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analyzed. It is generally agreed that all assessments should include some degree
of policy analysis, which means a discussion of alternatives and their ramifications
(11, 14). However, there is considerable debate among experts regarding the de-
gree to which assessors should advocate one particular policy among the alterna-
tives (11). Some argue that policy advocacy gives greater respectability to a study
(17), while others believe it increases the biases inherent in technology assessment
when dealing with value-laden issues (11, 16).

No aspect of technology assessment has received more attention than the meth-
odology required to reach its objectives. The possibility of finding a single “cook-
book recipe” has been discarded by most. The general view is that each assess-
ment requires a combination of techniques that are appropriate for the
technology studied, the level of information available, and the dimension of the
problem involved. Coates (12) proposed a framework of 10 well-defined steps to
guide technology assessment:

1. State the problem to be considered (a broader restatement or recasting of the
problem is usually needed after analysis is under way).

2. Define the system (technology) and specific alternatives (micro-alternatives)
that could accomplish the same objective.

3. Identify potential impacts. This is a creative enterprise requiring imagination
and speculation.

4. Evaluate potential impacts. This effort is a mixture of firm-handed analysis
and informal judgment necessarily conducted on semifirm footing.

5. Define the relevant decision-making apparatus—a step that is often’
neglected.’

6. Lay out options for the decision maker. Since traditional categories may now
be inadequate, new inventions and imaginative development of options are
usually appropriate and often needed.

7. ldentify interested parties (potential “winners” and “losers”), including both
overt and latent interests.

8. Define macro-alternatives—not the alternative technologies considered in
Step 2, but broader system alternatives. This step provides a standard against
which conclusions drawn in Steps 1 through 7 can be challenged.

9. Identify exogenous variables—events that may disturb the system.

10. Draw conclusions, and possibly make recommendations.

Arnstein et al. (18) modified Coates’ stepwise procedure into a more dynamic
model reflecting the interactive nature of technology assessment studies and
allowing for other parallel activities (Figure 1).
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and the difficulty of quantifying and validating social indicators. More generally,
Lee and Bereano (14) stress that “there is no universally accepted theory or para-
digm concerning societal change, unlike the situation with respect to the physical
sciences.” Therefore, technology assessment should not be seen as pure science,
but as an art that incorporates a number of well-established tools in a process
involving intuition, sensitivity, creativity, and wisdom.

A search for the impacts and implications of technologies such as mobile commu-
nications or the artificial heart may lead to a task of unmanageable complexity
and dimension due to the endless array of higher-order impacts that can be iden-

Figure 2. Typology of technology assessment studies, as proposed by Lee and
Bereano (14).
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Chapter Il
Applying technology assessment to
health care

A. ORIGIN OF HEALTH TECHNOLOGY ASSESSMENT

Strictly speaking, health technology assessment (HTA) is not an offspring of gen-
eral technology assessment, since most activities that are usually carried out un-
der HT A were already in use by the mid-sixties when the concept of technology
assessment (TA) came of age. However, technology assessment represented a
new conceptual and epistemological framework that was soon transferred to
health care, bringing with it many advantages. Notably, it emphasized the mes-
sage that health technologies should be thoroughly evaluated, not only for their
immediate health benefits and costs but also for their short- and long-term social
consequences. Moreover, many techniques developed for technology assessment
showed great promise for application to assessment in health care. As a new disci-
pline, HTA enlisted multidisciplinary expertise, which is a key element for both
analytical accuracy and comprehensiveness of assessments.

One of the first assessments of a health technology was a study of the impacts of
the artificial heart, conducted by the National Institutes of Health (NIH) in 1969
(20). In 1975 the U.S. Office of Technology Assessment established a Health
Program, which has had a considerable effect in promoting HTA (21). Currently,
most developed countries have a large number of governmental, private, and
academic institutions involved in HTA; there is also an international association
devoted to the subject, the International Society of Technology Assessment in
Health Care (ISTAHC).

Although the objective of this publication is to discuss application of HTA in
developing countries, the starting point will be the main conceptual basis of HTA
and experiences with this discipline, drawing mostly from studies performed in
developed countries. A separate chapter will concentrate on the specific problems
and priorities found in developing countries. The accumulated experiences with
HTA in developed countries are relevant as examples of methodology and, more
importantly, as forewarnings of the problems that developing countries are likely
to face as their societies incorporate a growing number of modern and complex
technologies.
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B. THE LIFE-CYCLE OF HEALTH TECHNOLOGIES

1. Life-cycle model

Very few health technologies have proven to be the definitive answer to a health
problem; most commonly there is a continuous process of technological innova-
tion that closely follows breakthroughs in the biomedical and physical sciences.
Every time a new technology surfaces, it sets in motion a complex chain-reaction
of impacts as it spreads and is put into use. A technology will eventually be aban-
doned for a number of different reasons, thus completing its “life-cycle” in health
care delivery. A study of the complete cycle, depicted in Figure 3, is necessary to
identify the main determinants and influences that drive this dynamic process, in
order to provide the facts needed to understand it and to formulate the most
appropriate and effective control policies.

2. Innovation

The process of technological innovation starts with the invention of a new prod-
uct, process, or practice, and it is completed at the time of the first practical utili-
zation. In between these two reference points there is usually some form of eco-
nomic evaluation (e.g., production costs), and tests using volunteers are
conducted to assess the health benefits and risks of the new technology. How-
ever, the evaluations performed at this stage usually reach diverse conclusions
and have a low level of reliability. In fact, as discussed in Section C of this chap-

Figure 3. Life-cycle of health technologies. Adapted from Banta et al. (21).
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ter, the evaluation of a new health technology during or just following its develop-
ment is one of the concerns of HTA.

Very few empirical studies have been devoted to technological innovation in
health care, as opposed to other industries where such studies are done for the
purpose of stimulating innovation (22). However, health care has never been
short on incentives for the invention of new products and processes. As an illus-
tration of this, it should be noted that in 1984 50,000 different devices were regis-
tered with the U.S. Food and Drug Administration (FDA), and that every year
another 5,000 were being added to the list (23).

The strongest determinant of innovation in health care is the persistence of dis-
ease and disability. Since in developed countries chronic illnesses account for
most health problems, innovations have soared in that area (24). Clearly, eco-
nomic considerations are always a factor, which explains why the health problems
of developing countries have not attracted as much attention from innovators.
Moreover, a gigantic medical-industrial complex has evolved in the Northern
Hemisphere, and its very survival requires the continuous outpouring of new
products and practices. The area of intended impact of many new technologies is
not the patient’s health, but medical practice itself. Examples of this kind of
innovation are refinements introduced into medical instruments, such as attrac-
tive numerical displays, and the automation of functions and routines hitherto
performed by physicians and other health personnel.

Biomedical research has been another important factor in the generation of medi-
cal innovations. Since 1950 NIH has committed more than US$50 billion to bio-
medical research, the results of which have in large part been translated into
practical applications. Scientific and technological developments in other fields

of knowledge can also have applications for health care or be the decisive element
that makes‘a new product or solution possible. This point is well illustrated by

the classic diagram presented by Banta et al. (21), showing the interplay of basic
technologies which led to the production of the first cardiac pacemaker.

If many factors serve to stimulate innovation in health care, other influences can
deter it. Such a deterrent is regulation, which increases the costs of research and
development and the financial risk associated with new projects. The dramatic
reduction in the number of new drugs launched in the U.S. market has been the
direct result of the more stringent regulatory process imposed by the FDA. Be-
tween 1950 and 1965, 5,558 new pharmaceutical products appeared on the mar-
ket, but since 1966 the rate has fallen drastically, to less than 50 products intro-
duced annually (25).

Roberts (22) points out that the process of innovation varies considerably accord-
ing to the kind of technology and the area of health care. This view is supported
by Barnes (26), who stresses the role that the surgeon’s prestige and leadership,
the absence of ethical constraints, and established doctrine had in the appearance
of surgical innovations which were later discarded.
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As soon as a new technology is marketed, it reaches the end of the innovation
phase. At this point other forces come into play and govern the process of diffu-
sion that will determine the degree to which the new procedure or device is
accepted.

3. Diffusion

When a new technology is announced, usually publicized first by the mass media
and then in scientific meetings and journals, it sets in motion strong human moti-
vations and expectations. Patients afflicted by conditions that might be alleviated
by the technology will build up new hopes and will press their doctors for access
to the novelty. Physicians will be encouraged to adopt it, because of intellectual
curiosity, the prospect of additional income or professional prestige, peer pres-
sure, the eventual threat of malpractice suits, or the belief that it will lead to
tangible health gains or the comfort of their patients. Hospital administrators will
buy it to attract the best medical staff and to keep a competitive edge in relation
to neighboring hospitals. Other health professionals may be forced to contem-
plate either a job loss or the need to go into a retraining program. As in the inno-
vation phase, legislation and regulation can slow down the diffusion process, for
example, by placing limits on the number of expensive pieces of equipment avail-
able to the population in each area.

A classic study by Russell (27) attempted to quantify the diffusion of hospital
technologies in metropolitan areas in the United States. Figure 4 reproduces her
findings for three high-cost technologies in hospitals with 200 to 299 beds. Most
commonly, these curves have a sigmoid shape (21), but the growth rate can vary
widely from one technology to another. Some exceptions are noteworthy: cobalt
therapy remained at a constant level of 20% distribution among the same group

of hospitals, and some technologies fall into disuse as quickly as they are diffused
(21, 28).

Russell also confirmed that competition, hospital type and size, demography,
form of payment, prestige, and the presence of teaching in the hospital are deter-
minants of technological diffusion. Surprisingly, however, she did not detect any
association between the rate of technological diffusion and the morbidity pattern
of local populations.

In one of the few such studies done in a developing country, Rodriguez-
Dominguez et al. (29) investigated the diffusion of 17 new technologies in Mex-
ico. Their results show differences in the speeds of diffusion and a concentration
of technologies in areas with greater socioeconomic development. Although the
speeds of diffusion vary, it has been observed that medical devices and equip-
ment usually encounter pressures favorable to adoption, while preventive and
coordinative technologies, such as screening and information systems, suffer
pressures against adoption (30). This finding raises the question of whether the
perception of personal or corporate profit versus “community profit” is guiding
the process.
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Figure 4. Diffusion of intensive care units (ICU), electroencephalographs (EEG),
and diagnostic radioisotopes (DR) in U.S. metropolitan hospitals with 200-299
beds. Modified from Russell (27).
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4. Incorporation

When an emerging technology starts to be recognized by health care deliverers as
an established technology, a change in the technology’s status occurs. Often this
change is brought about when the government or health insurers decide to reim-
burse patients or to subsidize the new technology as a result of a consensus about
its benefits to health or the quality of care.

For low-cost procedures, the incorporation stage may go unnoticed. However,
for large-scale technologies such as water fluoridation or heart transplants, this
stage is critical because it paves the way for increased utilization and an attitude
of greater confidence in the benefits of the technology. For this reason, the incor-
poration stage and the decision-making process underlying it deserve more inves-
tigation and attention from HTA.

5. Utilization

The routine utilization of health technologies has received very little attention
from investigators, and accurate data for most procedures are not available, espe-
cially for developing countries. This lack of knowledge is unfortunate, because
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utilization is the most important of all phases since it is then that health benefits
are accrued, critical resources wasted, and safety hazards detected.

One topic that has received some attention in the literature is the overutilization
of procedures like surgery and diagnostic tests (30, 31, 32). Increasing professional
specialization and regional differences in the supply of services have been identi-
fied as the main determinants of overutilization.

Health and medical services can be viewed as merit goods that are so crucial for
society that the government should finance them. Many Third World countries
and also some developed countries, such as Sweden and the Netherlands, provide
complete or partial health services under the concept of public goods. In some
other countries, like France and Japan, medical services are regarded as consumer
goods. In the Third World, these two approaches coexist, and they influence the
patterns of utilization of services and the rationality of technological diffusion.

In the private, for-profit sector, health technologies are incorporated into and
used as consumer goods, and institutions use market analysis and strategic plan-
ning to promote the highly profitable services and technologies. In many cases,
the supplier creates the demand for these services. Coverage is low, due to the
income structure of the population. Under this model, the technologies are im-
bued with an image of prestige and quality that is further enhanced by the mass
communication media. It is not infrequent that the sector producing these con-
sumer goods is partially financed through public funds. Such is the case in the
United States, where medical services are viewed as consumer goods and mainly
financed as public goods.

Prepayment, social security systems, multiple public financial sources along with
a variety of public and private delivery systems, and other national and interna-
tional forces are influencing the complex patterns of accessibility to health ser-
vices and of utilization of various technologies. It has been said that, “In general,
advanced technology is concentrated in large cities, at private hospitals that serve
a small, elite segment of the population. The vast majority in urban and in rural
areas have no access to the benefits of advanced technology” (33).

Technology tends to be concentrated in the private sector in countries where

this sector is most developed. In Latin America, such is the case in Argen-

tina (34, 35) and Uruguay (36). In countries such as Cuba, Costa Rica, and Chile,
where the private sector is less developed, the distribution of medical technology
tends to be more equitable. ’

A study in Uruguay (36) reveals that 52% of the nation’s medical technology is
concentrated in the strictly private sector that serves less than 25% of the popula-
tion. Uruguay’s three computed tomography (CT) scanners, for example, are
strictly private, and 85% of its chronic hemadialysis equipment is private. More-
over, 97% of Uruguay’s technology is concentrated in Montevideo, where only
45% of its population lives.

Argentina (37) also shows unequal distribution of high-cost technology. In the
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metropolitan area that includes Buenos Aires and its environs, there is one CT
scanner available for every 440,000 inhabitants. In the country at large, there is
one per 1,615,000 inhabitants. The same disparity occurs regarding gamma ther-
apy and gamma cameras. Near Buenos Aires there is one such camera per
264,000 inhabitants; outside Buenos Aires there is one camera per 1,250,000 in-
habitants. Poor distribution is also seen in X-ray equipment. The public-versus-
private, urban-versus-rural distribution of high-technology medical equipment is
shown in Table 1.

In Brazil, too, the private sector appears to possess a disproportionate amount of
the available medical technology. For example, Banta (38) reports that in the late
1970s, 52 CT scanners were imported into Brazil, all of which were purchased by
private institutions.

One of the main issues surrounding the utilization of health technologies is the
selection of patients who will receive them based on clinical or epidemiological
indications (39). Coronary bypass surgery and cesarean section delivery are good
examples of technologies that have been proven to be beneficial to well-defined
groups of patients, but that are many times applied indiscriminately, thereby
subjecting other groups to the risks without the benefits. A hypothetical example
gives a graphic illustration of this problem. Let us suppose that a new antihyper-
tensive drug is proven to be efficacious for controlling blood pressure (BP) in
individuals with diastolic BP around 110 mmHg, but not for other hypertensive
patients. Based on evaluations done at the end of the innovation process, this
group can be graphed as a narrow rectangle (Figure 5, top). Problems start during
diffusion (Figure 5, middle), when lack of information on the part of professionals
and overpromotion by salespersons lead to prescriptions being given to patients
with diastolic BP outside the recommended range. Finally, when the drug is in
routine use, it will be marketed under many different trade names, and inappro-
priate utilization may reach the extent represented in Figure 5 (bottom). By then,
the overall benefit and effectiveness of the new drug will be drastically reduced,

Table 1. Geographic and ownership distribution of high-technology equipment in
Argentina.

Capital
and
Buenos Aires Other
Private Official Province provinces
Equipment Total No. % No. % No. % No. %
Computerized

tomographs 45 42 93.33 3 6.67 31 68.90 14 311
Gamma camera 88 74 84.00 14 15.99 61 69.32 27 30.68
Linear catalyzers 10 7 70.00 3 30.00 8 80.00 2 20.00

Cobalt bombs 80 61 76.20 19 23.80 54 67.50 26 325
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Figure 5. Gradual shift in the utilization of a hypothetical antihypertensive
drug.
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if all the people receiving it are taken into account. Thls point will be pursued
further in Section C of this chapter.

6. Abandonment

The rate of technological innovation since World War II has not been matched
by a similar rate of abandonment of older technologies, the result being continu-
ous growth in the available stock of health care technologies. Typically, new diag-
nostic technologies are justified by their higher accuracy or safety, but there are
usually no significant impacts in the level of utilization of the procedures they
would presumably replace. A good example is obstetric ultrasound. Although it
was estimated that in 1980 29.3% of pregnant women in the United States had
at least one prenatal ultrasound scanning, the utilization of X-rays remained high,
with 13.1% of pregnant women receiving at least one dose (40).

The resistance to phasing out obsolete technologies can be understood as a natu-
ral defense of prior investments of time, effort, and finances by professionals and
institutions when they incorporated and mastered the technologies. In many
instances, the same agents who welcome an innovation also resist abandoning
older technologies (41). Surprisingly, the abandonment of technologies that have
been proven to be ineffective or even dangerous will be resisted for many years
as a result of entrenched practice (40). Barnes (26) observes that it took up to 25
years for a number of ineffective surgeries to be discarded from medical practice.
Gastric freezing for the treatment of duodenal ulcers is a more recent example of
a procedure that experienced rapid diffusion followed by disillusionment on the
part of medical professionals and abandonment after 25,000 treatments had been
performed during six years (28).

Technologies have also been discarded for safety reasons, the classic example
being the removal of dangerous drugs from the market (42, 43, 44). Social and
policy pressures may play an increasing role in the future by forcing limitations
on abortion or life-extending intensive care for terminal patients. In developing
countries, technologies are often discarded simply because of operational inade-
quacy imposed by lack of infrastructure and maintenance (45).

As opposed to the many technologies that resist substitution, a considerable num-
ber of others are being forced out of the market by what can be called “artificial
obsolescence.” This strategy is used by many industries to enhance their sales
record. In most cases, artificial obsolescence involves incremental innovations
rather than radical inventions. The strategy consists of the substitution of critical
parts and/or the addition of new features that have little real value for patients
or doctors. The “new” models of diagnostic equipment, such as computerized
electrocardiographs, and “new” drugs that use the same active substances as old
ones illustrate this marketing approach. Owing to the frailty of their resources
and infrastructure, the developing countries suffer most from this forced obsoles-
cence, and HTA can be of value in generating appropriate policies to deal with
this matter.




























































































































































































































































































