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FORWARD 

 

It has been years since the introduction of the first “Shucking Oysters” guide, and according to 

all things Hollywood, arguably time for a sequel.  Unfortunately, it remains a lot of medical 

literature “oysters” must be opened in order to recover just one “pearl”.  However, over the 

past four years the concept of Evidence‐Based Medicine (EBM) has begun to permeate every 

fiber of the modern medicine.  Reputable peer reviewed journals, residency programs and 

leading medical organizations have all to one extent or another incorporated the philosophy 

and techniques of EBM.  This is very encouraging as EBM, as a formal concept, remains in its 

infancy. 

 

However, a darker side of EBM has also surfaced.  Throwaway journals, pharmaceutical 

companies and their representatives, and society‐based medical guidelines have also, jumped 

on the EBM bandwagon, often claiming they are “evidence‐based”.  Often the only evidence 

given is a citation or a reference section, with little regard to the actual literature itself.  

Unsuspecting busy clinicians may take these recommendations at face value, especially if they 

are unfamiliar with the concepts of EBM.  This guide attempts to outline ways to differentiate 

the levels of medical evidence and formulate sound clinical decisions. 

 

This guide still relies heavily on the JAMA Users’ Guides to the Medical Literature and the British 

Medical Journals’:  How to Read a Paper Series as core information sources.  The second edition 

of the guide also has expanded the initial tutorial section, commenting of topics such as the 

number needed to treat, likelihood ratios and the p value.  Another new section is Critically  

Appraised Topics (CATS), which represents a formulated process of answering day‐to‐day 

clinical questions. 

 

I hope that this guide will be helpful not only during your residency, but also as you continue 

your lifelong learning. 

 

May the force be with you… 

 

John Hafner, MD 















































































































































































































































































































































































Users' Guides to the Medical Literature
XIII. How to Use an Article on Economic Analysis
of Clinical Practice
A. Are the Results of the Study Valid?
Michael F. Drummond, PhD; W. Scott Richardson, MD; Bernie J. O'Brien, PhD; Mitchell Levine, MD;
Daren Heyland, MD; for the Evidence-Based Medicine Working Group

CLINICAL SCENARIO
You are a general internist on the staff

ofa large community hospital. Your chief
ofmedicine knows ofyour interest in evi-
dence-based medicine, and she asks you
to help her solve a problem. The hospi-
tal's pharmacy and therapeutics commit-
tee has been trying to decide on formu-
lary guidelines for the use ofstreptokinase
or tissue-type plasminogen activator (t\x=req-\
PA) in the treatment ofacutemyocardial
infarction (AMI). Members of the com-
mittee have been arguing for weeks about
the Global Utlization ofStreptokinaseand
Tissue Plasminogen Activator for Oc-
cluded CoronaryArteries (GUSTO) trial1
and whether the added expense of t-PA
is worth it. The committee has reached
an impasse and has asked the chief of
medicine for some outside help to reach
a good decision. Knowing that the hos-
pital faces pressure to keep costs down,
the chief wants good information about
this question to bring to the next com-
mitteemeeting later this week. She asks
you to help her find out if a formal eco¬
nomic analysis that compares thrombo-
lytic agents for AMI has been done and
then help her present it to the committee.

The Search
From your office computer you enter

the hospital library's CD-ROM
MEDLINE system via the hospital's in¬
formation network. In the current
MEDLINE file, you cross the terms "myo¬
cardial infarction" (11099 citations),
"thrombolytic therapy" (3350 citations),
and "cost-benefit analysis" (4232 cita¬
tions). This yields a set of only 11. Re¬
viewing these on screen, you find 3 ar¬
ticles directly relevant to your question.
One is an economic analysis done as part
of the GUSTO study,2 and another is an
economic analysis using data from the
GUSTO trial in a decision model.3 Your
searching program includes a "Local Mes¬
sages" field, and this field reports that both
of these studies are available in your hos¬
pital's library. Your search also turns up
another analysis based on modeling,4 but
the "Local Messages" note indicates that
this journal is not available in your li¬
brary. You request a copy via interli-
brary loan, but realize it will probably ar¬
rive long after the committee's meeting
later this week. You thus turn to the first
2 articles, hoping to find some evidence
you can use to help the committee.

INTRODUCTION
In the course of their work, clinicians

make many decisions about the care of
individual patients. Clinicians are also
asked to participate in decisions for large
groups of patients, whether to set clini¬
calpolicy for an institution ("Should strep¬
tokmase or t-PA be recommended rou¬

tinely for patients with an AMI who
present to ourhospital?"), or to set health
policy at a more macro level ("Which
thrombolytic agents should our national
or local health authority choose to pur¬
chase and provide for our citizens who
suffer AMI?"). When making decisions
for such patient groups, clinicians need
to not only weigh the benefits and risks,

but should also consider whether these
benefits will be worth the health care
resources consumed. Resources used to
provide health care are vast, but not lim¬
itless. This is particularly the case inman¬
aged care settings where, in essence, a
fixed sum is available to provide care for
enrollees. Thus, more and more, clini¬
cianswill have to convince colleagues and
health policymakers that the benefits of
their interventions justify the costs.
To inform these decisions, clinicians

can use economic analyses ofclinical prac¬
tices. Economic analysis is a set of for¬
mal, quantitative methods used to com¬

pare alternative strategies with respect
to their resource use and their expected
outcomes.5·6 Economic evaluations seek
to inform resource allocation decisions,
not make them. Economic analyses have
been attracting more attention in recent
years and could potentially inform deci¬
sions at different levels in the health care
system, such as managing major insti¬
tutions like hospitals and in determining
regional or national policy.7'9
Randomized trials generate data about

relative treatment efficacy, but some¬
times investigators may also collect data
about cost. As with other integrative
studies such as decision analyses10 and
practice guidelines,11 economic analyses
may use estimates of cost and effective¬
ness from summaries of several studies
of therapy, diagnosis, and prognosis. Ei¬
ther way, the main distinction between
economic analyses and other studies is
the explicit measurement and valuation
of resource consumption or cost. The in¬
tegration of cost data often involves plac¬
ing values on the health outcomes so that
they can be related to the costs of alter¬
native treatment strategies.

From the Centre for Health Economics, University of
York, York, England (Dr Drummond); Department of
Medicine, University of Rochester School of Medicine
and Dentistry, Rochester, NY (Dr Richardson); Depart-
ment of Clinical Epidemiology and Biostatistics,
McMaster University and Centre for Evaluation of
Medicines, St Joseph's Hospital, Hamilton, Ontario
(Drs O'Brien and Levine); and Royal Alexandra Hospi-
tal, Edmonton, Alberta (Dr Heyland).
The original list of members (with affiliations) ap-

pears in the first article of this series (JAMA. 1993;270:
2093-2095). A list of new members appears in the 10th
article of the series (JAMA. 1996;275:1435-1439). The
following members contributed to this article: Gordon
H. Guyatt, MD, MSc (chair); Roman Jaeschke, MD,
MSc; Deborah J. Cook, MD, MSc; Hertzel Gerstein,
MD, MSc; Stephen Walter, PhD; John Williams, Jr, MD,
MHS; and C. David Naylor, MD, MSc, DPhil.
Reprints: Gordon H. Guyatt, MD, MSc, McMaster

University Health Sciences Centre, 1200 Main St W,
Room 2C12, Hamilton, Ontario, Canada L8N 3Z5.

Users' Guides to the Medical Literature section edi-
tor: Drummond Rennie, MD, Deputy Editor (West),
JAMA.
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In helping you understand economic
analyses, we will introduce you to how
these analyses are conducted and re¬
view some of their strengths and weak¬
nesses. This is not, however, an article
on how to perform economic analysis;
should you wish to do so, you should
look elsewhere.12"14 Since you may fre¬
quently encounter economic analyses
that are based on decision models, you
may also find it useful to review the
earlier articles in the series on clinical
decision analysis10 when reading such
studies.

THE FRAMEWORK
FOR THE USERS' GUIDES
Wewill approach articles on economic

analysis of clinical strategies with the
same 3 organizing questions introduced
in earlier articles in this series:

Are the Results Valid?
This question addresses whether an

economic analysis truly determines
which of the clinical strategies would
provide the most benefit for the avail¬
able resources. Just as with other types
of studies, the validity of an economic
analysis is primarily determined by the
strength of the methods used.
What Were the Results?
If the answer to the first question was

yes, and the economic analysis likely
yields an unbiased assessment of the
costs and outcomes of the clinical strat¬
egies under study, then the results are
worth examining further. The guides
under this second question consider the
size of the expected benefits and costs
from adopting the most efficient strat¬
egy and the level of uncertainty in the
results.

Will the Results Help
In Caring for My Patients?
If the economic analysis yields valid

and important results, you can then ex¬
amine how to apply these results in your
own clinical setting.
Table 1 summarizes the specific ques¬

tions you can ask in addressing these 3
areas. We will explore the guides by
applying them to the articles we found
in our search. This article will deal with
the validity guides, while the next in the
series will address the results and
applicability.
ARE THE RESULTS VALID?

Did the Analysis Provide a Full
Economic Comparison of Health
Care Strategies?
Economic analyses compare 2 ormore

treatments, programs, or strategies. If
2 strategies are analyzed but only costs

are compared, this comparison would
inform only the resource-use half of the
decision and is termed a cosí analysis.
Comparing 2 or more strategies only by
their efficacy (such as in a randomized
trial) informs only the outcomes portion
of the decision. A full economic com¬

parison requires that both the costs and
outcomes be analyzed for each of the
strategies being compared. To help you
understand the structure of the com¬

parison further, some additional ques¬
tions will be useful.
Was a Broad Enough Viewpoint

Adopted?—Costs and outcomes can be
evaluated from a number of viewpoints:
the patient, the hospital, the third-party
payer (eg, health maintenance organi¬
zation), or society at large. Each view¬
point may be relevant depending on the
question being asked, but broader view¬
points are most relevant to those con¬
cerned about the overall allocation of
health care resources.9That is, an evalu¬
ation adopting, for example, the view¬
point of the hospital will be useful in
estimating the budgetary impact of al¬
ternative therapies for that institution.
However, economic evaluation is usu¬

ally directed at informing policy from a
broader societal perspective.
For example, in an evaluation of an

early discharge program, it is not suf¬
ficient to report only hospital costs, since
patients discharged early may consume
substantial resources in the community.
These costs may not be borne by the
hospital, but are likely to impact on a

third-party payer or the patient in some
way or another. This was a limitation of
the study by Topol et al,ls which as¬
sessed the feasibility and cost savings of
hospital discharge 3 days after AMI,
considering only hospital and profes¬
sional charges. We have no knowledge
of other community services consumed
and whether these differed between
early discharge and conventional dis¬
charge patients.
One of the main reasons for consid¬

ering narrower viewpoints in conduct¬
ing an economic analysis is to assess the
impact of change on the main budget
holders, since budgets or paymentsmay
need to be adjusted before a new therapy
can be adopted. This is particularly true
in countries like the United States,
where resource-allocating decisions are
made in a decentralized way by a range
of actors rather than a health ministry.
Weisbrod et al16 pointed out that while
a community-orientedmental illness pro¬
gram was worthwhile from the perspec¬
tive of society as a whole, it would be
more costly to the organization respon¬
sible for providing the care. Even within
the same institution, narrow budgetary
viewpoints can prevail. In our example

Table 1.—Users' Guides for Economie Analysis of
Clinical Practice

Are the results valid?
Did the analysis provide a full economic
comparison of health care strategies?

Were the costs and outcomes properly measured
and valued?

Was appropriate allowance made for uncertainties
in the analysis?

Are estimates of costs and outcomes related to the
baseline risk in the treatment population?

What were the results?
What were the incremental costs and outcomes of
each strategy?

Do incremental costs and outcomes differ between
subgroups?

How much does allowance for uncertainty change
the results?

Will the results help in caring for my patients?
Are the treatment benefits worth the harms and
costs?

Could my patients expect similar health outcomes?
Could I expect similar costs?

comparing streptokinase with t-PA, it
would be wrong just to focus on the
relative costs of the drugs, which fall on
the pharmacy budget, if there are also
impacts on the use of other hospital
resources.
The patient's perspective may also

merit specific consideration if costs (eg,
in travel) reduce access to care. Also,
some patients may not be able to par¬
ticipate in community care programs if
these impose major costs in terms of
informal nursing support in the home.
In some countries, most notably the
United States, patients may also be re¬
sponsible for a sizable proportion oftheir
health care bills. Many economic ana¬

lysts do not track all of these costs,
owing to the time and effort required.
However, the patient's perspective is
partially integrated into the analysis by
measuring the outcomes of therapy, such
as impact on quality of life.
The way in which the articles byMark

et al2 and Kalish et al3 handle these and
other key methodological issues is pre¬
sented in Table 2. Mark et al2 point out
the importance of considering a broad,
societal viewpoint, whereas Kalish et al3
do not discuss the issue. In practice,
both analyses concentrate on the iden¬
tification and quantification of direct
medical care costs, both inside and out¬
side the hospital. The reasons for ex¬
clusion of other cost items, such as pa¬
tients' costs, are not explicitly discussed,
but may relate to the practical problems
of data collection.
The breadth of outcomes considered

varies according to the type of economic
analysis. In cost-effectiveness analyses
the health outcomes are not valued, but
reported in physical units such as life
years gained or cases successfully
treated. In a variant of cost-effective¬
ness analysis, sometimes called cost-util¬
ity analysis, outcomes ofdifferent types
are weighted to produce a composite
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Table 2.—Key Methodological Features of the 2 Studies

Feature Mark et al2 Kalish et al3
Overall study design Cost-effectiveness and

cost-utility analysis concurrent
with clinical trial

Cost-utility analysis using a
decision-analytic model

Viewpoint for analysis Societal Not stated
Alternatives compared t-PA or streptokinase for

patients with acute myocardial
infarction

t-PA or streptokinase for
patients with acute myocardial
infarction

Benefit measure(s) Life-years saved and
quality-adjusted life-years
saved

Quality-adjusted life-years saved

Source(s) of effectiveness data GUSTO trial (1 -y survival) and
Duke Cardiovascular Disease
Database (long-term survival)

GUSTO trial (1-y survival) and
Worcester Heart Attack Study
(long-term survival)

Source(s) of quality of life
(utility) weights

Sample of 2600 US patients
enrolled in the GUSTO trial

GISSI-2 trial

Estimates of resource use 23105 US patients enrolled in
the GUSTO trial (for initial
hospitalization); sample of
2600 US patients (for
resource use up to 1 y)

Brigham and Women's Hospital
and the literature

Source(s) of cost data Duke cost accounting system
and Medicare DRG rates

Brigham and Women's Hospital
and the literature

Discounting 5% per year 5% per year
Sensitivity analysis Varied estimates of survival and

cost; also varied discount rate
and considered importance of
disabling strokes

Varied estimates of survival cost
and stroke rate; also varied
discount rate

*t-PA indicates tissue-type plasminogen activator; GUSTO, Global Utilization of Streptokinase and Tissue Plas¬
minogen Activator for Occluded Coronary Arteries; GISSI-2, Gruppo Italiano per lo Studio della Sopravvivenza
nell'Infarto Miocardico; and DRG, diagnosis related group.

index, such as the quality-adjusted life
year (QALY)12 or healthy years equiva¬
lent.17Quality adjustment involves plac¬
ing a lower value on time spent with
impaired physical and emotional func¬
tion than time spent in full health. On a
scale where 0 represents death and 1
represents full health, the greater the
impairment, the lower the value of a
particular health state. These ap¬
proaches are particularly useful when
alternative treatments produce out¬
comes of different types, or when in¬
creased survival is bought at the ex¬

pense of reduced quality of life.
Finally, in cost-benefit analyses, the

health consequences are valued by ask¬
ing health care consumers what they
would be willing to pay for health ser¬
vices that achieve combinations of out¬
comes of particular types. This has an

advantage in that it would be possible to
assess directly whether the interven¬
tion is worthwhile to society, as all costs
and outcomes would be valued in the
same units (usually dollars). However,
this approach may introduce a bias to¬
ward interventions for the rich, if their
willingness to paywere higher than that
of the poor. Nevertheless, it is worth
remembering that most of the methods
of economic evaluation ultimately lead
toward some type of social valuation,
such as how much we are willing to pay
to gain an extra year of life or an extra
QALY. Also, the QALY approach in¬
troduces another kind of bias in favor of
those individuals with potentially more
years to live in a good health state.

In the study by Mark et al,2 the pri¬
mary analysis was cost-effectiveness
analysis, using the outcome years oflife
saved. The outcome in QALYs was con¬
sidered in a secondary analysis. In the
study by Kalish et al3 the primary analy¬
sis used QALYs. In both cases the value
of states of health were obtained by the
time trade-off approach; that is, by ask¬
ing patients how many years in their
current state of health they would be
willing to give up to live their remaining
years in excellent health. Mark et al2
obtained these values from patients in
the GUSTO trial 1 year after treatment.
Kalish et al3 obtained them from a sub¬
set of patients in the Gruppo Italiano
per lo Studio della Sopravvivenza
nell'Infarto Miocardico (GISSI-2) trial.
Another type of consequence is the

impact that therapy may have on the
patient's ability to work and hence her
or his contribution to the nation's pro¬
duction. These impacts are known as
indirect costs and benefits in much of
the health economics literature, but this
terminology is falling from favor as it is
at odds with the accounting use of the
term indirect costs, to mean overhead.
The issue of inclusion or exclusion of
productivity changes is a frequent topic
of debate. On one hand, these represent
resource-use changes just like those oc¬

curring in the health care system. On
the other hand, production may not ac¬
tually be lost if a worker is absent for a
short period. Also, for longer periods
of absence, a previously unemployed
workermay be employed. Furthermore,

inclusion ofproductivity changes biases
evaluations in favor of programs for
those individuals who are employed full-
time. Therefore, you should be skeptical
about any economic analysis that in¬
cludes productivity changes without
clearly presenting the implications.
Neither of the thrombolytic studies

discussed here considered productivity
changes. The inclusion would be unlikely
to substantially influence the compari¬
son between streptokinase and t-PA,
and may not be appropriate. However,
the exclusion of lost productivity could
constitute another argument for throm-
bolysis over a treatment strategy of no
thrombolysis.
WereAll the Relevant Clinical Strat¬

egies Compared?—The second assess¬
ment of the breadth of an economic
evaluation relates to the range of alter¬
native strategies examined. A frequently
omitted strategy is that ofmaintaining
the status quo. Another mistake is to
view alternatives as being all or noth¬
ing. In medicine it is not often a question
of whether one should adopt a particu¬
lar test or apply a particular therapy,
but how much of it should be applied.
Thus, the interesting and more clini¬
cally relevant questions often relate to
whether a given procedure should be
applied selectively or routinely,whether
a treatment should be given to low-risk
patients as well as to high-risk patients,
or whether the dose of a drug should be
intensified.
One difficulty faced by economic ana¬

lysts is that the comparisons theywould
like to make are to some extent limited
by the availability of clinical data. A
particular concern is the fact that clini¬
cal trials of many new medicines make
a comparison with placebo rather than
another active therapy. Thismeans that,
often, economic analyses cannot be based
on either a particular clinical trial or an
overview of several trials. Rather, they
become integrative studies that, of ne¬
cessity, employ a number of assump¬
tions. Therefore, users of economic
analyses need to check on the methods
of the studies generating the clinical data
for the economic analysis and whether
such studies are really comparable. They
may be concerned if the clinical data
used in an economic evaluation came
from studies that enrolled patients of
different baseline risk, ormeasured clini¬
cal outcomes in a slightly different way.
Both the articles by Mark et al2 and

Kalish et al3 examine only the strategies
compared in the GUSTO trial. This is
reasonable because previous randomized
trials had shown that thrombolysis was
both effective and cost-effective when
compared with no treatment, so the is¬
sue of a do-nothing strategy does not
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arise. However, the question of which
patients should be treated with a par¬
ticular therapy is likely to be important
(we return to this point later).
Were the Costs and Outcomes
Properly Measured and Valued?
Was Clinical Effectiveness Estab¬

lished?—To be valid, economic evalua¬
tions require evidence on the effective¬
ness of the alternatives being compared.
The standards for assessment of effec¬
tiveness correspond to those discussed
in earlier guides in the series. Although
evidence based on experiments, such as
that obtained from randomized trials, is
considered the best evidence for answer¬
ing questions of therapy, economic evalu¬
ations are more valid if effectiveness
data reflect normal clinical practice as

closely as possible. Some economic evalu¬
ations are now being undertaken con¬

currently with randomized trials. Oth¬
ers are being based on systematic
overviews of a number of trials. For
example, Mugford et al18 used data from
a systematic overview of 58 controlled
trials to estimate the cost-effectiveness
of giving prophylactic antibiotics rou¬

tinely to reduce the incidence of wound
infection after cesarean delivery.
The decision about whether to base an

economic evaluation on results ofa single
trial, an overview of a number of trials,
or a broader synthesis (in a modeling
study) of trial and other evidence is not
straightforward. In principle, all 3 ap¬
proaches can be used. The considerations
that guide the choice of approach in a

given situation are as follows.
An evaluation based on prospective

economic data collection alongside a

single methodologically rigorous trial has
high internal validity. However, the re¬
sults may not be widely generalizable
(that is, they may have low external
validity) if the setting for the trial was
atypical, the protocol highly prescrip¬
tive, or compliance higher than one
would expect in routine clinical prac¬
tice. An evaluation based on an over¬
view of a number of trials is likely to be
more precise, as the pooled estimate of
effectiveness will have a narrower con¬
fidence interval (CI), and is likely to be
more widely generalizable because of a
wider range of patients, practice set¬
tings, and ways of administering the
intervention in several trials.
Sometimes data from trials require ad¬

justmentwhen used in an economic analy¬
sis. In their economic evaluation of mi-
soprostol, a drug for prophylaxis against
gastric ulcer in patients receiving long-
term nonsteroidal anti-inflammatory
drugs (NSAIDs), Hillman and Bloom19
used clinical data from a trial under¬
taken by Graham et al.20 This évalua-

tion compared misoprostol (400 µg and
800 µg daily) with placebo in a double-
blind randomized controlled trial of 3
months' duration. An important issue for
economic analysis was that ulcers pre¬
vented by misoprostol may generate sav¬
ings in health care expenditure, which
could balance the cost ofadding the drug.
However, it was not possible to use the
rates of ulcer observed in the trial for
the economic analysis without adjust¬
ment. First, lesions were discovered by
endoscopy, which was performed
monthly. Many of these ulcers would not
have come to the notice of the patient
or her physician in regular practice. Sec¬
ond, the compliance rate observed in the
trial was higher than that typically ob¬
served in patients taking NSAIDs.
Therefore, Hillman and Bloom ad¬
justed the observed ulcer rates to re¬
flect the fact that 40% of endoscopically
determined lesions remain silent. They
also adjusted for lower compliance by
using the ulcer rates in the évaluable co¬
hort and assuming that only 60% of this
efficacy would be achieved in practice.
Sometimes the length of follow-up in

the clinical trial may be too short for the
purposes of economic evaluation, as this
tends to use long-term end points such
as survival. The problem of length of
follow-up is equally relevant for both
costs and benefits. In some cases an in¬
crease in length of follow-up in a clinical
trial by a number of months may make
a lot of sense. For example, although it
is common in trials of thrombolytic
therapy to record 30-daymortality,most
major trials, such as the GUSTO study,
incorporate 1-year follow-up.
In other fields, such as lowering cho¬

lesterol levels, data on final outcomes
such as all-cause mortality may take
years to obtain. Here modeling studies
have been undertaken, making projec¬
tions of long-term outcomes from short-
term trial data relating to intermediate
end points, such as percentage reduc¬
tion in cholesterol. Therefore, the prob¬
lem of short-term follow-up is com¬

pounded by the use of an intermediate
end point. The wisdom of this approach
depends on the validity of the hypoth¬
esis linking intermediate and final out¬
comes. In at least 1 case, projections
based on short-term evidence turned out
to be wrong. Schulman et al21 concluded
that early use of zidovudine therapy in
asymptomatic individuals with human
immunodeficiency virus infection was
cost-effective based on projections ofdis¬
ease progression from a clinical trial with
1-year follow-up. However, a subsequent
studywith 3-year follow-up showed that
the advantages of therapy in the first
yearwere eroded in subsequent years.22
The authors also called into question the

uncritical use of CD4 cell counts as a

surrogate end point for assessment of
benefit from long-term antiviral therapy.
Where long-term evidence is lacking,

economists are in a quandary, particu¬
larly where the treatment concerned is
already in use. Do they say nothing at
all, or undertake a modeling study that
may help the decision maker understand
the likely range ofcost-effectiveness out¬
comes? The same problem confronts the
user of economic evaluation results.
Should a decision be postponed until de¬
finitive data are available, or should an
interim policy be formulated, pending
further results?
Of the 2 thrombolysis studies dis¬

cussed here, the one by Mark et al2 was
undertaken concurrently with the clini¬
cal trial, whereas that by Kalish et al3 is
amodeling study using the GUSTO trial
results as its main source of clinical evi¬
dence. Therefore, the cost-effectiveness
results are likely to bemore similar than
in a situation, for example, where the
modeling study draws on clinical data
from a number of different sources.
The main methodological difference

between the 2 studies is that the re¬
source consumption (eg, days in hospi¬
tal, number of outpatient visits) in the
study by Mark et al2 are those actually
observed during the trial. By contrast,
the estimates in the study by Kalish
et al3 are drawn from other sources,
although the probabilities of resource-
consuming events (eg, coronary artery
bypass surgery) are taken from the
GUSTO trial.
Finally, it should be noted that by

using observational databases, both ar¬
ticles extrapolated survival data beyond
the 1 year observed in the trial. This
reaffirms the point that, even when good
quality clinical data are available, mod¬
eling is often necessary to conduct an
economic evaluation.
Were Costs MeasuredAccurately?—

While the viewpoint determines the rel¬
evant range of costs and outcomes to be
included in an economic evaluation, there
are many issues relating to their mea¬
surement and evaluation. First, it is use¬
ful to report the physical quantities of
resources consumed or released by the
treatments separately from their prices
or unit costs. Not only does this allow us

to scrutinize the method of assigning
monetary values to resources, it also
helps us to interpret the results of a
study from one setting to another, as
prices are known to vary by location.
Second, there are different approaches

to valuing costs or cost savings. One
approach is to use published charges.
However, charges may differ from real
costs, depending on the sophistication
of accounting systems and the relative
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bargaining power of health care insti¬
tutions and third-party payers.23Where
there is a systematic deviation between
costs and charges, the analyst may
adjust the latter by a cost-to-charge
ratio. However, very little is currently
known about how charges differ from
costs, so simple adjustments may not
suffice. From the third-party payer's
perspective, charges will bear some
relation to the amounts actually paid,
although in some settings payments
vary by payer. From a societal perspec¬
tive we would like the real costs, since
these reflect what society is forgoing, in
benefits elsewhere, to provide a given
treatment.
For example, Cohen et al24 compared

costs and charges for conventional an-
gioplasty, directional coronary atherec-
tomy, intracoronary stenting, and by¬
pass surgery. Previous studies had
suggested that total hospital charges for
directional coronary atherectomy or in¬
tracoronary stenting are significantly
higher than those for conventional an-
gioplasty. However, when costs were
examined, by adjusting itemized patient
accounts by department-specific cost-
to-charge ratios, it was found that the
in-hospital costs of angioplasty and di¬
rectional coronary atherectomy were
similar. Also, although the cost of coro¬
nary stenting was approximately $2500
higher than that of conventional angio¬
plasty, the magnitude of this difference
was smaller than the $6300 increment
previously suggested on the basis of
analysis of hospital charges. The impli¬
cation is that we may be deterred from
using coronary atherectomy or stenting
because of the high cost, whereas this
may be an artifact of hospital account¬
ing systems or bargaining power, rather
than a reflection of the real value to
society of the resources consumed by
those procedures.
Mark et al2 use costs from the Duke

Transition One cost-accounting sys¬
tem, Medicare diagnosis related group
(DRG) reimbursement rates, and Medi¬
care physicians' fees in their esti¬
mations. Since the costs of the throm¬
bolytic agents are an important
component of the analysis, drug costs are
calculated in 2 ways: from the Drug Top¬
ics Red Book average of 1993 wholesale
prices,25 and from the average costs of
the drugs in 16 randomly selected
GUSTO hospitals. The impact on cost-
effectiveness of the different estima¬
tion methods is examined. Kalish et al3
usedmedication costs andMedicare DRG
reimbursement rates for 1 hospital. They
took costs of treating serious hemor¬
rhage and the costs of managing coro¬

nary artery disease and stroke from the
literature.

Were Data on Costs and Outcomes
Appropriately Integrated?—Whenmak¬
ing comparisons between alternatives in
terms of cost per life year gained or cost
perQALY gained, it is important to com¬
pute the incremental cost-effectiveness
ratio of one therapy over another. This is
because the most relevant information
for the decision maker relates to the ex¬
tra benefit that would be gained com¬
pared with any extra cost. Of course, if
one therapy is dominated by another,
having both higher benefits and lower
costs, then the incremental comparison
is not needed. In this case both articles
calculate the incremental cost per life
year or QALY gained from the use of
t-PA, compared with streptokinase.
One important point to note about in¬

cremental analysis is that the incremen¬
tal cost-effectiveness ratio of a given
intervention is critically dependent on
the comparisonmade. The most relevant
comparison is current care, which could
include doing nothingwhere this is ethi¬
cally defensible. In the example dis¬
cussed here, most would argue that
streptokinase is the appropriate com¬
parison and that doing nothing is not
really an option. Where there are mul¬
tiple interventions, each of which could
be delivered at different scales or in¬
tensities, the rankingofoptions becomes
quite complex.20
A final issue in the measurement and

valuation of costs and consequences re¬
lates to the adjustment for differences
in their timing. It is normally assumed
that we prefer benefits sooner and pre¬
fer to postpone costs because of uncer¬
tainty about the future and because re¬
sources, if invested, usually yield a

positive return. The accepted way of
allowing for this in economic evaluations
is to discount costs and benefits occur¬
ring in the future to present values.12
The effect of this is to assign a lower
weight in the analysis to costs and ben¬
efits occurring in the future. An annual
discount rate of 5% is common in the
published literature,although this choice
is not necessarily theoretically or em¬
pirically justified. There are also debates
about whether health outcomes should
be discounted at the same rate as
costs.27·28
In both studies considered here, the

authors discount costs and benefits oc¬

curring in the future at a rate of 5% per
year. Mark et al2 also report results for
discount rates of 0% and 10%, whereas
Kalish et al3 report results for rates of
1% and 10%.

Was Appropriate Allowance Made
for Uncertainties in the Analysis?
Uncertainty in economic evaluation

can arise either from lack ofprecision in

estimation or from methodological con¬
troversy. The conventional way of al¬
lowing foruncertainty in economic analy¬
ses is to undertake a sensitivity analysis
(discussed in an earlier guide10) where
the estimates for key variables are al¬
tered to assess what impact they have
on study results.
In addition, conducting economic

evaluations concurrentlywith clinical tri¬
als provides the opportunity to apply
conventional tests of statistical signifi¬
cance to the resource quantities or
costs.29Also,where measurements from
a clinical trial inform us of the distribu¬
tion of cost variables, it is possible to set
the range of estimates for sensitivity
analysis in relation to the statistical prop¬
erties ofthe distribution (eg, 2 SDs from
the mean). This raises a number of im¬
portant issues, such as the size of the
"economically important difference"
when comparing the cost or cost-effec¬
tiveness of 2 alternatives, and the ap¬
propriateness of, and methods for, sta¬
tistical tests on cost-effectiveness ratios.
Both articles report extensive sensi¬

tivity analyses, many of which relate to
different methodological choices (eg,
source of cost estimates) rather than to
observed variability in the data. Mark
et al2 use the 95% CI for the increase in
1-year survival to explore the possible
range in cost per life year saved. They
also perform statistical tests for differ¬
ences in cost but not for differences in
cost-effectiveness ratios.
Because economic evaluation meth¬

ods are in their infancy compared with
those for randomized trials, investiga¬
tors still debate many issues.30 We've
already mentioned one major issue: the
appropriateness of alternative methods
for valuing outcomes. Other issues re¬
late to the appropriateness of consider¬
ing some types of outcome (such as the
costs of lost production if individuals are
away from work because of illness) or
the choice of discount rate. Some meth¬
odological uncertainties can be taken into
account by sensitivity analysis (eg, if
the choice of discount rate does not af¬
fect the choice of strategy in a given
situation, then this particular contro¬
versy, though important, may not be
critical to the decision).
The other way in which methodologi¬

cal uncertainties can be accommodated
is in the reporting and discussion of re¬
sults. Economists are often criticized for
failing to reach a firm conclusion, but if
the result is truly equivocal, that infor¬
mation will be important for the deci¬
sion maker. It is important to remem¬
ber that economic evaluation is no more
than an aid to decision making, since
thereareoftenmanydifficult value judg¬
ments in reaching a decision.
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Are Estimates of Costs and
Outcomes Related to the Baseline
Risk in the Treatment Population?
Finally, we must recognize that in

clinical practice the costs and outcomes
of treatment are likely to be related to
the baseline risk in the treatment popu¬
lation. For example, the cost-effective¬
ness of drug therapy for elevated
cholesterol level, compared with no

treatment, will depend on age, sex, pre¬
treatment cholesterol level, and other
risk factors; the greater the patients'

risk, the lower the cost per unit of
benefit.31
Division of patients into risk catego¬

ries is common in clinical practice. In a

study ofthe cost-effectiveness ofß-block¬
ers after AMI, Goldman et al32 found
that the cost per life year gained was

$2400 for those patients at high risk,
compared with $13 000 for those at low
risk. The differences in the cost-effec¬
tiveness ratios were driven primarily
by the patient's ability to benefit from
therapy, rather than treatment cost.

Both articles investigate the impact
of patient age on cost-effectiveness, as
older patients have a higher mortality
risk and fewer years of life left to live.
In addition, Mark et al2 investigate the
impact of infarction location on the cost-
effectiveness estimates.
In this article we have outlined some

of the threats to validity in economic
evaluations. In the next article on eco¬
nomic analysis, we will show you how to
determine the results and how to use
them in your practice.
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Users' Guides to the Medical Literature
XIII. How to Use an Article on Economic Analysis
of Clinical Practice
B. What Are the Results and Will They Help Me
in Caring for My Patients?
Bernie J. O'Brien, PhD; Daren Heyland, MD; W. Scott Richardson, MD; Mitchell Levine, MD; Michael F. Drummond, PhD;
for the Evidence-Based Medicine Working Group

CLINICAL SCENARIO
You recall from the first of our 2 ar-

ticles1 concerning economic analysis of
clinical practice that your chief of medi-
cine has asked you to review relevant
economic evidence from the literature
and report to the hospital's pharmacy
and therapeutics committee, which is
trying to decide on formulary guidelines
for the use of streptokinase and tissue-
type plasminogen activator (t-PA) in the
treatment of acute myocardial infarc-
tion (AMI). Your literature search iden-
tified 2 recent key cost-effectiveness
studies: an analysis of economic data
collected prospectively as part of the
Global Utilization of Streptokinase and
Tissue Plasminogen Activator for Oc-
cluded Coronary Arteries (GUSTO)
trial2 of streptokinase vs t-PA by Mark
et al,3 and a decision-analytic model by
Kalish et al.4 In the first article of this

2-part series we showed you how to
evaluate the validity of the different eco-
nomic appraisal study methods. In this
article, we will show you how to inter-
pret the results of an economic evalua¬
tion and how to examine the applicabil¬
ity of such data to your local practice
setting and patients. We will do so by
applying the Users' Guides to economic
analysis of clinical practice in Table 1 to
both studies.

WHAT ARE THE RESULTS?
What Were the Incremental Costs
and Outcomes of Each Strategy?

Let us start with the incremental costs.
Look in the text and tables for the list¬
ings of all the costs considered for each
treatment option and remember that
costs are the product of the quantity of
a resource used and its unit price. These
should include the costs incurred to pro¬
duce the treatment such as the physi¬
cian's time, nurse's time, materials, and
the like—what we might term the up-
front costs, as well as the downstream
costs, which refer to resources consumed
in the future and are associated with clini¬
cal events that are attributable to the
therapy. The study by Mark et al3 quan¬
tifies resources used by treatment group
in 3 periods of time over 1 year: initial
hospitalization, discharge to 6 months,
and 6 months to 1 year. Both treatment
groups were very similar in their use of
hospital resources over the year; both
experienced a mean length of stay of 8
days, of which 3.5 days were in the in¬
tensive care unit. Both groups had the
same rate ofcoronary artery bypass graft

(CABG) surgery (13%) and percutane¬
ous transluminal coronary angioplasty
(PTCA) (31%) on initial hospitalization.
As summarized in Table 2, the 1-year
health care costs, excluding the throm¬
bolytic agent, were $24990 per patient
treated with t-PA, and $24 575 per pa¬
tient treated with streptokinase. As is
clear from Table 2, the main cost differ¬
ence between the 2 groups is the cost of
the thrombolytic drugs themselves: $2750
for t-PA and $320 for streptokinase. The
overall difference in cost between pa¬
tients treated with t-PA and patients
treated with streptokinase is therefore
our incremental cost at $2845 over the
first year. This is discounted at 5% per
year for a final figure of $2760. The au¬
thors argue that there is no cost differ¬
ence between the 2 groups after 1 year.
These data for incremental costs for t-PA
are very similar to those estimated by
Kalish et al,4 who found a difference of
$2535 in the use of t-PA to treat AMI in
preference to streptokinase.

The measure of effectiveness chosen
in the study by Mark et al3 is the gain in
life expectancy associated with t-PA.
The available follow-up experience was
to 1 year, with 89.9% surviving in the
streptokinase group vs 91.1% in the t-PA
group (P<.001). To translate these ob¬
servations into life expectancy gains, the
authors project survival curves for an¬
other 30 years or more using first a 14-
year AMI survivorship database from
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Table 1.—Users' Guides for Economic Analysis of
Clinical Practice

Are the results valid?
Did the analysis provide a full economic comparison

of health care strategies?
Were the costs and outcomes properly measured

and valued?
Was appropriate allowance made for uncertainties

in the analysis?
Are estimates of costs and outcomes related to the

baseline risk in the treatment population?
What were the results?

What were the incremental costs and outcomes of
each strategy?

Do incremental costs and outcomes differ between
subgroups?

How much does allowance for uncertainty change
the results?

Will the results help in caring for my patients?
Are the treatment benefits worth the harms and

costs?
Could my patients expect similar health outcomes?
Could I expect similar costs?

Duke University and then an assump¬
tion that remaining survivorship will fol¬
low a statistical distribution known as

Gompertz. Having projected 2 survival
curves, the authors calculate the area
under each curve, which represents the
expected value of survival time or life
expectancy. For patients receiving t-PA,
life expectancy was 15.41 years and 15.27
years for patients receiving streptoki¬
nase. As summarized in Table 2, the
difference in life expectancy is 0.14 year
per patient; or phrased another way, for
every 100 patients treated with t-PA in
preference to streptokinase, we would
expect to gain 14 years of life.

In other situations, quantifying incre¬
mental effectiveness may be more dif¬
ficult. Not all treatments change sur¬

vival, and those that do not may affect
different dimensions of health in many
ways. For example, drug treatment of
asymptomatic hypertension may result
in short-term health reductions from
drug adverse effects, in exchange for
long-term expected health improve¬
ments, such as reduced risk of strokes.
Note that in our t-PA example the out¬
come is not unambiguously restricted to
survival benefit because there is a small
but statistically significant increased risk
of nonfatal hemorrhagic stroke associ¬
ated with t-PA.2 The existence of trade¬
offs between different aspects ofhealth,
or between length of life vs quality of
life, means that to arrive at a summary
measure of net effectiveness, we must
implicitly or explicitly weight the "de¬
sirability" of different outcomes rela¬
tive to each other.

There is a large and growing litera¬
ture on quantitative approaches for com¬

bining multiple health outcomes into a

single metric using patient prefer¬
ences.5 Foremost among current prac¬
tice is the construction of quality-
adjusted life-years (QALYs) as a measure
that captures the impact of therapies in

the 2 broad domains of survival and qual¬
ity of life. (QALYs were described in
more detail earlier in this series.6'7) For
economic appraisal, the added attrac¬
tion of the QALY is that it provides de¬
cision makers with outcomes data that
can be compared across diseases and
treatments (eg, thrombolytic therapy for
AMI vs nonsteroidal anti-inflammatory
drugs [NSAIDs] for arthritis) as well as
within a given therapy area. However,
the QALY approach is not without criti¬
cism and some authors have proposed
an alternative preference-weighted out¬
come measure known as healthy years
equivalents.8

Both cost-effectiveness studies at¬
tempt to apply utility weights to esti¬
mate QALYs; the study by Mark et al3
calculates QALYs as a secondary analy¬
sis using preference weights measured
in the trial, and the study by Kalish et
al4 calculates QALYs as the primary
outcome using values from the litera¬
ture. Both studies conclude that, under
plausible preference weights for nonfa-
tal outcomes, the overall cost-effective¬
ness estimates are robust.

In summary, both studies use the ef¬
ficacy data from the GUSTO trial as
their starting point to conclude that t-PA
treatment is more costly than strepto¬
kinase treatment, but that it provides
an increase in survival (quality-adjusted
or otherwise). The next calculation in
both studies is to determine the incre¬
mental cost-effectiveness ratio for t-PA.
This is illustrated using the data from
the study by Mark et al3 in Table 2.
After discounting future costs and ef¬
fects at 5% per year to reflect time pref¬
erence (for the rationale, see our first
article1), the difference (t-PA minus
streptokinase) in cost per patient over
the year (and by extension into the fu¬
ture because they assume no cost dif¬
ferences beyond 1 year) is $2709.60,
which is divided by the difference in life
expectancy per patient (0.029) to yield a
ratio of $32 678 per year of life gained.
A simple interpretation of this ratio is

that it is the "price" at which we are

buying additional years of life by using
t-PA in preference to streptokinase; the
lower this price, the more attractive is
the use of t-PA. The study by Kalish et
al4 reaches a similar incremental cost-
effectiveness ratio (with their adjusted
denominator of QALYs and using the
30-day risk reduction GUSTO data) of
$30300 per QALY. These are the main
results of the studies; we will discuss
their interpretation later in this article.

Do Incremental Costs and Outcomes
Differ Between Subgroups?

In an editorial accompanying the
GUSTO economic analysis, Lee9 stresses
that "cost-effectiveness should focus on

strategies, not drugs. The cost-effective¬
ness of t-PA depends on how the drug is
administered and to whom it is given."
The first point relates mainly to the fact
that the GUSTO trial had a protocol for
accelerated administrationoft-PA; slower
regimens of administration of the same

drug had previously shown no clinical ad¬
vantage.10 The second point is that be¬
cause some patients (eg, the elderly) have
a greater prior risk ofmortality, the t-PA
treatment effect will likely yield a higher
absolute risk reduction in mortality.2

This second point has important im¬
plications for cost-effectiveness as can
be seen in Table 3, which presents cost
per life-year estimates among 8 sub¬
groups on the basis of infarction site and
patient age. Because the baseline risk of
mortality in AMI varies by age and in¬
farcì site, the mortality benefit from
treatment with t-PA also varies, and it
is clear from Table 3 that t-PA is more
cost-effective in older patients with an¬
terior infarcts. To take the extreme
cases, the cost per life-year gained in a

person aged 40 years or younger with
an inferior infarct is $203 071, compared
with a person aged 75 years or older
with an anterior infarct at only $13 410
per life-year gained.

In reviewing these studies you decide
that the variation in yield per dollar ex-

Table 2.—Costs, Effects, and Cost-effectiveness Summary for Tissue-type Plasminogen Activator (t-PA) vs

Streptokinase From Mark et al3

Treatment Group
t-PA Streptokinase

Difference
(t-PA-Streptokinase)

Difference
Discounted at 5%

per Year

Costs, in US$
Health care costs for 1 y

(excluding thrombolytic)*
24 990 24 575 415

Thrombolytic drug cost 2750 320 2430

Total 1-year cost 27 740 24 895 2845 2709.6 (=AC)t
Effects

Life expectancy, y 15.41 15.27 0.14 0.029 (=  ) 
Incremental cost-effectiveness

of t-PA
AC/AE=$32 678per

life year gained
Treatment groups assumed to have no cost differences beyond 1 year.
tThese discounted differences were not reported in the article, but have been imputed. AC indicates incremental

cost, and   , incremental effect. Ratio differs due to rounding error.
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Table 3.—Incremental Cost-effectiveness of Tissue-type Plasminogen Activator vs Streptokinase in Patient
Subgroups From the Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded
Coronary Arteries (GUSTO)*

Cost (in $) Per Life-Year Gained by Age Subgroup, y
I I

_s40_41-60_61-75_>75
Inferior myocardial infarction 203 071 74 816 27 873 16 246
Anterior myocardial infarction 123 609 49 877 20 601 13 410

*Data from the GUSTO Investigators.2 Table adapted from Mark et al.3

pended may have some important impli¬
cations for your pharmacy and therapeu¬
tics committee decision, because they wish
to use t-PA only in selected patients.
How Much Does Allowance
for Uncertainty Change the Results?

Both t-PA cost-effectiveness studies
explore uncertainty using sensitivity
analysis, examining the impact on in¬
cremental cost-effectiveness of alterna¬
tive values for uncertain variables. (One¬
way and multi-way sensitivity analysis
was described in detail in the Users'
Guides on decision analysis.6,7)

A useful starting point for a sensitiv¬
ity analysis is to examine the impact of
variation in the effectiveness measure
on the cost-effectiveness estimates.
Where effectiveness is based on clinical
trial data, the analyst does not have to
make an additional judgment about the
plausible range over which to vary the
data, but can use a conventional mea¬
sure of precision around a treatment
effect such as the 95% confidence inter¬
val (CI). Using data from the study by
Mark et al,3 we know the t-PA treat¬
ment effect was a 1.1% increase in 1-year
survivorship with a 95% CI of 0.46% to
1.74%. Applying this variation to the
denominator of the incremental cost-ef¬
fectiveness ratio, Mark et al3 report a

range of $71039 per life-year gained to
$18 781 around their baseline estimate
of $32 678, with smaller benefit yielding
a higher ratio. Both studies conclude
that their estimates of cost-effective¬
ness are most sensitive to uncertainty
in the magnitude ofmortality benefit. It
should be noted, however, that this form
of analysis only partially captures the
uncertainty in the cost-effectiveness ra¬
tio because it assumes the numerator
(cost) does not vary. Investigators are

currently developing more formal pro¬
cedures for estimating CIs for cost-ef¬
fectiveness ratios that permit the nu¬
merator and denominator to vary.11
WILL THE RESULTS HELP
IN CARING FOR MY PATIENTS?

Having established the results of the
2 economic studies and the precision of
the estimates, we now turn to 2 impor¬
tant issues of interpretation. The first
issue is how incremental cost-effective¬
ness ratios can be interpreted to help in

decision making, and the second issue is
the extent to which the cost and/or ef¬
fects from the study can be applied to
your practice setting.
Are the Treatment Benefits
Worth the Harms and Costs?

In the Figure we present a simple
framework for categorizing economic
study results when data on incremental
costs and effects have been determined.
This 3x3 matrix has 9 cells to categorize
studies depending on whether the new
treatment is more, the same, or less costly
than the control and whether it has more,
the same, or less effectiveness.

In category 1, the new treatment is
both less costly and more effective than
the control, so the new treatment is said
to be strongly dominant. For example,
treatment to eradicate Helicobactor py¬
lori for duodenal ulcer is strongly domi¬
nant over acid suppression with an H2-
receptor antagonist because it is less
costly and results in fewer recurrences
ofulcer over a 1-year period.12 Category
2 represents strong dominance to reject
a new therapy where the costs are higher
and the effectiveness is worse than the
control. Then follow 4 cases of so-called
weak dominance where one of either
costs or effectiveness is equivalent be¬
tween the 2 therapies: category 3 indi¬
cating weak dominance to accept the
treatment (equivalent cost but better
effectiveness) and category 4 indicating
weak dominance to reject the treatment
(greater cost with equivalent effective¬
ness). By analogy, categories 5 and 6
indicate weak dominance to reject and
accept, respectively.

All the shaded cells in the Figure in¬
dicate comparative cost and effective¬
ness combinations that provide evidence
of strong or weak dominance. To inform
decision making, no further analysis,
such as calculation of cost-effectiveness
ratios, is required for these shaded cells.
However, further analysis is needed if
results fall into the nondominance un¬
shaded cells of 7, 8, or 9. First, it may
arise that the treatment is associated
with no statistically significant or clini¬
cally important difference in either ef¬
fectiveness or costs, although it should
be noted that the process of implemen¬
tation and change of programs will gen¬
erate costs not captured in the analysis.

Nine possible outcomes arising in the comparison
of treatment control in terms of incremental cost and
incremental effectiveness.

The most common nondominance cir¬
cumstance is category 7, where the new

therapy offers additional effectiveness,
but at an increased cost (or its mirror
image in category 8). Both t-PA studies
in our example fall into category 7. In
this circumstance, as undertaken by both
our t-PA studies, it is useful to calculate
the incremental cost-effectiveness ra¬
tios of the new therapy as we discussed
above and illustrated in Table 2.

Having estimated the incremental cost-
effectiveness oft-PA over streptokinase,
and assuming for the moment that these
data apply to your practice setting, how
do you decide whether approximately
$33 000 is an acceptable price to pay for
saving 1 additional year of life? The first
important point to note is that this ques¬
tion involves a value judgment and can¬
not be resolved by the analyst using only
the study data. As noted in the conclu¬
sion of the GUSTO economic analysis,
the study data can inform the decision
but cannot make the choice. Some appeal
must be made to external criteria to as¬
certain whether a jurisdiction or society
is willing to pay this price for this im¬
provement in outcome.

There are a number of approaches to
the interpretation of incremental cost-
effectiveness ratios. In an ideal world of
complete information we would have
data indicating the health outcomes we
would be forgoing from other interven¬
tions and programs, within and outside
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health care, not funded as a consequence
of using t-PA. This is what economists
refer to as opportunity cost. However,
data to accomplish this task are very
limited and investigators have promul¬
gated a variety of second-best interpre¬
tive strategies. One approach assumes
that previous decisions to adopt new
medical therapies of known cost-effec¬
tiveness reveal an underlying set of val¬
ues with which to judge the acceptabil¬
ity of the current treatment candidate.
Our 2 t-PA cost-effectiveness studies
both use this interpretive strategy to
assess their $30000 per life-year esti¬
mates: both cite the cost-effectiveness
of 2 to 3 other interventions, some non-

cardiac, that are currently funded and
both conclude that an acceptable cost-
effectiveness threshold would be $50 000
per QALY gained (for Kalish et al4) and
per life-year gained (for Mark et al3).

Investigators have debated the valid¬
ity of such interpretive strategies for in¬
cremental cost-effectiveness ratios at
both theoretical13·14 and practical levels.15
For example, Johannesson and Wein¬
stein13 maintain that prioritizing resource
allocations among health care programs
based on rank orderings of interventions
by incremental cost-effectiveness does
lead to an efficient allocation of resources,
in the sense that we are getting the great¬
est health yield for the resources ex¬

pended. However, Birch and Gafni14 con¬
tend that this is only the case where 2
assumptions hold true; programs exhibit
constant returns to scale and are per¬
fectly divisible. What do these 2 terms
mean? Constant returns to scale implies
a linear relationship between costs and
outcomes at different levels of produc¬
tion; in many cases this may not hold true
because we observe economies of scale,
an example being the regionalization of
cardiac surgery in 1 center where high
volume can produce lower cost per case
and often better clinical outcomes. Di¬
visibility of programs implies that we
can reallocate $1 or $1000 to t-PA and
purchase benefits at the same rate im¬
plied by the cost-effectiveness ratio; this
divisibility does not hold because to treat
1 additional patient with t-PA would re¬

quire a block of resources equal, at least,
to the cost of t-PA. While this méthodo¬
logie debate continues, Drummond et al15
caution readers about the practical prob¬
lems of comparisons between cost-effec¬
tiveness studies thatmayhave used very
different methods, data, and assumptions.

In summary, you should exercise cau¬
tion when drawing conclusions from in¬
cremental cost-effectiveness ratios. The
ultimate criterion is one of local oppor¬
tunity cost: what are the health benefits
you will no longer realize if resources
are expended on t-PA? The practical

difficulty of applying this criterion is
that many existing programs or services
currently provided may not have been
evaluated and so the opportunity cost of
reducing or removing them is unknown
or speculative.
Could My Patients Expect Similar
Health Outcomes?

After understanding the results, you
should now turn to whether they will
apply to your own practice setting. There
are 2 levels of applicability for economic
appraisal to the local setting. The first
is the extent to which the evidence from
the clinical trial(s) that forms the basis
for the estimated treatment effect can
be applied to routine clinical practice in
any jurisdiction. A distinction is some¬
times made between the efficacy of a
treatment—as observed in a highly se¬
lected and compliant clinical trial popu¬
lation—and its effectiveness in the real
world. For economic evidence to be rel¬
evant to policy decisions we would pre¬
fer evidence to be more related to ef¬
fectiveness than efficacy. The second
aspect is the extent to which the ob¬
served effect and cost data are trans¬
ferable between jurisdictions. Threats
to the transferability of cost-effective¬
ness data include variation in clinical
practice patterns and variation in the
prices of health care resources.

The applicability of clinical data to
populations other than those studied was

previously discussed in our Users' Guide
on therapy or prevention.16 To assess
whether patients in your setting can

expect the same health outcomes, you
must examine 2 factors: (1) Are the pa¬
tients in the study similar to my patients?
(2) Is the clinical management ofthe study
patients similar to my local practice? If
your patients meet the inclusion and ex¬
clusion criteria of the primary article(s)
for effectiveness used in the economic
evaluation, then there is little difficulty
in passing judgment that the patients
are indeed similar. In many circumstances
your patients may not be a perfect rep¬
licate of the study population, and then
you should proceed by considering
whether there are reasons to suppose
your patients will respond differently to
treatment than those included in the
study. If the analysis is based on patients
different from yours, check the subgroup
and sensitivity analyses to see if relevant
clinical variables were examined to per¬
mit extrapolation to your patients. Note
that both of our economic studies used
effectiveness data from the GUSTO trial,2
which was a large, simple trial where the
inclusion and exclusion criteria were suf¬
ficiently broad and likely to reflect the
mix of patients presenting with AMI in
many local settings.

Next, determine if the intervention
is, or would be, used in the same way in
your community. Local deviation from
the observed patient management in the
trial can have implications for general¬
izing both costs and outcomes from the
study to the local setting. With respect
to outcomes the key question is whether
practice differs with respect to factors
that will influence the magnitude of the
treatment effect. First, let us consider
whether these data apply to nonstudy
hospitals in the United States. Kalish et
al4 doubt whether the efficacy data from
the GUSTO trial are good predictors of
effectiveness in routine practice:
It has been questioned whether the results
achieved in the GUSTO trial are possible in
actual practice, largely due to the small time
delay between symptom onset and treat¬
ment in this trial.11·17 The benefit of tPA in
the GUSTO trial was seen primarily among
patients treated within four hours of symp¬
tom onset,2 and the majority of patients who
have AMI in the United States are not
treated within four hours.18

Another issue is whether the GUSTO
efficacy data are applicable to centers
outside the United States. The GUSTO
trial enrolled patients from 15 different
countries; the majority of these patients
(56%) were recruited from the United
States. Patients from the United States
were managed differently from non-US
patients in a number of ways, including
greater use of invasive revascularization
such as PTCA and CABG, and greater
use of nonprotocol medications such as

antiarrhythmics and calcium antago¬
nists.19 Statistical analysis by logistic re¬

gression reveals that although mortality
reduction with accelerated t-PA vs

streptokinase was greater in the United
States (1.2% absolute decrease vs 0.7%
elsewhere), the test for treatment-by-
country interaction against streptoki¬
nase was not significant (P=.30). In
other words, if the truth were that there
was no difference between the United
States and other countries, differences
equal to or greater than 1.2% vs 0.7%
would be found in 30% of similar trials.
Thus, while the results do not exclude a
difference in effect between countries,
neither do they provide substantial sup¬
port for this hypothesis.
Could I Expect Similar Costs?

In considering the transferability of
cost (and cost-effectiveness) estimates be¬
tween jurisdictions, it is useful to remem¬
ber that the cost of a treatment is the
summation of the product of physical re¬
sources consumed (eg, drugs, tests) and
their unit prices. Cost data may not trans¬
fer well between jurisdictions for 2 rea¬
sons: (1) clinical practice patterns vary in
such a way that resource consumption
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associated with the treatment differs
from that reported in the study and
(2) local prices for resources differ from
those used in the study. To address these
points agood economic evaluation should
report resource use and prices separately
so that a reader can ascertain whether
practice patterns and prices apply to their
jurisdiction. The economic analysis by
Mark et al3 gives detailed reporting of
resources and prices so the reader can

judge whether, for example, the 73% rate
of cardiac catheterization, 31% rate of
PTCA, and 13% rate of CABG are ap¬
plicable to their institution.

As previously noted, the GUSTO eco¬
nomic analysis is undertaken only on a

sample of the US patients from the mul¬
tinational trial, and the intensity of re¬
source use was lower in other countries.
Such resource use differences reflect a
number of factors including availability
of resources and financial incentives to
health care providers. For example, the
length of hospital stay was significantly
lower in US hospitals than non-US hos¬
pitals (8 vs 10 days; P<.001) despite a

greater incidence ofcomplications among
US patients. This difference likely re¬
flects downward pressure exerted on

length of stay in the United States by
the prospective payment system to hos¬
pitals based on diagnosis related groups.

Variation in the prices of health care
resources can threaten the validity of
cross-jurisdictional inferences about cost-
effectiveness. The problem is not due to
variation in overall price levels between
countries, but variation in the price of
one health care input relative to another

(ie, relative prices). For example, in a
cost-effectiveness study of misoprostol
as prophylaxis against gastrointestinal
events in persons taking NSAIDs for
arthritis, Drummond et al20 found that
among 4 countries compared, the price of
misoprostol was highest in the United
States but, surprisingly, the cost-effec¬
tiveness analysis was most favorable in
the United States, indicating that pro¬
phylaxis actually reduced costs. This re¬
sult is explained largely by different
prices for health care resources because
the use ofmisoprostol reduced the risk of
surgery, the relative price of which was

highest in the United States. The results
of the GUSTO economic analysis3 are

clearly dependent on the relative prices
oft-PA and streptokinase. Furthermore,
we know that these relative drug prices
vary between countries. For example, if
the drug costs were those typical in Eu¬
rope (approximately $1000 for 100 mg of
t-PA and $200 for 1.5 million units of
streptokinase), the cost-effectiveness ra¬
tio would be $13 943 per year of life saved.

Finally, it should be recognized that
countries may differ with respect to the
value they place on health benefits vs
other commodities. There is no reason

why $50 000 per life-year as an accept¬
able cost-effectiveness threshold for the
United States is applicable to, for ex¬

ample, a less-industrialized country
where the opportunity cost of such re¬
sources will be much higher. Countries
vary in their willingness to pay for health
and health care as evidenced by the vary¬
ing proportions of gross national prod¬
uct they devote to the latter.

RESOLUTION OF THE SCENARIO

Returning to our scenario and refer¬
ring to the framework in the Figure,
both t-PA cost-effectiveness studies in¬
dicate that t-PA is not dominant over

streptokinase but falls into category 7,
implying that a trade-off between in¬
creased effectiveness at increased cost
needs to be resolved. Since the effec¬
tiveness, resource use, and price data
are applicable to your hospital, you in¬
form the committee that the analyses
you have reviewed can help inform their
decision, but they must make the choice
and decide what cost-effectiveness
threshold is acceptable. You help frame
this choice as one of local opportunity
cost; by diverting resources to t-PA,
whathealthbenefitswill be forgone from
other treatments or programs no longer
being funded? The committee decides
that universal use of t-PA in all AMI
cases will be very costly and divert re¬
sources from other health-producing pro¬
grams in the hospital (although the ben¬
efits of these programs have not been as

clearly documented as the new pro¬
gram!). They decide that t-PA should be
used selectively based on the cost-ef¬
fectiveness evidence in Table 3 and
adopting the cutpoint of $50 000 per life-
year suggested by Mark et al.3 The com¬
mittee decides that the preferred clini¬
cal strategy in their hospital is strepto¬
kinase in patients younger than 60 years
with an inferior infarct and patients 40
years or younger with an anterior in¬
farct; all other patients would receive
t-PA.
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Users' Guides to the Medical Literature
IV. How to Use an Article About Harm
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CLINICAL SCENARIO
You are having lunch in the hospital

cafeteria when one of your colleagues
raises the issue of the safety of \g=b\-ad-
renergic agonists in the treatment of
asthma. Your colleague feels uncertain
about how to respond to patients asking
him about media reports ofan increased
risk ofdeath associated with these medi-
cations. Another colleague mentions a

key article on this topic that generated
much of the publicity, but she cannot
recall the details. You all agree that this
is an issue that arises frequently enough
in your practices that you should be-
come familiar with the evidence con-
tained in the article that your patients
have heard about. You volunteer to
search the literature for the key article
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and report back to your colleagues in
the next few days.
THE SEARCH
The next day you do a MEDLINE

search using the following terms: asthma
(MH) (MH stands for MeSH heading,
indexing terms used byNational Library
of Medicine personnel); adrenergic beta
receptor agonists (MH); adverse effects
(SH) (SH stands for Subheading). You
limit the search toAbridged IndexMedi-
cus journals knowing that you will likely
find the article your colleague recalled
seeing within this list ofmajor medical
journals. Your MEDLINE search (1990
through 1993) identifies 38 citations.
There were nine original studies, seven
review articles, and 22 letters, editori¬
als, and commentaries. Of the nine origi¬
nal articles, only one is an epidemiologie
study assessing the risk of death asso¬
ciated with inhaled ß-adrenergic ago¬
nists, and you think this is the article to
which your colleague referred. The study
describes a 2.6-fold increased risk of
death from asthma associated with the
use of ß-adrenergic agonist metered-
dose inhalers.1

INTRODUCTION
Clinicians often encounter patients

who may be facing harmful exposures,
either to medical interventions or envi¬
ronmental agents. Are pregnant women
at increased risk of miscarriage if they
work in front of video display termi¬
nals? Do vasectomies increase the risk
of prostate cancer? Do hypertension
management programs at work lead to
increased absenteeism? When examin¬
ing these questions, physicians must
evaluate the validity of the data, the
strength ofthe association between the

putative cause and the adverse outcome,
and the relevance to patients in their
practice (Table 1).
This article in our series of "Users'

Guides to the Medical Literature" will
help you evaluate an individual article
assessing an issue of harm. To fully as¬
sess the cause-and-effect relationship im¬
plied in any question of harm requires
consideration ofall the information avail¬
able. Systematic overviews (eg, meta-
analyses) can provide an objective sum¬

mary of all the available evidence, and
we will deal with how to use an over¬
view in a subsequent article in this se¬
ries. Using such an overview requires a

prior understanding of the rules of evi¬
dence for individual studies, and this
article covers the basic rules for obser¬
vational (nonrandomized) studies.

ARE THE RESULTS
OF THE STUDY VALID?
Primary Guides
Were There Clearly Identified Com¬

parison Groups That Were Similar
With Respect to Important Determi¬
nants ofOutcome Other Than the One
of Interest?—In a study that identifies
a harmful exposure, the choice of com¬
parison groups has an enormous influ¬
ence on the credibility of the results.
Because the design of the study deter¬
mines the comparison groups, we will
review the basic study designs that cli¬
nicians encounter when assessing
whether their patients have been or

might be exposed to a potentially harm¬
ful factor (Table 2).
Randomized Controlled Trials.—A

randomized controlled trial (RCT) is a
true experiment in which patients are

assigned, by a mechanism analogous to
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Table 1.—User's Guides for an Article About Harm

Are the results of the study valid?
Primary guides:
Were there clearly identified comparison groupsthat were similar with respect to important
determinants of outcome, other than the
one of interest?

Were the outcomes and exposures measured in
the same way in the groups being compared?

Was follow-up sufficiently long and complete?
Secondary guides:

Is the temporal relationship correct?
Is there a dose-response gradient?

What are the results?
How strong is the association between exposure and
outcome?

How precise is the estimate of the risk?
Will the results help me in caring for my patients?
Are the results applicable to my practice?
What is the magnitude of the risk?
Should I attempt to stop the exposure?

a coin flip, to either the putative causal
agent or some alternative experience
(either another agent or no exposure at
all). Investigators then follow the pa¬
tients forward in time and assess
whether theyhave experienced the out¬
come of interest. The great strength of
the RCT is that we can be confident that
the study groups were similar not only
with respect to determinants ofoutcome
that we know about, but also those we
do not know about.
In prior articles in this series, we have

shown how readers of articles about
therapy can use the results of RCTs.2·3
Randomized controlled trials are rarely
done to study possible harmful expo¬
sures, but if a well-designed RCT dem¬
onstrates an important relationship be¬
tween an agent and an adverse event,
clinicians can be confident of the results.
For instance, the Cardiac Arrhythmia
Suppression Trial is an RCT that dem¬
onstrated an association between the
antiarrhythmic agents encainide, flecain-
ide, and moricizine, and excessive mor¬
tality.4·5 As a result, clinicians have cur¬
tailed their use of these drugs and have
become much more cautious in using
otherantiarrhythmicagents in the treat¬
ment of nonsustained ventricular ar¬

rhythmias.
CohortStudies.—When it is either not

feasible or not ethical to randomly as¬

sign patients to be exposed or not ex¬

posed to a putative causal agent, inves¬
tigators must find an alternative to an
RCT. In a cohort study, the investigator
identifies exposed and nonexposed
groups ofpatients and then follows them
forward in time, monitoring the occur¬
rence of the outcome. You can appreci¬
ate the practical need for cohort studies
when subjects cannot be "assigned" to
an exposure group, as occurs when one
wants to evaluate the effects of an oc¬

cupational exposure. For example, in¬
vestigators assessed perinatal outcomes
among children of men exposed to lead
and organic solvents in the printing in-

Table 2.-
Designs

-Directions of Inquiry and Key Methodologie Strengths and Weaknesses for Different Study

Design Starting Point Assessment Strengths Weaknesses
Randomized
controlled trial

Exposure
status

Adverse event
status

Internal validity Feasibility,
generalizability

Cohort Exposure
status

Adverse event
status

Feasible when randomization
of exposure not possible

Susceptible to threats
to internal validity

Case control Adverse event Exposure Overcomes temporal delays,
status status may only require small

sample size

Susceptible to threats
to internal validity

dustry using a cohort of all males who
had been members ofprinters' unions in
Oslo, Norway, and on the basis of job
classification, they categorized fathers
as to their exposure to lead and sol¬
vents. In this study, exposure was as¬
sociated with an eightfold increase in
preterm births, but no significant im¬
pact on birth defects.6
Cohort studiesmay also be performed

when harmful outcomes are infrequent.
For example, clinically apparent upper
gastrointestinal hemorrhage in nonste-
roidal anti-inflammatory drug (NSAID)
users occurs approximately 1.5 times
per 1000 person years of exposure, in
comparison with 1.0 per 1000 person
years in those not taking NSAIDs (as¬
suming a stable risk over time).7An RCT
to study this effect would require ap¬
proximately 6000 patient-years of ex¬
posure to achieve a 95% probability of
observing at least one additional serious
gastrointestinal hemorrhage among
treated patients, and a substantially
larger sample size (approximately 75 000
patient-years per group) for adequate
power to test the hypothesis that
NSAIDs cause the additional hemor¬
rhages.8 Such an RCTwould not be fea¬
sible, but a cohort study, particularly
one in which the information comes
from a large administrative database,
would be.
Because subjects in a cohort study

select themselves (or are selected by a

physician) for exposure to the putative
harmful agent, there is no particular rea¬
son they should be similar to nonex-

posed persons with respect to other im¬
portant determinants of outcome. It
therefore becomes crucial for investi¬
gators to document the characteristics
of the exposed and nonexposed subjects
and either demonstrate their compara¬
bility or use statistical techniques to ad¬
just for differences. In the association
between NSAIDs and the increased risk
of upper gastrointestinal bleeding, age
is associated both with exposure to
NSAIDs andwith gastrointestinal bleed¬
ing, and is therefore called a possible
"confounding variable." In otherwords,
since patients taking NSAIDs will be
older, it may be difficult to tell if their
increased risk of bleeding is because of
their age or because of their NSAID

exposure. When such a confounding vari¬
able is unequally distributed in the ex¬

posed and nonexposed populations, in¬
vestigators use statistical techniques
that correct or adjust for the imbalances.
Even if investigators document the

comparability of potentially confound¬
ing variables in exposed and nonexposed
cohorts or use statistical techniques to
adjust for differences, there may be an

important imbalance in prognostic fac¬
tors that the investigators don't know
about or have not measured that may be
responsible for differences in outcome.
It may be, for instance, that illnesses
that require NSAIDs, rather than the
NSAIDs themselves, are responsible for
the increased risk ofbleeding. Thus, the
strength of inference from a cohort study
will always be less than that of a rigor¬
ously conducted RCT.
Case-Control Studies.—When the

outcome of interest either is very rare
or takes a long time to develop, cohort
studies also may not be feasible. Inves¬
tigators may use an alternative design
in which they identify cases, patients
who have already developed the out¬
come of interest (eg, a disease, hospi¬
talization, death). The investigators then
choose controls, persons who do not have
the outcome of interest, but who are
otherwise similar to the cases with re¬

spect to important determinants of out¬
come such as age, sex, and concurrent
medical conditions. Investigators can
then assess retrospectively the relative
frequency of exposure to the putative
harmful agent among the cases and con¬
trols. This observational design is called
a case-control study.
Using a case-control design, investi¬

gators demonstrated the association be¬
tween diethylstilbestrol ingestion by
pregnant women and the development
of vaginal adenocarcinoma in their
daughtersmany years later.9A prospec¬
tive cohort study designed to test this
cause-and-effect relationshipwould have
required at least 20 years from the time
when the associationwas first suspected
until the completion of the study. Fur¬
ther, given the infrequency of the dis¬
ease, acohort studywould have required
hundreds of thousands of subjects. Us¬
ing the case-control strategy, the inves¬
tigators defined two groups of young
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women—those who had suffered the out¬
come of interest (vaginal adenocarci-
noma) were designated as the cases

(n=8), and those who did not have the
outcome, as the controls (n=32). Then,
working backward in time, the expo¬
sure rates to diethylstilbestrol were de¬
termined for the two groups. Analogous
to the situation with a cohort study, in¬
vestigators had to ensure balance, or
adjust for imbalances, in important risk
factors in cases and controls (eg, intrau¬
terine x-ray exposure). The investiga¬
tors found a strong association between
in utero diethylstilbestrol exposure and
vaginal adenocarcinoma that was ex¬

tremely unlikely to be attributable to
the play of chance (P<.00001), without
a delay of 20 years, and requiring only
40 women.
As with cohort studies, case-control

studies are susceptible to unmeasured
confounders. Therefore, the strength of
inference that can be drawn from the
results may be limited.

Case Series and Case Reports.—Case
series and case reports do not provide
any comparison group and are therefore
unable to satisfy the requirements of
the first primary guide. Although de¬
scriptive studies occasionally demon¬
strate dramatic findings mandating an
immediate change in physician behavior
(eg, thalidomide and birth defects), there
are potentiallyundesirable consequences
when actions are taken in response to
weak evidence. Bendectin (a combina¬
tion of doxylamine, pyridoxine, and di-
cyclomine used as an antiemetic in preg¬
nancy) was withdrawn as a result of
case reports suggesting it was terato-
genic.10 Later, a number of comparative
studies demonstrated the relative safety
of the drug,11 but they could not eradi¬
cate a litigious atmosphere that
prompted the manufacturer to withdraw
the drug from the market. Thus, many
pregnant women who could have ben¬
efited were denied the symptom relief
the drug could have offered. In general,
clinicians should not draw conclusions
about cause-and-effect relationships
from case series, but recognize that the
results maygenerate questions for regu¬
latory agencies and clinical investiga¬
tors to address.
Design Issues—Summary.— It is ap¬

parent that, just as for questions of thera¬
peutic effectiveness, clinicians should
look for RCTs to resolve issues of harm.
It is also apparent that they will often
be disappointed in this search, and must
be satisfied with studies of weaker de¬
sign. Whatever the design, however,
they should look for an appropriate
control population before making a

strong inference about a putative harm¬
ful agent.

Were the Exposures and Outcomes
Measured in the Same Way in the
Groups BeingCompared?—In case-con¬
trol studies, ascertainment of the expo¬
sure is a key issue. Patients with leu¬
kemia, when asked about prior expo¬
sure to solvents, may be more likely to
recall exposure than would a control
group, either because of increased pa¬
tient motivation (recall bias) or greater
probing by an interviewer (interviewer
bias). Clinicians should attend to whether
investigators used strategies, such as

blinding subjects and interviewers to
the hypothesis of the study, to minimize
bias. For example, in a case-control study
describing the association between psy-
chotropic drug use and hip fracture, in¬
vestigators established drug exposure
by examining computerized claims files
of the Michigan Medicaid program, a

strategy that avoided both recall and
interviewer bias.12 As a result, the cli¬
nician hasmore confidence in the study's
findings of a twofold increase in the risk
of hip fracture.
Exposure opportunity should also be

similar among cases and controls. There
is evidence suggesting a 2.7-fold in¬
creased risk of homicide among indi¬
viduals keeping a gun in their home. It
would be important to know that the
control group had a similar opportunity
for gun possession, otherwise the true
risk could be different from the study
results—increased if the controls had a

greater opportunity, decreased if the
controls had a lesser opportunity for gun
possession.13
In RCTs and cohort studies, ascer¬

tainment of outcome is the key issue.
Investigators have reported a threefold
increase in risk ofmalignant melanoma
in individuals working with radioactive
materials. One possible explanation for
some of the increased riskmight be that
physicians, aware of a possible risk,
search more diligently and therefore
detect disease that might otherwise go
unnoticed (or detect disease at an
earlier point in time). This could result in
the exposed cohort having an apparent,
but spurious, increase in risk—a situa¬
tion we refer to as surveillance bias.14
Was Follow-up Sufficiently Long

andComplete?—Anadditionalpoint re¬
lating to the measurement of outcomes
is the need for adequate follow-up in
RCTs and cohort studies. As discussed
in a previous article in this series,2 pa¬
tients unavailable for follow-up threaten
the validity of the results because the
patients who are unavailable may have
very different outcomes from those avail¬
able for assessment. The longer the fol¬
low-up period required, the greater the
possibility that the follow-up will be in¬
complete.

In awell-executed study, investigators
determined the vital status of 1235 of 1261
white males (98%) employed in chrysotile
asbestos textile operation between 1940
and 1975. The relative risk (RR) for lung
cancer death increasedmonotonically from
1.4 to 18.2 with cumulative exposure
among asbestos workers with at least 15
years since first exposure.15 Because the
2% missing data were unlikely to affect
the results and the follow-up was suffi¬
ciently long, the study allows relatively
strong inference about the increase in can¬
cer risk with asbestos exposure.

Secondary Guides
Is the Temporal Relationship Cor¬

rect?—Does exposure to the harmful
agent precede the adverse outcome? The
reports of increased suicidal ideation as¬
sociated with the use of the antidepres-
sant fluoxetine illustrate the importance
of this question.16 Did the thoughts of
suicide occur after the fluoxetine was

administered, or were the patients given
this drug because they were already
showing signs of clinical deterioration?
A meta-analysis of controlled trials of
treatment for depression did not con¬
firm the apparent association.17
Is There a Dose-Response Gradi¬

ent?—We are more confident attribut¬
ing an adverse outcome to a particular
exposure if, as the quantity or the du¬
ration ofexposure to the putative harm¬
ful agent increases, risk of the adverse
outcome also increases. The risk of dy¬
ing from lung cancer in male physician
smokers is dose-dependent; the risk in¬
creases by 50%, 132%, and 220% for one
to 14,15 to 24, and 25 or more cigarettes
smoked per day, respectively.18
WHAT ARE THE RESULTS?
How Strong Is the Association Be¬

tween Exposure and Outcome?—We
have described the most commonway of
expressing an association between ex¬

posure and outcome, the RR, in detail in
an earlier article in this series.3 In brief,
the RR is the risk (or incidence) of the
adverse effect in the exposed group di¬
vided by the risk of the adverse effect in
the unexposed group. Values greater
than 1 represent an increase in risk as¬
sociated with the exposure, while val¬
ues less than 1 represent a reduction in
risk. To illustrate, in a cohort study as¬

sessing inhospital mortality following
noncardiac surgery inmale veterans, 23
of 289 patients with a history of hyper¬
tension died, compared with three of
185 patients without hypertension. The
RR of death for hypertensive men was
4.9.19 The RR tells us that death occurs
almost five times more often in the hy¬
pertensive patients than in normoten-
sive patients.
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Table 3.—Estimate of Relative Risks and Odds
Ratios for Exposed and Unexposed Patients

Adverse Event No Adverse Event
Patient (Case) (Control)

Exposed a b
Not exposed c d

»Relative risk = [a/(a+b)]/[c/(c+d)].
Odds ratio = (a/c)/(b/d).

The estimate of RR depends on hav¬
ing samples of exposed and unexposed
patients, where the proportion of the
patients with the outcome of interest
can be determined. The RR is therefore
not applicable to case-control studies in
which the number of cases and controls,
and therefore the proportion ofindividu¬
als with the outcome, is chosen by the
investigator. For case-control studies,
instead of using a ratio of risks, we use
a ratio ofodds: the odds ofa case patient
being exposed divided by the odds of a
control patient being exposed. Using a

simple 2x2 table, RRs and odds ratios
(ORs) can be represented as depicted in
Table 3.
When the outcome of interest is rare

in the population from which the sample
of cases was drawn, which is often the
reason for using a case-control design in
the first place, the OR closely approxi¬
mates the RR.
When considering both study design

and strength of association, we may be
ready to interpret a small increase in
risk as representing a true harmful ef¬
fect when the study design is strong
(such as an RCT). A much higher in¬
crease in risk might be required of
weaker designs (such as cohort or case-
control studies) as subtle findings are
more likely to be because ofsubtle flaws
in design. Very large values for RRs or
ORs represent strong associations that
are less likely to be caused by confound¬
ing or bias.
How Precise Is the Estimate of the

Risk?—In a previous article in this se¬
ries we have shown how the clinician
can evaluate the precision of the esti¬
mate of treatment effect by examining
the confidence interval (CI) around that
estimate.3 The clinician can take the same

approachwith articles assessing risk. In
a study in which the investigators have
shown an association between an expo¬
sure and an adverse outcome, the lower
limit of the estimate of RR associated
with the adverse exposure provides a
minimal estimate of the strength of the
association. In a study where the inves¬
tigators fail to demonstrate an associa¬
tion (a "negative" study), the upper
boundary of the CI around the RR tells
the clinician just how big an adverse
effect may still be present, despite the
failure to show a statistically significant
association.

WHAT ARE THE IMPLICATIONS
FOR MY PRACTICE?

Are the Results Applicable to My
Practice?—If you are convinced that
the results of the study are valid for the
population that was studied, you then
have to decide whether you can extrapo¬
late the results to patients in your own
practice. Are your patients similar to
those described in the study with re¬

spect to morbidity, age, race, or other
potentially important factors? Are there
clinically important differences in the
treatments or exposures between your
patients and the patients studied? For
example, the risk of thrombophlebitis
associated with oral contraceptives de¬
scribed in the 1970s may not be appli¬
cable to the patient of the 1990s because
of the lower estrogen doses currently in
use. Similarly, increases in uterine can¬
cer secondary to postmenopausal estro¬
gen probably don't apply to women who
are also taking concomitant progestins
tailored to produce monthlywithdrawal
bleeding.
What Is the Magnitude of the

Risk?—The RR and the OR do not tell
us how frequently the problem occurs,
only that the observed effect occurs more
or less often in the exposed group com¬

pared with the unexposed group. Thus,
the reader needs amethod for assessing
clinical importance. In our discussion of
therapy we described how the clinician
can calculate the number ofpatients she
must treat to prevent an adverse event.3
When the issue is harm, the clinician can
use data from an RCT or cohort study
to make an analogous calculation to de¬
termine how many people must be ex¬

posed to the harmful agent to cause an
adverse outcome. From the Cardiac Ar¬
rhythmia Suppression Trial, over an av¬

erage of 10 months of follow-up, mor¬

tality was 3.0% and 7.7% for placebo and
encainide/flecainide patients, respec¬
tively. The absolute risk increase was

4.7%, the reciprocal of which tells us

that, on average, for every 21 patients
we treat with encainide or flecainide for
about a year, we will cause one excess
death.4 This contrasts with NSAIDs and
upper gastrointestinal bleeding. Of 2000
unexposed patients, two will suffer a

hemorrhage each year. Of2000 patients
taking NSAIDs, three will suffer a hem¬
orrhage each year. Thus, ifwe treat 2000
patientswith NSAIDs, we can expect a
single additional bleeding event.6
Should I Attempt to Stop the Expo¬

sure?—After evaluating the evidence
that an exposure is harmful, determin¬
ing subsequent actions may not be
simple. There are at least three aspects
the physicianmust consider in making a
clinical decision.20

One is the strength of inference; how
strong was the study or studies that
demonstrated harm in the first place?
Second, what is the magnitude of the
risk to patients if exposure to the harm¬
ful agent continues? Third, what are the
adverse consequences of reducing or

eliminating exposure to the harmful
agent?
Clinical decision making is simple

when both the likelihood ofharm and its
magnitude are great. Because the evi¬
dence ofincreasedmortality from encain-
ide and flecainide came from an RCT,
we can be confident of the causal con¬
nection. Since treating only 21 people
will result in an excess death, it is no
wonder that clinicians quickly curtailed
their use of these antiarrhythmic agents
when the study results became avail¬
able.
The clinical decision is also made easier

when an acceptable alternative for avoid¬
ing the risk is available. For example,
ß-blockers prescribed for the treatment
of hypertension can result in a symp¬
tomatic increase in airways resistance
in patients with asthma or chronic air¬
flow limitation, mandating the use of an
alternative drug, such as a thiazide di¬
uretic, in susceptible patients.21 Even if
the evidence is relatively weak, the avail¬
ability of an alternative can result in a
clear decision. The early case-control
studies demonstrating the association
between aspirin use and Reye's syn¬
drome were relativelyweak and left con¬
siderable doubt about the causal rela¬
tionship. Although the strength of in¬
ferencewas not great, the availabilityof
a safe, inexpensive, and well-tolerated
alternative, acetaminophen, justified use
of this alternative agent in children at
risk of Reye's syndrome.22
In contrast to the early studies re¬

garding aspirin and Reye's syndrome,
multiple well-designed cohort and
case-control studies have consistently
demonstrated an association between
NSAIDs and upper gastrointestinal
bleeding, and our inference about harm
has therefore been relatively strong.
However, the risk of an upper gas¬
trointestinal hemorrhage is quite low,
and we don't have safer, equally effica¬
cious anti-inflammatory alternatives
available. We are therefore probably
right in continuing to prescribe NSAIDs
for the appropriate clinical conditions.

RESOLUTION OF THE SCENARIO
The study you retrieved on the risks

of inhaled ß-adrenergic therapy used a
case-control design relying on computer
record linkages between health insur¬
ance data and a drug plan.1 The data¬
base for the study included 95% of the
population of the province of Saskatch-
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ewan in western Canada. The investi¬
gatorsmatched 129 cases of fatal or near-
fatal asthma with 655 controls who were
also asthmatics. The investigators at¬
tempted to control for potential con-

founders, such as disease severity. Their
measures of disease severity included
the number of hospitalizations in the
previous 24 months and an index of the
aggregate use of medications. They
found an association between the rou¬
tine use of large doses of ß-adrenergic
agonistmetered-dose inhalers and death
from asthma (OR, 2.6 per canister per
month; 95% CI, 1.7 to 3.9).
The study satisfied the validity cri¬

teria in Table 1 quite well. The inves¬
tigators chose an appropriate control
population and corrected for measur¬
able potential differences in important
prognostic factors in the treatment and
control groups; exposure and outcome
were measured the same way in treat¬
ment and control groups; the temporal

relationship is correct; and they found a

dose-response gradient. However, the
study used a case-control design rather
than an RCT, and we remain uncertain
whether differences in unmeasured
prognostic variables between the treat¬
ment and control groups explain the re¬
sults. In other words, it is still possible
that the patients who used more ß-ago-
nists were sicker, and this (rather than
their increased use ofthe drug) explains
the increased risk of death.
The magnitude of the association is

moderate, and although the baseline risk
ofdeath from asthma (44 deaths in 12 301
asthmatic patients receivingmedication,
0.3%) is low enough that we would have
to treat large numbers of patients be¬
fore the drugs were responsible for a

death, reducing preventable deaths is
extremely important. The fact that the
data came from apopulation-based study
suggests the results are widely gener¬
alizaba.

Thus, as an individual study on the
subject, you find the results of an
"association" between inhaled ß-adren¬
ergic agonist use and death both believ¬
able and relevant to your practice.
Because it is not an RCT, you are less
certain about a true causal relationship
underlying the observed association. Full
assessment of the likelihood of a causal
relationship would require a systematic
review of all the evidence in the litera¬
ture. You tell your inquiring patients that
there is an increased risk ofdeath in heavy
users of inhaled ß-adrenergic agonists,
but that you cannot be certain whether it
is because of the drug or possibly the
consequence ofhaving severe disease. In¬
termittent use of inhaled ß-agonist
therapy in patients with reversible air¬
flow obstruction provides an attractive
alternative tomore intensive administra¬
tion, and many clinicians have responded
to the results of this and other studies by
choosing this alternative approach.
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Users' Guides to the Medical Literature
V. How to Use an Article About Prognosis
Andreas Laupacis, MD, MSc; George Wells, MSc, PhD; W. Scott Richardson, MD; Peter Tugwell, MD, MSc;
for the Evidence-Based Medicine Working Group

CLINICAL SCENARIO
You are about to see a 76-year-old

retired schoolteacher for the second
time. You first saw her in the clinic a
month ago because of cognitive prob-
lems. Your evaluation at that time in-
cluded aStandardized Mini-Mental State
Examination,1 on which she scored 18
out of a possible 30 points, and a physi-
cal examination that was normal includ-
ing no focal neurological signs. You ar-
ranged investigations for the treatable
causes of dementia that were negative,
and you thus feel she has probable Alz-
heimer's disease.
The patient has lived with her son

since her husband died 6 years ago. Her
son thinks that she first developed sig-
nificant problems with her memory
about 3 years ago. However, she has
become increasingly agitated and para-
noid during the last year. She has re-
fused to allow him to look after her fi-
nancial affairs, despite the fact that she
owns three pieces of property and isn't
able to manage them herself. Her son
asked you about her prognosis, and
whether she is likely to die soon from
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the dementia. You indicated that you
would discuss this with him at the sec¬
ond visit once the results of all the tests
are available.

SEARCH
Hoping to provide the son with the

most specific information possible about
his mother's prognosis, after the initial
visit you searched the medical library's
MEDLINE CD-ROM system via the
hospital's network on the clinic com¬
puter. You entered "*Alzheimer's Dis¬
ease," which yielded 3687 articles from
1990 onward. Next, you entered "prog¬
nosis," which yielded 23004 articles;
crossing the two sets yielded 27 articles.
Scanning the abstracts on screen, you
found several articles ofpotential inter¬
est, including one that seemed precisely
on target: "Survival ofOutpatientsWith
Alzheimer-Type Dementia" by Walsh
and colleagues.2
INTRODUCTION
In this article wewill suggest a frame¬

work that you can use to efficiently as¬
sess articles that deal with prognosis,
using the article on patients with de¬
mentia as an example. We will follow
the usual format of this series and dis¬
cuss how to determine whether the re¬
sults are valid, how to interpret the re¬
sults, and whether the information will
benefit your patients (Table).
"Prognosis" refers to the possible out¬

comes of a disease and the frequency
with which they can be expected to oc¬
cur (eg, death in a patient with demen¬
tia). Sometimes the characteristics of a
particular patient can be used to more
accurately predict that patient's even¬
tual outcome (eg, a patientwith demen¬
tia and behavioral problems may have a
worse prognosis than someone without
behavioral problems). These character¬
istics are called "prognostic factors."
Prognostic factors can be any of several
types, such as demographic (eg, age),
disease-specific (eg, tumor stage), or co-
morbid (eg, other conditions accompa-

nying the disease in question). They can
predict any outcome, whether good (eg,
cure or survival) or bad (eg, death or
complication). Prognostic factors need
not necessarily cause the outcomes, just
be associatedwith them strongly enough
to predict their development. In the lit¬
erature, prognostic factors are usually
distinguished from "risk factors," those
patient characteristics associated with
the development of the disease in the
first place. For example, smoking is an
important risk factor for the develop¬
ment of lung cancer, but is not as im¬
portant a prognostic factor as tumor
stage in someone who has lung cancer.
It is usually impossible or unethical to

randomize patients to different prognos¬
tic factors. Therefore, the best study de¬
sign to identify the presence of and de¬
termine the increased risk associatedwith
a prognostic factor is a cohort study. As
we described in a previous article in this
series,3 investigators conducting a cohort
study follow one ormore groups (cohorts)
of individuals who have not yet suffered
an adverse event and monitor the num¬
ber ofoutcome events over time. An ideal
cohort study consists of a well-defined
sample of individuals representative of
the population of interest and uses ob¬
jective outcome criteria. One cohort study
conducted in Framingham, Mass, inwhich
investigators have followed a cohort of
5209 individuals since 1948, has provided
clinicians with a great deal of useful in¬
formation about the prognostic impor¬
tance of many determinants of cardio¬
vascular disease.4 Since rigorous random¬
ized trials include careful documentation
of inclusion criteria and strict protocols
for follow-up, patients in such trials form
cohorts that can also generate informa¬
tion about the prognosis of a disease.
However, the patients entered into the
trial are often not representative of the
population with the disorder.5
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Users' Guides for an Article About Prognosis
Are the results of the study valid?
Primary guides:
Was there a representative and well-defined
sample of patients at a similar point in the
course of the disease?

Was follow-up sufficiently long and complete?
Secondary guides:
Were objective and unbiased outcome criteria
used?

Was there adjustment for important prognostic
factors?

What are the results?
How large Is the likelihood of the outcome event(s)
in a specified period of time?

How precise are the estimates of likelihood?
Will the results help me in caring for my pa¬
tients?
Were the study patients similar to my own?
Will the results lead directly to selecting or avoid¬
ing therapy?

Are the results useful for reassuring or counseling
patients?

To study prognostic factors, investi¬
gators can also collect "cases" of indi¬
viduals who have already suffered the
outcome event and compare them with
"controls" who have not. In these "case-
control" studies, the investigators count
the number of individuals in each group
with a particular prognostic factor (eg,
were the patients with dementia who
died more likely to have had behavioral
problems than those who did not die?).
The potential for bias when selecting
cases and controls, as well as the ret¬
rospectivenatureofdatacollectionabout
prognostic factors (which often depends
on the memory of the patients or their
relatives or the accuracy of medical
charts), limits the strength of inference
clinicians can draw from case-control
studies.2 Also, case-control studies can¬
not provide information about the ab¬
solute risk of an event, but only about
the relative risk (RR). Nevertheless,
case-control studies can provide useful
information and are particularly appro¬
priate when the outcome is rare or the
required duration of follow-up is long.
ARE THE RESULTS
OF THE STUDY VALID?
Primary Guides
Was There a Representative and
Well-Defined Sample of Patients at a
Similar Point in the Course of the Dis¬
ease?—This guide addresses two related
issues. The first concerns how well de¬
fined the individuals in the study are,
and whether they are representative of
the underlying population. The authors
should describe and specify their crite¬
ria for establishing that the patient has
the disorder of interest (in this case,
Alzheimer-type dementia) and how they
selected their patient sample.
Several biases related to the assem¬

bly of the patients can distort the re¬
sults of a study. For example, the se¬
quence of referrals that leads patients

from primary to tertiary centers raises
the proportion of more severe or un¬
usual cases, thus increasing the likeli¬
hood of adverse or nonfavorable out¬
comes. In one example of this "referral
filter bias," the likelihood of a subse¬
quent nonfebrile seizure in childrenwith
their first febrile seizurewasmuch lower
in community-based populations than in
those drawn from hospitals.8
The second issue concerns whether

the study patients are all at a similar,
well-defined point in the course of their
disease. Authors should provide a clear
description of the stage of disease at
which patients entered the study. For
instance, since the duration of illness is
often associated with outcome, the in¬
vestigators should report the duration
of illness for the sample patients.Within
reason, all ormost of the study patients
should be at a similar point, such as
survivors of a first myocardial infarc¬
tion or patients newly diagnosed with
lung cancer. However, the similar point
in the course ofdisease need not be early
on.
Walsh and colleagues2 studied 126 out¬

patients with Alzheimer's disease who
were consecutively referred to a mul-
tidisciplinary clinic for evaluation be¬
tween 1980 and 1982. The diagnosis was
made by consensus by a group consist¬
ingofan internist, psychiatrist, psycholo¬
gist, neurologist orneuropathologist, and
research nurse using the conventional
Diagnostic and Statistical Manual of
Mental Disorders, Fourth Revision cri¬
teria for dementia.7 The tests used to
exclude other causes of dementia were
not described. However, given the mul-
tidisciplinary nature and expertise of
the group, it seems reasonable to as¬
sume that the appropriate tests were
done to exclude disorders such as hy-
pothyroidism, depression, and space-oc¬
cupying lesions of the brain that can be
confused with Alzheimer's disease.
Walsh and colleagues reported sur¬
vival from two different points in time:
(1) referral to the clinic and (2) the point
at which symptoms ofmemory losswere
first noticed. The former is a more cer¬
tain point in time, but suffers from the
disadvantage that patients come to medi¬
cal attention at different stages in the
progression of their disease. The latter
provides a more uniform starting point,
but is potentially imprecise because de¬
mentia develops insidiously and the time
of onset is identified retrospectively.
Survival after presentation to clinic is
probably more relevant for your pa¬
tient's son.
Was Follow-up Sufficiently Long

and Complete?—Since the presence of
a prognostic factor often precedes the
development of an outcome event by a

long period, investigators must follow
patients for long enough to detect the
outcomes of interest. For example, re¬
currence in some women with early
breast cancer can occur many years af¬
ter initial diagnosis and treatment.8 Pa¬
tients in the dementia study were en¬
rolled between 1980 and 1982 and fol¬
lowed until 1988 or their death. Thus,
the follow-up was quite long, and 61% of
the cohort died during this time.
Ideally, investigators will succeed in

following all patients (as they did in the
dementia study) but this is often not the
case. Patients are not usually unavail¬
able for follow-up for inconsequential
reasons. Patients may fail to return be¬
cause they have suffered exactly those
events in which the investigators are
interested (eg, they died or have been
institutionalized). Conversely, patients
who feel entirely healthy may also be
less likely to return for evaluation be¬
cause they feel so well. Simply put, the
greater the number ofpatients unavail¬
able for follow-up, the less accurate the
estimate regarding the risk of the ad¬
verse outcome.
Under what circumstances does un¬

availability for follow-up compromise the
validity of a study? It is important that
you consider the relation between the
proportion of patients who are unavail¬
able and the proportion of patients who
have suffered the adverse outcome of
interest. The larger the number of pa¬
tients whose fate is unknown relative to
the numberwho have suffered an event,
the greater the threat to the study's
validity. For instance, let us assume that
30% of a particularly high-risk group
(such as elderly diabetics) have suffered
an adverse outcome (such as cardiovas¬
cular death) during long-term follow-
up. If 5% of the patients have been lost,
the true rate of patients who had died
may be as high as 35%. Even if this were
so, the clinical implications would not
change, and the unavailability for follow-
up doesn't threaten the validity of the
study. However, in a much lower-risk
patient sample (otherwise healthy
middle-aged men, for instance) the ob¬
served event rate may be 1%. In this
case, if one assumed that all 5% of the
patients unavailable for follow-up had
died, the event rate of 6% would have
very different implications. If the num¬
ber ofpatients unavailable for follow-up
potentially jeopardizes the study's va¬
lidity, you should look for the reasons
for patients being unavailable, and com¬
pare the important demographic and
clinical characteristics of the patients
who were unavailable with the patients
in whom follow-up was complete. To the
extent that the reasons for disappear¬
ance are unrelated to outcome and the
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patientswho are unavailable are similar
to those for whom information is com¬
plete, you may feel reassured. If inves¬
tigators omit information about reasons
for unavailability for follow-up or the
characteristics of the patients who are
unavailable, the strength of inference
from the study results will be weaker.
Secondary Guides
Were Objective and Unbiased Out¬

come Criteria Used?—Investigators
must provide a clear and sensible defi¬
nition of adverse outcomes before the
study starts. Outcome events can vary
from those that are objective and easily
measured (death), to those that require
some judgment (myocardial infarction),
to those that require considerable judg¬
ment and may often be difficult to mea¬
sure (eg, disability, quality of life). To
minimize bias, the individual determin¬
ing the outcomes should not know
whether the patient had a potential prog¬
nostic factor. This is not always possible
and, for unequivocal events such as
death, may not be necessary. However,
blinding is essential for outcomes re¬
quiring a great deal of judgment, such
as transient ischemie attacks or unstable
angina. In the study by Walsh and col¬
leagues, the method and intensity of fol¬
low-up were not described. However,
all patients were accounted for at the
end of the study and the date of death
was known for those who died.
Was There Adjustment for Impor¬
tant Prognostic Factors?—When com¬
paring the prognosis of two groups of
patients, investigators should consider
whether their clinical characteristics are
similar and adjust the analysis for any
differences they find. The Framingham
Study investigators reported that the
rate of stroke in patients with atrial fi¬
brillation and rheumatic heart disease
was 41 per 1000 person years, which
was very similar to the rate for patients
with atrial fibrillation but no rheumatic
heart disease.9 However, patients with
rheumatic heart disease were younger
than those who did not have rheumatic
heart disease. Once adjustments were
made for the age, sex, and hypertensive
status of the patients, the investigators
found that the rate of stroke was sixfold
greater in patientswith rheumatic heart
disease and atrial fibrillation than in pa¬
tients with atrial fibrillation who did not
have rheumatic heart disease.
Many studies of prognosis break the

study group into cohorts based on sus¬
pected prognostic factors. Comparison
of the pattern and frequencies of out¬
comes between these groups can deter¬
mine the RR associated with the prog¬
nostic factor in question. For example,
Pincus and colleagues10 followed a co-

hört ofpatients with rheumatoid arthri¬
tis for 15 years. They separated the pa¬
tients into a number of cohorts depend¬
ing on their demographic characteris¬
tics, disease variables, and functional
status. They found that some demo¬
graphic variables (eg, age and education
level) and functional status (eg, modi¬
fied walking time and activities of daily
living) were strongly predictive ofmor¬
tality.
Since treatments can also alter pa¬

tient outcomes, they should be taken
into account when analyzing prognostic
factors. While such treatments are not,
strictly speaking, prognostic factors, the
investigators should adjust for differ¬
ences in treatment in the analysis. For
example, in a study from Framingham
that examined the prognosis of Q-wave
vs non-Q-wave first myocardial infarc¬
tion, the investigators adjusted for age,
sex, and the presence of hypertension,
angina pectoris, congestive heart fail¬
ure, and cardiovascular disease prior to
the infarcì.11 However, they did not take
into account treatment with aspirin or
ß-blockers, which clinicians may have
administered at the time of the infarcì,
and which we know have an impact on
mortality.
In the study byWalsh and colleagues,

no attempt was made to compare the
mortality rate of the demented patients
with a group of patients without de¬
mentia. However, they did evaluate the
importance of 20 potential prognostic
factors in their cohort. Age at symptom
onset, dementia severity, wandering and
falling, behavioral problems, and hear¬
ing loss all had a statistically significant
relation to mortality.
WHAT ARE THE RESULTS?
The quantitative results from studies
of prognosis or risk are the number of
events that occur over time. We will
describe three common expressions of
this relationship that provide comple¬
mentary information about prognosis.
How Large Is the Likelihood of the

Outcome Event(s) in a Specified Pe¬
riod ofTime?—Yourpatient's son asked,
"What are the chances that my mother
will still be alive in 5 years?" You can
provide a simple and direct answer in
absolute terms. Five years after pre¬
sentation to the clinic about one-half the
patients (50%) had died. Thus, there is
about a 50:50 chance that his mother
will be alive in 5 years.
Your patient's son might then indi¬

cate that the only person he knows with
Alzheimer's disease is a 65-year-old uncle
who was diagnosed 10 years ago and is
still living. He is surprised that his moth¬
er's chance of dying in the next 5 years
is so high. This gives you the chance to
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Fig 1.—Survival after myocardial infarction in pa¬
tients treated with streptokinase and aspirin com¬
pared with placebo. Adapted from ISIS-2 (Second
International Study of Infarct Survival) Collaborative
Group. Randomised trial of intravenous streptoki¬
nase, oral aspirin, both, or neither among 17 187
cases of suspected acute myocardial infarction:
ISIS-2. 13:349-360, © by The Lancet Ltd, 1988.
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Fig 2.—Need for revision after total hip arthroplasty
in two cohorts of patients in the same center
(adapted from Dorey and Amstutz").

discuss some of the prognostic factors
for death in patients with Alzheimer's
disease. As mentioned previously, the
statistically significant prognostic fac¬
tors for death were increasing age, de¬
mentia severity, behavioral problems,
wandering and falling, and hearing loss.
You explain that his mother is consid¬
erably older than his uncle was at the
time of diagnosis, and that this likely
explains some of the difference. Itwould
be nice to use the prognostic factors to
further refine the chance of death in his
mother. Her age is almost identical to
the mean age of the cohort studied by
Walsh and colleagues. However, her
Mini-Mental State Examination score is
quite low (indicating more severe de¬
mentia), and her behavioral problems
also suggest that she is at higher risk
than the average patient in the study by
Walsh et al. Unfortunately, no table or
formula was presented that allows you
to combine all of these factors and es¬
timate a risk ofmortality that is specific
for your patient. However, you can feel
confident in telling her son that hismoth-
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er's chances of dying are at least 50%
during the next 5 years, and probably
greater.
The son might then ask whether his

mother's chances of survival could
change with time. Neither the absolute
nor relative expressions of results ad¬
dress this question. For this answer we
should turn to a survival curve, a graph
of the number of events over time (or
conversely, the chance of being free of
these events over time).12 The events
must be discrete (eg, death, stroke, re¬
currence of cancer), and the time at
which they occur must be precisely
known. In most clinical situations the
chance ofan outcome changeswith time.
Figures 1 and 2 show two survival
curves, one of survival after a myocar¬
dial infarction13 and the other the re¬
sults ofhip replacement surgery.14 Note
that the chance of dying after a myo¬
cardial infarction is highest shortly af¬
ter the event (reflected by an initially
steep slope ofthe curve, which then flat¬
tens), while very few hip replacements
require revision until much later (this
curve starts out flat and then steepens).
Walsh and colleagues provided a sur¬
vival curve in Fig 1 of their article that
suggests that the chance ofdying ismore
or less constant during the first 7 years
after referral to the clinic for dementia.
How Precise Are the Estimates of

Likelihood?—Even when valid, a prog¬
nostic study provides only an estimate
of the true risk. After determining the
size of the risk, we should next examine
the precision of the estimate, which is
best donewith a confidence interval (CI).
Walsh and colleagues found that the 95%
CI for survival 5 years after presenta¬
tion was approximately 39% to 58% (ex¬
trapolated from Fig 1 in their article).
Note that in most survival curves, the

earlier follow-up periods usually include
results frommore patients than the later
periods (because ofunavailability for fol¬
low-up and because patients are not en¬
rolled into the study at the same time).
This means that the survival curves are
more precise in the earlier periods, in¬
dicated by narrower confidence bands
around the left-hand parts of the curve.
Walsh and colleagues also provided

95% CIs for the RR associated with each
prognostic factor. For example, the RR
associated with a behavioral problem
was 1.5 with a 95% CI of 1.0 to 2.5. This
means that the best estimate is that a
patient with a behavioral problem is 1.5
times more likely to die than an indi¬
vidual without abehavioral problem. The
probability that the true RR is between
1.0 (ie, no effect) and 2.5 is 95%.
WILL THE RESULTS HELP ME IN
CARING FOR MY PATIENTS?
Were the Study Patients Similar to
My Own?—How well do the study re¬
sults generalize to the patients in your
practice? The authors should describe
the study patients in enough detail to
allow comparisonwith yourpatients. The
article should list the patients' impor¬
tant clinical characteristics, along with
the definitions used for these charac¬
teristics. The closer the match between
the patient before you and those in the
study, the more confident you can be in
applying the study results to that pa¬
tient. The characteristics of the study
patients were quite similar to your pa¬
tient.
Will the Results Lead Directly to
Selecting orAvoidingTherapy?—Since
there are no therapies for dementia that
are routinely available and clearly ef¬
fective, this guide does not directly ap¬
ply to your patient. However, prognos-

tic data often provide the basis for sen¬
sible decisions about therapy. Knowing
the expected clinical course of your pa¬
tient's condition can help you judge
whether treatment should be offered at
all. For example, warfarinmarkedly de¬
creases the risk of stroke in patients
with nonrheumatic atrial fibrillation and
is indicated for many patients with this
disorder.15 However, in one study the
frequency of stroke in patients with
"lone" atrial fibrillation (patients 60
years of age or younger with no asso¬
ciated cardiopulmonary disorders) was
1.3% over 15 years.16 The risks of long-
term warfarin therapy in this group of
patients probably outweigh the benefits.
Are the Results Useful for Reassur¬
ing or Counseling Patients?—Even if
the prognostic result does not lead you
to prescribe an effective therapy, it can
still be clinically useful. A valid, precise,
and generalizable result of uniformly
good prognosis is very helpful to the
clinician when reassuring a concerned
patient or relative. Some conditions, such
as asymptomatic hiatal hernia or asymp¬
tomatic colonie diverticula, have such a
good overall prognosis that they have
been termed "nondisease."17 On the other
hand, a prognostic result of uniformly
bad prognosis provides the clinicianwith
a starting place for a discussion with the
patient and family, leading to counsel¬
ing about end-of-life concerns.
In your patient, information on the

likelihood of death will be useful to the
son and his family as they plan the fu¬
ture care of his mother. Of course, other
prognostic information about the rate of
progression of the dementing process
and the need for intensive nursing care
would also be useful.18,19
We thank Malcolm Hing, MD, for his comments

and Karen Weeks for secretarial assistance.
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Users' Guides to the Medical Literature
VIII. How to Use Clinical Practice Guidelines
A. Are the Recommendations Valid?
Robert S. A. Hayward, MD, MPH; Mark C. Wilson, MD, MPH; Sean R. Tunis, MD, MSc; Eric B. Bass, MD, MPH;
Gordon Guyatt, MD, MSc; for the Evidence-Based Medicine Working Group

CLINICAL SCENARIO
You are relieved to find that the last

patient in your busy primary care clinic
is a previously well 48-year-old woman
with acute dysuria. There has been no

polydipsia, fever, or hematuria; the
physical examination reveals suprapu-
bic tenderness; and urinalysis shows py-
uria but no casts. You arrange cultures
and antibiotic treatment for a lower uri-
nary tract infection. On her way out the
door, your patient observes that her
friend has just started taking "female
hormones," and she wonders whether
she should too. Her menstrual periods
stopped 6 months ago and she has never
had cervical, ovarian, uterine, breast, or
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cardiovascularproblems, but hermother
had a mastectomy at age 57 for post-
menopausal breast cancer. You give the
same general advice you have offered
similar patients in the past, but suggest
that the matter be discussed at greater
length when she returns after complet-
ing the antibiotic treatment. Later, as

you lament doorknob consults, you are
irritated when a colleague asserts that
your primary advice about prophylactic
hormone replacement therapy (HRT)
was wrong and that you should have
recommended exactly the opposite. You
resolve to revisit this disagreement,
armed with the best evidence.

THE SEARCH
You begin by using Grateful Med to

look for a recent overview because many
articles about prophylactic HRT have
appeared recently, your time is short,
and your patient would want to know
about all significant benefits and harms
associated with HRT. On the first sub¬
ject line of the Grateful Med search, you
select "estrogen replacement therapy"
by marking this as a major concept in
the list of Medical Subject Headings
(MeSH) that Grateful Med associates
with the term "estrogen." After limit¬
ing your search to English-language re¬
views (Publication Type="review"), you
still have 131 articles to consider. A quick
scan of the first 25 titles reveals diverse
topics, including the effect of HRT on

lipid profiles, bone density, fracture

rates, and the incidence of endometrial,
cervical, and breast cancer. Knowing
that "practice guideline" is among the
publication types listed byGratefulMed,
you reason that clinical practice guide¬
lines might address multiple HRT-re-
lated outcomes at one time, and thus
provide you with the most efficient ac¬
cess to the best summary or summaries
of the available data. A repeat search
with the new publication type yields five
citations. Two of these are "technical
bulletins" of the American College of
Obstetricians and Gynecologists,1·2 one
is written for surgeons,3 one is a recent
guideline from the American College of
Physicians (ACP),4 and the last is a com¬

mentary on the ACP guideline.5Observ¬
ing that the ACP guideline is published
together with a systematic overview of
the evidence supporting its recommen¬

dations,6 you begin your review of is¬
sues in HRT decision making with the
ACP guideline.
INTRODUCTION
Clinicians serve patients by address¬

ing each individual's health care needs.
This includes recognizing important
healthproblems, considering sensible op¬
tions for managing each problem, inter¬
preting evidence about the outcomes of
each option, and ascertaining patient

Users' Guides to the Medical Literature section
editor: Drummond Rennie, MD, Deputy Editor (West),
JAMA.

Downloaded From: http://jamanetwork.com/pdfaccess.ashx?url=/data/journals/jama/9400/ by University of Illinois - Chicago, Thomas Santoro on 06/30/2017



preferences for each outcome. Increas¬
ingly, clinicians must also consider the
resource implications of their decisions.
This involves detecting, treating, palli¬
ating, and preventing health problems
in a way that maximizes the public good
achieved with available resources.

To meet patients' expectations, indi¬
vidually and in aggregate, clinicians face
intimidating tasks of information man¬

agement. Overviews can help by sys¬
tematically gathering, selecting, and
combining evidence that links options to
outcomes. Clinical decision analyses can

help by refining questions and explor¬
ing the trade-offs between competing
benefits and harms. Economic analyses
can help by tallying the costs associated
with different options. While useful,
these approaches do not always synthe¬
size information in a way that directly
supports specific clinical recommenda¬
tions.

Clinical practice guidelines, which
have been defined as "systematically de¬
veloped statements to assist practition¬
er and patient decisions about appro¬
priate health care for specific clinical
circumstances,"7 represent an attempt
to distill a large body of medical knowl¬
edge into a convenient, readily usable
format.8 Like overviews, they gather,
appraise, and combine evidence. Guide¬
lines, however, go beyond most over¬
views in attempting to address all the
issues relevant to a clinical decision and
all the values that might sway a clinical
recommendation. Like decision analy¬
ses, guidelines refine clinical questions
and balance trade-offs. Guidelines differ
from decision analyses in relying more
on qualitative reasoning and in empha¬
sizing a particular clinical context.

Guidelines make explicit recommen¬

dations, often on behalf of health or¬

ganizations, with a definite intent to
influence what clinicians do. These sug¬
gestions about what should be done go
beyond a simple presentation of evi¬
dence, costs, or decision models. They
reflect value judgments about the rela¬
tive importance of various health and
economic outcomes in specific clinical
situations. As a result, they should be
required to pass unique tests about how
matters of opinion, in addition to mat¬
ters of science, are handled.

When appraising a consultant's coun¬

sel, we are impressed if she states and
explains her suggestions clearly, dis¬
cusses alternatives, and acknowledges
possible biases and extenuating circum¬
stances. We can use this common-sense

approach to assess the validity, impor¬
tance, and applicability of clinical prac¬
tice guidelines. In this article, we offer
suggestions for decidingwhether to use
a clinical practice guideline in formulât-

Guidelines for How to Use Articles Describing Clinical Practice Guidelines

Are the recommendations valid?
Primary guides:
Were all important options and outcomes clearly specified?
Was an explicit and sensible process used to identify, select, and combine

evidence?
Secondary guides:

Was an explicit and sensible process used to consider the relative value
of different outcomes?

Is the guideline likely to account for important recent developments?
Has the guideline been subject to peer review and testing?

What are the recommendations?
Are practical, clinically Important, recommendations made?
How strong are the recommendations?
What is the impact of uncertainty associated with the evidence and values

used in the guidelines?
Will the recommendations help you in caring for your patients?

Is the primary objective of the guideline consistent with your objective?
Are the recommendations applicable to your patients?

ing one's own clinical policies (Table).
Our focus is on evaluation of interven¬
tions—including prevention, diagnosis,
and therapy—that are designed to im¬
prove important patient outcomes. For
prevention and diagnosis, this involves
looking beyond the accuracy of the test
to the ultimate consequences of choos¬
ing a diagnostic strategy on patients'
morbidity, mortality, and health-related
quality of life.

We use the same basic questions as
the users' guides for original research
articles, overviews, and decision analy¬
ses. Are the recommendations valid?
If they are, what are the recommenda¬
tions and will they be helpful in patient
care? To answer these questions, we
draw on an emerging literature about
practice guideline development and eval¬
uation915 (and S. H. Woolf, unpublished
data, 1991), while emphasizing the per¬
spective ofpractitioners whomust adopt,
adapt, or reject recommendations. Busy
clinicians might hope that criteria for
appraising practice guidelineswould ob¬
viate the need for reviewing how the
guideline developers have brought to¬
gether the evidence, and how they have
chosen the values reflected in their rec¬
ommendations.Unfortunately,anyshort¬
cuts that bypass at least a cursory look
at evidence and values will leave the
clinician open to being misled by guide¬
lines that may be based on a biased se¬
lection of evidence, a skewed interpre¬
tation of that evidence, or an idiosyn¬
cratic set of values. Shortcuts that do
not highlight health conditions and in¬
terventions, patients and practitioners,
and benefits and harms will leave the
clinician open tomisapplication ofguide¬
lines in clinical practice.
ARE THE RECOMMENDATIONS
VALID?

Primary Guides

You need to determinewhether guide¬
line developers used appropriate meth¬
ods and adduced evidence that support

the recommendations made. If develop¬
ers do not include—either in their policy
statement or in a supporting article—
information about how they chose op¬
tions and outcomes, selected evidence,
and decided on values, you might sus¬

pect that these steps were not done sys¬
tematically.16 In any case, you cannot
evaluate such guidelines, and their rec¬
ommendations probably should not in¬
fluence your decision making.

Were All Important Options and
Outcomes Considered?—Guidelines per¬
tain to decisions and decisions involve
choices and consequences. To appreciate
why a particular practice is recom¬

mended, you should check to see that
guideline developers have considered all
reasonable practice options and all im¬
portant potential outcomes.
Whether developers presentguidelines

for prevention, diagnosis, therapy, or re¬
habilitation, they should specify both the
interventions of interest and sensible al¬
ternative practices. For example, in a

guideline based on a careful systematic
literature review,'7 the ACP offers rec¬
ommendations about medical interven¬
tions for preventing strokes.18 While ca¬
rotid endarterectomy is mentioned as a

possible surgical intervention in the pre¬
amble to the guideline, the procedure is
not considered in the recommendations
themselves. This guideline could have
been strengthened if medical interven¬
tions for transient ischemie attacks had
been placed in a management context
that included the highly effective surgi¬
cal procedure.19
In its HRT guideline, the ACP makes

recommendations about counseling wo¬
men who are postmenopausal and are

consideringHRT to prevent disease and
prolong life.4 The interventions they con¬
sidered were (1) long-term daily pro¬
phylaxis (10 to 20 years) with 0.625 mg
of oral conjugated estrogen, (2) daily
estrogen and medroxyprogesterone ac¬
etate (2.5 mg orally per day or 5 to 10 mg
on days 10 to 14 of themonth), (3) short-
term HRT therapy (1 to 5 years), or (4)
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no prophylactic hormone use. The guide¬
line did not consider calcium supplemen¬
tation, newer estrogen delivery systems,
or other approaches to the prevention of
osteoporosis-related fractures.

Guideline developersmust consider not
only all the best management options,
but all the important consequences of the
options. As a clinician looking after indi¬
vidual patients, you look for information
on morbidity, mortality, and quality of
life and you must decide if the guideline
ignores outcomes thatyourpatientswould
care about. As a practitioner interested
in using resources efficiently, you must
also mind economic outcomes. Whether
developers examine economic outcomes
at all—and if they do, whether they look
at costs from the patients', insurers', or
health care system perspective, or con¬
sider broader issues such as the conse¬

quences of time lost from work—can
strongly influence final recommenda¬
tions.20 The majority of published guide¬
lines do not include formal cost analyses,
those that do use a variety of analytic
techniques, and it will be difficult for you
to determine whether actual cost esti¬
mates are valid or applicable for your
practice setting. You can gain a better
understandingofthepotential importance
of these issues by seeing if the economic
projections are subjected to sensitivity
analysis. If so, you can gauge the extent
to which guideline recommendations
might change if assumptions about costs
change. You can also check to see if the
guideline developers offer clinically rel¬
evant comparisons. For example, the av¬

erage cost of preventing one cardiovas¬
cular-related death by means of HRT
might be comparedwith the cost ofdoing
the same by means of cholesterol reduc¬
tion, blood pressure control, or smoking
cessation counseling.
In its HRT guideline, the ACP used

lifetime probability of developing endo-
metrial cancer, breast cancer, hip frac¬
ture, coronary heart disease, and stroke,
and median life expectancy to estimate
risks and benefits for subgroups ofwom¬
en. They acknowledged possible HRT
effects on serum lipoproteins, uterine
bleeding, sexual and urinary function,
and the need for endometrial surveil¬
lance by biopsy, but did not include these
considerations in the model used to syn¬
thesize evidence. The effects of HRT on
costs and quality of life, which could
have a major impact on patient choices,
were not explicitly considered.

Was an Explicit and Sensible Pro¬
cess Used to Identify, Select, and Com¬
bine Evidence?—Having specified op¬
tions and outcomes, the next task in de¬
cision making is to estimate the likeli¬
hood that each outcome will occur. In
effect, one has a series of specific ques-

tions. For HRT, what is the effect of the
alternative approaches on hip fracture
incidence, on myocardial infarction and
coronary death, or on breast and endo-
metrial cancer incidence? Guideline de¬
velopers must bring together all the rel¬
evant evidence, and then combine that
evidence in an appropriate manner. In
carrying out this task, they must avoid
bias that will distort the results. In ef¬
fect, they must have access to, or con¬

duct, a systematic overview of the evi¬
dence bearing on each question they
address.

The users' guide on overviews includes
criteria that can be used to judge
whether guideline developers have done
an adequate job in accumulating and syn¬
thesizing evidence.21 Developers should
specify a focused question, define ap¬
propriate evidence using explicit inclu¬
sion and exclusion criteria, conduct a

comprehensive search, and examine the
validity of the results in a reproducible
fashion.

The best guidelines define admissible
evidence, report how it was selected and
combined, make key data available for
your review, and report that they found
randomized trials that link the inter¬
ventions to the outcomes. Such random¬
ized trials may, however, be unavail¬
able, and guideline developers are in a
different position from the authors of
overviews who may abandon their
project if there are not any high-quality
studies to summarize. Many important
clinical problems are technically, eco¬

nomically, or ethically difficult to ad¬
dress with randomized clinical trials. Be¬
cause guideline developers must deal
with inadequate evidence, theymay have
to consider a variety of studies as well
as reports of expert and consumer ex¬

perience. They must formulate recom¬

mendations, but they should be candid
about the type and quantity of evidence
on which those recommendations are
based.

The nature and appropriate use of ex¬
pertise is one of the most hotly debated
areas in guideline development. Some¬
times "experts" have preeminent knowl¬
edge of the basic science, pathophysiol-
ogy, and natural history of a health con¬
dition. They may also be distinguished
by extensive direct clinical experience.
Persons who have witnessed and un¬
derstood the limitations of clinical trials
in the clinical domain offer another di¬
mension of expertise. For some guide¬
lines, extra emphasis may be placed on
the expertise of generalists who can

gauge the practical implications of in¬
terventions applied to large groups. Al¬
though the RAND Corporation and oth¬
ers have developed protocols for record¬
ing and quantifying expert assessments

of the appropriateness of health inter¬
ventions,22·23 guideline developers must
decide what type of expert opinion to
solicit and how to incorporate it into the
evidential foundation for guideline de¬
velopment. You are unlikely to find sys¬
tematic methods for selecting, captur¬
ing, and grading relevant expertise in
today's guidelines, but you should try to
determinewhether and howexpert opin¬
ion was used to fill in gaps in the evi¬
dence from clinical trials.
A quality-of-evidence scale can be used

to rate different categories of evidence
(eg, expert opinion or clinical investiga¬
tion) and methods for producing it
(eg, blinded or nonblinded outcome as¬

sessment) according to the likelihood that
the source or design will yield biased re¬
sults.24 Developers working on a differ¬
ent problem with a different supporting
literature may devise an evidence-filter¬
ing instrument that stratifies case-con¬
trol studies into categories of differing
quality.25 The prospective development
and application of a systematic approach
to appraising and classifying evidence is
important because this means that the
strength of the evidence in support of the
recommendations can be reported. Strat¬
egies for summarizing the strength ofboth
evidence and recommendations will be
addressed in the second of our articles
about using practice guidelines, which
deals with interpreting and applying the
results.

The ACP HRT guideline developers
searched MEDLINE (1970 to 1991) and
citations from articles, and conferredwith
expert consultants to identify studies
published in English about the treatment
options and outcomes. They conducted
formal overviews, including meta-analy-
sis, and derived summary estimates of
relative risks and lifetime probabilities
of the principal outcomes with and with¬
out HRT for subgroups ofwomen. These
subgroups included women without risk
factors; women at increased risk for coro¬
nary disease, hip fracture, or breast can¬
cer; andwomenwho had a hysterectomy.
Their overviews met the validity criteria
we have suggested. In most cases, ran¬
domized trials had not been conducted,
and the investigators relied on observa¬
tional studies. Therefore, they appropri¬
ately conducted sensitivity analyses to
determine the implications if the results
of observational studies represented
overestimates or underestimates of the
true effect of the interventions on the
relevant outcomes.

Secondary Guides
Was an Explicit and Sensible Pro¬

cess Used to Consider the Relative
Value of Different Outcomes?—Link-
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ing treatment options to outcomes is
largely a question of fact and a matter
of science. In contrast, assigning pref¬
erences to outcomes is largely a ques¬
tion of opinion and a matter of value.
The extent to which HRT increases the
incidence of breast cancer or decreases
death rates from myocardial infarction
can be ascertained from the evidence.
The relative importance placed on avoid¬
ing breast cancer or cardiovascular dis¬
ease depends onwhat patients care about
most. Consequently, it is important that
guideline developers report the sources
oftheir value judgments and the method
by which consensus was sought.

You should look for information about
who was explicitly involved in assign¬
ing values to outcomes, or who, by in¬
fluencing recommendations, was implic¬
itly involved in assigning values. Ex¬
pert panels and consensus groups are
often used to determine what a guide¬
line will say. You need to know who the
panelmembers are, bearing in mind that
panels dominated by members of spe¬
cialty groups may be subject to intel¬
lectual, territorial, and even financial
biases (some organizations screen po¬
tential panel members for conflicts of
interest, others do not). By identifying
the agencies that have sponsored and
funded guideline development, you can
decide whether their interests or del¬
egates are overrepresented on the con¬
sensus committee. Panels that include a
balance ofresearchmethodologists, prac¬
ticing generalists and specialists, and
public representatives are more likely
to have considered diverse views in their
deliberations.
Even with broad representation, the

actual process of deliberation can influ¬
ence recommendations. You should
therefore look for a report of methods
used to synthesize preferences frommul¬
tiple sources. Informal and unstructured
processes for arbitrating values may be
vulnerable to undue influence by indi¬
vidual panel members, particularly the
panel chair. Appropriate structured pro¬
cesses increase the likelihood that all
important values are duly considered.26
It is particularly important to know

how patient preferences were consid¬
ered. Health interventions have benefi¬
cial and harmful effects along with as¬
sociated costs, and recommendations
may differ depending on our relative
emphasis on specific benefits, harms, and
costs. What is the relative importance
of an uncertain risk for increases in
breast cancer vs a fairly clear expecta¬
tion of decreased incidence of heart at¬
tacks and strokes? Many guideline re¬

ports, by their silence on the matter of
patient preferences, assume that guide¬
line developers adequately represent pa-

tients' interests. Methods for directly
assessing patient and societal values ex¬
ist but are rarely used by guideline de¬
velopers. You may be limited to gaug¬
ing whether the values implicit in the
guideline appear to favor patient, third-
party (eg, reimbursement agencies), or
societal priorities.27 You can also con¬
sider which ethical principles—such as

patient autonomy (the patient's control
over decisions about her health), non-
maleficience (avoiding harm), ordistribu¬
tive justice (the fair distribution ofhealth
care resources)—prevailed in guiding de¬
cisions about the value of alternative
interventions. For guidelines based on
formal risk-benefit and cost-benefit
analyses, declarations ofacceptable lev¬
els ofrisks and costs per benefit achieved
can help you make comparisons across

guidelines.
Variation (disagreement) and uncer¬

tainty (ambivalence) in values could af¬
fect summary recommendations and so
should be recorded and reported by
guideline developers. The clinical prob¬
lems for which practice guidelines are
most needed often involve complex
trade-offs between competing benefits,
harms, and costs, usually under condi¬
tions of uncertainty. Even in the pres¬
ence of strong evidence from random¬
ized clinical trials, the effect size of an
intervention may be marginal or the in¬
terventionmay be associatedwith costs,
discomforts, or impracticalities that lead
to disagreement or ambivalence among
guideline developers about what to rec¬
ommend. Explicit strategies for docu¬
menting, describing, and dealing with
dissent among judges, or frank reports
of the degree of consensus attained, can
help you decide whether to adopt or

adapt recommendations. Unfortunately,
until guideline development methods
mature, you will rarely find this infor¬
mation.
An example of the implicit, and per¬

haps questionable, value judgments
guideline developers make comes from
the ACP recommendations for medical
therapies to prevent stroke.17 This guide¬
line recommended that aspirin be con¬
sidered the drug of choice in patients
with transient ischemie attacks, and sug¬
gested that ticlopidine be reserved for
patients who do not tolerate aspirin. The
best estimate of the effect of ticlopidine
relative to aspirin in patients with tran¬
sient ischemie attacks is a 15% reduc¬
tion in relative risk, a benefit that would
translate into preventing one stroke for
every 70 patients treated in a group of
patients with a 10% risk of stroke. The
ACP presumably makes their recom¬
mendation that aspirin, not ticlopidine,
be the drug of choice for patients with
transient ischemie attack on the basis of

the increased cost of ticlopidine, and the
need for checking the white blood cell
count in patients receiving ticlopidine.
This implicit value judgment could be
questioned, and the guideline would be
strengthened if the authors had made
the values that underlie their judgment
explicit.
In the case of the ACP HRT guide¬

line, the developers gave priority to
outcomes that are major contributors
to morbidity and mortality in North
America (eg, the effect of long-term es¬

trogen use on risk of death from myo¬
cardial infarction, osteoporosis-related
fractures, and endometrial cancer), but
acknowledged that other considerations
may be as important as preventing dis¬
ease and death for some women (eg,
resumption ofmenses, changes in mood,
and sexual function). The task of assign¬
ing relative value to different types of
morbidity or causes of mortality is left
to patients and their clinicians.

Is the Guideline Likely to Account
for ImportantRecentDevelopments?—
Guidelines often concern controversial
health problems about which new knowl¬
edge is actively sought in ongoing stud¬
ies. Because of the time required to as¬
semble and review evidence and achieve
consensus about recommendations, the
guideline may be out of date by the time
you see it. You should look for two im¬
portant dates: the publication date of the
most recent evidence considered and the
date onwhich the final recommendations
were made. Some authorities also iden¬
tify important studies in progress and
new information that could change the
guideline. Ideally, these considerations
may be used to qualify guidelines as "tem¬
porary" or "provisional," to specify dates
for expiration or review, or to identify
key research priorities. For most guide¬
lines, however, you must scan the bibli¬
ography to get an impression ofhow cur¬
rent a particular guideline may be. The
ACP HRT guideline gives dates for evi¬
dence considered (1970 through 1991) and
final approval (March 1992). The guide¬
line acknowledged that its advice about
use of estrogen in combination with a

progestin was limited by uncertainty
about whether the progestin neutralizes
the beneficial effects of estrogen on risk
factors for unwanted cardiovascular out¬
comes. The guideline did not alert read¬
ers to watch for results from the Post-
menopausal Estrogen/Progestin Inter¬
ventions (PEPI) trial, initiated in 1988,
which would directly address that un¬

certainty. An early report from the PEPI
group concludes that estrogen alone or
in combinationwith a progestin improves
lipoprotein levels and lowers fibrinogen
levels without detectable effects on in¬
sulin or blood pressure.28
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Has the Guideline Been Subjected
to Peer Review and Testing?—People
may interpret evidence differently and
their values may differ, and guidelines
are subject to both sorts of differences.
Your confidence in the validity ofa guide¬
line increases ifexternal reviewers have
judged the conclusions reasonable, and
clinicians have found the guidelines ap¬
plicable in practice. If the guidelines dif¬
fer from those adduced by others, you
should look for an explanation. On the
other hand, if the guidelines meet the
first four validity criteria and the un¬

derlying evidence is strong, rejection
by clinicians orpeer reviewers may have
more to do with their biases than to any
limitation in the validity of the guide¬
lines.
If the underlying evidence is weak, no

matter what the degree of consensus or
peer review, the clinicians' confidence
in the validity of the guideline will be
limited. In the second part of our users'
guide for practice guidelines, we will
describe explicit frameworks for judg¬
ing the strength of recommendations.

The weaker the underlying evidence,
the greater the argument for actually
testing the guideline to determine
whether its application improves patient
outcomes.29 The question for any such
test would be: are patient outcomes bet¬
ter, or are outcomes equivalent at de¬
creased cost, when clinicians operate on
the basis of the practice guidelines?
Weingarten and colleagues30 con¬

ducted such an investigation examining
the impact of implementation of a prac¬
tice guideline suggesting that low-risk
patients admitted to coronary care units
should receive early discharge.30 On al¬
ternate months over the period ofa year,
clinicians either received or did not re¬
ceive a reminder of the guideline rec¬
ommendations. During the months in
which the intervention was in effect,
hospital stay for coronary care unit pa¬
tients was approximately a day shorter
and the average cost of the stay was
over $1000 less. Mortality and health
status at 1 month were similar in the
two groups. The investigators concluded
that the guideline reminder reduced hos-

pital stay and associated costs without
adversely affecting measured patient
outcomes. Although in this case the au¬
thors used alternate-month allocation,
which makes the study weaker than a
true randomized trial, a study of this
type helps to validate the predicted con¬

sequences of guideline implementation
for defined outcomes.

Once you are confident that the clini¬
cal practice guideline addresses your
clinical question and is based on a rig¬
orous up-to-date assessment of the rel¬
evant evidence, you can review the rec¬
ommendations to determine how useful
they will be in your practice. While not
pristine, the ACP guidelines on HRT do
a good job at meeting the primary cri¬
teria for using a practice guideline. We
will describe how to interpret and apply
the results in the next article of this
series.

We offer special thanks to Deborah Maddock
who has provided outstanding administrative sup¬
port and coordination for the activities of the
Evidence-Based Medicine Working Group.
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Users' Guides to the Medical Literature
VIII. How to Use Clinical Practice Guidelines
B. What Are the Recommendations and
Will They Help You in Caring for Your Patients?
Mark C. Wilson, MD, MPH; Robert S. A. Hayward, MD, MPH; Sean R. Tunis, MD, MSc; Eric B. Bass, MD, MPH;
Gordon Guyatt, MD, MSc; for the Evidence-Based Medicine Working Group

CLINICAL SCENARIO
At the conclusion of our first article on

practice guidelines1 in this series, we left
you examining the full text of a practice
guideline2 that could help you marshal a
convincing response to a colleague who
disagreeswith your approach to hormone
replacement therapy (HRT) in postmeno-
pausal women. Later that day, chatting
with another colleague, you mention the
disagreement. He shrugs, and avows, "It's
entirely a matter of personal preference,
the evidence doesn't support either of
you."You return to the guideline, looking
for how particular recommendations may
be justified and adapted to your patient's
circumstances.

WHAT ARE THE
RECOMMENDATIONS?

Are Practical, Clinically Important,
Recommendations Made?

To be useful, recommendations should
give practical, unambiguous advice about
a specific health problem. For guidelines
about managing health conditions, you
should determine if the intent is to pre-
vent, screen for, diagnose, treat, or pal-
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liate the disorder. For guidelines about
the appropriate uses of health interven-
tions, the recommendations should include
a definition of the intervention and its
optimal role in patient management. In
the AmericanCollege ofPhysicians (ACP)
guideline on HRT,2 recommendations are
divided into general observations that can
help the clinician discuss with patients
the effects of therapy, and specific man¬

agement recommendations concerning
what should be done in patient evalua¬
tion, risk assessment, hormone adminis¬
tration, and follow-up to achieve the out¬
comes predicted by the available evidence.

To be clinically important, a practice
guideline should convince you that the
benefits offollowing the recommendations
are worth the expected harms and costs.
You should consider both the relative and
absolute changes in outcomes. A 25% re¬
duction in relative risk of death from a
disease is much more compelling if it in¬
volves a reduction in the proportion of
deaths from 40 of 100 to 30 of 100 (an
absolute risk reduction of 10 in 100), than
if it involves a reduction in the proportion
of deaths from four of 100 to three of 100
(an absolute risk reduction ofone in 100).:!

The ACP guideline cites extensive and
consistent observational data to show that
unopposed estrogen therapy (ET) reduces
the lifetime risk of developing coronary
heart disease (CHD) by about 35% (for
50-year-old womenwith no extraordinary
CHD risks, about 12 of 100 would be
spared CHD in their lifetimes) and hip
fractures by about 15% (two to three of
100 avoid hip fracture because ofET use).
In women who have a uterus and take
unopposed ET, the risk ofdeveloping en-
dometrial cancer increases up to eightfold
(approximately 17women of 100 who take
ET and would not otherwise have devel¬
oped endometrial cancer will develop the
disease) and the risk for breast cancer

may increase as much as 25% (absolute
increase of about three of 100 women).

Clearly, the relative increases or decreases
in outcomes can be misleading if baseline
risks and absolute changes in outcomes
are not reported. Addition of progestin
maintains hip fracture risk reduction and
removes the increased risk of endome-
trial cancer, but has uncertain effects on
risks for breast cancer and cardiovascular
disease. Hormone replacement therapy
can increase life expectancy by 10 months
to 2 years, depending on the presence of
risk factors, a gain similar to that achieved
by treatment ofhypertension. The guide¬
line did not consider personal or societal
costs associated with HRT.

How Strong Are the
Recommendations?
The "strength," "grade," "confidence,"

or "force" ofa recommendation should be
informed by multiple considerations: the
quality of the investigations that provide
the evidence for the recommendations,
the magnitude and consistency of posi¬
tive outcomes relative to negative out¬
comes (adverse effects, burdens to the
patient and the health care system, costs),
and the relative value placed on different
outcomes. Even in the presence ofstrong
evidence from randomized clinical trials,
the effect size of an intervention may be
marginal. The intervention may be asso¬
ciated with costs, discomforts, or imprac-
ticalities that downgrade the strength of
a summary recommendation about what
practicing clinicians should do. It is im¬
portant to consider this distinction and to
scrutinize a guideline document for what,
in addition to evidence, determines the
wordingofactual recommendations. These
factors are key to understanding conflicts
among guidelines on similar topics from
different organizations.4

Users' Guides to the Medical Literature section edi-
tor: Drummond Rennie, MD, Deputy Editor (West),
JAMA.
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In our first article about using prac¬
tice guidelines,1 we pointed out that the
best available evidence about the effects
of health interventions may come from
sources as diverse as, on the one hand,
well-conducted randomized trials and,
on the other, expert opinion. Thus, us¬
ers of practice guidelines will find tre¬
mendous variability in strength of the
evidence linking options and outcomes.
Among guidelines developed by differ¬
ent groups about the same health con¬
dition or intervention, there should be
little variability in estimates of the
strength of evidence as long as the sup¬
porting overviews considered the same

body of literature.57 Here, differences
in recommendations probably reflect dif¬
ferences in the relative value placed on
various health and economic outcomes.8
Unfortunately, these considerations are

rarely exposed in guideline documents
and there is no commonly accepted ap¬
proach for grading evidence or recom¬
mendations.9"12

Formal taxonomies of "levels of evi¬
dence" and "grades ofrecommendations"
were first popularized by the Canadian
Task Force on the Periodic Health Ex¬
amination,13 and later revised in coop¬
eration with the United States Preven¬
tive Services Task Force.9 Like previous
articles in this series,14 these guideline
developers emphasized that the stron¬
gest evidence comes from rigorous ran¬
domized controlled trials andweaker evi¬
dence from observational studies using
cohort or case-control designs. Inferring
strength of evidence from study design
alone, however, may overlook other de¬
terminants of the quality of evidence,
such as sample size, recruitment bias,
losses to follow-up, unmasked outcome
assessment, atypical patient groups, un-
reproducible interventions, impractical
clinical settings, and other threats to in¬
ternal and external validity. Moreover,
results from a single randomized con¬
trolled trial with a small sample size are
not necessarilymore convincing than con¬
sistent results with high precision from
a large number of high-quality trials of
nonrandomized design conducted in a va¬

riety of places and times. Recent pro¬
posals for summarizing strength of evi¬
dence have emphasized the need for over¬
views to filter out studies with major
design flaws, and meta-analyses to con¬
sider the precision, magnitude, and het¬
erogeneityofstudy results.11 TheUnited
States Preventive Services Task Force
now supplements its "study design cat¬
egories" with prose descriptions of flaws
in the published evidence.16
Another approach to categorizing evi¬

dence from multiple studies offers a hi¬
erarchy from overviews ofobservational
studies with inconsistent results to over-

views of randomized controlled trials
with consistent results (Table).16 Since
inferences about the health effects of
interventions are weakened when there
are unexplained major differences in ef¬
fects in different studies, guidelines
based on randomized controlled trials
are stronger when the results of indi¬
vidual studies are similar, and weaker
when major differences between stud¬
ies (heterogeneity) are present. If the
evidence linking interventions and out¬
comes came from overviews of articles,
you could apply the criteria for a valid
overview and the schema in the Table to
decide on the strength of evidence sup¬
porting recommendations.

This approach is constrained by its fo¬
cus on only one major outcome (for HRT
we are interested in many outcomes), but
it exemplifies how the strength of evi¬
dence and the strength of recommenda¬
tions could be integrated on a common
scale. It considers study design, hetero¬
geneity, effect size, confidence intervals
(CIs) around the effect sizes, and thresh¬
old effect sizes over which negative out¬
comes outweigh the benefits. The thresh¬
old effect size presumes value judgments
about the relative importance of various
outcomes resulting from the health in¬
tervention have been applied. In prin¬
ciple, strong recommendations are war¬
ranted when the smallest effect compat¬
ible with the data (the lower boundary of
the CI) is still greater than the threshold
below which the negative outcomes out¬
weigh the benefits. (In an upcoming ar¬
ticle16 in this series, we describe this ap¬
proach to levels of recommendation in
much more detail.)
If the guidelines are developed on the

basis of observational studies or if the
estimate of the treatment effect is im¬
precise, the user should not expect strong
recommendations unlessmajor harms and
costs are associated with the interven¬
tion or a catastrophic outcome (eg, death)
may be prevented by a low-risk, low-cost
intervention of probable efficacy. Guide¬
line developers could compensate forweak
evidence by testing the effect of their
guideline on patient outcomes in a real-
world clinical situation.17 Such a study, if
methodologically strong, could enhance
the strength of the recommendations in
the absence ofstrong evidence from origi¬
nal studies.
While the ACP HRT guideline does

not grade its recommendations, the
guideline does cross-reference recom¬
mendations to discussions about evi¬
dence and effect sizes in the associated
overview. Because the guideline is based
largely on observational studies, the rec¬
ommendations are relatively weak, and
would be categorized asCl in the schema
in the Table.

Grades of Recommendations for a Specified Level
of Baseline Risk*

A1 RCTs, no heterogeneity, CIs all on one side of
_thresholdNNT_
A2 RCTs, no heterogeneity, CIs overlap threshold
_NNT_
B1 RCTs, heterogeneity, CIs all on one side of
_thresholdNNT_
B2 RCTs, heterogeneity, CIs overlap threshold NNT
C1 Observational studies, CIs all on one side of
_thresholdNNT_
C2 Observational studies, CIs overlap threshold

NNT

*RCT indicates randomized controlled trial; CI, con¬
fidence interval; and NNT, number needed to treat to
avoid one unwanted outcome.

What Is the Impact of Uncertainty
Associated With the Evidence and
Values Used in the Guidelines?

Guideline developers should consider
the possibility that the effect of a man¬

agement option on an outcome, or the
relative value of different outcomes, is
much greater, or much less, than their
best estimate. We have discussed how to
examine this possibility, a process we call
sensitivity analysis, in the users' guide
for decision analysis.18 The weaker the
evidence linking intervention and out¬
come, and the greater the possible range
ofcompeting values, the greater the need
for a sensitivity analysis. For example,
the range of plausible estimates of the
impact of HRT on breast cancer is very
wide, and guideline developers should test
how their recommendations would differ
across the rangeofpossible effects.When
the evidence is of the weakest sort, aris¬
ing from expert opinion, sensitivity analy¬
sis is essential.

The authors of the HRT guideline ac¬

knowledge that the observational design
of the studies may introduce bias, and
they alert us to areas where the evidence
is particularly weak (such as the effect of
combined estrogen and progestins on
breast cancer). They don't, however, pro¬
vide a formal sensitivity analysis. Such a

sensitivity analysis might have been use¬
ful in highlighting the uncertainty ofmany
of the estimates on which the recommen¬
dations are based, particularly those re¬

lating to life expectancy.

WILL THE RECOMMENDATIONS
HELP YOU IN CARING FOR
YOUR PATIENTS?
Is the Primary Objective
of the Guideline Consistent
With Your Objectives?

You should try to anticipate how a

guideline will be used. Guidelines may be
disseminated to assist physicians with
clinical decisionmaking (for example, clini¬
cal algorithms and reminders), to enable
evaluation ofphysician practices (eg, uti-

Downloaded From: http://jamanetwork.com/pdfaccess.ashx?url=/data/journals/jama/9453/ by University of Illinois - Chicago, Thomas Santoro on 06/30/2017



lization review, quality assurance), or to
set limits on physician choices (eg, recer¬
tification, reimbursement). Guidelines
may be directed at different practition¬
ers. Some guidelines about detection and
treatment of depression have, for ex¬

ample, aimed to guide primary care pro¬
viders and others to guide psychiatrists.19
You should ensure the purpose of the
guideline meets the use you intend for it.

Are the Recommendations
Applicable to Your Patients?

To be really useful, guidelines should
describe interventions well enough for
their exact duplication. You must deter¬
mine whether your patients are the in¬
tended target of a particular guideline. If
yourpatients have a different prevalence
ofdisease or risk factors, for instance, the
guidelines may not apply.

The flexibility of the guideline may be
indicated by patient or practice charac¬
teristics that require individualizing rec¬
ommendations or that justify departures
from the recommendations. For example,
the American College of Cardiology, the
AmericanHeart Association, and the ACP
advise against using electrocardiograms
to screen asymptomatic adults, but they
acknowledge that this advice may not be
valid for persons who smoke; are male
and of "increased age"; have a family his¬
tory of coronary artery disease; have hy¬
pertension, diabetes, or other cardiovas¬
cular risk factors; are sedentary; orwhose
occupation affects public safety.2024 The
caveats reflect reluctance to make rec¬
ommendations in the absence ofgood evi¬
dence. They also exclude groups of pa¬
tients who, in total, may account for a

majority of an internist's patients!
You should look for information that

must be obtained from and provided to
patients and for patient preferences that
should be considered. It is important to
considerwhether the values assigned (im¬
plicitly or explicitly) to outcomes could
differ enough from your patients' prefer¬
ences to change a decision about whether
to adopt a recommendation.

When you review the HRT guidelines,
you may begin to understand why your
colleague in the scenario with which this
article began felt that recommendations
regarding HRT must be different for ev¬
ery patient. In its HRT guideline, the
ACP offers separate recommendations
for women at increased risk for CHD, hip
fracture and breast cancer, and for wom¬
en who have had a hysterectomy. These
different recommendations reflect the fact
that different women are at varying risk
of adverse outcomes, and the impact of
HRT on them will therefore differ. The
most vivid example is women who have
had hysterectomies: since they are not at
risk ofendometrial cancer, unopposed es-

trogen is much more likely to be the right
treatment choice.

RESOLUTION OF THE SCENARIO
The ACP recommends that all women

consider taking preventive hormone
therapy, while admitting that no evidence
supports strong advice except for some
womenwho are at increased risk for some
outcomes. The guidelines suggest that
women at increased risk for CHD are

likely to achieve longevity gains from
HRT, but that conclusion needs to be
confirmed by randomized controlled tri¬
als. Hormone replacement therapy is
likely to decrease the risk of hip, verte¬
bral, and wrist fractures, but, without a
progestin, risks for endometrial cancer
increase up to eightfold.Womenwho have
had a hysterectomy should take ET alone;
others should add a progestin or comply
with careful endometrialmonitoring. The
effect of estrogen on breast cancer ap¬
pears to be small, but the evidence is
weak and many women may not be will¬
ing to "take a chance," particularly ifthey
bear low or average risks for CHD. Cli¬
nicians should assess risks, estimate ben¬
efits and harms, educate patients, and
facilitate individualized decision making
for all postmenopausal patients.

There is certainly much more to mak¬
ing decisions about HRT than perhaps
you or your colleague had at first appre¬
ciated. There are many options, multiple
outcomes, and significant trade-offs in
benefits and harms. A good guideline,
based on solid scientific evidence and an

explicit process for judging the value of
alternative practices, allows you to re¬

view, at one sitting, links between mul¬
tiple options and outcomes. Unfortu¬
nately, well-developed and usefully sum¬
marized guidelines are still rare in the
clinical literature. We hope thatmore con¬
sistent reportingofguideline development
methods will prevail, making the guide¬
lines literature more accessible to and
useful for prospective guideline users.25

We offer special thanks to Deborah Maddock
who has provided outstanding administrative sup¬
port and coordination for the activities of the
Evidence-Based Medicine Working Group.
References

1. Hayward RSA, Wilson MC, Tunis SR, Bass EB,
Guyatt G, for the Evidence-Based MedicineWorking
Group. Users' guides to the medical literature, VIII:
how to use clinical practice guidelines, A: are the
recommendations valid? JAMA. 1995;274:570-574.
2. American College of Physicians. Guidelines for
counseling postmenopausal women about preven-
tive hormone therapy. Ann Intern Med. 1992;117:
1038-1041.
3. Laupacis A, Naylor CD, Sackett DL. How should
the results of clinical trials be presented to clini-
cians [editorial]? ACP J Club. May/June 1992:A12\x=req-\
A14. Ann Intern Med. Vol 116, suppl 3).
4. Eddy DM. Resolving conflicts in practice poli-
cies. JAMA. 1990;264:389-391.
5. Whelton PK. Reflections on the U.S. Preventive

Services Task Force recommendations for screen-
ing for hypertension and hypercholesterolemia.
J Gen Intern Med. 1990;5:S17-S19.
6. American College of Physicians. Screening low
risk, asymptomatic adults for cardiac risk factors:
serum serum cholesterol and triglycerides. In: Eddy
DM, ed. Common Screening Tests. Philadelphia,
Pa: American College of Physicians; 1991.
7. Canadian Task Force on the Periodic Health Ex-
amination. Periodic health examination, 1991 update:
lowering blood cholesterol to prevent coronary heart
disease. Can Med Assoc J. 1993;148:521-538.
8. Kottke TE, Brekke ML. Cholesterol policy: what
should we do? how should we decide? J Clin Epi-
demiol. 1990;43:1023-1027.
9. Woolf SH, Battista RN, Anderson GM, Logan
AG, Wang E. Assessing the clinical effectiveness of
preventive maneuvers: analytic principles and sys-
tematic methods in reviewing evidence and devel-
oping clinical practice recommendations. JClinEpi-
demiol. 1990;43:891-905.
10. Sackett DL. Rules of evidence and clinical rec-
ommendations on the use ofantithrombotic agents.
Chest. 1986;89(suppl 2):2S-3S.
11. Cook DJ, Guyatt GH, Laupacis A, Sackett DL.
Rules of evidence and clinical recommendations on
the use of antithrombotic agents. Chest. 1992;102
(suppl 4):305S-311S.
12. Acute Pain Management Panel. Acute Pain
Management: Operative orMedical Procedures and
Trauma: Clinical Practice Guideline. Rockville,
Md: Agency for Health Care Policy and Research,
Public Health Service, US Dept of Health and Hu-
man Services; 1992.
13. Canadian Task Force on the Periodic Health
Examination. The periodic health examination. Can
Med Assoc J. 1979;121:1193-1254.
14. Jaeschke R, Guyatt G, Sackett DL, for the Evi-
dence-Based Medicine Working Group. Users'
guides to the medical literature, III: how to use an
article about a diagnostic test, A: are the results of
the study valid? JAMA. 1994;271:389-391.
15. Battista RN, Fletcher SW. Making recommen-
dations on preventive practices: methodological is-
sues. Am J Prev Med. 1988;4S:53-67.
16. Guyatt GH, Sackett DL, Sinclair J, for the Evi-
dence-Based MedicineWorkingGroup. Users' guides
to the medical literature, IX: a method for grading
health care recommendations. JAMA. In press.
17. Weingarten SR, Reidinger MS, Conner L, et al.
Practice guidelines and reminders to reduce dura-
tion of hospital stay for patients with chest pain.
Ann Intern Med. 1994;120:257-263.
18. Richardson WS, Detsky AS, for the Evidence\x=req-\
Based MedicineWorking Group. Users' guides to the
medical literature, VII: how to use a clinical decision
analysis, B: what are the results and will they help me
in caring formy patients? JAMA. 1995;273:1610-1613.
19. Rush AJ. Depression in primary care: detec-
tion, diagnosis and treatment. Am Fam Physician.
1993;47:1776-1788.
20. Sox HC Jr, Littenberg B, Garber AM. The role
of exercise testing in screening for coronary artery
disease. Ann Intern Med. 1989;110:456-469.
21. Sox HC Jr, Garber AM, Littenberg B. The
resting electrocardiogram as a screening test: a
clinical analysis. Ann Intern Med. 1989;111:489-502.
22. American College of Cardiology/American
Heart Association Task Force on Assessment of
Cardiovascular Procedures. Guidelines for exer-
cise testing. J Am Coll Cardiol. 1986;8:725-738.
23. American College of Physicians. Screening for
asymptomatic coronary artery disease: the resting
electrocardiogram In: Eddy DM, ed. Common
Screening Tests. Philadelphia, Pa: American Col-
lege of Physicians; 1991.
24. American College of Physicians. Screening for
asymptomatic coronary artery disease: exercise
stress testing. In: Eddy DM, ed. Common Screen-
ing Tests. Philadelphia, Pa: American College of
Physicians; 1991.
25. Hayward RSA, Tunis SR, Wilson MC, Bass
EB, Rubin HR, Haynes RB. More informative ab-
stracts ofarticles describing clinical practice guide-
lines. Ann Intern Med. 1993;118:731-737.

Downloaded From: http://jamanetwork.com/pdfaccess.ashx?url=/data/journals/jama/9453/ by University of Illinois - Chicago, Thomas Santoro on 06/30/2017



Users' Guides to the Medical Literature
VII. How to Use a Clinical Decision Analysis
A. Are the Results of the Study Valid?
W. Scott Richardson, MD, Allan S. Detsky, MD, PhD, for the Evidence-Based Medicine Working Group

CLINICAL SCENARIO
You are the attending physician on an

inpatient service where a 51-year-old
man is admitted with congestive heart
failure of recent onset. You find he has
a dilated cardiomyopathy, the cause of
which remains unknown after a thor-
ough evaluation. He is in sinus rhythm.
The team's resident asks you whether
the patient should be anticoagulatedwith
warfarin, enough to keep his interna-
tional normalized ratio from 2.0 to 3.0, in
order to prevent systemic emboli, even
though his echocardiogram does not
show left ventricular thrombus. You are
not sure about the evidence concerning
this issue, so you admit your shared
knowledge gap and resolve to search
together for the relevant information.
THE SEARCH
In the hospital's library, the two of

you search the MEDLINE system us-
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ing several search terms, such as "car-
diomyopathy, dilated," "cardiomyop-
athy, congestive," and "heart failure, con-
gestive" crossed with "warfarin," "an-
ticoagulation," and "thromboembolism."
Despite several attempts, you retrieve
no randomized trials of warfarin used
for this purpose. Even after enlisting
the help of the librarian, you are unable
to locate any clinical trials about this
question. You do come across an edito¬
rial calling for a clinical trial of your
question.1 You also retrieve two review
articles, one that recommends antico¬
agulation for such patients,2 and the
other that recommends no anticoagula-
tion.3 The latter review cites a decision
analysis on this issue,4 which you re¬
trieve, hoping to find further guidance
for your decision.

INTRODUCTION
Decisionmaking involves choosing an

action afterweighing the risks and ben¬
efits of the alternatives. While all clini¬
cal decisions are made under conditions
ofuncertainty, the degree ofuncertainty
decreases when the medical literature
includes directly relevant, valid evi¬
dence. When the published evidence is
scant, or less valid, uncertainty increases.
Decision analysis is the application of

explicit, quantitative methods to analyze
decisions under conditions ofuncertainty.
Decision analysis allows clinicians to com¬
pare the expected consequences of pur¬
suing different strategies. The process of
decision analysis makes fully explicit all
of the elements of the decision, so that
they are open for debate and modifica¬
tion. While a decision analysis will not

solve your clinical problems, it can help
you explore the decision.5"7
Wewill use the term "clinical decision

analyses" to include studies that ana¬
lyze decisions faced by clinicians in the
course of patient care, such as deciding
whether to screen for a condition, choos¬
ing a testing strategy, or selecting a
treatment. While such analyses can be
undertaken to inform a decision for an
individual patient ("Should I recommend
warfarin to this 51-year-old man with
idiopathic dilated cardiomyopathy?"),
they are morewidely undertaken to help
inform a decision about clinical policy**
("Should I routinely recommend warfa¬
rin to patients in my practice with di¬
lated cardiomyopathy?"). The study re¬
trieved by the search for our scenario is
an example of this latter type, while an
example of the former is the analysis by
Wong et al9 of whether to recommend
cardiac surgery for an elderly woman
with aortic stenosis.
Decision analysis can also be applied

to more global questions of health care
policy, analyzed from the perspective of
society or a national health authority.
Examples include analyses of whether
or not to screen for prostate cancer10
and comparing different policies for cho¬
lesterol screening and treatment.11While
decision analyses in health services re¬
search share many attributes with clini¬
cal analyses,12 they are sufficiently dif¬
ferent that they are beyond the scope of
these articles.
In helping you understand decision

analysis, we will review some of the
"anatomy and physiology" of decision
models. This is not meant to be an ar-
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Users' Guides for Clinical Decision Analysis
Are the results valid?
Were all important strategies and outcomes in¬
cluded?

Was an explicit and sensible process used to
identify, select, and combine the evidence into
probabilities?

Were the utilities obtained in an explicit and sen¬
sible way from credible sources?

Was the potential impact of any uncertainty in the
evidence determined?

What are the results?
In the baseline analysis, does one strategy result
in a clinically important gain for patients? If not,
is the result a toss-up?

How strong is the evidence used in the analysis?
Could the uncertainty in the evidence change the
result?

Will the results help me in caring for my patients?
Do the probability estimates fit my patients' clinical
features?

Do the utilities reflect how my patients would value
the outcomes of the decision?

tide on how to perform decision analy¬
sis; if you wish to read about that, you
should look elsewhere.13,14
FRAMEWORK FOR THE USERS'
GUIDES
We will approach articles on clinical

decision analysis using the same frame¬
work introduced in earlier articles in
this series, as follows:
Are the Results Valid?
This question addresses whether the

strategy recommended by the analysis
is truly likely to be the better one for
patients. Just as with other types of
studies, the validity of a decision analy¬
sis is largely determined by the strength
of the methods used.

What Are the Results?
The users' guides under this second

question consider the size ofthe expected
net benefit from the recommended strat¬
egy and our confidence in this estimate
of net benefit.

Will the Results Help Me in Caring
for My Patients?
If the decision analysis yields valid

and important results, you should ex¬
amine whether these results can be gen¬
eralized to the patients in your practice.
The Table summarizes the specific

guides you should use when addressing
these three questions. We will explore
the guides by applying them to the study
we found in our search. This article will
deal with the validity guides, while the
next in the series will address the re¬
sults and applicability.
ARE THE RESULTS VALID?

Were All Important Strategies and
Outcomes Included?
At issue here is how well the struc¬

ture of the model fits the clinical deci¬
sion you face. Most clinical decision

No Embolism
No Prophylaxis

Embolism

-<

^1

Cardiomyopathy

\Warfarin

No Embolism

. Embolism

No Bleed

Bleed

No Bleed

Bleed

<

<

Structure of a decision tree. Square indicates decision node; circles, chance nodes; triangles, outcome
nodes; and lines, strategy pathways. Numbers (when present) by lines indicate probabilities, and by
triangles, utilities.

analyses are built as decision trees, and
the articles will usually include one or
more diagrams showing the structure of
the decision tree used for the analysis.
Reviewing these diagramswill help you
understand the model. You must then
judgewhether the model fits the clinical
problem well enough to be valid.
The Figure shows a diagram ofamuch

simplified version of the decision tree
for the anticoagulation problem. The cli¬
nician has two options for patientswith
cardiomyopathy, either to offer no pro¬
phylaxis or to prescribe warfarin. Ei¬
ther way, patients may or may not de¬
velop embolie events. Prophylaxis low¬
ers the chance ofembolism but can cause
bleeding in some patients. As seen in
the Figure, decision trees are displayed
graphically, oriented from left to right,
with the decision to be analyzed on the
left, the compared strategies in the cen¬
ter, and the clinical outcomes on the
right. The decision is diagrammed by a
square, termed a "decision node." The
lines emanating from the decision node
represent the clinical strategies being
compared. Chance events are dia¬
grammed with circles, called "chance
nodes," and outcome states are shown
as triangles or as rectangles.
To explore more fully how the mod¬

el's structure affects its validity, wewill
highlight two aspects here.
Were All of the Realistic Clinical

Strategies Compared?—In a decision
analysis, a strategy is defined as a se¬
quence of actions and decisions that are
contingent on each other. For instance,
the strategy of anticoagulant therapy
for a patient includes not only the pre¬
scription and the monitoring, but also
the adjustment of the warfarin dose for
changes in prothrombin time. The au¬
thors should specifywhich decision strat¬
egies are being compared (at least two,
otherwise there's no decision). Further,
the clinical strategies included should
be described in enough detail to recog¬
nize them as separate and realistic
choices. You should satisfy yourself that

the clinical strategies you consider im¬
portant are included in the analysis.
For example, in a decision analysis of

the management of suspected herpes
encephalitis, the authors included the
three strategies available to clinicians
then: brain biopsy, empirical vidarabine,
or neither.15 At that time, this model
represented the clinical decision well.
Since then, however, acyclovir has be¬
come available and has beenwidely used
for this disorder. Because the original
model did not include an acyclovir strat¬
egy, it would no longer accurately por¬
tray the decision.
In the anticoagulation example, the

analysts studied two clinical strategies,
warfarin and nowarfarin. This fits quite
well the clinical decision you face in the
scenario. Note that the decision model
does not include a third strategy of us¬
ing aspirin instead ofwarfarin. If, when
considering the treatment options for
this patient, you would seriously con¬
sider the use of aspirin instead of war¬
farin, then you would judge this model
as incomplete.
Were All Clinically Relevant Out¬

comes Considered?—To be useful to cli¬
nicians and patients, the decision model
should include the outcomes of the dis¬
ease that matter to patients. Generally
speaking, these include not only the
quantity of life but also its quality, in
measures of disease and disability. Ob¬
viously, the specificdisorder inquestion
determines which outcomes are clini¬
cally relevant. For an analysis of an
acute, life-threatening condition, life ex¬
pectancy might be appropriate as the
main outcome measure. But in an analy¬
sis ofdiagnostic strategies for a nonfatal
disorder,more relevant outcomes would
be discomfort from testing or days of
disability avoided. By examining the out¬
comes used in the analysis, you can dis¬
cover the viewpoint from which the ana¬
lyst built the decision model. Clinical
decision analyses should be built from
the perspective of the patient, that is,
should include all the clinical benefits
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and risks of importance to patients (they
can include other considerations aswell).
Also, by comparing the outcomes be¬

tween strategies, you can discover the
trade-offs built into the model. Most clini¬
cal dilemmas are dilemmas because they
include trade-offs between competing
benefits and competing risks. For in¬
stance, when deciding how best to man¬
age small abdominal aortic aneurysms,
one must weigh reducing the risk of an-
eurysm rupture against the chance of
unnecessary surgery in patients who
would have died from other causes be¬
fore rupture.16 For a decision analysis to
be worth doing, ie, for the clinical deci¬
sion to be difficult enough, the choice of
strategies should be balanced on one or
more of such trade-offs. You should sat¬
isfy yourself that these important trade¬
offs are represented well in the model's
structure.
For the anticoagulation example, the

authors' decision model includes all of
the clinical events of interest to patients
(stroke, other emboli, hemorrhage, and
the like). The outcomes aremeasured as
"quality-adjusted life expectancy," a
scale that combines information about
both the quantity and the quality of life.
This metric fits your clinical decision
well, for you can expect that warfarin
might affect both the quantity and qual¬
ity of life. By reviewing the tree dia¬
gram, you can see that the authors have
included the principal trade-off in the
decision: the warfarin strategy offers
the benefits of preventing systemic ar¬
terial embolism causing stroke and pre¬
venting pulmonary embolism, while it
could cause the harm of bleeding.

Was an Explicit and Sensible
Process Used to Identify,
Select, and Combine the Evidence
Into Probabilities?
To assemble the large amount of in¬

formation necessary for a decision analy¬
sis, the analyst searches the published
literature and interviews experts and
patients. Just as with other integrative
studies like overviews,17 authors of clini¬
cal decision analyses should search and
select the literature in an explicit and
unbiased way, and then appraise the
validity, effect size, and homogeneity of
the studies in a reproducible fashion.
Ideally, they would judge study quality
by applying criteria akin to those in the
other articles in this series, whether for
primary studies of therapy,18,19 diagno¬
sis,20·21 harm,22 prognosis,23 or for other
integrative studies, such as overviews.17
In other words, the authors should per¬
form as comprehensive a literature re¬
view as is required for a meta-analysis.
Once gathered, the information must

be transformed into quantitative esti¬
mates ofthe likelihood ofevents, or prob¬
abilities. The scale for probability esti¬
mates ranges from 0 (impossible) to 1.0
(absolutely certain). Probabilities must
be assigned to each branch emanating
from a chance node, and for each chance
node, the sum of probabilities must add
to 1.0.
For example, looking at the Figure,

note that the no-anticoagulation strat¬
egy (the upper branch coming from the
decision node) has one chance node, at
which two possible events could occur,
either an embolism or no embolism (la¬
beled "no embolism"). To assign a prob¬
ability to these two branches from the
chance node, the analyst tracks down all
relevant evidence about the rates of sys¬
temic emboli in patientswith cardiomy¬
opathy. If the best estimate of the rate
were found to be 5%, then the analyst
would assign 0.05 to the embolism branch
and 0.95 to the no-embolism branch.
Usually, rates from clinical studies can

be directly translated into probabilities,
as in this example. In other instances,
the data must be transformed first, such
as when analystsmust adjust 5-year sur¬
vival data to fit an analysis concerned
with only the first 3 years. Analysts
should reportwhich datawere used and
how the data were transformed.
In the anticoagulation example, the

authors describe vigorous efforts to ob¬
tain the correct values for probabilities
from the published literature and from
experts, although they don't provide the
search terms they used. The authors do
highlight the limited data available and
the data's methodological limits. Also,
they tabulate the evidence they use and
mention the transformations needed for
the model.

Were the Utilities Obtained
in an Explicit and Sensible Way
From Credible Sources?
Utilities represent quantitative mea¬

surements of the value to the decision
maker of the various outcomes of the
decision. Several methods are available
to measure these values directly,5'7·24·25
and which method is best remains con¬
troversial. Different methods use dif¬
ferent scales; a commonly used utility
scale ranges from 0 (worst outcome, usu¬
ally death) to 1.0 (excellent health).
Whatever the measurement method
used, the authors should report the
source of the ratings. In a decision analy¬
sis built for an individual patient, the
most (and probably only) credible rat¬
ings are those measured directly from
that patient. For analyses built to in¬
form clinical policy, credible ratings could
come from three sources: (1) directmea-

surements from a large group of pa¬
tients with the disorder in question and
to whom results of the decision analysis
could be applied; (2) from published stud¬
ies of quality-of-life ratings by such pa¬
tients, as was done in a recent analysis
of strategies for chronic atrial fibrilla¬
tion26; or (3) from an equally large group
of people representing the general pub¬
lic. Whoever provides the rating must
understand the outcomes they are asked
to rate; the more the raters know about
the condition, themore credible are their
utility ratings.
The authors of the anticoagulation ex¬

ample obtained values from several in¬
ternists familiar with the clinical disor¬
der and with the treatments. While phy¬
sician raters were undoubtedly familiar
with the outcomes of systemic emboli
andmajor hemorrhage, only a small num¬
ber ofphysiciansmade ratings, and then-
values may not represent those of ei¬
ther patients or the general public.

Was the Potential Impact
of Any Uncertainty in the
Evidence Determined?
Much of the uncertainty in clinical de¬

cision making arises from the lack of
valid evidence in the literature. This lack
of data hampers both clinical decision
making and formal decision analysis.
Even when it is present, published evi¬
dence is often imprecise, with wide con¬
fidence intervals around estimates for
important variables. For instance, in a
decision analysis concerning the man¬
agement ofpolymyalgia rheumatica, the
analysts searched the literature for the
test sensitivity of temporal artery bi¬
opsy for giant cell arteritis.27 The re¬
ported test sensitivity ranged from about
60% to 100%. In the decision analysis,
these analysts set the baseline value
equal to 83%, but repeated the analysis
for values between 60% and 100%.
Decision analysts use this systematic

exploration ofthe uncertainty in the data,
known as "sensitivity analysis," to see
what effect varying estimates for risks,
benefits, and values have on the expected
clinical outcomes, and therefore on the
choice of clinical strategies. Sensitivity
analysis asks the question: is the conclu¬
sion generated by the decision analysis
affected by the uncertainties in our esti¬
mates of the likelihood or value of the
outcomes? Estimates can be varied one
at a time, termed "one-way" sensitivity
analyses, or two or three at a time, known
as "multi-way" sensitivity analyses. You
should look for a table listing which vari¬
ables were included in the sensitivity
analyses,what range ofvalueswere used
for each variable, and which variables, if
any, altered the choice of strategies. Sat-
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isfy yourself that all of the clinically im¬
portant variables were examined.
Generally, all of the probability esti¬

mates should be tested using sensitivity
analyses. The range over which they
should be testedwill depend on the source
of the data. If the estimates come from
large, high-quality randomized trials with
narrow confidence limits, the range of
estimates tested can be narrow. The less
valid the methods, or the less precise the
estimates, thewider the range that must
be included in the sensitivity analyses.
Utility values should also be tested

with sensitivity analyses,with the range
ofvalues again determined by the source
of the data. If large numbers ofpatients
or knowledgeable and representative
members ofthe general public gave very
similar ratings to the outcome states, a
narrow range of utility values can be
used in the sensitivity analyses. If the
ratings came from a small group of rat¬
ers, or if individuals varied widely in
their values, then investigators should
use awider range ofutility values in the
sensitivity analyses.
In the anticoagulation example, the

authors responded to the poor quality of
their evidence by varying all of the im¬
portant variables overwide ranges. They
report the results from several, although
not all, of these sensitivity analyses, in¬
cluding the effect ofhigher bleeding risk
while taking warfarin.
In the next article on clinical decision

analysis, we will show you how to de¬
terminewhat the results are and how to
use them in your practice.
Dr Detsky is supported in part by a National

Health Research Scholar Award from Health and
Welfare Canada.
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Users' Guides to the Medical Literature
VII. How to Use a Clinical Decision Analysis
B. What Are the Results and Will They Help Me
in Caring for My Patients?
W. Scott Richardson, MD, Allan S. Detsky, MD, PhD, for the Evidence-Based Medicine Working Group

YOU RECALL from the first of our
two articles concerning clinical decision
analysis1 that your patient is a middle\x=req-\
aged man with heart failure from an

idiopathic dilated cardiomyopathy. You
are trying to decide whether to recom-
mend anticoagulation with warfarin to
prevent systemic or pulmonary throm-
boembolism. Your literature search
showed that no randomized clinical tri-
als of warfarin for this use have been
published. The search did discover a clini-
cal decision analysis,2 and in the first
article, we showed you how to evaluate
its validity. In this article, we will show
you how to interpret the results and
generalizability of a clinical decision
analysis (Table).

From the Department of Medicine, University of
Rochester (NY) School of Medicine and Dentistry
(Dr Richardson), and the Departments of Health Ad-
ministration and Medicine, University of Toronto (On-
tario), and the Division of General Internal Medicine
and Clinical Epidemiology, The Toronto (Ontario) Hos-
pital (Dr Detsky).

A complete list of members (with affiliations) of the
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the first article of this series (JAMA. 1993;270:2093\x=req-\
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article: Gordon Guyatt, MD, MSc (chair); Deborah
Cook, MD, MSc; Hertzel Gerstein, MD, MSc; Robert
Hayward, MD, MPH; Anne Holbrook, MD, PharmD;
Roman Jaeschke, MD, MSc; Elizabeth Juniper, MCSP,
MSc; Mitchell Levine, MD, MSc; David Naylor, MD,
DPhil; Andrew Oxman, MD, MSc; David Sackett, MD,
MSc; Sean Tunis, MD, MSc; Stephen Walter, PhD; John
Williams, Jr, MD, MHS; and Mark Wilson, MD, MPH.

Reprint requests to Room 2C12, McMaster Univer-
sity Health Sciences Centre, 1200 Main St W, Hamilton,
Ontario, Canada L8N 3Z5 (Gordon Guyatt, MD, MSc).

As shown in the Figure, decision trees
are displayed graphically, oriented from
left to right, with the decision to be ana-

lyzed on the left, the compared strate-
gies in the center, and the clinical out-
comes on the right. The square box,
termed a "decision node," represents the
decision to be made, and the lines ema¬

nating from this decision node repre¬
sent the clinical strategies being com¬

pared. Circles, or "chance nodes," rep¬
resent chance events and outcome states
are shown as triangles on the far right.
Numbers beside the strategies (if they
were present) would be "probabilities,"
or the likelihood of events, while the
numbers by the outcome states would
be "utilities," or the value of these
events.3,4

In the Baseline Analysis, Does
One Strategy Result in a Clinically
Important Gain for Patients?
If Not, Is the Result a Toss-up?

For a clinical decision analysis that
compares two clinical strategies, there
are three possible results: the first strat¬
egy is better than the second, the second
strategy is better than the first, or both
strategies are equally good (or equally
bad), a result known as a "toss-up" or a
"close call."5 For instance, in an analysis
of the management of solitary pulmo¬
nary nodules, the analysts found the
choice of strategies to be a close call in
terms of expected gains in life expect-

ancy.6 The larger the number of strate¬
gies compared in an analysis, the larger
the number of possible results, but al¬
ways with the same idea: any one strat¬
egy can "win" or two or more strategies
could "tie." The terms "baseline" or "base
case" refer to the set ofnumbers for prob¬
ability that the analyst believes are clos¬
est to the actual state of affairs.

One chooses between strategies in a
decision tree by comparing the overall
benefits expected from pursuing each
strategy, termed its "expected utility,"
and then selecting the strategy with the
highest value of expected utility. Some
controversy remains as to when excep¬
tions to this rule are legitimate or de¬
sirable.7 To calculate expected utility,
one starts at the rightmost branches of
the tree, multiplies the probability for
each by its utility, and sums these prod¬
ucts for each chance node. One repeats
this calculation moving leftward, a pro¬
cess known as "folding back," until one
has calculated the expected utility value
for each strategy.

For example, consider the topmost
chance node in the Figure, with its two
branches. Imagine that the "no-embolism"
and "embolism" branches have probabili¬
ties of0.95 and 0.05 and utilities of 1.0 and
.9, respectively. The expected utility for
this chance node would be the sum of the

Users' Guides to the Medical Literature section edi-
tor: Drummond Rennie, MD, Deputy Editor (West),
JAMA.
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User's Guides for Clinical Decision Analysis
Are the results valid?

Were all important strategies and outcomes
included?

Was an explicit and sensible process used to
identify, select, and combine the
evidence into probabilities?

Were the utilities obtained in an explicit and
sensible way from credible sources?

Was the potential Impact of any uncertainty in the
evidence determined?

What are the results?
In the baseline analysis, does one strategy result

in a clinically important gain
for patients?
If not, is the result a toss-up?

How strong is the evidence used In the analysis?
Could the uncertainty in the evidence change the

result?
Will the results help me in caring for my

patients?
Do the probability estimates fit my patients' clinical

features?
Do the utilities reflect how my patients would value

the outcomes of the decision?

product of each of the probabilities times
the utilities, in this case (0.95 X 1.0) +
(0.05 X 0.9), which equals 0.995.

The decision analyst chooses the scale
on which these expected utilities are
measured to fit the clinical problem. For
instance, in an analysis ofstrategies that
could reduce death, the analyst might
choose to measure utility as the number
of lives saved or the average gain in
remaining life expectancy, both mea¬
sures of the quantity of life. Other util¬
ity scales can be used to report on the
quality of life. Both quantity and quality
can be combined into a single measure,
such as quality-adjusted life years8 or

healthy-years equivalence.9 For in¬
stance, suppose one strategy in a deci¬
sion analysis yielded an average remain¬
ing life expectancy of 5 years, but that
all five years were lived in a state of
health rated by patients to have a utility
value of 0.8. The quality-adjusted life
expectancy would be 5 X 0.8 or 4 years.

Now that you understand where the
results of the decision analysis come

from, you must decide if any difference
between strategies is clinically impor¬
tant. In making this judgment, consider
that the differences presented will be
average differences rather than differ¬
ences that you can expect for every pa¬
tient. Some patients will gain consider¬
ably more, while others will gain con¬

siderably less. This is no different than
interpreting average differences be¬
tween groups in randomized trials. You
may not, however, be familiar with dif¬
ferences in life expectancy, the output
ofmany decision analyses. Keep in mind
that a gain in life expectancy does not
occur just at the end of a person's life—
it may occur at the beginning or be
spread over the course of time.10

How large must a gain in remaining
life expectancy be to be important? Prob¬
ably smaller than you might think, al-

though the answer to this question de¬
pends on judgments about several vari¬
ables, and this controversial area has
not yet been fully addressed by empiri¬
cal research. In some recent studies, de¬
cision analysts have "translated" the re¬
sults of clinical trials into life expect¬
ancy gains, for various widely accepted
clinical interventions.10,11 These studies
suggest that a gain in life expectancy or

quality-adjusted life expectancy of 2 or
more months ought to be considered an

important gain, while a gain of a few
days would represent a toss-up.

In the anticoagulation for dilated car-

diomyopathy example, the decision
analysis finds warfarin to be the pre¬
ferred strategy for all patients 35 to 75
years ofage. The average gain in quality-
adjusted life expectancy for 55-year-old
patients (similar to your 51-year-old pa¬
tient) is 115 days, or almost 3 months.
From the above, you can see that this
gain in life expectancy is probably im¬
portant. Since the analysts explicitly con¬
sidered both the reduction ofemboli and
the risk ofbleeding, this 3-month gain in
life expectancy represents the net clini¬
cal benefit you could expect from rec¬

ommending anticoagulation to your pa¬
tient.

How Strong Is the Evidence
Used in the Analysis?

The probabilities used in clinical de¬
cision analyses are estimates, taken
mostly from the published literature,
and while they may represent the best
available evidence, they are nonethe¬
less subject to potential error. The best
defense against such error is for the
analysts to base probability estimates
on studies of high methodological qual¬
ity, after a thorough and unbiased search
for all relevant studies. The analysts
should explain how they judged the qual¬
ity of these primary studies. One way to
do this would be to judge study quality
by applying criteria akin to those in the
other articles in this series, whether for
primary studies of therapy,12,13 diagno¬
sis,14,15 harm,16 prognosis,17 or for inte¬
grative studies, such as overviews.18

As with other integrative studies, the
overall strength of the result of a clini¬
cal decision analysis depends on the
strength of inference possible from the
primary studies. Ideally, every probabil¬
ity estimate at every node in the tree is
supported by precise estimates from pri¬
mary and integrative studies of high
methodological quality, but such ideal¬
ized analyses are rare. Good decision
analyses can still be performed with
some imprecise or ambiguous data, as

long as most of the data are of good
quality and the analysts explain any limi¬
tations and plan their sensitivity analy-

ses accordingly. The fewer the prob¬
abilities that can be precisely estimated
from high quality primary studies, ie,
the weaker the evidence used in the
analysis, the weaker the overall infer¬
ence one can make from the results.

In the anticoagulation example, the
authors describe vigorous efforts to ob¬
tain the correct values for probabilities
from the published literature and from
experts. They highlight the limited
methodological quality of the primary
literature and acknowledge the weak¬
ened inference. In particular, there are
no randomized trials to tell you whether
patients with cardiomyopathy will live
longer or have fewer morbid events if
given anticoagulants.
Could the Uncertainty in the
Evidence Change the Result?

For any clinical variable such as the
probability ofbleeding, or the value that
patients place on avoiding a stroke, the
decision analyst can calculate the value,
or "threshold," above which the results
favor one strategy, and below which the
results favor another strategy. For mul-
tiway sensitivity analyses, the analyst
can show two-dimensional graphs of the
variables, with the thresholds displayed
as a line (two-way analyses) or a series
of lines (three-way analyses) separating
zones of strategy preference. While this
may be daunting at first, these tables
and graphs provide the most clinically
useful information from a decision analy¬
sis.

If the result of the analysis (one strat¬
egy is preferred or a toss-up is found)
would change by choosing different val¬
ues for one of the variables, the result is
said to be "sensitive" to that variable.
On the other hand, if changing the vari¬
able throughout its plausible range of
values doesn't change the result, the
analysis result is said to be "robust" to
the sensitivity analysis. As you might
guess, the more robust the result is, the
more confident you can be that the rec¬
ommended strategy should indeed be
preferred. If the result was a toss-up
and that indifference proves robust to
sensitivity analyses, you can be confi¬
dent that the strategies are equivalent.

The analysts of the anticoagulation
example found the preference for the
warfarin strategy to be robust to the
sensitivity analyses they completed, with
two exceptions (we will return to one of
these, the bleeding risk for patients tak¬
ing warfarin).

For the other exception, the analysts
assumed in the base case that patients'
quality of life was not impaired by the
inconvenience and anxiety associated
with taking warfarin (ie, a utility value
of 1.0 on a 0 to 1.0 scale). When testing
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Structure of a decision tree. Square indicates decision node; circles, chance nodes; triangles, outcome
nodes; and lines, strategy pathways. Numbers (when present) by lines indicate probabilities, and by
triangles, utilities.

this assumption, by adjusting downward
the utility rating for quality of life while
taking warfarin, the analysts discovered
that the choice of strategies would
change substantially. For 55-year-old pa¬
tients, the threshold utility value was
0.92. In other words, if patients rated
their quality of remaining life while tak¬
ing warfarin as 0.93 or greater, then
anticoagulation would be preferred. For
a utility rating of exactly 0.92, the two
strategies would be equally preferred,
while for utility ratings below 0.92, no

anticoagulation would be preferred.
To put this result in perspective, re¬

call that utility represents the value to
the patient of remaining expected life,
and that a rating of 0.92 is 8% less than
normal. In other words, a utility thresh¬
old of 0.92 means that your patient feels
he would be willing to sacrifice 8% ofhis
remaining life to avoid taking warfarin.
On a time scale, this means that a year
taking warfarin would have to be worth
only approximately 11 months of life not
taking warfarin, in order for him to
choose not to take it.

WILL THE RESULTS HELP ME
IN CARING FOR MY PATIENTS?
Do the Probability Estimates Fit
My Patients' Clinical Features?

This first issue ofapplicability concerns
whether the clinical characteristics ofpa¬
tients forwhom the analysis was intended
are similar to your patients. For a deci¬
sion analysis built for an individual pa¬
tient, look for the description ofthat pa¬
tient's condition; if the patient is well
described, you should be readily able to
judge how closely your patient resembles
her or him. An article reporting a deci¬
sion analysis built for a group ofpatients
should have an analogous portion of the
text, detailing the clinical characteristics
of patients to whom the results of the
analysis are to be applied. You should
satisfy yourself that your patient would
be included in this group.

You could be confident that the prob-

abilities fit your patients if the estimates
were taken from one or more rigorous
clinical studies in which patient samples
included patients similar to yours. If the
authors don't describe the samples, you
could track down the references and re¬
view the inclusion and exclusion criteria
to see whether your patient would fit.

If the analysis was intended for pa¬
tients different from yours, review the
results of the sensitivity analyses. The
clinical variables used for these analy¬
ses should be detailed enough for you to
locate where your patient would fit, and
thus what net benefit your patient might
expect from the clinical strategies. If
you still can't tell, ask yourself whether
the clinical characteristics of the in¬
tended patients are so different from
yours that you should discard the re¬
sults. Ifnot, you can proceed, with some

caution, to use them.
In the anticoagulation example, most

of the probabilities fit your dilated car¬
diomyopathy patient, including the rates
of systemic and pulmonary emboli and
the estimated mortality. The baseline
average annual risk ofmajor hemorrhage
on warfarin was estimated to be 4.5%. If
you worried that your patient's risk of
bleeding while taking warfarin could be
higher than average, you should exam¬
ine the sensitivity analyses for this vari¬
able. These sensitivity analyses show
that anticoagulation with warfarin re¬
mains the preferred strategy until the
annual bleeding risk reaches 15%, more
than triple the baseline estimate. Above
this value, no anticoagulation became
the preferred strategy.

When a clinical decision analysis shows
that the preferred strategy is sensitive
to a given variable, you will need to
gauge where your patient fits on the
scale of that variable. Thus, when de¬
ciding how to use the results of the an-

ticoagulation decision analysis for your
particular patient, you will need to es¬
timate his annual risk of bleeding while
undergoing warfarin therapy. While a
full discussion of estimating the bleed-

ing risk is beyond the scope of this ar¬

ticle, we offer a few suggestions.
First, look in the text for the authors'

description of their systematic review
of the literature. Ideally, they will have
found one or more original articles or

systematic reviews ofhigh methodologi¬
cal quality from which they obtained
their baseline estimate, and from which
you could obtain an individualized esti¬
mate foryourpatient. Alternatively, you
could do your own search for this infor¬
mation, using the tactics introduced in
the first article in this series.19

If you did so you would find a sys¬
tematic review of this topic,20 wherein
the authors cite the average annual fre¬
quencies of fatal and major hemorrhage
in patients taking warfarin as 0.6% and
3.0%, respectively. You might also find
a study of warfarin use in atrial fibril¬
lation,21 wherein the incidence of major
or fatal bleeding was 2.5%. If these num¬
bers are close to the truth, then by using
somewhat higher figures in the antico¬
agulation decision analysis, the analysts
would have overestimated the risk of
harm and might have obscured a net
benefit. Despite this, the warfarin strat¬
egy still resulted in a clinically impor¬
tant expected gain in life expectancy,
suggesting that the true net benefit
might be somewhat larger than reported.
Note also that these published estimates
are substantially lower than the 15%
threshold value for annual bleeding risk,
above which the no-warfarin strategy
would be preferred.

Your search would also turn up a ret¬
rospective analysis ofthromboembolism
rates in two randomized trials of other
treatments (not anticoagulants) for heart
failure.22 During the approximately 2.5
years average follow-up, the trials
showed thromboembolic events occurred
in 4.7% and 5.2% ofpatients. After trans¬
formation to comparable event rates,
these results may be a little over half of
the values used in the anticoagulation
decision analysis. By using somewhat
higher estimates, the analysts could have
overestimated the benefit of warfarin.

Do the Utilities Reflect How
My Patients Would Value
the Outcomes of the Decision?

Since the utility ratings for the value
of outcomes has a strong influence on
the choice of strategies, you must con¬
sider whether your patient's values are
similar to those used in the decision
analysis. In a decision analysis built for
an individual patient, the utilities are

usually measured directly from that pa¬
tient, so while those values should be
quite believable for that patient, they
may not necessarily fit your patient. Al¬
ternatively, utilities measured from a
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large group of patients or members of
the general public would probably in¬
clude a set of values similar to those of
your patient, but the range of values
might be so broad that you are left un¬
certain as to which values to use. If you
encounter such difficulties, you should
examine the one-way and multiway sen¬

sitivity analyses that use a wide range
of utility estimates to see how your pa¬
tient's values will affect the final deci¬
sion.

If you were to ask your patient to rate
the outcome states using the rating in¬
strument in the article, you would know
exactly what utility values to use. How¬
ever, most clinicians won't have the time
or inclination to do this. Fortunately, you
can still make some judgment about this
question by asking your patient about
values in nonquantitative terms. For in¬
stance, one patient may be extremely
averse to regular monitoring, while an-

other may not mind. Disabling stroke
might devastate one patient, whereas an¬
other might be more resilient.

As mentioned above in the anticoagu¬
lation example, the utility rating for life
while taking warfarin had a substantial
influence on the preference of strate¬
gies. The authors highlight the impor¬
tance of this variable and urge that in¬
vestigators examine patients' reactions
to taking warfarin and undergoing
monitoring, so that subsequent recom¬
mendations about anticoagulation
can be better informed.

RESOLUTION OF THE SCENARIO
Without a randomized trial of antico¬

agulation in patients with dilated cardi-
omyopathy in sinus rhythm, your overall
confidence in a decision to anticoagulate
your patient will be limited. In the ab¬
sence of trial data, experts have recom¬
mended that the decision to use warfarin

in this setting be made on an individual
basis.23-25 How are you to individualize
the treatment decision for your middle-
aged man with dilated cardiomyopathy?
The anticoagulation decision analysis sug¬
gests that if he has a low or moderate
bleeding risk and a ready acceptance of
anticoagulation monitoring, he is likely
to be better off taking warfarin. Thus,
the decision analysis identifies the few
clinical variables on which the decision
depends, and estimates the size and like¬
lihood of net clinical benefit you could
expect from the alternative courses of
action. While the better therapy may still
be unproved, you should now be much
more informed about the choice and bet¬
ter prepared to decide with the patient
what is to be done.

Dr Detsky is supported in part by a National
Health Research Scholar Award from Health and
Welfare Canada.
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Introduction to Evidence 
Based Medicine
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Assistant Clinical Professor, Department of Surgery 

University of Illinois College of Medicine at Peoria

I am here to learn EBM because:

1. I am working in clinical practice

2. I am working on evidence resources 
(reviews, guidelines, reports)

3. I will help others use evidence

4. I plan to teach EBM

5. My boss told me I had to attend



6/30/2017

2

Life long learning
The hardest conviction to get into the 

mind of a beginner is that the 
education upon which he is 
engaged is not … a medical 
course, but a life course, for which 
the work of a few years under 
teachers is but a preparation.

 Sir William Osler (1849-1919), from: 
The Student of Medicine

Directors:

John Hafner, MD MPH FACEP, Assistant Clinical Professor, UICOM-P Department of 
Surgery, e-mail: jhafner@uic.edu

Susan Ramiro, MD, Assistant Professor, UICOM-P Department of Pediatrics, email: 
Susan.B.Ramiro@osfhealthcare.org

Support Staff:

Christine Johnson, UICOM-P Department of GME, e-mail: cfjohnsn@uic.edu

Lisa Collins, UICOM-P Department of GME, e-mail: scubby@uicomp.uic.edu

Faculty
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Course Objectives

 Introduce topics pertinent to EBM and 
clinical research

Hands-on, real-time learning of skills 
necessary to incorporate EBM into your 
daily practice of medicine. 

Provide the opportunity to apply these 
skills to actual clinical encounters. 

Have fun learning and teaching others. 

Format

Monthly lecture
 1st Thursday of each month, excludes July 

and January
 Lunch provided

 Handouts provided

 Combined UICOMP lectures for all PGY-1

 Textbooks provided
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Texts

 Shucking Oysters 3: A Physician’s Guide to 
the Medical Literature Guidebook
 JAMA Users Guides/BMJ guides

 EBM cheat sheets/Article Review Guides/CATS

 How to Write, Publish & Present in the Health 
Sciences:  A Guide for Clinicians & 
Laboratory Researchers
 Introductory text that will help you to prepare and 

present your scholarly project

Topics
 8/2014 – Introduction to Evidence Based Medicine

 9/2014 – How to Search for Information

 10/2014 –Diagnosis

 11/2014 – Therapy

 12/2014 – Prognosis/Causation
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Topics
 NO JANUARY LECTURE

 2/2014 – Harm/Bias

 3/2014 – Systematic Reviews

 4/2014 – Clinical Guidelines

 5/2014 – CAT 1

 6/2014 – CAT 2

Introduction

Modern EBM
Pioneered in 1992 at McMaster University 

in Canada
 One EBM publication in 1992

 1000 EBM publications in 1998

 Increasing interest and emergence
 Emphasis on outcomes research

 Availability of electronic databases
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Introduction
What the heck is EBM?!?

 “Conscientious, explicit and judicious use 
of the current best evidence in making 
decisions about the care of individual 
patients”

 Integration of best research evidence 
with clinical expertise and patient values

What is evidence-based 
medicine?

Patient
Concerns

Clinical 
Expertise

Best research 
evidence

EBM
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JASPA*
(Journal associated score of personal angst)

J: Are you ambivalent about renewing your JOURNAL
subscriptions?

A: Do you feel ANGER towards prolific authors?

S: Do you ever use journals to help you SLEEP?

P: Are you surrounded by PILES of PERIODICALS?

A: Do you feel ANXIOUS when journals arrive?

* Modified from: BMJ 1995;311:1666-1668

0 (?liar) 
1-3 (normal range) 
>3 (sick; at risk for polythenia gravis and 
related conditions)

Introduction

Dimensions of the problem:
Information explosion

25,000 medical journals
 > 10,000 e-journals (e.g.: Academic Press, 

Blackwell, Elsevier, W.H. Freeman, Kluwer, 
MacGraw Hill, InterScience Publishers). 

 > 500 databases (e.g. Web of Science, Inspec, 
Sociological Abstracts, PCI, Medline). 

The total sum of medical information 
doubles in approximately 3.5 years
 It has been estimated that from 1948 through 1994, 

the total sum of health-care knowledge increased 
1,342 times
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Introduction

Dimensions of the problem:
 Information explosion

 Medline has approximately 16 million 
references from 5200 journals, averaging 2000-
4000 new entries per day, or 670,000 new 
entries per year (2007)
 May 2009: 63,535,418 searches on PubMed

 Only 1% of retrieved citations resulted in a new 
or changed clinical decision 
 Have to shuck a lot of oysters to find a single pearl

Introduction

Dimensions of the problem:
Global judgment by experts

 Usually not based on a rigorous examination of 
the evidence

 Heterogeneous population

 Conflicting recommendations between experts 
across specialty lines
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Introduction

Dimensions of the problem:
Gap between evidence and practice

 In 2001, the Institute of Medicine concluded 
that there lies a chasm, “between the 
healthcare we have and the healthcare we 
should have.”

 Only 55% of US adults receive care consistent 
with current recommendations

Introduction

Dimensions of the problem:
Geographic variation

 “Community standard of practice”
 In only eight of 306 regions studied do 

physicians comply with evidence-based 
guidelines for at least 80% of their patients

Cost containment
 Health care costs- 5% of GNP in 1960 as 

compared to 17.6% in 2009 ($2.5 trillion)
 The average employer-sponsored premium for 

a family of four costs close to $13,000 a year, 
and the employee foots about 30 percent of this 
cost
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Introduction

Why use EBM?
 Increasingly available new evidence can lead 

to major changes in patient care
 Practicing physicians often do not obtain 

available relevant evidence
 Medical knowledge and clinical performance 

deteriorate with time
 CME generally does not improve clinical 

performance
 EBM can keep the physician up to date
 Patient-centered medicine and evidence-based 

medicine can be practiced together!!!

Sounds good- but how do you 
practice EBM?
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The Practice of EBM
1. Convert the need for information into an 

answerable question
2. Track down the best evidence
3. Critically appraise the literature for its 

validity, impact and applicability
4. Integrate our clinical expertise and patient 

values
5. Seeking ways to improve ways 1-4 for next 

time
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Proposing a Question

 Types of questions
 “Background” questions

 Asks about a disease’s general information

 Example: “What are the complications of acute 
pancreatitis?”

 “Foreground” questions
 Asks for specific information regarding patient 

management of a disease

 Example: “In high cardiovascular risk male smokers, 
does vitamin E  and carotene prevent clinical events or 
death?”

Proposing a Question

Experience with Condition

A B C

Background

Foreground
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Proposing a Question

Foreground questions based on PICO
 The (P)atient or (P)roblem of interest

 The main (I)ntervention

 (C)omparison interventions

 The clinical (O)utcome of interest

Finding the Best Evidence

“Half of what you are taught as medical 
students will in 10 years have been 
shown to be wrong. And the trouble is 
none of your teachers knows which 
half.”

-Dr. Sydney Burwell, Dean of Harvard Medical  School
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Searching made easy…

Finding the Best Evidence

Dismiss traditional textbooks!
No way to tell what is up to date and what 

is not

Useful information regarding 
pathophysiology of a disorder

Not helpful for current recommendations 
about the cause, diagnosis, prognosis, 
prevention or treatment of a disorder
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Finding the Best Evidence

Using online database resources
MEDLINE

 World’s largest general biomedical research 
literature database (5197 biomedical journals in 
2007) from basic research through applied.

 May be challenging to retrieve exact subject 
matter

 Available free through a variety of sources
 http://www.biomednet.com

Finding the Best Evidence

Using online database resources
Cochrane Library

 Database of systematic reviews of evidence on 
indexed terms by the Cochrane Collaboration

 Systematic reviews based on rigid and 
exhaustive guidelines

 Excellent reviews of various topics, requires 
subscription to service
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Finding the Best Evidence

Using online database resources
Best Evidence

 Electronic presentation of all issues of ACP 
Journal Club (1991-present) and Evidence 
Based Medicine (1995-1997)

 All studies in the database meet reasonable 
criteria for scientific merit and clinical relevance

Finding the Best Evidence

 Using online database resources
 Pubmed

 Consists of full MEDLINE, PREMEDLINE, and all 
citations from participating journals that are only 
selectively indexed in the current MEDLINE.

 Contains easy search features, including pre-stored 
search strategies designed to find clinically relevant 
studies.

 Also available free:
 http://www.ncbi.nlm.nih.gov/PubMed/clinical.html
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Finding the best evidence for the 
question type: use Methods Filters

Finding the Best Evidence

Using online database resources
Ovid – Evidence-based Medicine Reviews

 Compilation of the Cochrane Database of 
Systematic Reviews, Best Evidence, 
MEDLINE, and over 500 full-text journals

 Cross linked between databases

 Available through UICOM-P library site and 
OSF Saint Francis Medical Center Library (and 
therefore your home computer!).
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Finding the Best Evidence

Search strategies for MEDLINE/PubMed
Study categories or filters

 Restrict retrieval to particular types of research 
(diagnosis, therapy etc)

 May expand the sensitivity or restrict the 
specificity of the search

Exploding function
 Expanding search to related MeSH terms

 Includes more specific terms of searched term

Finding the Best Evidence

Search strategies for MEDLINE/PubMed
Publication types

 Limiting searches by type of research study

 Randomized controlled trial, reviews, etc
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Finding the Best Evidence

Search strategies for MEDLINE/PubMed
Strategies to narrow or refine a search

 Use major subject headings
 Hay fever[majr]

 Use subheadings with MeSH headings
 Hay fever/drug therapy

 Limit to English language
 Hay fever AND eng[la]

 Limit to words in the title
 Hay fever[ti]

Finding the Best Evidence

Search strategies for MEDLINE/PubMed
Strategies to broaden a search

 Use truncation symbol (*) to pick up variant 
endings
 Pediatric* (picks up pediatrics, pediatrician, pediatric)

 Explode subject headings

 Include all subheadings

 Include all publication types

 Decrease the number of concepts searched
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Relevance: POEs and DOEs

DOE = Disease oriented evidence
 “Ologies” (path-, etiol-, pathophys-)

POE =  Patient oriented evidence
Morbidity, mortality or quality of life
Something a patient would care about 

without explanation
Highest quality evidence

The Evidence Pyramid

Validity/Strength of Inference

Tim
e Spent in C

ritical A
ppraisal
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Assessing the Literature

 Process of appraising an article:
1. Conducting an initial validity and 

relevance screen
 “Is this article even worth taking the time to 

review in depth?”

 Is this article from a peer-reviewed journal?
 If from a “throwaway” journal, then throwaway

 Is the location of the study similar to mine?
 Inpatients vs. outpatients? Strictly rural or urban 

setting?

Assessing the Literature

Initial Validity and Relevance Screen
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Assessing the Literature

 Process of appraising an article:
1. Conducting an initial validity and 

relevance screen
 Is the study sponsored by an organization 

that may influence the study design or 
results?
 Pharmaceutical company sponsorship

 Will this information, if true, have a direct 
impact on my patients, and is it something 
they will care about?

Assessing the Literature

 Process of appraising an article:
1. Conducting an initial validity and 

relevance screen
 Is the problem addressed a common one to 

my practice, and is the intervention or test 
feasible and available to me?

 Will this information, if true, require me to 
change my current practice?
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Assessing the Literature

 Process of appraising an article:
2. Determining the intent of the article

 Four major categories of original research:
 Therapy

 Diagnosis and Screening

 Causation

 Prognosis

 Why was the study performed and what 
clinical question(s) did the study address?

Assessing the Literature

 Process of appraising an article
3. Evaluate the validity of an article based 

on its intent:
 Each of the four clinical categories (and 

others) has a preferred study design and 
critical items to ensure its validity

 Focus on the methods section
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Assessing the Literature

Clinical Category Preferred Study Design

Therapy
Randomized, double-blinded, 

placebo-controlled trial

Diagnosis and screening
Cross-sectional survey (new test 

vs. “gold standard”)

Causation Cohort or Case-control

Prognosis Longitudinal cohort study 

Assessing the Literature

Process of appraising an article
3. Evaluate the validity of an article based on 

its intent (therapy article example):
 Is the study a randomized controlled trial, and 

was the assignment of patients to the treatment 
group well randomized?

 Are the subjects in the study similar to mine?

 Are all participants originally enrolled in the trial 
accounted for at its conclusion?
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Assessing the Literature

Process of appraising an article
3. Evaluate the validity of an article based on 

its intent (therapy article example):
 Was everyone involved in the study (subjects 

and investigators) “blind” to treatment?

 Were the groups similar at the start of the trial?

 Aside from the experimental intervention, were 
the groups treated equally?

Assessing the Literature

Process of interpreting results
Significance of results:

 Statistical significance utilizes various statistical 
techniques to test the validity of a study’s 
results.

 Clinical significance refers to the importance of 
a difference in clinical outcomes between 
treated and control patients, and is usually 
described in terms of the magnitude of a result.

 Both need to be considered in interpretation.
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Assessing the Literature

 What do the 
results mean on 
average?

 What do they 
mean for this
individual?

Assessing the Literature

Process of interpreting results
 Types of errors

 Type I error
 Finds a difference between two groups when no 

difference actually exists.
 Similar to a jury ruling an innocent person guilty of a 

crime.
 Investigators set the maximum acceptable risk for a 

false positive conclusion (alpha level).
 Alpha usually < 0.05, or a 5% risk of a false positive 

conclusion.
 P value, is the probability that a type I error has 

occurred; if the p value < 0.05, then the results are 
“statistical significant”.
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Assessing the Literature

Process of interpreting results
 Types of errors

 Type II error
 Occurs when a study finds no difference between the 

groups when a difference actually exists

 Similar to a jury finding a criminal innocent of a 
crime. 

 Odds of finding a false positive result, known as a 
beta, is typically set at 0.20 (20% chance)

Assessing the Literature

Process of interpreting results
 Types of errors

 Type II error
 The power of a test (1-beta) is the ability to find a 

difference when one actually exists and depends on:

 The number of subjects (the more subjects the 
higher the power)

 The size of the difference (effect size) between 
the groups (the larger the difference, > power).

 Whenever reading an article with negative results, 
question if the sample size was large enough
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Assessing the Literature

Correct
Type I error 

(alpha)

Type II error 
(beta)

Correct

A difference 
exists

C
o
n
c
l
u
s
i
o
n

No 
difference 

exists

Reality

A difference exists 
No difference 

exists

Assessing the Literature

Process of interpreting results
Confidence Intervals (CI)

 P values convey no information regarding the 
size of the differences or associations.

 Provides a range that contains the true value 
within it (95% chance).

 The larger the sample size, the more narrow 
and precise the CI.
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Assessing the Literature

Process of interpreting results
Assessing clinical significance

 Relative risk reduction (RRR)
 Percent reduction in the rates of bad outcomes 

between control and experimental patients in a RCT

 > 50% almost always clinically significant

 > 25% often clinically significant

Assessing the Literature

Process of interpreting results
Assessing clinical significance

 Relative risk reduction (RRR)

Adverse Event Rate
Relative Risk 

Reduction (RRR)

Placebo  
(P)

Drug       
(D)

(P - A) = RRR 

P

.22 .08
(.22 - .08) = .64

.22
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Assessing the Literature

Process of interpreting results
Assessing clinical significance

 Absolute risk reduction (ARR)
 The absolute difference in the rates of bad outcomes 

between controls and experimental patients in an 
RCT. 

 RRR doesn’t reflect the risk of the event without 
therapy (baseline risk) and therefore cannot 
discriminate huge treatment effects from small ones.

 ARR preserves baseline risk within its measure.

Assessing the Literature

Process of interpreting results
Assessing clinical significance

 Absolute risk reduction (ARR)

Adverse Event Rate
Absolute Risk 

Reduction (ARR)

Placebo  
(P)

Drug       
(D)

P – A = ARR 

.22 .08 .22 – .08 = .14
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ARR vs. RRR

Assessing the Literature

Process of interpreting results
Assessing clinical significance

 Number Needed to Treat (NNT)
 The number of patients needed to be treated to 

achieve one additional favorable outcome.

 Reciprocal of the ARR.

 Provides a measure of effort that clinician and patient 
must expend to prevent one additional bad outcome.

 Does not capture the individual patient’s likelihood of 
benefit and harm. 
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Assessing the Literature

Process of interpreting results
Assessing clinical significance

 Number Needed to Treat (NNT)

Adverse Event Rate
Number needed to 

treat (NNT)

Placebo  
(P)

Drug       
(D)

RRR ARR
1      =  NNT   

ARR    

.22 .08 .64 .14
1     =  7

.14

OK, but can this really be 
done in a busy practice?
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Yup!

Application of EBM

Bedside application
 Items from the history or physical exam

 Pretest and post test probability

 Reliability and precision of the clinical exam

 Rational use of laboratory testing

Critically appraised topics

Online point-of-care searches

Educational Prescriptions
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Application of EBM

Journal Club
 “Shucking Oysters”

 EBM guidelines for different studies based on 
JAMA Users’ Guides to the Medical Literature
and BMJ series on EBM.

 Worksheets for reviewing articles

Alternating cycle of articles
 Topic based literature review

 Interesting EM articles

Questions?
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