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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
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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.

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.
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