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Health Care Delivery and
Advanced Technology

A more significant role is proposed
for those who develop technology.

The current drive to upgrade the
health care delivery system lacks a
vital factor—significant involvement of
those who develop new technology. A
whole spectrum of development engi-
neers and applied scientists is necessary
to provide support for any massive
venture requiring the development and
application of advanced technology,
and this is exactly the kind of effort
that will be necessary to help solve
our “health care crisis.” Further, the
effective implementation of such an
involvement will require the integration
of many elements in biomedical science
and engineering into well-defined,
multidisciplinary teams organized to
solve specific problems.

The problems associated with the
delivery of health care have sometimes
been compared with the problem that
the National Aeronautics and Space
Administration (NASA) faced in send-
ing men to the moon, or with the
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concentrated, cooperative effort neces-
sary for developing a viable nuclear
energy industry. These are examples
of Herculean endeavors that required
the development of advanced tech-
nology to successfully achieve national
goals. In each of these examples, the
objective was realized when engineers
and applied scientists became intimately
involved with the problems, not only
on an operational basis, but also in
the formative and conceptual phases.

Development personnel are not
effectively employed when the problems
are narrowly defined and when the
allowable solutions lie only within the
realm that is well known to the more
basic scientist or scientific adminis-
trator. In the biomedical area, all too
often a contract approach has been
used, where the engineer is contracted
to add the details to a preconceived
technological concept. As a result, the
innovative development engineer has
not been attracted to this area, and
much of the resulting technology has
not been founded on the best engi-
neering principles.

It is true that we have spent, and
are still spending, vast sums of money
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in the general area of health care.
Large amounts are allotted by the
National Institutes of Health (NIH)
for studying the causes of disease;
billions are disbursed every year for
medical services; and the number and
sophistication of our current health
care facilities are being increased by
the Health Services and Mental Health
Administration (HSMHA). However,
the amount spent on research and
development for health care delivery
by the federal government through the
Department of Health, Education, and
Welfare (HEW), recently estimated to
be $18 to $59 million per year (1),
is very small in comparison. The
higher figure also includes funds used
for the development of manpower,
system analyses of alternative plans,
and so forth. This by no means
represents a national commitment or
dedication to solving the health care
problem, at least in the same sense
that we committed ourselves to travel-
ing to the moon or developing nuclear
energy.

An additional point should be
stressed. We will not achieve an
“ultimate” health care delivery system,
although we must maintain a continuing
effort in this direction. For as new
insights into the prevention and treat-
ment of diseases are attained through
biomedical research, they must also be
applied to the health care of the
general population.

Why “Advanced” Technology?

The patient frequently points to two
major problems in his involvement
with the health care delivery system:
the unresponsiveness of the system
and the high cost. The first problem
manifests itself in the difficulty of
entering the health care system,

1339



particularly in a remote area {one in
which the population density is too
low to allow optimum operation of a
major medical center), but it is also
demonstrated within the system, where
one finds, in some cases, that the
orientation is toward optimizing the
use of facilities instead of optimizing
the service to the patient. Considering
the second point, costs of treating
the critically ill will undoubtedly
continue to increase; therefore, the
only hope for decreasing health care
costs is, apparently, to decrease the
necessity of hospitalization. Obviously
research and development in health
care must include consideration of these
problems.

A major thesis has seemed to be that
sufficient biomedical technology is now
available for health care delivery and
that, therefore, efforts should be
directed toward efficiently applying
existing technology in a well-managed
environment. According to this rea-
soning, emphasis should be centered
on securing more efficient organization
and management of health care facili-
ties or on reproducing existing facilities.
Thereafter, more effective usage of the
facilities and the data they generate
should be implemented by increased
application of computer techniques
and better management. Although these
may seem to be obvious and desirable
approaches, they alone are not adequate
to solve all problems of health care
delivery, and they certainly cannot,
independently, ensure the application
of advances in biomedical research to
the general health care system.

Many technological innovations have
been introduced in the biomedical area
in recent years, particularly with regard
to the development of new surgical
tools and materials, electronic moni-
toring devices, and other devices for
diagnosis and treatment of the critically
ill. However, much of the technology
applied to health care delivery systems
has been ‘“catch up” in nature; that
is, technology originally developed for
other scientific areas has been adapted
to the health care system, frequently
as an adjunct to automating manual
tasks. As a result, large sums of money
have been spent in automating or
mechanizing portions of clinical labo-
ratories, and computers are becoming
commonplace in most large hospitals
in an attempt to solve the data
processing problems. These have been
important developments, and they
are largely responsible for the higher
quality of patient care, at least in
large medical centers; however, they
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Fig. 1. Introduction of a whole blood
sample into a miniature fast analyzer for
the automated analyses of several chemical
constituents (2, p. 751; 3, p. 754).

have not begun to correct all of the
deficiencies in health care delivery.

Obviously, we must continue to adapt
and use any technology that will help
meet our goals, regardless of its deri-
vation. Thus, “spin-off” from advanced
technology generated in unrelated
programs should always be encouraged,
even though the possibility of spin-off
is not a sufficient reason for continuing
those programs. The next phase in
obtaining better health care delivery
will require the solution of problems
unique to the health care system, and
this will, in turn, require technology
that can be specifically addressed to
those problems. The technology de-
veloped for these problem areas should
be of sufficiently high caliber to have
a significant spin-off value of its own.
Such developments would indeed rep-
resent “advanced technology.”

As examples, it is interesting to
consider two areas that have not been
seriously approached, mainly because
they will necessitate entirely new
technological concepts, along with
additional financial support. These
are (i) the delivery of high-quality
health care in special situations,
including emergency services, outpatient
care, and health care delivery to areas
remote from large medical centers, and
(ii) preventive medical care.

Special Health Care Areas

Most of the recent technological
developments in health care delivery
have been oriented toward increasing
the efficiency of operation of the major
medical center for critically ill

individuals. For example, centralization,
mechanization, and computerization of
clinical laboratories have resulted in
relatively low costs for analytical results;
on the other hand, low costs have not
necessarily led to effective use of these
results, especially in the many special
situations existing in the health care
system. Little attention has been given
to the problem of providing rapid and

high-quality analytical services for
emergency situations and for the
critically ill. In these cases, the

advantage of an efficiently operating
central laboratory with automated data
processing is lost if acquisition of the
results requires several hours. Similarly,
the outpatient spends a considerable
amount of his time simply waiting
for the results on which his diagnosis
and treatment will depend. Finally,
the efficient operation of a large,
expertly staffed medical center has
practically no bearing on the delivery
of health care to remote areas. In
such situations, automated analytical
systems that can operate economically
are still important but, so far, un-
available.

An example of a recent technological
development that may be useful in
these areas is the small, automated fast
analyzer, which will be capable of
providing rapid analyses of many
constituents in blood (2, 3). In such a
system, a sample of whole blood may
be injected directly into the analyzer
without preparation, and analytical
results for several biochemical indica-
tors of abnormality can be obtained
(Fig. 1). A system of this type could
be used in emergency treatment (even
at the bedside), in remote areas, in
small clinics, or in outpatient facilities,
since it will be portable and can
provide precise results within a few
minutes after the blood sample is
injected. This development, supported
by the National Institute of General
Medical Sciences (NIGMS), NASA,
and the Atomic Energy Commission,
represents a very small portion of the
development effort that could be
effective in special health care areas.

Preventive Health Care

Preventive health care may result
in an ultimate decrease in the cost
of health care services, for it is possible
that expensive hospitalization can be
avoided by detection and treatment of
incipient disease. Although biomedical
research is beginning to develop
insights that may allow this approach,
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technology has not been developed to
effectively expedite preventive health
care. Programs that provide multi-
phasic screening of a select population
have demonstrated that multiple labo-
ratory tests can uncover unsuspected
health problems (4). Unfortunately,
such screening programs, when applied
to the “healthy” population, face a
severe limitation: in general, the tech-
nology used is exactly the same as that
developed for treating the critically
ill, and therefore the diagnostic aids are
not always sufficiently sensitive to
detect incipient disease. Although
multiphasic screening can be discredited
as nonproductive or at least uneconomic
(5), it is not an incorrect health care
concept—rather, the lack of proper
technology prevents effective imple-
mentation.

It is now generally accepted that the

majority of human diseases will
ultimately be understood and controlled
at the molecular level. Evidence

indicates that hundreds of the molecular
constituents of physiological materials
may have pathological importance. For
example, in a recent annotated bib-
liography on urinary constituents of
low molecular weight, the literature of
a 3-year period contained more than
3000 citations to over 700 urinary
constituents that were thought to be
important (6). Many of these are
known to be biochemical indicators
of abnormality and, in some cases,
multiple indicators will allow a further
differentiation of the specific disease,
even in early stages. If the various body
fluids could be economically monitored
for their biochemical spectrum, this
information could be used to screen
subjects for literally hundreds of abnor-
malities. Further, if the systems were
sensitive enough, they could determine
abnormalities at a very early stage.
High-resolution chromatographic sys-
tems are being developed to provide
such analytical data. These include
both gas chromatographic systems (7)
and new, automated liquid chromato-
graphs (8). Examples of the latter
are high-pressure ion-exchange chro-
matographs that can be wused to
automatically determine hundreds of

Fig. 2. Automated, high-resolution dif-
ferential chromatography of the ultra-
violet-absorbing molecular constituents of
body fluids, showing differences between
urine samples from normal subjects and
those with pathologies and the influence
of therapy on the urinary biochemical
spectrum (10, p. 743). [Oak Ridge Na-
tional Laboratory drawing 72-3221R4]
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the molecular constituents of body
fluids (8, 9). Development of these
systems was supported by the NIGMS
and they are now being evaluated
in several laboratories. A recent
innovation is the use of differential
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chromatography for automatically com-
paring the constituents of the body
fluids of one subject with those of
other, clinically normal subjects to
determine the differences and their
significance (10) (Fig. 2). The effects
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of therapy can be biochemically
monitored by differential analyses of
samples taken before and after treat-
ment. This type of technology is still
in its infancy and is not ready for
widespread use; however, this is
another area of advanced technology
that could be effectively exploited. The
point is that the development of
technological advances is not limited
by lack of concepts and personnel, but
by the lack of the commitment of our
present resources to that task.

Manpower Requirements

It has been suggested that many
more physicians, as well as various
paramedical personnel, are needed to
ensure adequate health care delivery.
Indeed, our educational institutions
have been making preparations to meet
these needs. Conversely, our present
pool of engineers and applied scien-
tists appears to be sufficiently large to
provide high-quality workers for future
technological needs in the delivery of
health care without extensive additional
manpower. Of course, it will be
necessary to have some people who
are trained in both technology and
the biomedical sciences to help bridge
the gap that will be created when
engineers invade a new area. Several
universities now have educational
programs for biomedical engineers, and
a relatively large number of engineers
and applied scientists who have been
involved in the biomedical areas during
the last few years could effectively
serve in this capacity also. Primarily,
though, the same types of engineers
used in other areas can be effectively
used in the health care effort, and at
the present time there seems to be
an oversupply of such talent. Electrical
and instrument engineers can develop
new instrumentation requiring ad-
vanced electronics; chemical engineers
and development chemists can con-
tribute knowledge concerning Dbio-
chemical separations and chemical
assay methods; computer specialists can
apply computer technology to health
care problems; and so on. Again, all

that is lacking is the decision to
proceed.
It has been pointed out that

physicians and other biomedical scien-
tists are not always sympathetic to
the technological approach for solving
biomedical problems (Z1). This is
undoubtedly true. Similar situations
existed in the past when those devel-
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oping technology became involved in
an area previously considered the
domain of the scientist. For example,
many problems developed when
theoretical physicists and engineers
first began working together in the
field of atomic energy (12), but progress
in that field would not have been made
without the massive technological
developments that resulted. The neces-
sary interaction between these two
groups had, in some cases, to be
forcefully encouraged. Likewise, the
engineer, the physician, and the
biomedical scientist must work together
to solve important problems that affect
the entire population.

Organization

The health care system has diffuse
boundaries, cutting across a wide sector
of the scientific-technical community,
both private and governmental. As
Schwartz recently indicated (I3), it will
be extremely difficult to provide the
analysis of the health care system that
will be necessary for properly arriving
at new policy. Organizing resources to
achieve good health care will also be
difficult, but it is obvious that the
present effort in this area could be
expanded.

Some principles for organizing the
technological effort for health care
delivery can be outlined, based on
previous,  successful  technological
endeavors; (i) development personnel
must be well integrated into the health
care system, since most of the problems
that are apparent will require a multi-
disciplinary solution and all com-
‘ponents of the development team must
be involved in the definition of the
problems as well as in the associated
technical management; (ii) the federal
bureaucracy monitoring the program
must be sympathetic toward main-
taining a cohesive effort, with limited
segmentation, and an effort must be
made to ensure continuity of the
development effort; (iii) a significant
portion of the development -effort,
whether intramural or extramural to
the monitoring federal agency, must
be in an institution or institutions whose
primary functions are the development
of technology and the solution of
problems; (iv) management associated
with the development of advanced
technology must be required to have
extensive contacts with other aspects
of the health care system and with all
areas of biomedical research; and (v)

the mission of the overall management
must not be so diffuse that tech-
nological development is easily canceled
or ignored in preference to other areas.

The most logical governmental
department for this organization is
HEW, since there is already a signifi-
cant involvement of several segments of
that agency. Very useful technological
advances have been made within the
NIH, and some funds are available in
HSMHA for this purpose. Either of
these institutions could be given
additional funds for the purpose of
assuming this development function, or
an entirely new organization within
HEW could be created. In either case,
development would be successful only
if the additional technological efforts
are given at least equal priority with
existing programs in the health care
delivery field.

Summary

Remedying the deficiencies in the
current health care delivery system and
effectively using advances in biomedical
research require that a significant effort
be organized to develop advanced
technology in this field. The time is
ripe and development personnel are
available; hence, what are needed are
simply a dedication to solving the
problem, a commitment of resources
toward this end, and an organizational
mode that will allow the effective
participation of developmental person-
nel.
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