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anaged care is in the thick of technology
decision making. 'This decision making is
under the increasing, and sometimes con-
tentious, scrutiny of healthcare stakeholders, includ-
ing technology companies, clinicians, patients, family
members, the public, and the legal system. The
growth and development of healthcare technology
assessment in the private and public sectors reflect the
demand for informed, well-founded, and accountable
processes to help render decisions about the acquisi-
tion, coverage, and appropriate use of technology.
Healthcare technology assessment is the system-
atic evaluation of the properties, effects, or impact of
medical technology. The main purpose of this assess-
ment is to inform technology-related policy making in
healthcare. Healthcare technology assessment is con-
ducted by interdisciplinary groups using explicitana-
lytic frameworks drawn from a variety of methods.
Technology assessment methods are evolving and
their applications are increasingly diverse. Managed
care organizations with access to systematic, evi-
dence-based, and adequately funded technology as-
sessments are better positioned to harness the flow of
technology for state-of-the-art, cost-effective health-
care.

Role in Policy Making

Healthcare technology assessment is used in many
ways to support policy making. Among its roles are to:
(1) support the decisions of healthcare product com-
panies regarding product development and market-
ing; (2) support regional and national allocation
decisions for healthcare resources; (3) provide infor-
mation for regulatory decisions by the Food and Drug
Administration on market approval of a technology;
(4) help healthcare payers and providers determine
which technologies should be included in health
benefits plans and help them formulate coverage
(whether or not to pay) and reimbursement (how
much to pay) policies; (5) help managers of hospitals,
healthcare networks, and other healthcare organiza-
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tions make decisions regarding technology acquisition
or adoption; (6) inform clinicians, providers, and pa-
tients about the proper use of healthcare interventions
for particular health problems (eg, practice guidelines
and disease management programs); and (7) inform
investors and technology companies concerning ven-
ture capital funding, acquisitions and divestitures, and
other product and services transactions.

Scope of Healthcare Technology

The analytic frameworks, methods, and data
sources used in healthcare technology assessment
must accommodate the diverse range of medical tech-
nology. For healthcare technology assessment, the
three defining dimensions of medical technology are
its form or material nature, its purpose or application,
and its stage of development or diffusion.

The principal forms of healthcare technology are
drugs (eg, antibiotics, antihypertensives, and
chemotherapeutic agents); biologics (eg, vaccines and
blood products); equipment, devices, and supplies
(eg, computed tomographic scanners, cardiac pace-
makers, diagnostic test kits, and surgical gloves);
medical and surgical procedures (eg, coronary angiog-
raphy, gall bladder removal, and psychotherapy); sup-
port systems (eg, electronic patient record systems,
telemedicine systems, blood banks, and clinical labo-
ratories); and organizational and managerial systems
(eg, prospective payment systems, clinical pachways,
and computer-based drug utilization review systems).
The forms of technology affect assessment in many
ways. For example, the typical hallmarks of clinical
studies of the safety and efficacy of new drugs, includ-
ing double-blinding, placebo controls, and randomi-
zation of several thousand patients, are impractical or
impossible to implement for most medical devices.

The purpose or application of a healthcare technol-
ogy can be categorized as prevention, screening, diag-
nosis, treatment, rehabilitation, or palliation.

When categorized by stage of development, tech-
nologies are considered future, experimental, investi-
gational, established, or obsolete, outmoded, or
abandoned. Future technologies are in a conceptual
stage, anticipated, or in the earliest stages of develop-
ment. Experimental technologies are undergoing
bench or laboratory testing using animals or other
models. Investigational technologies are undergoing
initial clinical evaluation in humans. Established
technologies are considered by providers to be a
standard approach to a particular condition and are
widely used. Obsolete, outmoded, or abandoned
technologies have been superseded by other tech-
nologies or found to be ineffective or harmful.

Nor all technologies fall neatly into single catego-
ries. Many tests and other technologies used for diag-
nosis are also used for screening. Certain “boundary-
crossing” technologies that combine characteristics of
drugs, devices, or other major categories of technology,
such as implantable drug infusion pumps and bioartifi-
cial organs, may pose jurisdictional or administrative
challenges to regulatory agencies, payers, standards-set-
ting organizations, and other groups. Examples of tech-
nologies whose boundary-crossing attributes have
complicated regulatory approval and coverage deci-
sions in recent years are gallstone lithotriptors (used
with stone-dissolving drugs) and positron emission
tomography (used with radiopharmaceuticals). In ad-
dition, a technology might be considered established
for certain patient applications but investigational for
others. A technology once rejected or considered ob-
solete may return to established use for a better de-
fined or entirely different clinical purpose; the use of
thalidomide for treatment of leprosy is one such ex-
ample. Many technologies, particularly medical de-
vices, undergo multiple incremental innovations after
their initial acceptance into general practice.

Technical Properties and Impact Assessed

Healthcare technology assessment can involve in-
vestigating the technical properties, clinical safety,
efficacy or effectiveness, economic attributes or im-
pact, and social, legal, ethical, or political impact of a
medical technology.

The technical properties of a technology include
its performance characteristics and conformity with
specifications for design, composition, manufactur-
ing, tolerances, reliability, ease of use, and mainte-
nance. Safety is a judgment of the acceptability of the
risk (a measure of the probability of an adverse out-
come and its severity) associated with using a technol-
ogy in a given situation (eg, for a patient with a
particular health problem) by a clinician with certain
training or in a specified treatment setting,.

Efficacy and effectiveness both refer to how well a
technology works to improve patient health, usually
based on changes in one or more pertinent health
outcomes. In healthcare technology assessment, effi-
cacy refers to the benefit of using a technology for a
particular problem under ideal conditions (eg, within
the protocol of a carefully managed randomized con-
trolled trial) or at a “center of excellence” in patients
who meet narrowly defined criteria. Effectiveness
refers to the benefit of using a technology for a par-
ticular problem under general or routine conditions
(eg, by a physician in a community hospital for various
types of patients).
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Healchcare technologies can have a wide range of
microeconomic and macroeconomic attributes. Mi-
croeconomic concerns include the costs, prices,
charges, and payment levels associated with a particu-
lar technology. Other microeconomic issues include
comparisons of resource requirements and outcomes
(or benefits) of a technology for particular applications
through cost-effectiveness, cost-utility, or cost-bene-
fit analyses. The macroeconomic impact of healthcare
technologies includes the impact of new technology
on national healthcare costs and the effect of technol-
ogy on resource allocation among different health
programs or among healthcare and other sectors.

A variety of technologies raise social, ethical, legal,
and political concerns. Technologies such as genetic
testing, fertility treatments, transplantation of scarce
organs, and life-support systems for the critically ill
challenge certain legal standards and societal norms.
In dialysis and transplantation for patients with end-
stage renal disease, ethical concerns arise from patient
selection criteria, termination of treatment, and man-
agement of noncompliant patients. Ethical concerns
continue to prompt improvement in informed consent
procedures for patients enrolled in trials of investiga-
tive technologies.! Allocation of scarce resources to
technologies that are expensive, inequitably used, or
noncurative raises broad social concerns.” Political
factors can prompt legislation mandating coverage for
certain technologies or influence acquisition or place-
ment of high-profile technologies in a given jurisdic-
tion.

The terms appropriate and necessary often are used
to describe whether a technology should be used in
particular circumstances. For example, the appropri-
ateness of a diagnostic test may depend on its safety
and effectiveness compared with alternative available
interventions for particular patient indications, clini-
cal settings, and resource constraints. A technology
may be considered necessary if withholding it would
adversely affect the patient’s health.®

Although the relationship between a preventive,
therapeutic, or rehabilitative technology and its pa-
tient outcomes is typically direct (though not always
easy to measure), the relationship between a technol-
ogy used for diagnosis or screening and its patient
outcomes is usually indirect. For example, the effi-
cacy (or effectiveness) of a diagnostic technology can
be determined along a chain of inquiry that leads from
the technical capacity of the technology to changes in
patient health outcomes to cost-effectiveness, as fol-
lows:

1. Tecknical capacity (does the technology perform
reliably and deliver accurate information?)

2 Diagnostic accuracy (does the technology contrib-
ute to making an accurate diagnosis?)

3. Diagnostic impact (do the diagnostic results influ-
ence the use of other diagnostic technologies? For
example, does it replace other diagnostic technolo-
gies?)

4. Therapeutic impacr (do the diagnostic findings
influence the selection and delivery of treatment?)

5. Patient outcome (does use of the diagnostic tech-
nology contribute to improved health of the patient?)

6. Cost-effectiveness (use of the diagnostic technology
is cost-effective compared with alternative interven-
tions?)

If a diagnostic technology is not effective at any
step along this chain, it is not likely to be effective at
any later step. In other words, efticacy at a given step
does not imply efficacy at a later step.”

Measuring Health Outcomes

Healch outcome variables are used to measure the
safety, efficacy, and effectiveness of healthcare tech-
nologies. Health outcomes have been measured pri-
marily in terms of changes in mortality and morbidity.
In a clinical trial comparing alternative treatments,
the effect on health outcomes of one treatment rela-
tive to another (eg, a control treatment) can be ex-
pressed using various measures of treatment effect.
These measures compare the probability of a given
health outcome in the treatment group with the prob-
ability of the same outcome in a control group. Exam-
ples of such measures are absolute risk reduction,
odds ratio, number needed to treat, and effect size.’

Although mortality and morbidity are usually the
outcomes of greatest concern, they are not the only
outcomes of importance to patients or others. Many
technologies affect patients, family members, provid-
ers, and employers in ways not reflected in mortality
or morbidity rates; this is particularly true for many
chronic diseases. Health-related quality-of-life
(HRQL)) measures (or indexes) can provide a more
complete picture of the ways in which healthcare
affects patients. Health-related quality-of-life meas-
ures are designed to capture such dimensions as
physical function, social function, cognitive function,
anxiety and distress, bodily pain, sleep and rest, en-
ergy and fatigue, and general health perception.
These general or disease-specific measures can be
unidimensional or multidimensional. They may pro-
vide a single aggregate score or yield a set of scores,
each for a particular dimension.”"

Examples of general HRQL. indexes are the Sick-
ness Impact Profile,"” Nottingham Health Profile, "
Quality of Well-Being Scale," Functional Inde-
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pendence Measure,15 Short Form (SF)-36, 1817 Buro-
Qol Descriptive System,'® and Katz Activities of
Daily Living."” Examples of disease-specific HRQL
indexes are the New York Heart Association Func-
tional Classification,? Arthritis Impact Measurement
Scales,?! and Visual Functioning (VF)-14 Index.?

Health technology companies are increasingly us-
ing HRQL measures to differentiate their products
from those of competitors. Products that may have
vircually indistinguishable effects on morbidity for
particular diseases (eg, hypertension and depression)
may have different profiles of adverse effects that
affect patients’ quality of life.

The quality-adjusted life year (QALY) is a unit of
healthcare outcome that combines gains (or losses) in
length of life with quality of life. Quality-adjusted life
years represent years of life after a healthcare inter-
vention that are weighted or adjusted for the quality
of life experienced by the patient during those years.
The QALY provides a common unit for comparing
the cost-utility of different healthcare interventions
and ranking priorities for allocating scarce healthcare
resources. Healthy-years equivalents (HYEs), dis-
ability-adjusted life years (DALYs), and saved young-
life equivalents (SAVEs) serve a similar function.

The scale of quality of life used for QALYs can be
based on a method of eliciting patient utility for cer-
tain states of life. "This dimension is typically stand-
ardized to a scale ranging from 0.0 (death) to 1.0
(perfect health). Three commonly used approaches
for measuring utility are the standard gamble, time
trade-off, and rating scale.”** Quality-adjusted life
years are useful for making comparisons among alter-
native technologies because they are generic units
that can reflect changes brought about by different
healthcare interventions for the same or different
health problems. Quality-adjusted life years have also
been used in “league tables” that rank diverse health-
care interventions according to their cost per QALY,”
although the validity of such tables has been chal-
lenged because of inconsistencies in QALY construc-
tion and other methodologic variations.” % Although
the measurement of QALYs and their use in health
policy remain controversial, interest remains high and
methodologic work in this area continues.

Timing of Assessment

There is no single correct time to conduct a health-
care technology assessment. Investors, regulators,
medical specialty societies, managed care organiza-
tions, insurers, hospital managers, and others tend to
make decisions about any given technology at particu-
lar junctures in its life cycle, and each may sub-

sequently reassess the technology. Indeed, the deter-
mination of a technology’s stage of diffusion may be
the primary purpose of an assessment. For payers,
technologies deemed “experimental” or “investiga-
tional” are usually excluded from coverage, but those
thatare established or generally accepted are typically
eligible for coverage.

Tradeoffs are inherent in decisions regarding the
timing for healthcare technology assessment. On one
hand, the earlier a technology is assessed, the more
likely its diffusion can be curtailed if it is found unsafe
or ineffective. On the other hand, regarding the find-
ings of an early assessment as definitive or final may
be misleading. An investigational technology may not
yet be perfected, its users may not yet be proficient,
and its costs may not yet be stabilized. The technol-
ogy also may not have been applied in enough circum-
stances to recognize its potential benefits, and its
long-term outcomes may not yet be known. In addi-
tion, the “moving target problem” can complicate
healthcare technology assessment.”? By the time an
assessment is conducted, reviewed, and dissemi-
nated, its findings may be outdated by greater data
collection or changes in a technology, how the tech-
nology is used, or competing technologies for a given
problem. As one technology assessor noted about the
when-to-assess problem, “It’s always too early until,
unfortunately, it’s suddenly too late!”?

Ten Basic Steps of Healthcare Technology
Assessment

The scope, selection of methods, and level of de-
tail in the practice of healthcare technology assess-
ment vary greatly. Nevertheless, most healthcare
technology assessment activity involves some form of
the steps shown in Table 1*° and summarized below.
Notevery assessment includes all these steps, and the
steps are not necessarily conducted in strict sequence.
For example, many healthcare technology assess-
ments do not entail primary data gathering (step 5),
relying instead on synthesis of existing data (step 7).
Meta-analytic approaches may involve concurrent or
iterative evidence interpretation (step 6) and synthe-
sis of existing data.

Step 1: Identify Assessment Topics

Toalarge extent, technology assessment topics are
determined or bounded by an organization’s mission
or purpose. Most assessment programs have criteria
for topic selection, although these criteria are not
always explicit. Selection criteria used in setting
healthcare technology assessment priorities for a
managed care organization might include health
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Table 1. Ten Steps of Healthcare Technology
Assessment

1 Identify assessment topics

2. Specify the assessment problem

3. Determine locus of assessment

4. - Retrieve available evidence

5. Collect new primary data (as appropriate)

6. Interpret evidence

7. Synthesize and consolidate evidence

8. Formulate findings and recommendations

9. Disseminate findings and recommendations
10. Monitor impact

problems with high morbidity or mortality rates, large
number of enrollees affected, high unit or aggregate
cost of a technology or health problem, substantial
variations in practice within the network, sufficient
research findings available on which to base assess-
ment, and pressure by patients, clinicians, or employ-
ers to make payment decisions.

Of course, these criteria are for demand-side as-
sessment priorities. On the supply side, assessment
priority criteria for technology companies reflect their
decision-making needs, such as potential market size,
opportunity for market share, anticipated return on
investment, need to demonstrate safety and efficacy
for regulatory approval, and need to demonstrate
value to providers and payers. Indeed, manufacturers’
assessment priorities might bring assessment topics
to the attention of managed care organizations. The
processes for soliciting candidate assessment topics
and ranking assessment priorities range from highly
subjective to systematic and quantitative.”

Step 2: Specify the Assessment Problem

One of the most important aspects of a healthcare
technology assessment is to clearly specify the prob-
lems or questions to be addressed. This step affects
all subsequent aspects of the assessment. A group
conducting an assessment should have an explicit

understanding of the purpose and intended users of

the assessment. There is no single correct way to state
an assessment problem. It may entail specifying at
least the following elements: healthcare problem(s),
patient population(s), intervention(s), practitioners or
users, care settings, and health and economic end-
points of interest. Specifying inclusion and exclusion

criteria for these elements links the assessment prob-
lem to evidence retrieval.
Step 3: Determine Locus of Assessment

Healthcare decision makers can create or buy all
or certain portions of healthcare technology assess-
ments. Determining who is responsible for sponsor-
ing or conducting an assessment depends on the
nature of the problem, expertise of available person-
nel, time constraints, funding, and other factors.
Even when an assessment report exists on a topic of
interest, decision makers must determine whether it
has a compatible perspective, whether the assess-

* ment problem is appropriate, how current the report

is, whether the methodology is sufficiently credible,
and whether the report is worth the price. Smaller
healthcare provider and payer organizations often
obtain reports from organizations that specialize in
healthcare technology assessment; larger ones are
more likely to have internal healthcare technology
assessment programs. Some healthcare organizations
commission selected components of an assessment,
such as evidence retrieval and synthesis, and perform
the other steps in-house.

Users of any healthcare technology assessment
report should consider the potential for conflict of
interest on the part of the organization that sponsored
or conducted the assessment, whether it be a technol-
ogy company, managed care organization, academic
center, or government agency. Assessment reports
should disclose sponsorship and other sources of sup-
port, authors and their organizational affiliations, and
other documentation of methods and sources.

Step 4: Retrieve Available Evidence

One of the challenges of healthcare technology
assessment is to assemble the evidence—the data,
literature, and other information—relevant to a par-
ticular assessment. For many technologies, the evi-
dence is profuse, scattered, and of widely varying
quality; for very new technologies, it may be sparse
and difficule to find. Sources of evidence for health-
care technology assessment include computer data-
bases of published literature; computer databases of
clinical and administrative data; printed indexes and
directories; government reports and monographs; ref-
erence lists in available studies, reviews, and meta-
analyses; special inventories and registries of reports;
health newsletters and newspapers; company reports
and press releases; and colleagues and other investi-
gators (Table 2).

Much valuable information is available beyond the
traditional peer-reviewed published literature. This
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“gray” or “fugitive” litera-
ture is found, for example,
in industry and govern-
ment monographs, regu-
latory documents,
professional association
reports, market research
reports, special commis-
sion reports, conference
abstracts, and on World
Wide Web sites. The In-
ternet is an extraordinar-
ily broad and readily
accessible medium that
provides access to many
of the information sources
noted above. Although
the gray literature can be
timely and cover aspects
of technologies not ad-
dressed in mainstream
sources, it is usually not
subject to peer review and
must be scrutinized ac-
cordingly.

Searching for pertinent
existing evidence gener-
ally is one of the first ma-
jor tasks in conducting an
assessment and should be
planned accordingly.”
The costs associated with
evidence searches can be
significant, coming in the
form of staff time, com-
puter access and acquisi-
tion of literature, data
tapes, and other docu-
mentation. Although ac-
cess to MEDLINE and
other public-source data-
bases is free or inexpen-
sive, using some
specialized scientific and
business databases can be
more costly. Database

vendors offer a variety of

database packages at
varying prices. Organiza-
tions such as ECRI, the
Blue Cross and Blue
Shield Association, and
the American Medical As-

Table 2. Information Resources for Healthcare Technology Assessment

. Informatio

Current Contents: tables of conte
other fields (Institute for ciemiﬁé

VOL. 4, SPECIAL ISSUE

HE AMERICAN JOURNAL OF MANAGED CARE

SP205



. CME -

sociation sell their healthcare technology assessment
reports on a subscription basis. Some market research
monographs and other reports produced for health
product companies, investors, and other business in-
terests are priced in the thousands of dollars.

Step §: Collect New Primary Data
(As Appropriate)

Although many healthcare technology assessments
are based on available evidence, some entail collec-
tion of new primary data. Healthcare technology as-
sessments by managed care organizations and other
payers to make coverage determinations typically do
not entail new data collection but rely on existing data.
It is beyond the scope of this article to describe the
planning, design, and conduct of clinical trials, obser-
vational studies, and other investigations for collect-
ing new primary data.> Nevertheless, describing how
the methodologic validity of these primary data
sources are interpreted in technology assessment is
important. Certain attributes of primary studies pro-
duce better evidence than others. In general, prospec-
tive studies are superior to retrospective ones;
controlled studies are superior to uncontrolled ones,
randomized studies are superior to nonrandomized
ones; large studies (ie, involving enough patients to
detect with acceptable confidence levels any true
treatment effects) are superior to small ones; contem-
poraneous controls are superior to historical ones; and
blinded studies (patients, clinicians, analysts) are su-
perior to unblinded ones.

New data on the effects of healthcare technology
in humans can be generated through the following
(methods are listed in rough order of most to least
scientifically rigorous for internal validity—that is, for
accurately representing the causal relationship be-
tween an intervention and an outcome in the particu-
lar circumstances of a study): '

e large or small randomized controlled trials

e nonrandomized trials with contemporaneous or
historical controls

* prospective cohort studies

» retrospective case-control studies

e cross-sectional studies

e surveillance studies (eg, using registers or sur-
veys)

* consecutive case series

» single case reports.

The principles underlying the relative scientific

rigor of methods form the basis of evidence interpre-
tation. There are tradeoffs between studies with high

internal validity, such as large randomized controlled
trials, and those with high external validity (or gener-
alizabjlity), such as various observational studies or
“natural experiments.” Investigators have made pro-
gress in combining some of the desirable attributes of
both. For example, while retaining the methodologic
strengths of a prospective, randomized design, “large,
simple trials” use large numbers of patients, more
flexible patient entry criteria, and multiple study sites
to improve external validity.* Assessors must consider
resource requirements and time constraints when de-
ciding to undertake a new primary data collection.
Except for large organizations and for high priority

.areas, health plans and other payers do not undertake

large randomized controlled trials that may cost tens
of millions of dollars and take several years to conduct.
Assessors should weigh the marginal investment re-
quired to conduct primary data collection with the
expected marginal value of the data (eg, for making a
coverage decision).

Step 6: Interpret Evidence

A challenge in conducting any healthcare technol-
ogy assessment is to derive credible findings from
evidence drawn from different types of studies of
varying quality. Technology decision makers increas-
ingly demand stronger scientific evidence regarding
the effectiveness and cost-effectiveness of technolo-
gies. (The recently coined term evidence-based medicine
refers to the incorporation of this demand into clinical
decision making,) Strength of evidence refers primar-
ily to the scientific validity underlying findings about
causal relationships between healthcare interventions
and health outcomes. Grading evidence according to
its methodologic rigor is increasingly becoming a
standard part of healthcare technology assessment.
Such grading can take various forms, each of which
involves structured, critical appraisal of the evidence
against formal criteria.’®” Evidence tables that sum-
marize attributes of study design, patient charac-
teristics, patient outcomes, and derived summary
statistics are useful for displaying important qualities
about available studies. In any case, the authors of
technology assessment reports should document the
criteria or procedures by which they use study data.

Some analysts consider the resules of studies that
do not have randomized controls subject to such great
bias that they should not be included when determin-
ing the effects of an intervention. Others say that
studies with weaker designs should be used, but given
less weight or adjusted for their biases.”” Evidence
standards should be commensurate with practical dif-
ferences among healthcare technologies. Certain
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methodologic hallmarks of pharmaceutical assess-
ment, such as sample sizes of thousands of subjects,
placebo controls, and double-blinding of patients and
clinicians, are often impractical or impossible for
medical devices, surgical procedures, diagnostic pro-
cedures, and other technologies. Methodologic re-

quirements for establishing with a high degree of

certainty the safety and effectiveness of a technology
fora given indication depend on the inherent risks and
potential health improvements posed by the technol-
ogy compared with standard care. Thus, for example,
methodologic requirements for heart valve prosthe-
ses, left-ventricular assist devices, and neurologic im-
plants differ from those of surgical instruments and
from those of hearing aids. Still, for any type of tech-
nology, the trend is to demand stronger and better
documented evidence. By raising the bar on the evi-
dence hierarchy, decision makers increase the burden

of proof for approval, coverage, use, or acquisition of

technologies.

Step 7: Synthesize and Consolidate Evidence

After the merits of individual studies are consid-
ered, healthcare technology assessment involves
some form of analysis that pulls together available
findings. Methods used to combine or synthesize data
include nonquantitative literature reviews, group
judgment or “consensus development,” meta-analy-
sis or other systematic literature syntheses, decision
analysis, and economic analyses.

Because of biases inherent in traditional means of
consolidating literature, such as nonquantitative lit-
erature reviews and editorials, healthcare technology
assessment emphasizes more structured, quantified,
and better-documented methods.*

Vircually all healthcare technol-

Meta-analysis refers to a group of statistical tech-
niques for combining results of multiple studies to
obtain a quantitative estimate of the overall effect of
a particular technology (or variable) on a defined out-
come. This combination may produce a stronger con-
clusion than can be provided by any individual study.
Meta-analysis is generally used when there are no
definitive studies on a topic and the non-definitive
studies are in some disagreement. Like traditional
methods for consolidating literature, meta-analysis
can be limited by biased selection of studies, poor
quality data, insufficiently comparable studies, and
biased interpretation of findings. However, the sys-
tematic selection and organization of evidence used
in meta-analysis can minimize these shortcomings.
Advances in the conduct and interpretation of meta-
analysis continue, particularly in strengthening the
methodologic links between clinical trials and meta-
analysis.”™ The basic steps of meta-analysis are
listed in Table 3.

Decision analysis uses available quantitative esti-
mates to model the sequences of alternative health-
care strategies (eg, of diagnosis or treatment). Each
healthcare strategy is assigned a probability that cer-
tain events and outcomes will occur, along with the
values of the outcomes for patient populations and
associated costs. Decision models can be used to pre-
dict the distribution of outcomes for patient popula-
tions and the associated costs of care. They also can
be used to help develop clinical practice guidelines for
specific health problems. For individual patients, de-
cision models can be used to relate the likelihood of
potential outcomes of alternative clinical strategies or
to identify the clinical strategy that has the greatest

ogy assessment efforts involve
some form of group judgment at
one o1 more junctures, particularly
to formulate findings and recom-
mendations. Group judgment may
be unstructured and informal or in-

Table 3. Basic Steps in Meta-Analysis

volve formal group methods, such
as the nominal group and Delphi
techniques. Although these proc-
esses typically involve face-to-face
Interaction, some group judgment "
efforts combine remote, iterative
interaction of panelists with face-
to-face meetings.** However, the
opinion of an expert committee is
not in itself primary scientific evi-
dence.

e

Specify the problem of interest

Specify the criteria for inclusion of studies (eg, type and quality)

Identify all studies that meet inclusion criteria

Classify study characteristics and findings

study characteristics (eg, contexts, participants)
m  methodologic characteristics {eg, sample sizes, measurement process)
m  primary results
B derived summary statistics

5. Statistically combine study findings (eg, by averaging effect sizes), relate
these to study characteristics, and perform sensitivity analysis

6  Present results
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personal utility.** The main steps of decision analy-
sis are summarized in Table 4.

Studies of costs and related economic implications
can involve attributes of primary data collection or
synthetic methods, or both. Although economic data
often are collected in conjunction with clinical trials
and other primary dats collection methods, economic
analyses typically are conducted using data from mul-
tiple existing sources. Greater emphasis on demon-
strating the value of spending on healthcare
technology has increased the demand for cost-effec-
tiveness analyses and related studies of the economic
impact of healthcare technology.

There is a variety of approaches to economic analy-

sis, the suitability of which depends on the purpose of

the technology assessment and the availability of data
and other resources. Identifying and quantifying all
costs and all benefits (or outcomes) is rarely possible
or necessary, and the units used to quantify these may
differ.¥ The main types of economic analysis are:

1. Cost-of-iliness analysis (determination of the eco-
nomic impact of an illness or condition, such as smok-
ing, archritis, or bedsores, including its associated
treatment costs)

2. Cost-minimization analysis (determination of the
least costly among alternative interventions assumed
to produce equivalent outcomes)

3. Cost-effectiveness analysis (comparison of costs in
monetary units with outcomes in quantitative non-
monetary units, such as decreased mortality or mor-
bidity)

4. Cost-consequence analysis (form of cost-effective-
ness analysis that presents health outcomes and con-
sequences, such as mortality, morbidity, and adverse
effects, and costs associated with an intervention,
without aggregating or weighting across outcomes)

5. Cost-utility analysis (form of cost-effectiveness
analysis that compares costs in monetary units with
outcomes in terms of their utility, usually to the pa-
tient, measured, for example, in QALYs)

6. Cost-benefit analysis (comparison of costs and
benefits, both of which are quantified in common
monerary units)

Cost-minimization analysis and cost-effectiveness
analysis, including cost-consequence analysis and
cost-utility analysis, necessarily involve comparisons
of alternative interventions (including no interven-
tion). Although cost-benefit analysis typically in-
volves comparisons of alternative technologies, this is
not necessary. In principle, a technology is cost bene-
ficial as long as its costs are outweighed by the mone-
tary value of its benefits or outcomes.

Because it measures costs and outcomes in mone-
tary terms, cost-benefit analysis enables comparison

of disparate technologies, such as

Table 4. Basic Steps in Decision Analysis

coronary artery bypass graft sur-
gery and breast cancer screening.
A controversial drawback of cost-
benefit analysis is the difficulty of
assigning monetary values to all

pertinent outcomes, including

1

Develop a model (eg, a decision tree) that depicts the set of important
choices (or decisions) and potential outcomes of these choices. For
treatment choices, the outcomes might be health outcomes (health states);
for diagnostic choices, the outcomes might be test resulis (eg, positive or
negative)

Assign estimates (based on available literature) of the probabilities (or
magnitudes) of each potential outcome given its antecedent choices

Assign estimates of the value of each outcome to reflect its utility

or desirability (eg, using a health-related quality-of-life measure)

Calculate the expected value of the outcomes associated with the particular
choice(s) leading to those outcomes This calculation typically is made by
multiplying the set of outcome probabilities by the value of each outcome.
Identify the choice(s) associated with the greatest expected value

Based on the assumptions of the decision model, this is the most desirable
choice, because it provides the highest expected value given the probability
and value of its outcomes

Conduct a sensitivity analysis of the model to determine if plausible
variations in the estimates of probabilities of outcomes or utilities change the
relative desirability of the choices. (Sensitivity analysis is used because the
estimates of key variables in the model may be based on limited data or
expert conjecture.)

changes in the length or quality of
human life. Cost-effectiveness
analysis avoids this limitation by
using more direct or natural units
of outcomes, such as lives saved or
strokes averted. As such, cost-ef-
fectiveness analysis can only com-
pare technologies whose
outcomes are measured in the
same units. In cost-utility analy-
sis, estimates of utility are as-
signed to health outcomes,
enabling comparisons of disparate
healthcare technologies.

In practice, wide variations ex-
ist in economic study methodolo-
gies.® Although some variation is
unavoidable, differences in per-
spective, accounting for direct
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and indirect costs, time frames, dis-
counting, and other aspects result
from lack of expertise and may re-
flect biases on the part of the investi-
gators or sponsors. This diminishes
the comparability and transferability
of study results and the credibility of
findings. In recent years, national
and international groups have been
developing and revising standards for
conducting and reporting health eco-
nomic studies.”*** These efforts
should improve the practice of eco-
nomic analysis, particularly if payers
and providers require that economic
dossiers presented by technology
companies use such standardized
methods.

Documents outlining standards
for economic analyses provide
checklists and other guidance on how
to conduct these analyses. Although
reviewing these guidelines is beyond
the scope of this article, there are
some well-recognized principles of
economic analysis. For example, the
economic perspective of the analysis
(ie, society, payer, provider, or pa-
tient) should be made explicit. Both
direct costs (medical and nonmedi-
cal) and indirect costs (such as loss of
productivity) should be included.
Using actual costs is preferted to us-
ing charges or prices, and opportu-
nity costs are the best gauge of true
costs. The time horizon of analysis
should be specified and should cover
a clinically justifiable span of accrual
of costs and outcomes. Marginal cost
analysis, which compares marginal
changes in costs to marginal changes
in outcomes, is preferred to average
cost analysis. Costs and outcomes
should be discounted over time, and
discount rates should be specified
and justified. Sensitivity analysis
should be conducted to determine
how reasonable changes in the esti-
mates of input variables affect re-
sults.

Methodologists and other stake-
holders in economic analysis differ
on the preferred choice of perspec-

Table 5. Evidence Grading for AHCPR Practice Guidelines

Type of Evidence .

I Meta-analysis of multiple, well-designed controlled studies

Il. At least one well-designed experimental study

lit.  Well-designed, quasi-experimental studies, such as nonrandomized
controlled, single-group pre-post, cohort, time-series, or matched
case-controlled studies

IV Well-designed nonexperimental studies, such as comparative and
correlational descriptive and case studies

V. Case reports and clinical examples

Strength and Consistency of Evidence
A.  There is evidence of type | or consistent findings from multiple studies

of types II, 111, or IV

B. There is évidence of types II, lll, or IV, and findings are generally
consistent,

C. There is evidence of types ll, ili, or IV, but findings are inconsistent

D There is little or no evidence, or there is type V evidence only.

From the Agency for Health Care Policy and Research (AHCPR), US Department of
Health and Human Services, 1994

Table 6. Evidence Grading for Clinical Preventive Services

A

Quality of Evidence

Evidence obtained from at least one properly designed randomized
controlled trial

II-1. Evidence obtained from well-designed controlled trials without

randomization

{I-2  Evidence obtained from well-designed cohort or case-controlled analytic

studies, preferable from more than one center or research group

li-3  Evidence obtained from multiple time series with or without the inter-

vention. Dramatic results in uncontrolled experiments (such as the results
of the introduction of penicillin treatment in the 1940s) could also be
regarded as this type of evidence

Opinions of respected authorities, based on clinical experience, descriptive
studies, or reports of expert committees

Strength of Recommendations

There is good evidence to support the recommendation that the condition
be specifically considered in a periodic health examination

There is fair evidence to support the recommendation that the condition
be specifically considered in a periodic health examination

There is insufficient evidence to recommend for or against the inclusion of
the condition in a periodic health examination, but recommendations
may be made on other grounds.

There is fair evidence to support the recommendation that the condition
be excluded from consideration in a periodic health examination.

There is good evidence to support the recommendation that the condition
be excluded from consideration in a periodic health examination.

From the US Preventive Services Task Force. Guide to Clinical Preventive Services.
2nd ed. Baltimore, MD: Williams & Wilkins; 1996.
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tive of analysis. Some contend that the societal per-
spective accounting for all direct and indirect costs is
the only appropriate one, while others argue that, asa
practical matter, decision makers are concerned only
with the streams of costs and outcomes that accrue to
them. Certainly, any decision regarding the acquisi-
tion or coverage of a technology has multiple stake-
holders with different economic perspectives. The
strategic approach for any one stakeholder conducting
an economic analysis may be to account for the eco-
nomic perspectives of the relevant parties and to use
this information to forge effective coverage and reim-
bursement policies, marketing efforts, pricing, or
other actions flowing from an assessment.

The validity of a cost-related study depends on the
sources of the data for costs and outcomes. Increased
attention is being given to collecting cost data in more
rigorous, prospective studies, including randomized
controlled trials. However, the closer integration of
economic and clinical studies raises important metho-
dologic issues.” To promote more rational diffusion
of new technologies, reliable cost and outcomes data
should be generated during the early part of a technol-
ogy’s life cycle, such as during any randomized con-
trolled trials required for marketing approval.
However, such trials might have methodologic limita-
tions with regard to analysis of costs and outcomes. As
noted previously, randomized controlled trials are ex-
pected to yield information on efficacy rather than
effectiveness, and the costs of care in the careful and
specific protocols of these trials might not represent
the costs of care in more general settings. In deciding
how to use economic data from clinical trials, assessors
should weigh these uadeoffs in internal and external
validity in the context of the policy decision at hand.

For example, in support of a coverage decision, asses-
sors should not only examine the methodological rigor
of the source data, but also should compare the popu-
lations and care settings in which available data were
collected to the care settings and populations to be
affected by the coverage decision.

Step 8: Formulate Findings and Recommendations
Findings are the results or conclusions of an assess-
ment; recommendations are the suggestions, advice,
or counsel that follow from the findings. Recommen-
dations can be made in various forms, such as a cover-
age policy, practice guideline, or directive. These

should be evidence based, relating the validity of

individual studies to the overall quality of the evi-
dence for the findings and the strength of the recom-
mendations. Even for those aspects of an assessment
problem for which there is little useful evidence, an
assessment group may have to provide some findings
or recommendations. In any case, authors of health-
care technology assessment reports should make ex-
plicit the analyses and reasoning used in making their
recommendations and with what level of confidence
the recommendations were made. Authors of technol-
ogy assessment reports increasingly annotate their
recommendations with different levels of stength
that reflect the grades of the evidence and direction
of findings pertaining to each recommendation.
Examples of evidence grading hierarchies linked
to recommendations are shown in Tables 5 and 6. The
Agency for Health Care Policy and Research
(AHCPR) uses the framework shown in Table 5 for
linking the quality of evidence to the strength and
consistency of recommendations in its practice guide-
lines. The AHCPR appioach incorporates quantita-
tive overviews of evidence
(eg, meta-analyses), where

available, in classifying lev-
els of evidence and grading
recommendations. A similar
approach is used by the US

Table 7. Evidence Grading for Screening Tests for Colorectal Cancer Preventive Services Task
Force, which assigns levels
| . L‘?(;’e' Of* Stre“gtz of . of strength of recommenda-
ntervention : Evidence Recommendation tions for various preventive

Annual fecal occult blood testing of persons I, 11, 11-2 B . .
: services to the quality of the

aged 50 and older i X

Routine sigmoidoscopy in persons aged 50 and older 1-2, 11-3 B ?Vaﬂable evidence, as shown
Routine digital rectal examination Hi C in Table 6. Of course, as
Routine barium enema I} C shownin Table 7, the quality
Routine colonoscopy i C of evidence and strength of

*Level of evidence and strength of recommendation as defined in Table 6.
From the US Preventive Services Task Force. Guide to Clinical Preventive Services. 2nd ed

Baltimore, MD: Williams & Wilkins; 1996,

recommendations can vary
among different forms of a
technology.
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Explicit evidence interpretation in healthcare tech-
nology assessment enables users to understand the
reasoning behind the assessment findings and recom-
mendations and to challenge them when appropriate.
It also helps assessment programs and policy makers
determine if a reassessment is needed as relevant new
evidence becomes available.

Step 9: Disseminate Findings and
Recommendations

Dissemination efforts must compete with the bur-
geoning flow of health-related information being
transmitted across diverse channels using increasingly
sophisticated means. Worthy findings and recommen-
dations can be lost because of misidentified and mis-
understood target audiences, poor packaging, wiong
transmission media, bad timing, and other factors.”>>
Dissemination should be planned and budgeted at the
outset of a technology assessment along with other
assessment phases or activities. However, dissemina-
tion plans should not be rigid; the nature of the find-
ings and recommendations themselves may affect the
choice of target groups and type of messages to be
delivered. The results of the same healthcare technol-
ogy assessment may be packaged for dissemination in
different formats (eg, for patients, clinicians, or policy
analysts) and delivered accordingly via different me-
dia.

Healthcare technology assessment organizations
and potential users of assessments should be aware of
conditions or limitations on the dissemination of re-
ports. Of particular note, especially since passage of
the FDA Modernization Act of 1997, is the ability of
the Food and Drug Administration to regulate the
dissemination by technology companies of published
studies of off-label uses of their products (ie, unap-
proved indications for products already approved for
certain indications).

Step 10: Monitor Impact

"The impact of a healthcare technology assessment
should be measured primarily in terms of its ability to
achieve its purposes, such as influencing a regulatory
decision, an acquisition or adoption decision, a cover-
age decision, or clinician behavior, as appropriate.
Alcthough some assessments are translated directly
into policies with clear and quantifiable impacts (eg,
Food and Drug Administration approval for marketing
a new medical device), others are for voluntary use.
For example, assessments conducted by the Blue
Cross and Blue Shield Association Technology Evalu-
ation Center are provided as nonbinding guidance for
coverage decision making by the association’s 55 in-

dependent member plans. Measuring the impact of a
healthcare technology assessment can range from ele-
mentary to infeasible. The impact of an assessment
depends not only on the qualities of the report itself,
but also on how it is disseminated; the target groups’
professional, legal, contractual, or administrative ob-
ligation to comply with it; and ongoing changes in the
healthcare environment.

Conclusion

Healthcare technology assessments are evolving
and their applications are increasingly diverse. The
heightened demand for technology assessment, par-
ticularly from the private sector and public institutions
whose technology-related policy making are under
scrutiny, is pushing the field to evolve keener proc-
esses and user-specific products.

Managed care has great potential to strengthen the
evidence base of healthcare technology assessment.
Advances in health informatics and maturation of in-
tegrated health systems, particularly in the form of
computer-based patient records, can provide a sub-
stantial stream of data that can be used to assess the
short- and long-term impact of interventions on out-
comes and cost. More broadly, managed care organi-
zations can incorporate, adapt, and emphasize
systematic and transparent technology assessment
programs.

Various factors undermine evidence-based ap-
proaches and contribute to inappropriate use, includ-
ing overuse and undetuse, of technology. Demand for
the latest technology, whether its safety and efficacy
are proved or not, is driven by dazzling news reports,
physicians’ desire to specialize and use new technol-
ogy, incentives and habits remaining from fee-for-
service healthcare, and persuasive direct-to-consumer
marketing. The underuse of many proven technolo-
gies, including beta-blockers for heart attack survi-
vors, cochlear implants, glucose monitoring for
diabetes, management of cancer pain, and many
more, results from professional turf battles, poor un-
derstanding of the relative risks and benefits of tech-
nologies, and sociopolitical stances, among others.
Technology demand is also driven by awareness of
potential and real denial of proven interventions and
information about care options. Reactions to these
concerns, such as legislative mandates for minimum
hospital stays after childbirth or mastectomies and for
access to investigational procedures outside of clinical
trial protocols, can circumvent or impede the evidence
process.
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