM Committee on Guidelines.

Clement McDonald
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MICHAEL NELSON, PH.D.
Office of Science and Technology Policy

Michael Nelson has worked with Vice President Albert Gore for
more than five years on science and technology issues, responsible for
issues ranging from computer technology to earthquake research to
biotechnology. He was the lead Senate staffer on then-Senator Gore’s
high-performance computing legislation and other related information
technology bills.

Nelson has a B.S. in geology from Caltech and a Ph.D. in geophys-
ics from M.I.T. When Albert Gore moved from the Senate to the White
House, Nelson followed and is now working at the White House Of-
fice of Science and Technology Policy, where he continues to work on a
range of issues, including information technology and information pol-

icy.
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Dr. Robert Nerem was appointed in 1987 as the Parker H. Petit
Professor, and he became one of six Institute Professors at Georgia
Tech in Fall 1991. He received his Ph.D. in 1964 from Ohio State Uni-
versity and joined the faculty there in Aeronautical and Astronautical
Engineering, being promoted to professor in 1972. He served from
1975 to 1979 as Associate Dean for Research in the Ohio State Univer-
sitv Graduate School. From 1979 to 1986 he was professor and Chair-
man of the Department of Mechanical Engineering at the University of
Houston. At the beginning of 1987 he joined Georgia Tech.

Nerem is the author of more than eighty journal articles. He is
President of the International Union for Physical and Engineering Sci-
es in Medicine and is immediate past president of the International
dical and Biological Engineering (1988-91). He
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(1988-92). In 1988 Professor Nerem was elected to the National Acad-
emy of Engineering, and in 1992 to the Institute of Medicine of the Na-
tional Academy of Sciences. His research interests include biofluid me-
chanics, cardiovascular devices, cellular engineering, vascular biology,
atherosclerosis, and tissue engineering. He is founding president of the
American Institute for Medical and Biological Engineering.

Nerem, Robert M., Ph.D.

School of Mechanical Engineering
Georgia Institute of Technology
Atlanta, GA 30332-0405
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WILLIAM P. PIERSKALLA, PH.D.
University of California at Los Angeles

William P. Pierskalla is a professor and Dean of the John E. Ander-
son Graduate School of Management at UCLA. He holds a B.A. in
Economics, an M.B.A. degree from Harvard University, an M.A. in
Mathematics from the University of Pittsburgh, an M.S. in Statistics,
and a Ph.D. in Operations Research from Stanford University. His cur-
rent research interests include operations research, operations manage-
ment, issues of global competition, and the management aspects of
health care delivery.

Dr. Pierskalla is a past president of the International Federation of
Operational Research Societies (1992-94); is on the editorial advisory
board of Production and Operations Management; is a past president of
the Operations Research Society of America; and is past editor of Oper-
ations Research. He recently was the Deputy Dean for Academic Af-
fairs, the Director of the Huntsman Center for Global Competition and
Leadership, and the Chairman of the Health Care Systems Department
at the Wharton School of the University of Pennsylvania. He lectures at
universities and organizations in the United States, Europe, and Japan
and has published more than fifty refereed articles in mathematical

programming, transportation, inventory and production control, main-
tainability, and health care delivery.
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WALTER ROBB, PH.D.
President, Vantage Management, Inc.

Walter L. Robb was formerly senior vice president for corporate re-
search and development at General Electric Company and a member
of the company’s Corporate Executive Council. Dr. Robb started his
career with General Electric in 1951 as a chemical engineer at the
Knolls Atomic Power Laboratory; he became head of the Medical Sys-
tems Division in 1973 and became senior vice president for research
and development in 1986. He holds patents related to permeable mem-
branes and separation processes and is widely published. He was vice
chairman of the board of regents of the Milwaukee School of Engi-
neering, served on the board of directors of the Health Industry Manu-
facturers Association, and is a member of the National Academy of
Engineering.

Dr. Robb holds a B.S. degree in Chemical Engineering from Penn-
sylvania State University, and has M.S. and Ph.D. degrees in Chemical
Engineering from the University of Illinois. He retired from the Gen-
eral Electric Corporation in 1993 and is now a private consultant.
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RICHARD M. SATAVA, M.D., EA.C.S.
Advanced Research Projects Agency (ARPA)

Richard Satava, M.D., F.A.C.S. is a practicing clinical and research
general surgeon in the active duty Army Medical Corps, currently as-
signed to ARPA. His undergraduate training was at the Johns Hopkins
University. He attended medical school at Hahnemann University of
Philadelphia, with an internship at the Cleveland Clinic, surgical resi-
dency at the Mayo Clinic, and a fellowship with a Master of Surgical
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Research degree at Mayo Clinic. He has been active in surgical educa-
tion and surgical research, and he has over fifty publications and book
chapters in diverse areas of advanced surgical technology, including
surgery in the space environment, video and 3-D imaging, telepres-
ence surgery, and the virtual-reality surgical simulator.

During sixteen years of military surgery, Satava has been an active
flight surgeon, an army astronaut candidate, a MASH surgeon for the
Grenada invasion, and a medical commander during operation Desert
Storm—all while continuing a full-time clinical surgical service. While
striving to practice the complete discipline of surgery, he is aggres-
sively pursuing the leading edge of advanced technologies and apply-
ing them to develop the next generation of surgery, what has been
called Surgery: 2001.

Dr. Richard Satava
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SAMUEL O. THIER, M.D.
Brandeis University

Samuel O. Thier is the sixth president of Brandeis University. He
came to Brandeis on September 1, 1991, after serving six years as presi-
dent of the Institute of Medicine, National Academy of Sciences. Prior
to that he served for eleven years as chairman of the Department of In-
ternal Medicine at Yale University School of Medicine, where he was
also Sterling Professor.

Dr. Thier is a nationally known, widely published authority on in-
ternal medicine and kidney disease. He is equally well known for his
expertise in the areas of national health policy, medical education, and
biomedical research.

Born in Brooklyn, New York, on June 23, 1937, he attended Cornell
University and received his medical degree in 1960 from the State Uni-
versity of New York at Syracuse. After medical school he served on the
medical staff of Massachusetts General Hospital, first as an intern and
resident and later as chief resident in medicine and chief of the Renal
Unit; he also served in the U.S. Public Health Service National Insti-
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tutes of Health. Prior to joining the faculty at Yale in 1975, he held fac-
ulty appointments in the medical schools at Harvard University and
the University of Pennsylvania.

Thier holds honorary doctorates from the State University of New
York, Tufts University, George Washington University, Rush Univer-
sity, Mount Sinai School of Medicine of the City University of New
York, Hahnemann University, the Medical College of Pennsylvania,
and Virginia Commonwealth University. He is the recipient of the
UCSF Medal of the University of California, San Francisco. He has
served as president of the American Federation of Clinical Research
and as chairman of the American Board of Internal Medicine. He is a
Master of the American College of Physicians and is a Fellow of the
American Academy of Arts and Sciences.
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Burton Weisbrod is John Evans Professor of Economics and Direc-
tor of Northwestern University’s Center for Urban Affairs and Policy
Research. He was, until July 1990, Evjue-Bascom Professor of Econom-
ics at the University of Wisconsin, where he had been on the faculty
since 1964 and where he had founded and directed the Center for
Health Economics and Law. He was born in Chicago, receiving his un-
dergraduate degree in Management from thg University of Illmms:,,
and his M.A. and Ph.D. degrees in Economics from Northwestern Uni-
versity. Weisbrod has held visiting faculty appointments at Brandeis,
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