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CLINICAL SCENARIO 
You are a primary care physician in­

spired by a recent editorial in JAMA 
about lifelong learning.! You decide to 
use some of the time you normally take 
for continuing medical education con­
ferences for "practice-based education" 
tailored to your own practice. You begin 
by setting aside 2 hours every week to 
read about relevant clinical problems. 

It is now Friday morning and you have 
2 hours to spend in the hospital library. 
You review a one-page list of questions 
you have generated from the patients 
you've seen in the prior week. Your ques­
tions include these: What should you tell 
a 33-year-old woman with migraine head­
aches who has asked for a prescription 
for sumatriptan after reading a maga­
zine article about it? Should you be 
screening older men in your practice for 
prostate cancer? What should you tell 
the mother of a 6-month-old boy who had 
a febrile seizure about his risk of devel­
oping epilepsy? Should you try to reduce 
a 25-year-old asthmatic man's reliance 
on inhaled [3-agonists? What should you 
tell a 50-year-old menopausal woman ask­
ing about hormone replacement? 

INTRODUCTION 
This series of articles will help you 

translate the results of medical research 
into clinical practice. We've written them 
from the perspective of the busy clini­
cian who wants to provide effective medi­
cal care but is sharply restricted in time 
for reading. We do not attempt a course 
in research methods; the series is about 
using, not doing, research. It is designed 
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to help provide our patients with care 
that is based on the best evidence cur­
rently available-"evidence-based medi­
cine."2 Evidence-based medicine empha­
sizes the need to move beyond clinical 
experience and physiological principles 
to rigorous evaluations of the conse­
quences of clinical actions. Knowing how 
to use the clinical literature is impera­
tive for ensuring we are providing op­
timal patient care. 

In this article we will present a gen­
eral approach to using one's clinical read­
ing time effectively and some specific 
suggestions for deciding which clinical 
articles to read. In subsequent articles 
we will go into more detail on how this 
approach can contribute to solving clini­
cal problems in the treatment, preven­
tion, diagnosis, and prognosis of disease. 

NEED FOR THE 
USERS' GUIDES SERIES 

Clinical information comes from two 
principal sources, the individual patient 
and research. To provide effective care, 
both types of information are needed. 
Information about the individual patient 
is elicited through a careful history, 
physical examination, and other inves­
tigations. The ways in which clinicians 
obtain information from scientific re­
search is less clear, but of no less im­
portance to the quality of care that pa­
tients receive. 

To the extent that clinicians rely on 
community standards or opinion lead­
ers to guide their practice, there is an 
implicit assumption that their needs for 
scientific information are being met 
through these means; ie, that commu­
nity standards and the recommendations 
of clinical experts (opinion leaders) re­
flect the best available scientific infor­
mation. However, the ways in which ex­
perts' opinions and "standard practice" 
evolve are complex.3 Variation in clini­
cal practice, comparisons of practice with 
evidence-based standards, and evalua­
tions of the recommendations of clinical 

experts suggest that expert opinion and 
"standard practice" do not provide ad­
equate mechanisms for the transfer of 
scientific information into clinical deci­
sion making.4•5 Expert opinion often lags 
far behind the evidence and is not in­
frequently inconsistent with evidence.6 

This is not to say that expert opinion 
may not be important and useful, but it 
is clearly not sufficient. 

The Editorial accompanying this ar­
ticle, the first of a series, reviews the 
reasons why clinicians need tools to 
evaluate and use the medical literature 
in their day-to-day clinical practice.7 This 
series is designed to fill that need. 

For editorial comment see p 2096. 

For reasons of both logic and efficiency, 
we have sought uniformity in presenta­
tion of the Users' Guides by organizing 
each set into three basic questions: 

1. Are the results of the study valid? 
2. What are the results? 
3. Will the results help me in caring 

for my patients? 
Yes and no are often not adequate an­

swers to these questions. This may con­
trast with readers' intuitive approach. M­
ter all, the Users' Guides are designed to 
help clinicians make decisions, and most 
clinical decisions are black and white; for 
example, we either start a treatment or 
we do not. It is understandable, there­
fore, that we seek black or white answers 
from the clinical literature. The article is 
right or wrong; the treatment works or it 
does not; the results apply to my patient 
or they do not. Unfortunately, evidence 
comes in shades of gray. Often, results 
may be valid, perhaps demonstrate an 
important effect, and might improve pa­
tient care. 

The goal of the Users' Guides pre­
sented in this series of articles is to help 
clinicians sift through these shades of 
gray and make appropriate decisions, 
recognizing the "level" of certainty (or 



Guides for Selecting Articles That Are Most Ukely to Provide Valid Results 

Prlmllry Studlell 

Therapy • Was the assignment of patients to treatments randomized? 
• Were all of the patients who entered the trial properly accounted for and attributed 

at Its conclusion? 

Diagnosis • Was there an independent, blind comparison with a reference standard? 
• Did the patient sample include an appropriate spectrum of the sort of patients to whom the 

diagnostic test will be applied in clinical practice? 

Harm • Were there clearly identified comparison groups that were similar with respect to important 
determinants of outcome (other than the one of interest)? 

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

Prognosis • Was there a representative patient sample at a well-defined point in the course of disease? 
• Was follow-up sufficiently long and complete? 

IntegraUve Studies 

Overview • Did the review address a clearly focused question? 
• Were the criteria used to select articles for inclusion appropriate?' 

Practice guidelines • Were the options and outcomes clearly specilled? 
• Old the guideline use an explicit process to identify, select. and combine evidence?' 

DeciSion analysis • Old the analysis faithfully model a clinically important decision? 
• Was valid evidence used to develop the baseline probabilities and utilities?" 

Economic analYSis • Were two or more clearly described alternatives compared? 
• Were the expected consequences of each alternative based on valid evidence?" 

'Each of these guides makes an implicit or explicit reference to investigators' need to evaluate the validity of the 
studies that they are reviewing to produca their integratlva article. The validity criteria one would use in making this 
evaluation would depend on the area being addressed (therapy, diagnosis, prognosis, or harm), and are those that 
are presented in the pari of the Table dealing with primary articles. 

strength of inference) underlying those 
decisions. The first key question-"Are 
the results of the study valid?"-and 
the last-"Will the results help me in 
caring for my patients?"-reflect the 
need to make a decision, despite the fact 
that the strength of the inferences that 
can be made based on a study spans a 
spectrum from strong to weak. Since 
this is a series on how to use research in 
taking care of patients, not how to do 
research, we will focus on flaws in study 
design or implementation that are most 
likely to weaken the strength of infer­
ence in ways that seriously distort clini­
cal decisions based on them. 

In the remainder of this article, we 
will introduce strategies for (1) framing 
clinical questions that are pertinent and 
answerable, (2) tracking down articles, 
and (3) deciding which articles to read, 
and which to believe. 

ASKING QUESTIONS THAT ARE 
PERTINENT AND ANSWERABLE 

Clinical questions arise continuously 
in the course of providing routine medi­
cal care, but must be clearly formulated 
to ensure clear answers. Most clinical 
questions can be formulated in terms of 
a simple relationship between the pa­
tient, some "exposure" (to a treatment, 
a diagnostic test, or a potentially harm­
ful agent), and one or more specific out­
comes of interest, as shown in the fol­
lowing modifications of the questions 

om the scenario at the beginning of 
this article: 

II Would sumatriptan (exposure) re­
duce the severity of headache pain (out­
come) in this woman with frequent mi­
graine attacks (patient)?-a question of 
therapy. 

II Would a prostate-specific antigen 
test (exposure), if performed in this symp­
tomless elderly man (patient), decrease 
his risk of dying from prostate cancer 
(outcome)? -a question of secondary pre­
vention through early diagnosis. 

II Does the febrile seizure (exposure) 
that this 6-month-old infant (patient) just 
had increase the likelihood that he will 
develop epilepsy ( outcome)? -a question 
of prognosis. 

II Do ~-agonists (exposure) increase 
the risk of death (outcome) in this asth­
matic man (patient)?-a question of 
harm. 

The importance of such focused ques­
tions can be quickly assessed, and pri­
ority given to problems that are seen 
routinely and have practically impor­
tant consequences. In general, those 
questions that are clearly related to a 
clinical decision about whether to use a 
therapeutic, preventive, or diagnostic 
intervention are the ones that warrant 
the most time. Focusing the question 
clarifies the target of the literature 
search and permits use of the appropri­
ate guides for assessing validity in 
screening the titles and abstracts of the 
articles that are located. 

For example, the question posed in 
the scenario at the beginning of this ar­
ticle about hormone replacement, while 
likely to be important in most primary 
care practices, is not well focused. It is 
worthwhile to clarify the type of patient 
and the outcomes of interest before be­
ginning to look for an answer. Is the 
woman seeking treatment for hot flashes 
or is she asymptomatic? If the woman is 
asymptomatic and is wondering if she 
should take estrogen to prevent os­
teoporosis, clinically important outcomes 

that might be considered include hip frac­
ture, cardiovascular disease, breast and 
endometrial cancer, and vaginal bleed­
ing. In this case, a good approach might 
be to start by looking for published clini­
cal practice guidelines instead of track­
ing down the evidence for each outcome. 
Later in this series we will present 
guides for how to critically appraise prac­
tice guidelines. 

TRACKING DOWN ARTICLES 

Having posed a pertinent, answerable ) .. 
clinical question, you can proceed to track r 
down the best available evidence. There 
are four routes for doing this: asking 
someone, checking reference lists in text-
books, finding a relevant article in your 
own reprint file, and using a bibliographic 
database such as MEDLINE. Asking a 
colleague or consultant is highly effi-
cient, and makes most sense when the 
question concerns an exposure or treat-
ment or patient you are unlikely to en­
counter again. If a recent textbook is at 
hand (published or updated within the 
previous year), you can follow your read-
ing of the appropriate passage by check-
ing the references cited by the author. 
Because a textbook is only as up-to-date 
as its most recent reference, all are at 
least partly out-of-date even before they 
are published. A new type of "subscrip-
tion" textbook addresses this problem 
by providing periodic updates and often 
cites the evidence used in making its 
changes.8

,9 While frequent updates help 
protect against being out-of-date, they 
do not ensure that the conclusions of the 
clinical experts writing textbook chap-
ters are valid. Prototypes of textbooks 
that are based on systematic reviews of 
validated evidence are available for ob­
stetricapo and neonatal problems,lI but 
most textbooks and review articles do 
not qualify as scientific overviews.12 

A third starting point may be an ar­
ticle in your personal reprint file. Since 
the amount of time required to maintain 
an up-to-date file of clinical articles is 
formidable, you are unlikely to have the 
key article at hand. New methods for 
retrieving the current medical litera­
ture are rendering personal filing sys­
tems nonessential, if not obsolete. 

The final route, conducting electronic 
searches of the medical literature, is fast 
becoming a basic skill for practicing mod­
ern, evidence-based medicine. Electronic 
access to MEDLINE is readily avail­
able in North America in a variety of 
on-line and CD-ROM formats. Clinicians 
can easily acquire the basic skills13 and 
learn to retrieve the same number of 
relevant citations as librarians, even if 
their searches remain a bit messier.14 
The addition of structured abstracts to 
MEDLINE and the development of da-



tabases that have screened articles for 
their validity and clinical relevance, such 
as the Oxford Database of Perinatal Tri­
algl5 and an electronic version of the 
ACP Journal Club, promise to make the 
task of retrieving infonnation from the 
medical literature even easier. You can 
seek a review article (often the best place 
to start) by adding, to whatever Medical 
Subject Heading (MeSH) tenns are used 
to identify the disorder and "exposure," 
in your MEDLINE search, the search 
term REVIEW (PT) (PT stands for pub­
lication type). You are more likely to 
find a methodologically sound review 
article by using the tenn META" 
ANALYSIS (PT) instead of REVIEW. 
Another potential place to start is with 
practice guidelines, which now have their 
own search tenn PRACTICE GUIDE­
LINE (PT). Recruiting a librarian to 
help you with your first few searches 
may help you learn to avoid searches 
that are too broad and unfocused, or too 
narrow and thus risk missing key ar­
ticles. Increasing numbers of physicians 
are finding that MEDLINE searches 
can help them solve clinical problems 
and improve patient care and clinical 
outcomes. IS 

DECIDING IF AN ARTICLE IS LIKELY 
TO PROVIDE VALID RESULTS 

The first question applied to any ar­
ticle tracked down in an effort to find an 
answer for a clinical problem concerns 
its closeness to the truth: are the results 
of this article valid? The Table presents 
two key guides to assess validity for 
primary studies (those that provide 
original data on a topic) and integrative 
studies (those that summarize data from 
primary studies). For each type of in­
tegrative study, the first criterion has 
to do with whether the question is ap­
propriately framed, and the second with 
whether the evidence was appropriately 
collected and summarized. The clinician 
can use these most important criteria to 
rapidly screen an abstract to detennine 
whether it warrants the additional time 
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ber of articles on a question can use the 
guides to choose the one or two articles 
most likely to provide a valid answer. 
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the clinical literature to a manageable 
size when trying to keep up with new 
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CONCLUSION 

Subsequent articles in this series will 
describe strategies for efficiently select­
ing and using each of the types of articles 
in the Table. In doing so, they will describe 
the justification and application of guides 
for determining whether the results of an 
article are valid and applicable to the clini­
cal decisions you must make. 

Readers should be warned that the 
guides do not come with definitive an­
swers. Learning to apply them can be 
challenging. However, it can also be ex­
tremely gratifying. More important, it 
is only by translating good evidence into 
good clinical decisions that we can be 
sure that we do more good than hann 
for our patients. 
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Users' Guides to the Medical Literature 
II. How to Use an Article About Therapy or Prevention 

A. Are the Results of the. Study Valid? 
Gordon H, Guyatt, MD. MSc; David L, Sackett, MD. MSc; Deborah J, Cook. MD, MSc; 

for the Evidence-Based Medicine Working Group 

CLINICAL SCENARIO 

You are working as an internal medi­
cine resident in a rheumatology rotation 
and are seeing a 19-year-old woman who 
has had systemic lupus erythematosus di­
agnosed on the basis of a characteristic 
skin rash, arthritis, and renal disease. A 
renal biopsy has shown diffuse prolifera­
tive nephritis. A year ago her creatinine 
level was 140 fLmoVL, 6 months ago it was 
180 fLmollL, and in a blood sample taken 
a week before this clinic visit, 220 fLmollL. 
Over the last year she has been taking 
prednisone, and over the last 6 months, 
cyclophosphamide, both in appropriate 
doses. 
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You are distressed by the rising crea­
tinine level and the rheumatology fel­
low with whom you discuss the problem 
suggests that you contact the hematol­
ogy service to consider a trial of plas­
mapheresis. The fellow states that plas­
mapheresis is effective in reducing the 
level of the antibodies responsible for 
the nephritis and cites a number of tri­
als that have suggested therapy is ben­
eficial. When you ask her if any of the 
studies were randomized clinical trials, 
she acknowledges that she is uncertain. 

You present the dilemma to the at­
tending physician who responds with a 
suggestion that, before you make a de­
cision, you review the relevant litera­
ture. The attending recommends that 
you bring the patient back in 2 weeks, 
at which time you can offer her the ap­
propriate therapy. 

THE SEARCH 

You decide that the most helpful ar­
ticle would include patients with severe 
lupus that threatens renal function and 
who are already receiving immunosup­
pressive agents. Plasmapheresis must 
be compared with a control management 
strategy, and patients must be random­
ized to receive or not receive the plas­
mapheresis. Finally, the article must re­
port clinically important outcomes, such 
as deterioration in renal function. You 
are familiar with the software program 
Grateful Med and use it for your search. 
The program provides a listing of Medi-

cal Subject Headings (MeSH), and you 
quickly find that "lupus nephritis" is one 
such heading and "plasmapheresis" an­
other. You add a methodological term 
that will restrict your results to high­
quality studies, "randomized controlled 
trial (PT)" (PT stands for publication 
type). The search, which you restrict to 
English-language articles, yields a total 
of three articles. One is a trial of pred­
nisone and cyclophosphamide l

; a second 
examines the effect of plasmapheresis 
on risk of infection.2 The third citation, 
which describes "a controlled trial of 
plasmapheresis," appears most likely to 
address the issue at hand, the effective­
ness of plasmapheresis in improving 
clinically important outcomes. 

The relevant article is a randomized 
trial in which 46 patients received a stan­
dard therapeutic regimen of prednisone 
and cyclophosphamide, and 40 patients 
received standard therapy plus plasma­
pheresis_ 3 Despite the fact that antibody 
levels decreased in those undergoing 
plasmapheresis, there was a trend to­
ward a greater proportion of the plas­
mapheresis-treated patients dying 
(20% vs 13%) or developing renal failure 
(25% vs 17%). This seems to settle 
the issue of whether to offer your pa­
tient plasmapheresis. You wonder, how­
ever, whether the study could have led 
to an inaccurate or biased outcome. The 
remainder of this article will provide 
you with the tools to address this ques­
tion. 
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Readers' Guides for an Article About Therapy 

Are the results of the study valid? 
Primary guides: 

Was the assignment of patients to treatments 
randomized? 

Were all patients who entered the trial properly 
accounted for and attributed at its conclusion? 

Was follow-up complete? 
Were patients analyzed in the groups to which 

they were randomized? 
Secondary guides: 

Were patients, health workers, and study person­
nel "blind" to treatment? 

Were the groups similar at the start of the trial? 
Aside from the experimental intervention, were the 

groups treated equally? 

Whst _re the results? 
How large was the treatment effect? 
How precise was the estimate of the treatment effect? 

Will the results help me In caring for my patients? 
Can the results be applied to my patient care? 
Were all clinically important outcomes considered? 
Are the likely treatment benefits worth the potential 

harms and costs? 

INTRODUCTION 

In the first article4 in this series we 
introduced a framework for using the 
medical literature to solve patient prob­
lems and provide better clinical care. 
This second article begins the discus­
sion of· how to use a report dealing with 
therapy or prevention. In this article, 
we will use the term "therapy" in a broad 
sense. As we've described elsewhere,5 
the same guides can be applied to evalu­
ation of therapeutic interventions (di­
rected at reducing symptoms and cur­
ing disease) and preventive interven­
tions (directed at reducing the risk of 
disease or disease complications). 

THE FRAMEWORK 

As with articles on other clinical ques­
tions, one can usefully pose three ques­
tions about an article on therapy. 

Are the Results of the Study Valid? 

This question has to do with the va­
lidity or accuracy of the results and con­
siders whether the treatment effect re­
ported in the article represents the true 
direction and magnitude of the treat­
ment effect. Another way to state this 
question is this: Do these results rep­
resent an unbiased estimate ofthe treat­
ment effect, or have they been influ­
enced in some systematic fashion to lead 
to a false conclusion? 

What Were the Results? 

If the results are valid and the study 
likely yields an unbiased assessment of 
treatment effect, then the results are 
worth examining further. This second 
question considers the size and preci­
sion of the treatment's effect. The best 
estimate of that effect will be the study 
findings themselves; the precision of the 
estimate will be superior in larger 
studies. 

Will the Results Help Me 
in Caring for My Patients? 

This question has two parts. First, 
are the results applicable to your pa­
tient? You should hesitate to institute 
the treatment either if your patient is 
too dissimilar from those in the trial, or 
if the outcome that has been improved 
isn't important to your patient. Second, 
if the results are applicable, what is the 
net impact of the treatment? The im­
pact depends on both benefits and risks 
(side effects and toxic effects) of treat­
ment and the consequences of withhold­
ing treatment. Thus, even an effective 
therapy might be withheld when a pa­
tient's prognosis is already good with­
out treatment, especially when the treat­
ment is accompanied by important side 
effects and toxic effects. 

We summarize our approach to evalu­
ating and applying the results of articles 
addressing therapeutic effectiveness in 
the Table. House staff and practicing 
physicians alike need an approach that 
is both efficient and comprehensive. We 
have therefore labeled validity criteria 
as ''primary'' -those few that can quickly 
be applied by readers with limited time­
and "secondary"-those that, though still 
important, can be reserved for articles 
that pass the initial guides and for read­
ers who have both the need and the time 
for a deeper review. 

ARE THE RESULTS OF THIS 
ARTICLE VALID? 

Primary Guides 

Was the Assignment of Patients to 
Treatment Randomized?-During the 
1970s and early 1980s surgeons increas­
ingly undertook extracranial-intracra­
nial bypass (that is, anastomosis of a 
branch of the external carotid artery, 
the superficial temporal, to a branch of 
the internal carotid artery, the middle 
cerebral). They believed it prevented 
strokes in patients whose symptomatic 
cerebrovascular disease was otherwise 
surgically inaccessible. This conviction 
was based on the comparison of clinical 
outcomes among nonrandomized cohorts 
of patients who, for whatever reason, 
had and had not undergone this opera­
tion, for the former appeared to fare 
much better than the latter. To the sur­
prise of many and the indignation of a 
few, a large multicenter randomized trial 
in which patients were allocated to re­
ceive or forego this operation using a 
process analogous to flipping a coin, dem­
onstrated that the only effect of surgery 
was to make patients worse off in the 
immediate postsurgical period; long­
term outcome was unaffected.6 

Other surprises generated by random­
ized trials that contradicted the results of 

less rigorous trials include the demonstra­
tion that steroids may increase (rather 
than reduce) mortality in patients with 
sepsis,1 that steroid injections do not ame­
liorate facet-joint back pain,s and that plas­
mapheresis does not benefit patients with 
polymyositis.9 Such surprises may occur 
when treatrp.ents are assigned by random 
allocation, rather than by the conscious 
decisions of clinicians and patients. In 
short, clinical outcomes result from many 
causes, and treatment is just one of them: 
underlying severity of illness, the pres­
ence of comorbid conditions, and a host of 
other prognostic factors (unknown as well 
as known) often swamp any effect of 
therapy. Because these other features also 
influence the clinician's decision to offer 
the treatment at issue, nonrandomized 
studies of efficacy are inevitably limited 
in their ability to distinguish useful from 
useless or even harmful therapy. As con­
firmation of this fact, it turns out that 
studies in which treatment is allocated by 
any method other than randomization tend 
to show larger (and frequently false-posi­
tive) treatment effects than do random­
ized trials.10-13 The beauty of randomiza­
tion is that it assures, if sample size is 
sufficiently large, that both known and 
unknown determinants of outcome are 
evenly distributed between treatment and 
control groups. 

What can the clinician do ifno one has 
done a randomized trial of the thera­
peutic question she faces? She still has 
to make a treatment decision, and so 
must rely on weaker studies. In a later 
article in this series devoted to deciding 
whether a therapy or an exposure causes 
harm (a situation when randomization is 
usually not possible), we deal with how 
to assess weaker study designs. For now, 
you should bear in mind that nonran­
domized studies provide much weaker 
evidence than do randomized trials. 

Were All Patients Who Entered 
the Trial Properly Accounted for and 
Attributed at Its Conclusion?-This 
guide has two components: was follow­
up complete and were patients analyzed 
in the groups to which they were ran­
domized? 

Was Follow-up Completer-Every 
patient who entered the trial should be 
accounted for at its conclusion. If this is 
not done, or if substantial numbers of 
patients are reported as "lost to follow­
up," the validity of the study is open to 
question. The greater the number of sub­
jects who are lost, the more the trial 
may be subject to bias because patients 
who are lost often have different prog­
noses from those who are retained, and 
may disappear because they suffer ad­
verse outcomes (even death) or because 
they are doing well (and so did not re­
turn to the clinic to be assessed). 



• 

Readers can decide for themselves 
when the loss to follow-up is excessive 
by assuming, in positive trials, that all 
patients lost from the treatment group 
did badly, and all lost from the control 
group did well, and then recalculating 
the outcomes under these assumptions. 
If the conclusions of the trial do not 
change, then the loss to follow-up was 
not excessive. If the conclusions would 
change, the strength of inference is 
weakened (that is, less confidence can 
be placed in the study results). The ex­
tent to which the inference is weakened 
will depend on how likely it is that treat­
ment patients lost to follow-up all did 
badly, while control patients lost to fol­
low-up all did well. 

Were Patients Analyzed in the Groups 
to Which They Were Randomized?-As 
in routine practice, patients in random­
ized trials sometimes forget to take their 
medicine or even refuse their treatment 
altogether. Readers might, on first blush, 
agree that such patients who never ac­
tually received their assigned treatment 
should be excluded from analyses for 
efficacy. Not so. 

The reasons people don't take their 
medication are often related to progno­
sis. In a number of randomized trials, 
noncompliant patients have fared worse 
than those who took their medication as 
instructed, even after taking into ac­
count all known prognostic factors, and 
even when their medications were pla­
cebosP"19 Excluding noncompliant pa­
tients from the analysis leaves behind 
those who may be destined to have a 
better outcome and destroys the unbi­
ased comparison provided by random­
ization. 

The situation is similar with surgical 
therapies. Some patients randomized to 
surgery never have the operation because 
they are too sick or suffer the outcome of 
interest (such as stroke or myocardial in­
farction) before they get to the operating 
room. If investigators include such pa­
tients, who are destined to do badly, in 
the control arm but not in the surgical 
arm of a trial, even a useless surgical 
therapy will appear to be effective. How­
ever, the apparent effectiveness of sur­
gery will come not from a benefit to those 
who have surgery, but the systematic ex­
clusion of those with the poorest progno­
sis from the surgical group. 

This principle of attributing all pa­
tients to the group to which they were 
randomized results in an intention-to­
treat analysis. This strategy preserves 
the value of randomization: prognostic 
factors that we know about, and those 
we don't know about, will be, on aver­
age, equally distributed in the two 
groups, and the effect we see will be just 
that due to the treatment assigned. 

Secondary Guides 

Were Patients, Their Clinicians, and 
Study Personnel "Blind" to Treat­
ment?-Patients who know that they 
are on a new, experimental treatment 
are likely to have an opinion about its 
efficacy, as are their clinicians or the 
other study personnel who are measur­
ing responses to therapy. These opin­
ions, whether optimistic or pessimistic, 
can systematically distort both the other 
aspects of treatment and the reporting 
of treatment outcomes, thereby reduc­
ing our confidence in the study's results. 
In addition, unblinded study personnel 
who are measuring outcomes may pro­
vide different interpretations of mar­
ginal findings or differential encourage­
ment during performance tests, either 
one of which can distort their results.20 

The best way of avoiding all this bias 
is double-blinding (sometimes referred 
to as double-masking), which is achieved 
in drug trials by administering a pla­
cebo, indistinguishable from active treat­
ment in appearance, taste, and texture, 
but lacking the putative active ingredi­
ent, to the control group. When you read 
reports on treatments (such as trials of 
surgical therapies) in which patients and 
treating clinicians cannot be kept blind, 
you should note whether investigators 
have minimized bias by blinding those 
who assess clinical outcomes. 

Were the Groups Similar at the Start 
of the Trial?-For reassurance about a 
study'S validity, readers would like to 
be informed that the treatment and con­
trol groups were similar for all the fac­
tors that determine the clinical outcomes 
of interest save one: whether they re­
ceived the experimental therapy.Inves­
tigators provide this reassurance when 
they display the entry or baseline prog­
nostic features of the treatment and con­
trol patients. Although we never will 
know whether similarity exists for the 
unknown prognostic factors, we are re­
assured when the known prognostic fac­
tors are nicely balanced. 

Randomization doesn't always pro­
duce groups balanced for known prog­
nostic factors. When the groups are 
small, chance may place those with ap­
parently better prognoses in one group. 
As sample size increases, this is less and 
less likely (this is analogous to multiple 
coin flips: one wouldn't be too surprised 
to see seven heads out of 10 coin flips, 
but one would be very surprised to see 
70 heads out of 100 coin flips). 

The issue here is not whether there 
are statistically significant differences 
in known prognostic factors between 
treatment groups (in a randomized trial 
one knows in advance that any differ­
ences that did occur happened by 

chance), but rather the magnitude of 
these differences. If they are large, the 
validity of the study may be compro­
mised. The stronger the relationship be­
tween the prognostic factors and out­
come, and the smaller the trial, the more 
the differences between groups will 
weaken the strength of any inference 
about efficacy. 

All is not lost if the treatment groups 
are not similar at baseline. Statistical 
techniques permit adjustment of the 
study result for baseline differences. Ac­
cordingly, readers should look for docu­
mentation of similarity for relevant base­
line characteristics and, if substantial 
differences exist, should note whether 
the investigators conducted an analysis 
that adjusted for those differences. When 
both unadjusted and adjusted analyses 
reach the same conclusion, readers jus­
tifiably gain confidence in the validity of 
the study result. 

Aside From the Experimental Inter­
vention, Were the Groups Treated 
Equally?-Care for experimental and 
control groups can differ in a number of 
ways besides the test therapy, and dif­
ferences in care other than that under 
study can weaken or distort the results. 
If one group received closer follow-up, 
events might be more likely to be re­
ported, and patients may be treated 
more intensively with nonstudy thera­
pies. For example, in trials of new forms 
of therapy for resistant rheumatoid ar­
thritis, ancillary treatment with systemic 
steroids (extremely effective for reliev­
ing symptoms), if administered more 
frequently to the control group than 
to the treatment group, could obscure 
an experimental drug's true treatment 
effect (unless exacerbation requiring 
steroids were itself counted as an out­
come). 

Interventions other than the treat­
ment under study, when differentially 
applied to the treatment and control 
groups, often are called "cointerven­
tions." Cointervention is a more serious 
problem when double-blinding is absent, 
or when the use of very effective non­
study treatments is permitted at the 
physicians' discretion. Clinicians gain 
greatest confidence in the results when 
permissible cointerventions are de­
scribed in the "Methods" section and 
documented to be infrequent occur­
rences in the results. 

The foregoing five guides (two pri­
mary and three secondary), applied in 
sequence, will help the reader deter­
mine whether the results of an article on 
therapy are likely to be valid. If the 
results are valid, then the reader can 
proceed to consider the magnitude of 
the effect and the applicability to her 
patients. 
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ARE THE RESULTS 
OF THE STUDY VAUD? 
THE PLASMAPHERESIS TRIAL 

Readers may be interested in how 
well the trial of plasmapheresis in pa­
tients with lupus nephritis met the tests 
of validity. With respect to primary cri­
teria, randomization was rigorously con­
ducted, as treatment was assigned 
through a phone call to the study's Meth­
ods Center. One patient assigned to stan­
dard therapy was lost to follow-up, and 
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CLINICAL SCENARIO 

You are a general internist who is 
asked to see a 65-year-old man with con­
trolled hypertension and a 6-month his­
tory of atrial fibrillation resistant to car­
dioversion. Although he has no evidence 
for valvular or coronary heart disease, 
the family physician who referred him 
to you wants your advice on whether 
the benefits oflong-term anticoagulants 
(to reduce the risk of embolic stroke) 
outweigh their risks (of hemorrhage 
from anticoagulant therapy). The patient 
shares these concerns and doesn't want 
to receive a treatment that would do 
more harm than good. You know that 
there have been randomized trials of 
warfarin for nonvalvular atrial fibrilla­
tion and decide that you'd better review 
one of them. 
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THE SEARCH 

The ideal article addressing this clini­
cal problem would include patients with 
non valvular atrial fibrillation and would 
compare the effect of warfarin and a 
control treatment, ideally a placebo, on 
the risk of emboli (including embolic 
stroke) and also on the risk of the com­
plications of anticoagulation. Random­
ized, double-blind studies would provide 
the strongest evidence. 

In the software program G RATE­
FUL MED you select a Medical Subject 
Heading (MeSH) that identifies your 
population, "atrial fibrillation," another 
that specifies the intervention, "war­
farin," and a third that specifies the out­
come of interest, "stroke" (which the 
software automatically converts to "ex­
plode cerebrovascular disorders" mean­
ing that all articles indexed under cere­
brovascular disorders or its subhead­
ings are potential targets of the search), 
while restricting the search to English­
language studies. To ensure that, at least 
on your first pass, you identify only the 
highest quality studies, you include the 
methodological term "randomized con­
trolled trial (PT)" (PT stands for pub­
lication type). The search yields nine 
articles. Three are editorials or com­
mentaries, one addresses prognosis, and 
one focuses on quality of life for patients 
receiving anticoagulants. You decide to 
read the most recent of the four ran­
domized trials.! 

Reading the study, you find it meets 
the validity criteria you learned about 
in a prior article in this series.2 To an­
swer your patient's and the referring 

physician's concerns, however, you need 
to delve further into the relation be­
tween benefits and risks. 

INTRODUCTION 

The previous article in this series dealt 
with whether a study of effectiveness of 
therapy was valid (Table 1). In this in­
stallment, we will show you how to pro­
ceed further to understand and use the 
results of valid studies of therapeutic 
interventions. We have summarized cal­
culations in the Tables for easy refer­
ence. 

What Were the Results? 
How Large Was the Treatment Ef­

fect?-Most frequently, randomized 
clinical trials carefully monitor how of­
ten patients experience some adverse 
event or outcome. Examples of these 
dichotomous outcomes (yes or no out­
comes that either happen or don't hap­
pen) include cancer recurrence, myocar­
dial infarction, and death. Patients ei­
ther do or do not suffer an event, and 
the article reports the proportion of pa­
tients who develop such events. Con­
sider, for example, a study in which 20% 
(0.20) of a control group died, but only 
15% (0.15) of those recei ving a new treat­
ment died. How might these results be 
expressed? Table 2 provides a summary 
of ways of presenting the effects of 
therapy. 

One way would be as the absolute 
difference (known as the absolute risk 
reduction or risk difference), between 
the proportion who died in the control 
group (X) and the proportion who died 
in the treatment group (Y), or X - Y = 
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0.20- 0.15=0.05. Another way to express 
the impact of treatment would be as a 
relative rislc (RR): the risk of events 
among patients receiving the new treat­
ment, relative to that among controls, 
or Y/X =0.15/0.20=0.75. 

The most commonly reported mea­
sure of dichotomous treatment effects is 
the complement ofthis RR, and is called 
the relative rislc reduction (RRR). It is 
expressed as a percent: [1-(YIX)] x 
100% = [1-0.75] x 100%=25%. An RRR 
of 25% means that the new treatment 
reduced the risk of death by 25% rela­
tive to that occurring among control pa­
tients; the greater the RRR, the more 
effective the therapy. 

How Precise Was the Estimate of 
Treatment Effect?-The true risk re­
duction can never be known; all we have 
is the estimate provided by rigorous con­
trolled trials, and the best estimate of 
the true treatment effect is that ob­
served in the trial. This estimate is called 
a "point estimate" in order to remind us 
that although the true value lies some­
where in its neighborhood, it is unlikely 
to be precisely correct. Investigators 
tell us the neighborhood within which 
the true effect likely lies by the statis­
tical strategy of calculating confidence · 
intervals (Cls).3 

We usually (though arbitrarily) use 
the 95% CI, which can be simply inter­
preted as defining the range that in­
cludes the true RRR 95% of the time. 
You'll seldom find the true RRR toward 
the extremes of this interval, and you'll 
find the true RRR beyond these ex­
tremes only 5% of the time, a property 

Table I .-Readers' Guides for an Article About 
Therapy 

Are the results of the study valid? 
Primary guides: 

Was the assignment of patients to treatments 
randomized? 

Were all patients who entered the trial properly 
accounted for and attributed at Its conclusion? 

Was follow·up complete? 
Were patients analyzed in the groups to which 

they were randomized? 
Secondary guides: 

Were patients. health workers, and study personnel 
"blind" to treatment? 

Were the groups slmitar at the start of the trial? 
Aside from the experimental intervention. were the 

groups treated equatty? 
What were the reaults? 

How large was the treatment ellect? 
How precise was the estimate of the treatment ellect? 

Will the results help me In caring for my patients? 
Can the results be apptied to my patient care? 
Were all clinically important outcomes considered? 
Are the likely treatment benefits worth the potential 

harms and costs? 

of the CI that relates closely to the con­
ventional level of "statistical signifi­
cance" of P<.05. We illustrate the use of 
CIs in the following examples. 

If a trial randomized 100 patients each 
to treatment and control groups, and 
there were 20 deaths in the control group 
and 15 deaths in the treatment group, 
the authors would calculate a point es­
timate for the RRR of25%: X=20/100 or 
0.20, Y =151100 or 0.15, and [1-(YIX)] x 
100%=[1-0.75] x 100=25%. You might 
guess, however, that the true RRR 
might be much smaller or much greater 
than this 25%, based on a difference of 
just five deaths. In fact, you surmise 
that the treatment might provide no ben­
efit (an RRR of 0%) or even harm (a 
negative RRR). And you would be 
right-in fact, these results are consis­
tent with both an RRR of -38% (that is, 
patients given the new treatment might 
be 38% more likely to die than control 
patients), and an RRR of nearly 59% 
(that is, patients subsequently receiv­
ing the new treatment might have a risk 
of dying almost 60% less than that of the 
risk in those who are not treated). In 
other words, the 95% CIon this RRR is 
-38% to 59%, and the trial really hasn't 
helped us decide whether to offer the 
new treatment. What sort of study would 
be more helpful? 

What if the trial enrolled not 100 pa­
tients per group, but 1000 patients per 
group, and observed the same event 
rates as before, so that there were 200 
deaths in the control group (X=2001 
1000=0.20) and 150 deaths in the treat­
ment group (Y =15011000=0.15). Again, 
the point estimate of the RRR is 25%: 
[l-(Y/X)] x 100%=[1-(0.15/0.20)] x 
100%=25%. In this larger trial, you might 
think that the true reduction in risk is 
much closer to 25% and, again, you would 
be right; the 95% Cion the RRR for this 
set of results is all on the positive side 
of 0 and runs from 9% to 41%. 

What these examples show is that the 
larger the sample size of a trial, the larger 
the number of outcome events and the 
greater our confidence that the true RRR 
(or any other measure of efficacy) is close 
to what we have observed. In the second 
example above, the lowest plausible value 
for the RRR was 9% and the highest 
value 41%. The point estimate-in this 
case 25o/o--is the one value most likely to 
represent the true RRR. As one consid­
ers values farther and farther from the 
point estimate, they become less and less 

Table 2.-lntroducing Some Measures of the Effects of Therapy 

consistent with the observed RRR. By 
the time one crosses the upper or lower 
boundaries ofthe 95% CI, the values are 
extremely unlikely to represent the true 
RRR, given the point estimate (that is, 
the observed RRR). 

The Figure represents the CIs around 
the point estimate of an RRR of 25% in 
these two examples, with a risk reduc­
tion of 0 representing no treatment ef­
fect. In both scenarios the point esti­
mate of the RRR is 25%, but the CI is 
far narrower in the second scenario. 

It is evident that the larger the sample 
size, the narrower the CI. When is the 
sample size big enough?4 In a "positive" 
study-a study in which the authors con­
clude that the treatment is effective­
one can look at the lower boundary of 
the C 1. In the second example, this lower 
boundary was +9%. If this risk reduc­
tion (the lowest that is consistent with 
the study results) is still important, or 
"clinically significant," (that is, it is large 
enough for you to want to offer it to your 
patient), then the investigators have en­
rolled sufficient patients. If, on the other 
hand, you do not consider an RRR of9% 
clinically significant, then the study can­
not be considered definitive, even if its 
results are statistically significant (that 
is, they exclude a risk reduction of 0). 
Keep in mind that the probability of the 
true value being less than the lower 
boundary of the CI is only 2.5%, and 
that a different criterion for the CI (a 
90% CI, for instance) might be as or 
more appropriate. 

The CI also helps us interpret "nega­
tive" studies in which the authors have 
concluded that the experimental treat­
ment is no better than control therapy. 
All we need do is look at the upper bound-

. ary of the CI. If the RRR at this upper 
boundary would, if true, be clinically im­
portant, the study has failed to exclude 
an important treatment effect. In the 
first example we presented in this sec­
tion, the upper boundary of the CI was 
an RRR of 59%. Clearly, if this repre­
sented the truth, the benefit of the treat­
ment would be substantial, and we would 
conclude that although the investiga­
tors had failed to prove that experimen­
tal treatment was better than placebo, 
they also had failed to prove that it was 
not; they could not exclude a large, posi­
tive treatment effect. Once again the 
clinician must bear in mind the proviso 
about the arbitrariness of the choice of 
95% boundaries for the CI. A reason-

Risk without therapy Absolute risk raduetion Relative risk reduction (RRR): 95% confidence 
(baseline risk): X Risk with therapy: V (risk dln.ranee): X-V Relative risk: VIX [l-(yIX)]x100% or [(X-VVX1Xl000/0 Interval for the RRR: 

20/100cO.20 or 20% 151100=0.15 or 15% 0.20-0.15=0.05 0.15/0.20..0.75 [1-0.75]X1oo%=250/0 -38% to +59% 
[0.0510.20] x 1 00%=25% 
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The solid line represents the confidence interval 
around the first example in which there were 100 
patients per group and the number of events in the 
active and control groups were two and four, 
respectively. The broken line represents the confi­
dence interval around the second example in which 
there were 1000 patients per group and the number 
of events in the active and control groups were 20 
and 40. respectively. 

able alternative, a 90% CI, would be 
somewhat narrower. 

What can the clinician do if the CI 
around the RRR is not reported in the 
article? There are three approaches, and 
we present them in order of increasing 
complexity. The easiest approach is to 
examine the P value. If the P value is 
exactly .05, then the lower bound ofthe 
95% confidence limit for the RRR has to 
lie exactly at 0 (an RR of 1), and you 
cannot exclude the possibility that the 
treatment has no effect. As the P value 
decreases below .05, the lower bound of 
the 95% confidence limit for the RRR 
rises above O. 

A second approach, involving some 
quick mental arithmetic or a pencil and 
paper, can be used when the article in­
cludes the value for the standard error 
(SE) of the RRR (or ofthe RR). This is 
because the upper and lower boundaries 
of the 95% CI for an RRR are the point 
estimate plus and minus twice this SE. 

The third approach involves calculat­
ing the CIs yourself6 or asking the help 
of someone else (a statistician, for in­
stance) to do so. Once you obtain the 
CIs, you know how high and low the 
RRR might be (that is, you know the 
precision of the estimate of the treat­
ment effect) and can interpret the re­
sults as described above. 

Not all randomized trials have dichoto­
mous outcomes, nor should they. For 
example, a new treatment for patients 
with chronic lung disease may focus on 
increasing their exercise capacity. Thus, 
in a study of respiratory muscle training 
for patients with chronic airflow limita­
tion, one primary outcome measured how 
far patients could walk in 6 minutes in 
an enclosed corridor.6 This 6-minute walk 
improved from an average of 406 to 416 
meters (up 10 meters) in the experi-

mental group receIvmg respiratory 
muscle training, and from 409 to 429 (up 
20 meters) in the control group. The 
point estimate for improvement in the 
6-minute walk due to respiratory muscle 
training therefore was negative, at -10 
meters (or a IO-meter difference in fa­
vor of the control group). 

Here too you should look for the 95% 
CIs around this difference in changes in 
exercise capacity and consider their im­
plications. The investigators tell us that 
the lower boundary of the 95% CI was 
-26 meters (that is, the results are con­
sistent with a difference of 26 meters in 
favor of the control treatment) and the 
upper boundary was +5 meters. Even 
in the best of circumstances, adding 5 
meters to the 400 recorded at the start 
of the trial would not be important to 
the patient, and this result effectively 
excludes a clinically significant benefit 
of respiratory muscle training as applied 
in this study. 

Having determined the magnitUde and 
precision of the treatment effect, read­
ers now can turn to the final question of 
how to apply the article's results to their 
patients and clinical practice. 

Will the Results Help Me in Caring 
for My Patients? 

Can the Results Be Applied to My 
Patient Care?-The first issue to ad­
dress is how confident you are that you 
can apply the results to a particular pa­
tient or patients in your practice. If the 
patient would have been enrolled in the 
study had she been there-that is, she 
meets all the inclusion criteria, and 
doesn't violate any of the exclusion cri­
teria-there is little question that the 
results are applicable. If this is not the 
case, and she would not have been eli­
gible for the study, judgment is required. 
The study result probably applies even 
if, for example, she was 2 years too old 
for the study, had more severe disease, 
had previously been treated with a com­
peting therapy, or had a comorbid con­
dition. A better approach than rigidly 
applying the study's inclusion and ex­
clusion criteria is to ask whether there 
is some compelling reason why the re­
sults should not be applied to the pa­
tient. A compelling reason usually won't 
be found, and most often you can gen­
eralize the results to your patient with 
confidence. 

A final issue arises when our patient 
fits the features of a subgroup of pa­
tients in the trial report. In articles re­
porting the results of a trial (especially 
when the treatment doesn't appear to 
be efficacious for the average patient), 
the authors may have examined a large 
number of subgroups of patients at dif­
ferent stages of their illness, with dif-

ferent comorbid conditions, with differ­
ent ages at entry, and the like. Quite 
often these subgroup analyses were not 
planned ahead oftime, and the data are 
simply "dredged" to see what might turn 
up. Investigators may sometimes over­
interpret these "data-dependent" analy­
ses as demonstrating that the treatment 
really has a different effect in a sub­
group of patients-those who are older 
or sicker, for instance, may be held up as 
benefitting substantially more or less 
than other subgroups of patients in the 
trial. You can find guides for deciding 
whether to believe these subgroup analy­
ses,7 summarized as follows: the treat­
ment is really likely to benefit the sub­
group more or less than the other pa­
tients if the difference in the effects of 
treatment in the subgroups (1) is large; 
(2) is very unlikely to occur by chance; 
(3) results from a analysis specified as a 
hypothesis before the study began; (4) 
was one of only a very few subgroup 
analyses that were carried out; and (5) 
is replicated in other studies. To the 
extent that the subgroup analysis fails 
these criteria, clinicians should be in­
creasingly skeptical about applying them 
to their patients. 

Were All Clinically Important Out­
comes Considered?-Treatments are in­
dicated when they provide important 
benefits. Demonstrating that a bron­
chodilator produces small increments in 
forced expired volume in patients with 
chronic airflow limitation, that a vasodi­
lator improves cardiac output in heart 
failure patients, or that a lipid-lowering 
agent improves lipid profiles does not 
necessarily provide a sufficient reason 
for administering these drugs. What is 
required is evidence that the treatments 
improve outcomes that are important to 
patients, such as reducing shortness of 
breath during the activities required for 
daily living, avoiding hospitalization for 
heart failure, or decreasing the risk of 
myocardial infarction. We can consider 
forced expired volume in 1 second, car­
diac output, and the lipid profile "sub­
stitute end points." That is, the authors 
have substituted these physiologic mea­
sures for the important outcomes (short­
ness of breath, hospitalization, or myo­
cardial infarction), usually because to 
confirm benefit on the latter they would 
have had to enroll many more patients 
and followed them for far longer periods 
of time. 

A dramatic recent example of the dan­
ger of substitute end points was found 
in the evaluation of the usefulness of 
antiarrhythmic drugs following myocar­
dial infarction. Because such drugs had 
been shown to reduce abnormal ven­
tricular depolarizations (the substitute 
end points) in the short run, it made 
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Table 3.- Two Men With Contrasting Prognoses Following Myocardial Infarction 

And the retatlve rlak 
If the risk of death at And the relative risk reduction la: Then the risk 

1 year without therapy of death with therapy (1-(YIX)]><100% or of death with 
(baseline risk) Is: X (a 11 blocker) ia: VIX ((X - V)IX] >< 1 00% treatment Is: V 

1% or 0.01 75% or 0.75 25% 0,01 x O.75;0.0075 
10%orO.10 75% or 0.75 25% 0.10x O.75;().075 

Table 4.-lncorporating Side Effects Into the Number Needed to Be Treated 

If the ri8k of death at 
1 year without therapy 

(baseline risk) Is: X 

1% or 0.01 
10%orO.10 

And the risk of death 
with propranolol Is: V 

0.01 x O.75;().0075 
0.10x O.75;().075 

sense that they should reduce the oc­
currence onife-threatening arrhythmias 
in the long run. A group of investigators 
performed randomized trials on three 
agents (encainide, flecainide, and mori­
cizine) previously shown to be effective 
in suppressing the substitute end point 
of abnormal ventricular depolarizations 
in order to determine whether they re­
duced mortality in patients with asymp­
tomatic or mildly symptomatic arrhyth­
mias following myocardial infarction. 
The investigators had to stop the trials 
when they discovered that mortality was 
substantially higher in patients receiv­
ing antiarrhythmic treatment than in 
those receiving a placebo.B•9 Clinicians 
relying on the substitute end point of 
arrhythmia suppression would have con­
tinued to administer the three drugs, to 
the considerable detriment of their pa­
tients. 

Even when investigators report fa­
vorable effects oftreatment on one clini­
cally important outcome, clinicians must 
take care that there are no deleterious 
effects on other outcomes. For instance, 
as this series was in preparation, the 
controversy continued over whether re­
ducing lipids unexpectedly increases 
noncardiovascular causes of death.lo Can­
cer chemotherapy may lengthen life but 
may also decrease its quality. Finally, 
surgical trials often document prolonged 
life for those who survive the operation 
(yielding higher 3-year survival in those 
receiving surgery), but an immediate 
risk of dying during or shortly after sur­
gery. Accordingly, users of the reports 
of surgical trials should look for infor­
mation on immediate and early mortal­
ity (typically higher in the surgical 
group) in addition to longer-term re­
sults. 

Are the Likely Treatment Benefits 
Worth the Potential Harm and 
Costs?-Ifthe article's results are gen­
eralizable to your patient and its out­
comes are important, the next question 
concerns whether the probable treat­
ment benefits are worth the effort that 
you and your patient must put into the 

Then the absolute risk 
reduction Is: X-V 

0.01-0.0075;().OO25 
0.10-0.075;0.025 

And the number 
needed to be treated 
to prevent one avent 

Is: 1/(X-V) 

1/0.0025;400 
1I0.025s40 

enterprise. A 25% reduction in the risk 
of death may sound quite impressive, 
but its impact on your patient and 
practice may nevertheless be minimal. 
This notion is illustrated using a con­
cept called "number needed to treat" 
(NNT),u 

The impact of a treatment is related 
not only to its RRR, but also to the risk 
of the adverse outcome it is designed to 
prevent. I3-Blockers reduce the risk of 
death following myocardial infarction by 
approximately 25%, and this RRR is 
consistent across subgroups, including 
those at higher and lower "baseline" risk 
of recurrence and death when they are 
untreated. Table 3 considers two pa­
tients with recent myocardial infarctions. 

First, consider a 40-year-old man with 
a small infarct, normal exercise capac­
ity, and no sign of ventricular arrhyth­
mia who is willing to stop smoking, be­
gin exercising, lose weight, and take as­
pirin daily. This individual's risk of death 
in the first year after infarction may be 
as low as 1%.I3-Blockers would reduce 
this risk by a quarter, to 0.75%, for an 
absolute risk reduction of 0.25% or 
0.0025. The inverse of this absolute risk 
reduction (that is, 1 divided by the ab­
solute risk reduction) equals the num­
ber of such patients we'd have to treat 
in order to prevent one event (in this 
case, to prevent one death following a 
mild heart attack in a low-risk patient). 
In this case, we would have to treat 400 
such patients for 1 year to save a single 
life (1/0.0025=400). 

An older man with limited exercise 
capacity and frequent ventricular ex­
trasystoles who continues to smoke fol­
lowing his infarction may have a risk of 
dying in that next year as high as 10%. 
A 25% risk reduction for death in such 
a high-risk patient generates an abso­
lute risk reduction of 2.5% or 0.025, and 
we would have to treat only 40 such 
individuals for 1 year to save a life 0/ 
0.025=40). 

These examples underscore a key el­
ement of the decision to start therapy: 
before deciding on treatment, we must 

And the absolute 
risk reduction 

Is: x-V 

0.01 - 0.0075;().0025 
0.10-0.075;().025 

And If the Incidence 
of clinically Important 

fatigue on propranolol is: 

10%orO.l0 

And the number 
needed to be treated 
to prevent one event 

Is: lI(X-V) 

1/0.0025;400 
1/0.025; 40 

Then the number of 
fatigued palients per 

life 8aved 18: 

400x O.1;40 
40x O.l;4 

consider our patient's risk of the ad­
verse event if left untreated. For any 
given RRR, the higher the probability 
that a patient will experience an ad­
verse outcome if we don't treat, the more 
likely the patient will benefit from treat­
ment, and the fewer such patients we 
need to treat to prevent one event. Thus, 
both patients and our own clinical effi­
ciency benefit when the NNT to pre­
vent an event is low. 

We might not hesitate to treat even 
as many as 400 patients to save one life 
if the treatment were cheap, easy to 
apply and comply with, and safe. In re­
ality, however, treatments usually are 
expensive and they carry risks. When 
these risks or adverse outcomes are 
documented in trial reports, users can 
apply the NNT to judge both the rela­
tive benefits and costs of therapy. If, for 
instance, l3-blockers cause clinically im­
portant fatigue in 10% of the patients 
who use them, the NNT to cause fatigue 
is 1/0.10 or 10. This is shown in Table 4, 
where it is seen that a policy of treating 
low-risk patients after myocardial inf­
arction (NNT;;400 to prevent one death) 
will result in 40 being fatigued for every 
life saved. On the other hand, a policy of 
treating just high-risk patients will re­
sult in four being fatigued for every life 
saved. 

Clinicians don't, however, treat groups 
of patients uniformly. Rather, we con­
sider individual responses and tailor our 
therapy accordingly. One response to 
the problem of common, relatively mi­
nor side effects (such as fatigue) is to 
discontinue therapy in patients suffer­
ing from that problem. If we think of 
fatigued low-risk patients as a group, 
we would make 400 patients fatigued to 
save a life, a trade-off that probably 
wouldn't be worth it. By discontinuing 
treatment in these people, we can treat 
the remainder without making anyone 
fatigued. 

We cannot apply this approach, how­
ever, to severe, episodic events. Ex­
amples include the risk of bleeding in 
patients given anticoagulants, throm-
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Table 5.-Summary of the Effect of Warfarin Therapy on Patients With Nonvalvular Atrial Fibrillation* 

If the rlak of stroke at 
1 yesr without therapy 

(besellne risk) la: X 
And the risk of stroke Then the absolute risk 

And the number needed 
to be treated to prevent 
one stroke Is: 1f(X - Y) 

with treatment Is: Y reduction la: X - Y (95% confidence Interval) 

0.043 0.009 0.043-0.009=0.034 1/0.034~30 
(261045) 

*Dala from Ezakowilz at al.' 

bolytic agents, or aspirin, or the risk of 
rare but devastating drug reactions. In 
each of these examples the number of 
adverse events per life saved (or, if the 
events are rare enough, the number of 
lives saved per adverse event) can pro­
vide a compelling picture of the trade­
offs associated with the intervention. 

RESOLUTION OF THE SCENARIO 

In the randomized trial of warfarin in 
nonvalvular atrial fibrillation that you 
selected for reading (Ezekowitz et all), 
260 patients received warfarin and 265 
received placebo. The results are sum­
marized in Table 5. 

Over the next 11/2 years, just four of 
the former (0.9% per year), but 19 of 
the latter (4.3% per year) suffered ce­
rebral infarction. Thus, the RRR is 
(0.043-0.009)/0.043=79%, the absolute 
risk reduction is 0.043 -0.009= 0.034, and 
the NNT to prevent one stroke is 110.034 
=29 (or approximately 30). Applying 
CIs to this NNT, the NNT could be 
(using the lower boundary of the CI 
around the RRR, which was 0.52) as 
great as 45, or (using the upper bound­
ary of the CI around the RRR, which 
was 0.90) as few as 26. Now, you know 
that warfarin is a potentially dangerous 
drug, and that about 1 % of patients on 
this treatment will suffer clinically im­
portant bleeding as a result of treat­
ment each year.12 Therefore, there will 
be one episode of bleeding in every 100 
treated patients, and if the NNT to pre­
vent a stroke is 30, then for every three 
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CLINICAL SCENARIO 

You are a medical consultant asked 
by a surgical colleague to see a 78-year­
old woman, now 10 days after abdomi­
nal surgery, who has become increas­
ingly short of breath over the last 24 
hours. She has also been experiencing 
what she describes as chest discomfort, 
which is sometimes made worse by tak­
ing a deep breath (but sometimes not). 
Abnormal findings on physical exami­
nation are restricted to residual tender­
ness in the abdomen and scattered 
crackles at both lung bases. Chest roent­
genogram reveals a small right pleural 
effusion, but this is the first roentgeno­
gram since the operation. Arterial blood 
gases show a P02 of 70 mm Hg, with a 
saturation of 92%. The electrocardio­
gram shows only nonspecific changes. 

You suspect that the patient, despite 
receiving 5000 U of heparin twice a day, 
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may have had a pulmonary embolus (PE). 
You request a ventilation-perfusion scan 
(V IQ scan), and the result reported to the 
nurse over the telephone is "intermedi­
ate probability" for PE. Though still 
somewhat uncertain about the diagno­
sis, you order full anticoagulation. Al­
though you have used the V/Q scan fre­
quently in the past and think you have a 
fairly good notion of how to use the re­
sults, you realize that your understand­
ing is based on intuition and local prac­
tice rather than on the properties of V IQ 
scanning from the original literature. Con­
sequently, on your way to the nuclear 
medicine department to review the scan, 
you stop off in the library. 

lHESEARCH 

Your plan is to find a study that will 
tell you about the properties ofVlQ scan­
ning as it applies to your clinical prac­
tice in general and this patient in par­
ticular. You are familiar with the soft­
ware program GRATEFUL MED and 
use this for your search. The program 
provides a listing of Medical Subject 
Headings (MeSH), and your first choice 
is "pulmonary embolism." Since there 
are 1749 articles with that MeSH head­
ing published between 1989 and 1992 
(the range of your search), you are go­
ing to have to pare down your search. 
You choose two strategies: you will pick 
only articles that have ''radionuclide im­
aging" as a subheading and also have 
the associated MeSH heading "compara­
tive study" (since you will need a study 
comparing V/Q scanning with some ref­
erence standard). This search yields 31 
articles, of which you exclude 11 that 
evaluate new diagnostic techniques, nine 

that relate to the diagnosis and treat­
ment of deep venous thrombosis, and 
one that examines the natural history of 
PE. The remaining 11 address V IQ scan­
ning in PE. One, however, is an edito­
rial; four are limited in their scope (deal­
ing with perfusion scans only, with situ­
ations in which the diagnostic workup 
should begin with pulmonary angiogra­
phy, or with a single perfusion defect). 
Of the remainder, the Prospective In­
vestigation of Pulmonary Embolism Di­
agnosis (PIOPED) study! catches your 
eye, both because it is in a widely read 
journal with which you are familiar and 
because it is referred to in the titles of 
several of the other articles. You print 
the abstract of this article and find it 
includes the following piece of informa­
tion: among people with an intermedi­
ate result of the V IQ scan, 33% had PE. 
You conclude you have made a good 
choice and retrieve the article from the 
library shelves. 

This article in the "Users' Guides to 
the Medical Literature" series and the 
one that follows will demonstrate an ap­
proach to making optimal use of the ar­
ticle. 

INTRODUCTION 
Clinicians regularly confront dilem­

mas when ordering and interpreting di­
agnostic tests_ The continuing prolifera­
tion of medical technology renders the 
clinician's ability to assess articles about 
diagnostic tests ever more important. 
Accordingly, this article will present the 
principles of efficiently assessing articles 
about diagnostic tests and optimally us­
ing the information they provide. Once 
you decide, as was illustrated in the clini-
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cal scenario with the PIOPED article, 
that an article is potentially relevant 
(that is, the title and abstract suggest 
the information is directly relevant to 
the patient problem you are address­
ing), you can invoke the same three ques­
tions that we suggested in the "Intro­
duction" and the articles on therapy2-4 
(Table 1). 

Are the Results of the Study Valid? 
Whether one can believe the results 

of a study is determined by the methods 
used to carry it out. To say that the 
results are valid implies that the accu­
racy of the diagnostic test, as reported, 
is close enough to the truth to render 
the further examination of the study 
worthwhile. First, you must determine 
if you can believe the results of the study 
by considering how the authors as­
sembled their patients and how they 
applied the test and an appropriate ref­
erence (or "gold" or "criterion") stan­
dard to the patients. 

What Are the Results of the Study? 

If you decide that the study results 
are valid, the next step is to determine 
the diagnostic test's accuracy. This is 
done by examining (or calculating for 
yourself) the test's likelihood ratios (of­
ten referred to as the test's "proper­
ties"). 

Will the Results Help Me 
in Caring for My Patients? 

The third step is to decide how to use 
the test, both for the individual patient 
and for your practice in general. Are the 
results of the study generalizable-ie, 
can you apply them to this particular 
patient and to the kind of patients you 
see most often? How often are the test 
results likely to yield valuable informa­
tion? Does the test provide additional 
information above and beyond the his­
tory and physical examination? Is it less 
expensive or more easily available than 
other diagnostic tests for the same tar­
get disorder? Ultimately, are patients 
better off if the test is used? 

In this article we deal with the first 
question in detail, while in the next ar­
ticle in the series we address the second 
and third questions. We use the PIOPED 
article to illustrate the process. 

In the PIOPED study, 731 consenting 
patients suspected of having PE under­
went both V IQ scanning and pUlmonary 
angiography. The pulmonary angiogram 
was considered to be the best way to 
prove whether a patient really had a PE 
and therefore was the reference stan­
dard. Each angiogram was interpreted 
as showing one of three results: PE 
present, PE uncertain, or PE absent. The 
accuracy of the V/Q scan was compared 

Table 1.-Evaluating and Applying the Results of 
Studies of Diagnostic Tests 

Are the results of the study valid? 
Primary guides: 

Was there an independent. blind comparison 
with a reference standard? 

Did the patient sample include an appropriate 
spectrum of patients to whom the diagnostic 
test will be applied in clinical practice? 

Secondary guides: 
Did the results of the test being evaluated 

Influence the decision to perform the reference 
standard? 

Were the methods for performing the test 
described in sufficient deteil to permit 
replication? 

What were the results? 
Are likelihood ratios for the test results presented 

or data necessary for their calculation provided? 
Will tha result, help me In caring for my patients? 

Will the reproducibility of the test result and Hs 
interpretation be satisfactory in my setting? 

Are the results applicable to my patient? 
Will the results change my management? 
Will patients be better off as a result of the test? 

with the angiogram, and the V/Q scan 
results were reported in one of four cat­
egories: high probability (for PE), inter­
mediate probability, low probability, or 
near normal or normal. The comparisons 
of the V/Q scans and angiograms are 
shown in Tables 2 and 3. We'll get to the 
differences between these tables later; 
for now, let's apply the first of the three 
questions to this article. 

ARE THE RESULTS 
OF THE STUDY VALID? 
Primary Guides 

Was There an Independent, Blind 
Comparison With a Reference Stan­
dard? -The accuracy of a diagnostic test 
is best determined by comparing it with 
the "truth." Accordingly, readers must 
assure themselves that an appropriate 
reference standard (such as biopsy, sur­
gery, autopsy, or long-term follow-up) 
has been applied to every patient, along 
with the test under investigation.s In 
the PIOPED study, the pulmonary an­
giogram was used as the reference stan­
dard and this was as "gold" as could be 
achieved without sacrificing the patients. 
In reading articles about diagnostic tests, 
if you can't accept the reference stan­
dard (within reason, that is-nothing is 
perfect!), then the article is unlikely to 
provide valid results for your purposes. 

If you do accept the reference stan­
dard, the next question is whether the 
test results and the reference standard 
were assessed independently of each 
other (that is, by interpreters who were 
unaware of the results of the other in­
vestigation). Our own clinical experience 
shows us why this is important. Once 
we have been shown a pulmonary nod­
ule on a computed tomographic scan, we 
see the previously undetected lesion on 
the chest roentgenogram; once we learn 
the results of the echocardiogram, we 
hear the previously inaudible cardiac 

Table 2.- The Relationship Between the Results of 
Pulmonary Angiograms and Ventilation· Perfusion 
Scan Results in Patients With Successful 
Angiograms 

Angiogram 
I 
Pulmonary 
Embolus 

Scan Category Present 

High probability 102 
Intermediate probability 105 
Low probability 39 
Near normal/normal 5 
Total 251 

I 
Pulmonary 
Embolus 
Absent 

14 
217 
199 
50 

480 

Table 3.- The Relationship Between the Results of 
Pulmonary Angiograms and Ventilation-Perfusion 
Scan Results' 

Angiogram 
I 
Pulmonary 
Embolus 

Scan Category Present 

High probability 102 
Intermediate probability 105 
Low probability 39 
Near normal/normal 5 
Total 251 

I 
Pulmonary 
Embolus 
Absent 

14 
217 
273 
126 
630 

'Includes 150 patients with low probability and near 
normaVnormal ventilation-perfusion scans. no (136) or 
uninterpretable (14) angiograms. and no clinically im­
portant thromboembolism on follow-up. 

murmur. The more likely it is that the 
interpretation of a new test could be 
influenced by knowledge of the refer­
ence standard result (or vice versa), the 
greater the importance of the inde­
pendent interpretation of both. The 
PIOPED investigators did not state ex­
plicitly that the tests were interpreted 
blindly in the article. However, one could 
deduce from the effort they put into 
ensuring reproducible, independent 
readings that the interpreters were in 
fact blinded, and we have confIrmed 
through correspondence with one of the 
authors that this was so. When such 
matters are in doubt, most authors are 
happy to clarify if directly contacted. 

Did the Patient Sample Include an 
Appropriate Spectrum of Patients to 
Whom the Diagnostic Test Will Be Ap­
plied in Clinical Practice?-A diagnos­
tic test is really useful only to the extent 
it distinguishes between target disor­
ders or states that might otherwise be 
confused. Almost any test can distin­
guish the healthy from the severely af­
fected; this ability tells us nothing about 
the clinical utility of a test. The true, 
pragmatic value of a test is therefore 
established only in a study that closely 
resembles clinical practice. 

A vivid example of how the hopes 
raised with the introduction of a diag­
nostic test can be dashed by subsequent 
investigations comes from the story of 
carcinoembryonic antigen (CEA) in col­
orectal cancer. Carcinoembryonic anti­
gen levels, when measured in 36 people 
with known advanced cancer of the co-
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Ion or rectum, were elevated in 35 of 
them. At the same time, much lower 
levels were found in normal people and 
in a variety of other conditions.6 The 
results suggested that measurement of 
CEA levels might be useful in diagnos­
ing colorectal cancer or even in screen­
ing for the disease. In subsequent stud­
ies of patients with less advanced stages 
of colorectal cancer (and, therefore, lower 
disease severity) and patients with other 
cancers or other gastrointestinal disor­
ders (and, therefore, different but po­
tentially confused disorders), the accu­
racy ofCEA measurements plummeted, 
and the use of CEA levels for cancer 
diagnosis and screening was abandoned. 
Carcinoembryonic antigen is now rec­
ommended only as one element in the 
follow-up of patients with known col­
orectal cancer.7 

In the PIOPED study, the whole spec­
trum of patients suspected of having PE 
were eligible and recruited, including 
those who entered the study with high, 
medium, and low clinical suspicion of 
PE. We thus may conclude that the 
appropriate patient sample was chosen. 

Secondary Guides 

Once you are convinced that the ar­
ticle is describing an appropriate spec­
trum of patients who underwent the in­
dependent, blind comparison of a diag­
nostic test and a reference standard, 
most likely its results represent an un­
biased estimate of the real accuracy of 
the test-that is, an estimate that doesn't 
systematically distort the truth. How­
ever, you can further reduce your 
chances of being misled by considering 
a number of other issues. 

Did the Results of the Test Being 
Evaluated Influence the Decision to 
Perform the Reference Standard?­
The properties of a diagnostic test will 
be distorted if its result influences 
whether patients undergo confirmation 
by the reference standard. This situa-
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for the Evidence-Based Medicine Working Group 

CLINICAL SCENARIO 
You are back where we put you in the 

previous article I on diagnostic tests in 
this series on how to use the medical 
literature: in the library studying an ar­
ticle that will guide you in interpreting 
ventilation-perfusion (V/Q) lung scans. 
Using the criteria in Table 1, you have 
decided that the Prospective Investiga­
tion of Pulmonary Diagnosis (PIOPED) 
study2 will provide you with valid in­
formation. Just then, another physician 
comes looking for an article to help with 
the interpretation ofV/Q scanning. Her 
patient is a 28-year-old man whose acute 
onset of shortness of breath and vague 
chest pain began shortly after complet­
ing a lO-hour auto trip. He experienced 
several episodes of similar discomfort in 
the past, but none this severe, and is 
very apprehensive about his symptoms. 
After a normal physical examination, 
electrocardiogram and chest radiograph, 
and blood gas measurements that show 
a PC02 of 32 mm Hg and a P02 of 82 mm 
Hg, your colleague has ordered a V/Q 
scan. The results are reported as an "in-
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termediate-probability" scan. 
You tell your colleague how you used 

GRATEFUL MED to find an excellent 
article addressing the accuracy of V IQ 
scanning. She is pleased that you found 
the article valid, and you agree to com­
bine forces in applying it to both your 
patients. 

In the previous article on diagnostic 
tests, we presented an approach to de­
ciding whether a study was valid, and 
the results therefore worth consider­
ing. In this installment, we explore the 
next steps, which involve understand­
ing and using the results of valid studies 
of diagnostic tests. 

WHAT ARE THE RESULTS? 

Are Likelihood Ratios for the Test 
Results Presented or Data Necessary 
for Their Calculation Included? 

Pretest Probability.-The starting 
point of any diagnostic process is the 
patient, presenting with a constellation 
of symptoms and signs. Consider the 
two patients who opened this exercise­
the 78-year-old woman 10 days after sur­
gery and the 28-year-old anxious man, 
both with shortness of breath and non­
specific chest pain. Our clinical hunches 
about the probability of pulmonary em­
bolus (PE) as the explanation for these 
two patients' complaints, that is, their 
pretest probabilities, are very different: 
the probability in the elderly woman is 
high, and in the young man the prob­
ability is low. As a result, even if both 
have intermediate-probability V IQ scans, 
subsequent management is likely to dif­
fer. One might well treat the elderly 
woman but order additional investigations 
in the young man. 

Two conclusions emerge from this line 
of reasoning. First, whatever the re­
sults of the V IQ scan, they do not tell us 
whether PE is present. What they do 
accomplish is to modify the pretest prob-

ability of PE, yielding a new posttest 
probability. The direction and magni­
tude of this change from pretest to post­
test probability are determined by the 
test's properties, and the property that 
we shall focus on in this series is the 
likelihood ratio (LR). 

The second conclusion we can draw 
from our two contrasting patients is that 
the pretest probability exerts a major 
influence on the diagnostic process. Each 
item of the history and physical exami­
nation is a diagnostic test that either in­
creases or decreases the probability of a 
target disorder. Consider the young man 
who presented to your colleague. The fact 
that he presents with shortness of breath 
raises the possibility of PE. The fact that 
he has been immobile for 10 hours in­
creases this probability, but his age, lack 
of antecedent disease, and normal physi­
cal examination, chest radiograph, and 
arterial blood gas measurements all de­
crease this probability. If we knew the 
properties of each of these pieces of in­
formation (and for some of them, we doM), 

we could move sequentially through them, 
incorporating each piece of information 
as we go and continuously recalculating 
the probability of the target disorder. Cli­
nicians do proceed in this fashion, but 
because the properties of the individual 
items of history and physical examina­
tion usually are not available, they often 
must rely on. clinical experience and in­
tuition to arrive at the pretest probabil­
ity that precedes ordering a diagnostic 
test. For some clinical problems, includ­
ing the diagnosis of PE, their intuition 
has proved surprisingly accurate.2 

Nevertheless, the limited information 
about the properties of items of history 
and physical examination often results 
in clinicians' varying widely in their es­
timates of pretest probabilities. There 
are a number of solutions to this prob­
lem. First, clinical investigators should 
study the history and physical exami-

JAMA. March 2. 1994-VoI271. No. 9 Users' Guides to Medical Literature--Jaeschke et al 703 
Downloaded from www.jama.com at SCELC - Western University of Hlth Sci on September 23.2010 



Table 1.-Evaluating and Applying the Results of 
Studies of Diagnostic Tests 

Are the re8uhll of th8 IItudy valid? 
Primary guides: 

Was there an independent, blind comparison 
with a reference standard? 

Old the patient sample Include an appropriate 
spectrum of patients to whom the diagnostic 
test will be applied in clinical practice? 

Secondary guides: 
Did the results of the test being evaluated influence 

the decision to perform the reference standard? 
Were the methods for performing the test described 

in sufficient detail to permit replication? 
What are the resUlt8? 

Are likelihood ratios for the test resuns presented 
or data necessary for their calculation provided? 

Will the results h81p me In caring for my patlenta? 
Will the reproducibility of the test result and its 

interpretation be satisfactory in my setting? 
Are the results applicable to my patient? 
Will the resuns change my management? 
Will patients be better off as a result of the test? 

nation to learn more about the proper­
ties of these diagnostic tests. Fortu­
nately, such investigations are becom­
ing common. Panzer and colleagues5 have 
summarized much of the available in­
formation in the form of a medical text, 
and overviews on the accuracy and pre­
cision of the history and physical ex­
amination are being published concur­
rently with the Users' Guides in the 
JAM A series on The Rational Clinical 
Examination.s In addition, for some tar­
get disorders such as myocardial is­
chemia, multivariable analyses can pro­
vide physicians with ways of combining 
information to generate very precise pre­
test probabilities.7 Second, when we 
don't know the properties of history and 
physical examination we can consult col­
leagues about their probability esti­
mates; the consensus view is likely to be 
more accurate than our individual intu­
ition. Finally, when we remain uncer­
tain about the pretest probability, we 
can assume the highest plausible pre­
test probability, and the lowest possible 
pretest probability, and see if this 
changes our clinical course of action. We 
will illustrate how one might do this 
later in this discussion. 

Likelihood Ratios.-The clinical use­
fulness of a diagnostic test is largely 
determined by the accuracy with which 
it identifies its target disorder, and the 
accuracy measure we shall focus on is 
the LR. Let's now look at Table 2, con­
structed from the results ofthe PIOPED 
study. There were 251 people with an­
giographically proven PE and 630 people 
whose angiograms or follow-up excluded 
PE. For all patients, V/Q scans were 
classified into four levels, from high prob­
ability to normal or near normal. How 
likely is a high-probability scan among 
people who do have PE? Table 2 shows 
that 102 of251 people (or 0.406) with PE 
had high-probability scans. How often 
is the same test result, a high-probabil-

Table 2.-Test Properties of Venliiation·Perfusion (VIa) Scanning 

Pulmonary Embolism 

Present 
I 

VlQ Sc;an Resuh No. Proportion 

High probability 102 1021251 = 0.406 

Intermediate probability 105 105/251 = 0.418 

Low probability 39 39/251 = 0.155 

NormaVnear normal 5 51251 = 0.020 

Total 251 

ity scan, found among people who, al­
though suspected of it, do not have PE? 
The answer is 14 of 630 or 0.022. The 
ratio of these two likelihoods is called 
the LR and for a high-probability scan 
equals 0.406 divided by 0.022 or 18.3. In 
other words, a high-probability lung scan 
is 18.3 times as likely to occur in a pa­
tient with, as opposed to a patient with­
out, a PE. In a similar fashion, the LR 
can be calculated for each level of the 
diagnostic test result. Each calculation 
involves answering two questions: first, 
how likely it is to get a given test result 
(eg, a low-probability V/Q scan) among 
people with the target disorder (PE), 
and second, how likely it is to get the 
same test result (again, a low-probabil­
ity scan) among people without the tar­
get disorder (no PE). For a low-prob­
ability V /Q scan these likelihoods are 
39/251 (0.155) and 273/630 (0.433), and 
their ratio (the LR for a low-probability 
scan) is 0.36. As shown in Table 2, we 
can repeat these calculations for the 
other scan results. 

What do all these numbers mean? The 
LRs indicate by how much a given di­
agnostic test result will raise or lower 
the pretest probability of the target dis­
order. An LR of 1 means that the post­
test probability is exactly the same as 
the pretest probability. Likelihood ra­
tios greater than 1 increase the prob­
ability that the target disorder is 
present, and the higher the LR the 
greater this increase. Conversely, LRs 
less than 1 decrease the probability of 
the target disorder, and the smaller the 
LR, the greater the decrease in prob­
ability and the smaller its final value. 

How big is a big LR, and how small is 
a small one? Using LRs in yourday-to-day 
practice will lead to your own sense of 
their interpretation, but as a rough guide: 

• Likelihood ratios greater than 10 
or less than 0.1 generate large and often 
conclusive changes from pretest to post­
test probability. 

e Likelihood ratios of 5 to 10 and 0.1 
to 0.2 generate moderate shifts in pre­
test to posttest probability. 

• Likelihood ratios of2 to 5 and 0.5 to 

AbIent 
I Likelihood 
No. Proportion Ratio 

14 14/630 = 0.022 18.3 

217 217/630 = 0.344 1.2 

273 273/630 = 0.433 0.36 

126 126/630 = 0.200 0.10 

630 

0.2 generate small (but sometimes im· 
portant) changes in probability. 

• Likelihood ratios of 1 to 2 and 0.5 to 
1 alter probability to a small (and rarely 
important) degree. 

Having determined the magnitude and 
significance of the LRs, how do we use 
them to go from pretest to posttest prob­
ability? We can't combine likelihoods di­
rectly, the way we can combine prob­
abilities or percentages; their formal use 
requires converting pretest probability 
to odds, mUltiplying the result by the LR, 
and converting the consequent posttest 
odds into a posttest probability. While 
not too difficult,2 this calculation can be 
tedious and involves the following: the 
equation to convert probabilities into odds 
is (probability/[I-probability]), which is 
equivalent to probability of having the 
target disorder/probability of not having 
the target disorder. A probability of 0.5 
represents odds of 0.50/0.50, or 1 to 1; a 
probability of 0.80 represents odds of 0.80/ 
0.20, or 4 to 1; a probability of 0,25 rep­
resents odds ofO.25/0.75,or 1 to3, or 0.33. 
Once you have the pretest odds, the post­
test odds can be calculated by multiply­
ing the pretest odds by the LR. The post­
test odds can be converted back into prob­
abilities using a formula of probability = 
odds/(odds+ 1). 

Fortunately, there is an easier way. A 
nomogram proposed by FaganB (Figure) 
does all the conversions for us and al­
lows us to go very simply from pretest 
to posttest probability. The first column 
of this nomogram represents the pre­
test probability, the second column rep­
resents the LR, and the third shows the 
posttest probability. You obtain the post­
test probability by anchoring a ruler at 
the pretest probability and rotating it 
until it lines up with the LR for the 
observed test result. 

Recall our elderly woman with sus­
pected PE after abdominal surgery. Most 
clinicians would agree that the probabil­
ity of this patient's having PE is quite 
high, at about 70%. This value then rep­
resents the pretest probability. Suppose 
that her V/Q scan was reported as high 
probability. Anchoring a ruler at her pre-
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test probability of 70% and aligning it 
with the LR of 18.3 associated with a 
high-probability scan, her posttest prob­
ability is over 97%. What if her V IQ scan 

• yielded a different result? Ifher V /Q scan 
result is reported as intermediate (LR, 
1.2), the probability ofPE hardly changes 
(to 74%), while a near-normal result yields 
a posttest probability of 19%. 

We have pointed out that the pretest 
probability is an estimate, and that one 
way of dealing with the uncertainty is to 
examine the implications of a plausible 
range of pretest probabilities. Let us 
assume the pretest probability in this 
case is as low as 60%, or as high as 80%. 
The posttest probabilities that would 
follow from these different pretest prob­
abilities appear in Table 3. 

The same exercise may be repeated 
for our second patient, the young man 
with nonspecific chest pain and hyper-

Table 3.-Pretest Probabilities. likelihood Ratios (LRs) of Ventilation-Periusion Scan Results, and Postlest 
Probabilities in Two Patients With Pulmonary Embolus 

Pretest Postlest 
Probability, % Probability, "-

(Range)· Scan Reault (LR) (Range)· 

78-Year-Old Woman With Suddan Onaet of Dyspnea Following Abdominal Surgery 

70 (60·80) High probability (18.3) 97 (96·99) 

70 (60-80) Intermediate probability (1.2) 74 (64·83) 

70 (60·80) Low probability (0.36) 46 (35·59) 

70 (60·80) NormaVnear normal (0.1) 19 (13·29) 

28-Year·Old Man With Dyspnea and Atypical Cheat Pain 

20 (10,30) High probability (18.3) 82 (67·89) 

20 (10·30) Intermediate probability (1.2) 23 (12·34) 

20 (10·30) Low probability (0.36) 8(4·6) 

20 (10,30) NormaVnear normal (0.1) 2(1·4) 

"The values in parentheses represent a plausible range 01 pretest probabilities. That Is, while the best guess as 
to the pretest probability is 70%, values of 60% to 80% would also be reasonable estimates. 

ventilation. If you consider that his pre­
sentation is compatible with a 20% prob­
ability of PE, using our nomogram the 
posttest probability with a high-probabil­
ity scan result is 82%, an intermediate 
probability is 23%, and a near-normal 
probability is 2%. The pretest probability 
(with a range of possible pretest proba­
bilites from 10% to 30%), LRs, and post­
test probabilities associated with each of 
the four possible scan results also appear 
in Table 3. 

Readers who have followed the dis­
cussion to this point will understand the 
essentials of interpretation of diagnos­
tic tests and can stop here. They should 
consider the next section, which deals 
with sensiti vity and specificity, optional. 
We include it largely because clinicians 
will still encounter studies that present 
their results in terms of sensitivity and 
specificity and may wish to understand 
this alternative framework for summa­
rizing the properties of diagnostic tests. 

Sensitivity and Specificity,-You 
may have noted that our discussion of 
LRs ignored any talk of normal and ab­
nonnal tests. Instead, we presented four 
different V/Q scan interpretations, each 
with their own LR. This is not, how­
ever, the way the PIOPED investiga­
tors presented their results. They fell 
back on the older (but less useful) con­
cepts of sensitivity and specificity. 

Sensitivity is the proportion of people 
with the target disorder in whom the 
test result is positive, and specificity is 
the proportion of people without the tar­
get disorder in whom the test result is 
negative. To use these concepts we have 
to divide test results into normal and 
abnormal; in other words, create a 2x2 
table. The general form of a 2X2 table, 
which we use to understand sensitivity 
and specificity, is presented in Table 4. 
Look again at Table 2 and observe that 
we could transform our 4x2 table into 
any of three such 2x2 tables, depending 
on what we call normal or abnormal (or 

what we call negative and positive test 
results). Let's assume that we call only 
high-probability scans abnormal (or posi­
tive). The resulting 2X2 table is pre­
sented in Table 5. 

To calculate sensitivity from the data 
in Table 2 we look at the number of 
people with proven PE (251) who were 
diagnosed as having the target disorder 
on V /Q scan: 102 - sensitivity of 1021 
251,or approximately 41% (a/[a+c]). To 
calculate specificity we look at the num­
ber of people without the target disor­
der (630) who were was classified on 
V/Qscan as normals: 616 - specificity of 
616/630, or 98% (d/[b+d]). We can also 
calculate LRs for the positive and nega­
tive test results using this cut point, 
18.3 and 0.6, respectively. 

Let's see how the test performs if we 
decide to put the threshold of positive 
vs negative in a different place in Table 
2. For example, let's call only the normal! 
near-normal V/Q scan result negative. 
This 2x2 table (Table 6) shows the sen­
sitivity is now 246/251, or 98% (among 
251 people with PE, 246 are diagnosed 
on V/Q scan), but what has happened to 
specificity? Among 630 people without 
PE, only 126 have a negative test result 
(specificity of 20%). The corresponding 
LRs are 1.23 and 0.1. Note that with this 
cut we not only lose the diagnostic in­
formation associated with the high-prob­
ability scan result, but also interpret 
intermediate~ and low-probability re­
sults as if they increase the likelihood of 
PE, when in fact they decrease the like­
lihood. You can generate the third 2x2 
table by setting the cut point in the 
middle-if your sensitivity and speci­
ficity are 82% and 63%, respectively, 
and associated LRs of a positive and 
negative test 2.25 and 0.28, you have it 
right. (If you were to create a graph 
where the vertical axis will denote sen· 
sitivity [or true-positive rate) for dif­
ferent cutoffs and the horizontal axis 
will display I-specificity [or false-posi-
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tive rate] for the same cutoffs, and you 
connect the points generated by using 
cut points, you would have what is called 
a receiver operating characteristic [ROC 
curve]; an ROC curve can be used to 
formally compare the value of different 
tests by examining the area under each 
curve, but once one has abandoned the 
need for a single cut point, it has no 
other direct clinical application.) 

You can see that in using sensitivity 
and specificity you have to either throw 
away important information or recalcu­
late sensitivity and specificity for every 
cut point. We recommend the LR ap­
proach because it is simpler and more 
efficient. 

Thus far, we have established that 
the results are likely true for the people 
who were included in the PIOPED 
study, and ascertained the LRs associ­
ated with different results of the test. 
How useful is the test likely to be in our 
clinical practice? . 

WILL THE RESULTS HELP ME 
IN CARING FOR MY PATIENT? 

Will the Reproducibility of the Test 
Result and Its Interpretation Be 
Satisfactory in My Setting? 

The value of any test depends on its 
ability to yield the same result when re­
applied to stable patients. Poor repro­
ducibility can result from problems with 
the test itself (eg, variations in reagents 
in radioimmunoassay kits for detennin­
ing hormone levels). A second cause for 
different test results in stable patients 
arises whenever a test requires interpre­
tation (eg, the extent of ST-segment el­
evation on an electrocardiogram). Ideally, 
an article about a diagnostic test will tell 
readers how reproducible the test results 
can be expected to be. This is especially 
important when expertise is required in 
perfonning or interpreting the test (and 
you can confirm this by recalling the clini­
cal disagreements that arise when you 
and one or more colleagues examine the 
same electrocardiogram, ultrasound, or 
computed tomographic scan, even when 
all of you are experts). 

If the reproducibility of a test in the 
study setting is mediocre and disagree­
ment between observers is common, and 
yet the test still discriminates well be­
tween those with and without the tar­
get condition, it is very useful. Under 
these circumstances, it is likely that the 
test can be readily applied to your clini­
cal setting. If reproducibility of a diag­
nostic test is very high and observer 
variation very low, either the test is 
simple and unambigious or those inter­
preting it are highly skilled. If the latter 
applies, less skilled interpreters in your 
own clinical setting may not do as well. 

Table 4.-Comparison of the Results of Diagnostic 
Test With the Result of Reference Standard· 

Ret.rance Standard 

01.8." 01 ..... 
Teat Reau" Preeen1 Abaent 

Disease present True False 
positive (a) positive (b) 

Disease absent False True 
negative (c) 

* Sensitlvity - a/(Il+c). 
Specificity = d'(b+~. 
Likelihood ratio for positive test result 

= [a/(ll+c))I!I¥(b+d)). 
Likelihood ratio for negative test result 

= [c/(ll+c))I!d'(b+d)]. 

negative (d) 

In the PIOPED study, the authors 
not only provided a detailed description 
of their diagnostic criteria for V/Q scan 
interpretation, they also reported on the 
agreement between their two indepen­
dent readers. Clinical disagreements 
over intermediate- and low-probability 
scans were common (25% and 30%, re­
spectively), and they resorted to adju­
dication by a panel of experts. 

Are the Results Applicable 
to My Patient? 

The issue here is whether the test will 
have the same accuracy among your pa­
tients as was reported in the article. Test 
properties may change with a different 
mix of disease severity or a different dis­
tribution of competing conditions. When 
patients with the target disorder all have 
severe disease, LRs will move away from 
a value of 1 (sensitivity increases). If pa­
tients are all mildly affected, LRs move 
toward a value of 1 (sensitivity decreases). 
If patients without the target disorder 
have competing conditions that mimic 
the test results seen in patients who do 
have the target disorder, the LRs will 
move closer to 1 and the test will appear 
less useful. In a different clinical setting 
in which fewer of the nondiseased have 
these competing conditions, the LRs will 
move away from 1 and the test will ap­
pear more useful. 

The phenomenon of differing test 
properties in different subpopulations 
has been most strikingly demonstrated 
for exercise electrocardiography in the 
diagnosis of coronary artery disease. For 
instance, the more extensive the sever­
ity of coronary artery disease, the larger 
are the LRs of abnormal exercise elec­
trocardiography for angiographic nar­
rowing of the coronary arteries.9 An­
other example comes from the diagnosis 
of venous thromboembolism, where com­
pression ultrasound for proximal-vein 
thrombosis has proved more accurate in 
symptomatic outpatients than in asymp­
tomatic postoperative patients. to 

Sometimes, a test fails in just the pa­
tients one hopes it will best serve. The 
LR of a negative dipstick test for the 

Table 5.-Comparison of the Results of Diagnostic 
Test (Ventilation·Perfusion Scan) With the Result 
of Reference Standard (Pulmonary Angiogram) 
Assuming Only High-Probability Scans Are Positive 
(Truly Abnormal)· 

Angiogram 

Scan Category 

High probability 
Others 
Total 

I 
Pulmonary 
Embolus 
Present 

102 
149 
251 

I 
Pulmonary 
Embolus 
Ab .. nt 

14 
616 
630 

·Sensitivity. 41 "10; specificity, 98"10; likelihood ratio of • 
a high-probability test result, 18.3; likelihood ratio of 
other results, 0.61 . 

Table 6.-Comparison of the Results of Diagnostic 
Test (Ventilation-Perfusion Scan) Witih the Result 
of Reference Standard (Pulmonary Angiogram) 
Assuming Only Normal/Near-Normal Scans Are 
Negative (Truly Normal)· 

Angiogram 
I 
Pulmonary 
Embolus 

Scan Category Present 

High. Intermediate, and 
low probability 246 

Near normal/normal 5 
Total 251 

I 
Pulmonary 
Embolu. 
Ab .. nt 

504 
126 
630 

· Sensitivity, 98%; specificity, 20%; likelihood ratio of 
high. intermediate. and low probability, 1.23; likelihood 
ratio of near normaVnormal, 0.1. 

rapid diagnosis of urinary tract infection 
is approximately 0.2 in patients with clear 
symptoms and thus a high probability of 
urinary tract infection, but is over 0.5 in 
those with low probability,lI rendering it 
of little help in ruling out infection in the 
latter, low-probability patients. 

If you practice in a setting similar to 
that of the investigation and your patient 
meets all the study inclusion criteria and 
does not violate any of the exclusion cri­
teria, you can be confident that the re­
sults are applicable. If not, a judgment is 
required. As with therapeutic interven­
tions, you should ask whether there are 
compelling reasons why the results should 
not be applied to your patients, either 
because the severity of disease in your 
patients, or the mix of competing condi- .. 
tions, is so different that generalization is 
unwarranted. The issue of generalizabil­
ity may be resolved if you can find an , 
overview that pools the results of a num­
ber of studies. 

The patients in the PIOPED study 
were a representative sample of patients ~ 
with suspected PE from a number of 
large general hospitals. The results are 
therefore readily applicable to most clini- k 

cal practices in North America. There 
are groups to whom we might be reluc­
tant to generalize the results, such as 
critically ill patients (who were excluded ... 
from the study, and who are likely to 
have a different spectrum of competing 
conditions than other patients). 



Will the Results Change My 
Management? 

It is useful in making, learning, teach­
ing, and communicating management de­
cisions to link them explicitly to the prob­
ability of the target disorder. Thus, for 
any target disorder there are probabili­
ties below which a clinician would dis­
miss a diagnosis and order no further 
tests (a "test" threshold). Similarly, there 
are probabilities above which a clinician 
would consider the diagnosis confirmed, 
and would stop testing and initiate treat­
ment (a "treatment" threshold). When 
the probability of the target disorder 
lies between the test and treatment 
thresholds, further testing is mandated.12 

Once we decide what our test and treat­
ment thresholds are, posttest probabili­
ties have direct treatment implications. 
Let us suppose that we are willing to 
treat those with a probability of PE of 
80% or more (knowing that we will be 
treating 20% of our patients unnecessar­
ily). Furthermore, let's suppose we are 
willing to dismiss the diagnosis of PE in 
those with a posttest probability of 10% 
or less. You may wish to apply different 
numbers here; the treatment and test 
thresholds are a matter of judgment, and 
differ for different conditions depending 
on the risks of therapy (if risky, you want 
to be more certain of your diagnosis) and 
the danger of the disease ifleft untreated 
(if the danger of missing the disease is 
high-such as in PE-you want your 
posttest probability very low before aban­
doning the diagnostic search). In our 
young man, a high-probability scan re­
sults in a posttest probability of 82% and 
may dictate treatment (or, at least, fur­
ther investigation), an intermediate-prob­
ability scan (23% posttest probability) 
will dictate further testing (perhaps bi­
lateral leg venography, serial impedance 
plethysmography or ultrasound, or pul­
monary angiography), while a low-prob­
ability or normal scan (probabilities of 
<10%) will allow exclusion of the diag­
nosis of PE. In the elderly woman, a 
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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 ~-ad­
renergic agonists in the treatment of 
asthma. Your colleague feels uncertain 
about how to respond to patients asking 
him about media reports of an increased 
risk of death 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 by National Library 
of Medicine personnel); adrenergic beta 
receptor agonists (MH); adverse effects 
(SH) (SH stands for Subheading). You 
limit the search to Abridged Index M edi­
cus journals knowing that you will likely 
find the article your colleague recalled 
seeing within this list of major 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 epidemiologic 
study assessing the risk of death asso­
ciated with inhaled ~-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 ~-adrenergic agonist metered­
dose inhalers.! 

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 of the 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 of all 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 of Outcome 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 lor an Article About Harm 

Are the results of the study valid? 
Primary guides: 

Were there clearly identified comparison groups 
that 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 patlente? 
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 they have 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 of outcome 
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 ofthe 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 
other antiarrhythmic agents in the treat­
ment of nonsustained ventricular ar­
rhythmias. 

Cohort Studies.-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 of patients 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.-Directions of Inquiry and Key Methodologic Strengths and Weaknesses lor Different Study 
Designs 

Design Starting Point Asseasment 

Randomized Exposure Adverse event 
controlled trial status status 

Cohort Exposure Adverse event 
status status 

Case control Adverse event Exposure 
status status 

dustry using a cohort of all males who 
had been members of printers' 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 studies may 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).7 AnRCT 
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 75000 
patient-years per group) for adequate 
power to test the hypothesis that 
NSAIDs cause the additional hemor­
rhages.a Such an RCT would 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 subj ects 
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 and with gastrointestinal bleed­
ing, and is therefore called a possible 
"confounding variable." In other words, 
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 

Strengths Weaknesses 

Internal validity Feasibility, 
generalizability 

Feasible when randomizaUon Susceptible to threats 
of exposure not possible to intemal validity 

Overcomes temporal delays, Susceplible to threats 
may only rsquire small to Internal validity 
sample size 

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 non exposed 
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 of bleeding. 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 
daughters many years later. 9 A prospec­
tive cohort study designed to test this 
cause-and-effect relationship would have 
required at least 20 years from the time 
when the association was first suspected 
until the completion of the study. Fur­
ther, given the infrequency of the dis­
ease, a cohort study would 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<.OOOOl), 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 potentially undesirable 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. lO Later, a number of comparative 
studies demonstrated the relative safety 
of the drug,1I 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 may generate questions for regu­
latory agencies and clinical investiga­
tors to address. 

Design Issues-Summary.-lt 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. 

JAMA, May 25, 1994-Vol 271, No. 20 

Were the Exposures and Outcomes 
Measured in the Same Way in the 
Groups Being Compared?-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 ofthe 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 has more 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 of malignant melanoma 
in individuals working with radioactive 
materials. One possible explanation for 
some of the increased risk might 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 
and Complete?-An additional point 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 a vail­
able for assessment. The longer the fol­
low-up period required, the greater the 
possibility that the follow-up will be in­
complete. 

In a well-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 increased monotonically from 
1.4 to 18,2 with cumulative exposw"e 
among asbestos workers with at least 15 
years since first exposure. IS 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 ofthe antidepres­
sant fluoxetine illustrate the importance 
of this question.I6 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.I7 

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 of exposure 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.ls 

WHAT ARE THE RESULTS? 

How Strong Is the Association Be­
tween Exposure and Outcome?-We 
have described the most common way 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 in male 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 a.-Estimate of Relative Risks and Odds 
Ratios for Exposed and Unexposed Patients 

Adverse Event No Adverse Event 
Pallent (Case) (Control) 

Exposed a b 
Not exposed c d 

*Relative risk = (a/(a+b)V[cI(e+d)). 
Odds ratio = (a/c)/(bld). 

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 of odds: the odds of a case patient 
being exposed divided by the odds of a 
control patient being exposed. Using a 
simple 2x 2 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 ReT). 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 of subtle 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 
approach with 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 ofthe 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 monthly withdrawal 
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 a method for assessing 
clinical importance. In our discussion of 
therapy we described how the clinician 
can calculate the number of patients she 
must treat to prevent an adverse event.3 

When the issue is harm, the clinician can 
use data from an ReT 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 
encainidelflecainide 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, if we treat 2000 
patients with 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 physician must 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 of harm and its 
magnitude are great. Because the evi­
dence of increased mortality from encain­
ide and flecainide came from an ReT, 
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 ofthese 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, 
l3-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 relatively weak and left con­
siderable doubt about the causal rela­
tionship. Although the strength of in­
ference was not great, the availability of 
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 J3-adrenergic therapy used a 
case-control design relying on computer 
record linkages between health insur­
ance data and a drug plan.' 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
gators matched 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 ~-adrenergic 
agonist metered-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 
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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 a Standardized Mini-Mental State 
Examination, I 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 Jived 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 of potential inter­
est, including one that seemed precisely 
on target: "Survival of Outpatients With 
Alzheimer-Type Dementia" by Walsh 
and colleagues.2 

INTRODUCTION 

In this article we will 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 patient with 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 associated with 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 associated with 
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 or more groups (cohorts) 
of individuals who have not yet suffered 
an adverse event and monitor the num­
ber of outcome 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 cliteria. One cohort study 
conducted in Framingham, Mass, in which 
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.6 
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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 wel~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? 

WhIt are the results? 
How large is the IIkeWhood of the outcome event(s) 

in a specified period of time? 
How precise are the estimates of likelihood? 

Will the nesuHs help me In caring for my pa­
tlentl? 

Were the study patients similar to my own? 
Will the resuHs 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
rospective nature of data collection about 
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 VAUD? 
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 
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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 children with 
their first febrile seizure was much lower 
in community-based populations than in 
those drawn from hospitals.6 

The second issue concerns whether 
the study patients are all at a similar, 
well-defined point in the course oftheir 
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 
ofilIness for the sample patients. Within 
reason, all or most 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 of disease 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
ing of an internist, psychiatrist, psycholo­
gist, neurologist or neuropathologist, and 
research nurse using the conventional 
Diagnostic and Stati.stical Manual of 
Mental Disorders, Fourth Revi.sion 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 of memory loss were 
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 of patients 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 number who 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 of patients 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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patients who 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 ischemic attacks or unstable 
angina. In the study by Walsh and col­
leagues, the method and intensity offol­
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 ofthe patients, the investigators 
found that the rate of stroke was sixfold 
greater in patients with 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 colleagueslO followed a co-
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hort of patients 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 of mor­
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 infarct.1l However, they did not take 
into account treatment with aspirin or 
~-blockers, which clinicians may have 
administered at the time of the infarct, 
and which we know have an impact on 
mortality. 

In the study by Walsh 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
riodofTime?-Your patient'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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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 ofthe difference. It would 
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 at. Unfortunately, no table or 
formula was presented that allows you 
to combine all of these factors and es­
timate a risk of mortality that is specific 
for your patient. However, you can feel 
confident in telling her son that his moth-
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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 of an outcome changes with time. 
Figures 1 and 2 show two survival 
curves, one of survival after a myocar­
dial infarctionl3 and the other the re­
sults of hip 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 of the 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 of dying is more 
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 done with 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 
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earlier follow-up periods usually incluqe 
results from more patients than the later 
periods (because of unavailability forfol­

. 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 a behavioral 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 comparison with your patients. 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 or Avoiding Therapy? -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-
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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, warfarin markedly de­
creases the risk of stroke in patients 
with nonrheumatic atrial fibrillation and 
is indicated for many patients with this 
disorder.ls 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 colonic 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 clinician with 
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 usefu1.18,19 

We thank Malcolm Hing, MD, for his comments 
and Karen Weeks for secretarial assistance. 

13. IS1S·2 (Second International Study of Infarct 
Survival) Collaborative Group. RandomlBed trial of 
intravenous streptokinase, oral aspirin, hoth, or 
neither among 17187 cases of suspected acute myo· 
cardial infarction: IS1S·2. Lancet. 1988;2:349-360. 
14. Dorey F, Amstutz H. The validit.v of survivor­
ship analysis in total joint arthroplasty. J Bone 
Joint Surg Am. 1989;71:544-548. 
15. Laupacis A, Albers G, Dunn M, Feinberg W. 
Antitbrombotic therapy in atrial fibrillation. Che8t. 
1992;102:426S-4338. 
16. Kopecky SL. The natural history of lone atrial 
fibrillation: a population-based study over three 
decades. N Engl J M_d. 1987;317:669·674. 
17. Meador CK. The art and science of nondisease. 
N Engl I Mod. 1965;272:92. 
18. Stem Y, Mayeux R, Hauser WA, Bush T. Pre· 
dictors of disease course in patients with probahle 
Alzheimer's disease. NeuTowflIJ. 1987;37:1649-1653. 
19. Drachman DA, O'Donnell BF, Lew RA, Swearer 
JM. The prognosis in Alzheimer's disease: 'how far' 
rather than 'how fast' best predicts the course. 
Arch N(ntTOI. 1990;47:851·856. 

Users' Guides 10 Medical Uteralure-Laupacis et al 237 . 

Downloaded from www.jama.com at SCELC - Western University of Hlth Sci on September 23,2010 



The Medical Literature 

Users' Guides to the Medical Literature 
VI. How to Use an Overview 
Andrew D. Oxman, MD, MSc; Deborah J . Cook, MD, MSc; Gordon H. Guyatt, MD, MSc; 

for the Evidence-Based Medicine Working Group 

CUNICAL SCENARIO 

A 55-year-old man had his serum cho­
lesterol level measured at a shopping 
mall 2 months ago. His cholesterol level 
was elevated and he comes to you, his 
primary care physician, for advice. He 
does not smoke, is not obese, and does 
not have hypertension, diabetes melli­
tus, or any first-order relatives with pre­
mature coronary heart disease (CHD). 
You repeat his cholesterol test and 
schedule a follow-up appointment. The 
test confirms an elevated cholesterol 
level (7.9 mmollL [305 mg/dL)), but be­
fore deciding on a treatment recommen­
dation, you elect to find out just how big 
a reduction in the risk of CHD this pa­
tient could expect from a cholesterol­
lowering diet or drug therapy. 

THE SEARCH 

There are a number of cholesterol-low­
ering trials, and instead of trying to find 
and review all of the original studies your­
self, you use Grateful Med to find a re­
cent overview. On the first subject line 
you select hypercholesterolemia or cho­
lesterol from the list of Medical Subject 
Headings (MeSH) used to index articles. 
On the second subject line you use the 
MeSH term coronary disease, which you 
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explode to capture articles that are in­
dexed with more specific terms that come 
under coronary disease, such as myocar:­
dial infarction. You limit your search to 
English-language articles, and to find a 
quantitative review, you use the term 
meta-analysis on the line for publication 
type. Titles and abstracts suggest two of 
the nine references from this search are 
definitely on target, and you decide to 
examine both.1.2 

INTRODUCTION 

Systematic overviews of the medical 
literature that summarize scientific 
evidence (in contrast to unsystematic 
narrative reviews that mix together 
opinions and evidence) are becoming in­
creasingly prevalent. These overviews 
address questions of treatment, causa­
tion, diagnosis, or prognosis. In each case, 
the rules for deciding whether the over­
views are credible, and for interpreting 
their results, are similar. In this article, 
we provide guidelines for distinguish­
ing a good overview from a bad one and 
for using the results. In doing so, we will 
ask the same key questions that we have 
suggested for original reports of re­
searchs: Are the results valid? If they 
are, what are the results, and will they 
be helpful in my patient care (Table I)? 

Authors sometimes use the terms 
"systematic review," "overview," and 
"meta-analysis" interchangeably. We use 
overview as a term for any summary of 
the medical literature and meta-analy­
sis as a term for reviews that use quan­
titative methods to summarize the re­
sults, Investigators must make a host of 
decisions in preparing an overview, in­
cluding determining the focus; identify­
ing, selecting, and critically appraising 
the relevant studies (which we will call 
the "primary studies"); collecting and 
synthesizing (either quantitatively or 
nonquantitatively) the relevant in forma­
tion; and drawing conclusions. Avoiding 
errors in both meta-analyses and other 
overviews requires a systematic ap­
proach, and enabling users to assess the 
validity of an overview's results requires 
explicit reporting of the methods. A num-

ber of authors have recently examined 
issues pertaining to the validity of over­
views!-' In this article we will empha­
size key points from the perspective of 
a clinician needing to make a decision 
about patient care. 

You can use the first two validity 
guides in Table 1 to quickly screen out 
most published review articles.' The dis­
crepancies between the results of sys­
tematic meta-analyses and the recom­
mendations made by clinical experts in 
nonsystematic review articles8 reflects 
the limited validity of most published 
review articles. Archie Cochrane pointed 
out the need for more systematic over­
views when he wrote: "It is surely a 
great criticism of our profession that we 
have not organised a critical summary, 
by specialty or subspecialty, adapted pe­
riodically, of all relevant randomised con­
trolled trials [RCTs)."g The Cochrane 
Collaboration, an international effort to 
prepare, maintain, and disseminate sys­
tematic reviews of the effects of health 
care, has evolved in response to this 
challenge. IO

,\! As the Collaboration de­
velops, you will find more and more sys­
tematicreviews of RCTs addressing im­
portant issues in patient management, 

ARE THE RESULTS OF THE 
OVERVIEW VALID? 

PrImary Guides 
Did the Overview Address a Focused 

Clinical Question?-Unless an over­
view clearly states the question it ad­
dresses, you can only guess whether it 
is pertinent to your patient care. Most 
clinical questions can be formulated in 
terms of a simple relationship between 
the patient, some exposure (to a treat­
ment, a diagnostic test, a potentially 
harmful agent, and the like), and one or 
more outcomes of interest. If the main 
question that an overview addresses is 
not clear from the title or abstract, it is 
probably a good idea to move on to the 
next article. 

Users' Guides to the Medical Literature section edi­
lor: Drurrroond Rennie. MD, Depuly Edilor (Wesl), 
JAMA. 
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Table 1.-Users· Guides for How to Use Review 

Articles 

Are the results of the study valid? 
Primary guides: 

Old the overview address a focused clinicat ques· 
lion? 

Were the criteria used to select articles for inclusion 
appropriate? 

Secondary guides: 
Is ij unlikely that important. relevant studies were 

missed? 
Was the validity of the included studies appraised? 
Were assessments of studieS reproducible? 
Were the results similar from study to study? 

What 8re tha resutts? 
What are the overall results of the review? 
How preCise were the results? 

Will the results hetp me tn caring for my patients? 
Can the results be applied to my patient care? 
Were all clinically important outcomes considered? 
Are the benefits worth the harms and costs? 

Many overviews address a number of 
questions. For example, a review article 
or a chapter from a textbook might in­
clude sections on the etiology, diagno­
sis, prognosis, treatment, and preven­
tion of asthma. While such broad re­
views can provide a useful introduction 
to an area, they usually offer limited 
support for their conclusions. Typically, 
you will find only a declarative state­
ment followed by one or more citations. 
You must then study the references in 
order to judge the validity of the au­
thors' conclusions. 

Were the Criteria Used to Select Ar­
ticles for Inclusion Appropriate?-To 
determine if the investigators reviewed 
the appropriate research, the reader 
needs to know the criteria they used to 
select research. These criteria should 
specify the patients, exposures, and out­
comes of interest. They should also 
specify the methodologic standards used 
to select studies, and these standards 
should be similar to the primary validity 
criteria we have described for original 
reports of research3 (Table 2). 

In looking at the effectiveness oflow­
eringcholesterol on CHD, investigators 
might restrict themselves to studies of 
patients who did not have clinically mani­
fest CHD at the beginning of the study 
(primary prevention), to studies of pa­
tients who already had symptomatic 
CHD (secondary prevention), or include 
both. They might include only trials of 
diet therapy, only trials of drug therapy, 
or both. They might consider several 
different outcomes, such as nonfatal 
CHD, CHD mortality, and total mor­
tality. With respect to methodologic cri­
teria, they might consider only RCTs or 
include observational studies. 

Differences in the patients, exposures, 
and outcomes can lead to different re­
sults among overviews that appear to 
address the same clinical question.'2 The 
clinician must be sure the criteria used 
to select the studies correspond to the 
clinical question that led her to the ar-

Table 2.-Guides for Selecting Articles That Are 
Most Likely to Provide Valid Results' 

Therapy _ Was the assignment of patients to 
treatments randomized? 

- Were all of the patients who entered 
the trial properly accounted for and 
attributed at its conclusion? 

Diagnosis _ Was Ihere an independent. blind 
comparison with a reference 
standard? 

_ Did the patient sample include an 
appropriate spectrum of the sort of 
patients to whom the diagnostic test 
will be applied in clinical practice? 

Harm _ Were there clearly identified 
comparison groups that were similar 
with respect to important 
determinants of outcome. other than 
the one of interest? 

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

Prognosis _ Was there a representative and 
well·defined sample of patients at a 
similar point in the course of 
disease? 

- Was follow·up sufficiently long and 
ccmplete? 

* From Oxman et al.3 

ticle in the first place. The impact of 
cholesterol-lowering strategies, for in­
stance, differs in studies of primary vs 
secondary preventionY 

If the authors state their inclusion 
criteria, it is less likely they will (as they 
are wont to do) preferentially cite stud­
ies that support their own prior conclu­
sion. Bias in choosing articles to cite is 
a problem for both overviews and otigi­
nal reports of research (in which the 
discussion section often includes com­
parisons with the results of other stud­
ies). Gfiltzsche, for example, reviewed 
citations in reports of trials of new non­
steroidal anti-inflammatory drugs in 
rheumatoid arthritiS.' 3 Among 77 articles 
where the authors could have referenced 
other trials with and without outcomes 
favoring the new drug, nearly 60% (44) 
cited a higher proportion of the trials 
with favorable outcomes. In 22 reports 
of controlled trials of cholesterol lower­
ing, Ravnskov14 found a similar bias to­
ward citing positive studies. 

Secondary Guides 

Is It Unlikely That Important Rel­
evant Studies Were Missed?-It is im­
portant that authors conduct a thorough 
search for studies that meet their in­
clusion criteria. This should include the 
use of bibliographic databases, such as 
MEDLINE and EMBASE, checking the 
reference lists of the articles they re­
trieved, and personal contact with ex­
perts in the area. Unless the authors tell 
us what they did to locate relevant stud­
ies, it is difficult to know how likely it is 
that relevant studies were missed. 

There are two important reasons why 
a review's authors should use personal 
contacts. The first is so they can identify 
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published studies that might have been 
missed (including studies that are in 
press or not yet indexed or referenced). 
The second is so they can identify un­
published studies. Although the inclu­
sion of unpublished studies is contro­
versial,15 their omission increases the 
chances of "publication bias"-a higher 
likelihood for studies with positive re­
sults to be published l 6-19 and the atten­
dant risk for the review to overestimate 
efficacy or adverse effects. 

If investigators include unpublished 
studies in an overview, they should ob­
tain full written reports and appraise 
the validity of both published and un­
published studies; they may also use sta­
tistical techniques to explore the possi­
bility of publication bias.20 Overviews 
based on a small number of small stud­
ies with weakly positive effects are the 
most susceptible to publication bias. 

Was the Validity of the Included 
Studies Appraised?-Even if a review 
article includes only RCTs, it is impor­
tant to know whether they were of good 
quality. Unfortunately, peer review does 
not guarantee the validity of published 
research.21 For exactly the same reason 
that the guides for using original re­
ports of research begin by asking if the 
results are valid, it is essential to con­
sider the validity of research included in 
overviews. 

Differences in study methods might 
explain important differences among the 
results.22,23 For example, less rigorous 
studies tend to overestimate the effec­
tiveness of therapeutic and preventive 
interventions.24 Even if the results of 
different studies are consistent, it is still 
important to know how valid the studies 
are. Consistent results are less compel­
ling if they come from weak studies than 
if they come from strong studies. 

There is no one correct way to assess 
validity. Some investigators use long 
checklists to evaluate methodologic qual­
ity, while others focus on three or four 
key aspects of the study. You will re­
member that in our previous articles 
about therapy, diagnosis, and prognosis 
in the Users' Guides series, we asked 
the question, "Is the study valid?" and 
presented criteria to help you answer 
these questions. When considering 
whether to believe the results of an over­
view, you should check whether the au­
thors examined criteria similar to those 
we have presented in deciding on the 
credibility of their primary studies 
(Table 2). 

Were Assessments of Studies Repro­
ducible?-As we have seen, authors of 
review articles must decide which stud­
ies to include, how valid they are, and 
which data to extract from them. Each 
of these decisions requires judgment by 
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Table 3.-Assessments of OvelVlews From the Clinical Scenario· 

Criterion Davey Smltn et al,'1993 Silberberg and Henry,' 1991 

Are the results of tna study valid? 
Did the overview address a 

focused clinical question? 
Yes: to examine effects of cholesterol lowering on 

mortality In relationship to baseline risk of CHD death 
Yes: to examine eHecls of drug treatment to lower cholesterol 

In primary and secondary prevention of CHD events 

Were the crHeria used to select 
articles for inclusion 
appropriate? 

Yes, although inclusion of trials of estrogen and surgery 
can be questioned: single-factor (dietary interventions, 
lipid-lowering drugs [including estrogen) or surgery) 
RCTs of cholesterol lowering witn ;,6 mo follow-up and 
at least 1 death-35 trials, 57124 patients 

Yes, although exclusion of nondrug trials could be 
questioned: singte-factor RCTs of drug treatments 
(excluding trials of estrogen and thyroxine)-9 trials, 26609 
patients 

Is it unlikely that important 
relevant studies were 
missed? 

Yes: MEDLlNE, previous overviews, and personat contact 
with Investigators were used to identity studies 

Can't tell : MEDLINE and previous overviews were used 
to identify studies; investigators were not contacted, 
non-English-language publications and unpublished 
data were not included 

Was the validity of the included 
studies appraised? 

Were assessments of studies 
reproducible? 

No 

Can't tell 

No 

Yes: data were extracted independently by two reviewers 

Were the results similar from 
study to study? 

Probably not (test of homogeneity not reported) : baseline 
risk of CHD death and percent reduction In cholesterol 
levels hypothesized as explanation for variation in eHect 
of treatment 

Probably not (test of homogeneity not reported), but pooled 
ORs for primary and secondary prevention studies 
respectively were similar: baseline risk hypothesized 
as explanation for variation in absolute risk reduction 

What are ttIa results~ 
What are the overall results 

of the reView? 

How precise were the results? 

For total mortality, the OR (and 95% CI) was 0.74 
(0.60,0.92 for high-risk groups [>50 deathsl1000 
person-years In the control group)), 0.96 (0.84-1.09) for 
medium-risk groups (10-50 deaths/1000 person-years), 
and 1.22 (1 .06-1.42) in low-risk groups «10 deeths! 
1000 person-years) 

For CHD death, the OR (and 95% CI) was 0.85 (0.64-1.14) 
in primary prevention and 0.84 (0.75-0.95) in secondary 
prevention studies; the NNT to prevent one death from 
CHD was 675 and 3B in the primary and secondary trials, 
respectively 

·CHD indicates coronary heart disease; RCTs, randomized controfled trials; OR, odds ratio; CI, confidence interval; and NNT, number needed to treat. 

the reviewers and each is subject to both 
mistakes (random errors) and bias (sys­
tematic errors), Having two or more 
people participate in each decision 
guards against errors, and if there is 
good agreement among the reviewers, 
the clinician can have more confidence 
in the results of the overview, 

Were the Results Similar From Study 
to Study?-Despite restrictive inclusion 
criteria, most systematic overviews docu­
ment important differences in patients, 
exposures, outcome measures, and re­
search methods from study to study. 
Readers must decide when these factors 
are so different that it no longer makes 
sense to combine the study results_ 

One criterion for deciding to combine 
results quantitatively is whether the 
studies seem to be measuring the same 
underlying magnitude of effect, In meta­
analyses, investigators can test the ex­
tent to which differences among the re­
sults of individual studies are greater 
than you would expect if all studies were 
measuring the same underlying effect 
and the observed differences were due 
only to chance, The statistical analyses 
that are used to do this are called "tests 
of homogeneity." 

The more significant the test of ho­
mogeneity, the less likely it is that the 
observed differences in the size of the 
effect are due to chance alone, Both the 
"average" effect and the confidence in­
terval (en around the average effect 
need to be interpreted cautiously when 
there is "statistically significant" het­
erogeneity (a low probability of the dif­
ferences in results from study to study 
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being due to chance alone, indicating 
that differences in patients, exposures, 
outcomes, or study design are respon­
sible for the varying treatment effect), 

Unfortunately, a nonsignificant test 
does not necessarily rule out important 
heterogeneity, Hence, clinically impor­
tant differences between study results 
still dictate caution in interpreting the 
overall findings, despite a nonsignificant 
test of homogeneity, However, even 
when there are large differences be­
tween the results of different studies, a 
summary measure from all of the best 
available studies may provide the best 
estimate of the impact of the interven­
tion or exposure,26-27 

Neither of the two overviews identi­
fied in the scenario reported a test of 
homogeneity, However, both of them in­
cluded graphic and tabular displays of 
the results of the primary studies that 
suggest differences in study results that 
are likely to be both clinically important 
and statistically significant. Both of the 
overviews suggest possible explanations 
for the observed heterogeneity (Table 3), 

WHAT ARE THE RESULTS? 

What Are the Overall Results of the 
Overview?-In clinical research, inves­
tigators collect data from individual pa­
tients, Because of the limited capacity 
of the human mind to handle large 
amounts of data, investigators use sta­
tistical methods to summarize and ana­
lyze them, In overviews, investigators 
collect data from individual studies, 
These data must also be summarized, 

and increasingly, investigators are us­
ing quantitative methods to do so, 

Simply comparing the number of posi­
tive studies with the number of nega­
tive studies is not an adequate way to 
summarize the results. With this sort of 
"vote counting," large and small studies 
are given equal weights, and (unlikely 
as it may seem) one investigator may 
interpret a study as positive, while an­
other investigator interprets the same 
study as negative,28 For example, a clini­
cally important effect that is not statis­
tically significant could be interpreted 
as positive in light of clinical importance 
and negative in light of statistical sig­
nificance_ There is a tendency to overlook 
small but clinically important effects if 
studies with statistically nonsignificant 
(but potentially clinically important) re­
sults are counted as negative,29 More­
over, a reader cannot tell anything about 
the magnitude of an effect from a vote 
count even when studies are appropri­
ately classified using additional catego­
ries for studies with a positive or nega­
tive trend, 

Typically, meta-analysts weight stud­
ies according to their size, with larger 
studies receiving more weight_ Thus, the 
overall results represent a weighted av­
erage of the results of the individual 
studies, Occasionally studies are also 
given more or less weight depending on 
their quality, or poorer quality studies 
might be given a weight of zero (ex­
cluded) either in the primary analysis or 
in a "sensitivity analysis" to see if this 
makes an important difference in the 
overall results, 
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Table 4.---Odds Ratio. Relative Risk. Risk Reduction. and Number Needed 10 Treat 

Adverse Outcome" 
Treatment or 

Exposure 
I 
Positive 

I 
Negative 

Positive A B 

Negative C D 

'When the outcome is undesirable. a relative risk (RR) or odds ratio (OR) of <1.0 represents a beneficial treatment 
or exposure. with zero representing 100% effectiveness. An absolute risk reduction (ARR) of <0 represents a benefit. 
and 100% effectiveness would be equivalent to the risk observed in Ihe control group. The OR can also be expressed 
as (A/C)+(BID) (ie. the odds of a case having been exposed relative to the odds of a control having been exposedl. 
and both of these expressions are equivalent to (A ·D·D)+(B·C). From the two expressions. if A is small relative to 
Band C is small relative 10 D. the OR and the RR are approximately the same. 
Thus. 

OR9A1B)/(CID) 
RA~[AI(A+B)YlCl(C+D)l 
RR reduction~I-RR 
ARR~[AI(A+B)l-[CI(C+D)l 
Number needed to treatzl/ARR 

You should look to the overall results 
of an overview the same way you look to 
the results of primary studies. In our 
articles concerning therapy, we de­
scribed the relative risk and the abso­
lute risk reduction, and how they could 
be interpreted.30 In the articles about 
diagnostic tests, we discussed likelihood 
ratios.3' In overviews of treatment and 
etiologic and prognostic factors, you will 
often see the ratio of the odds of an 
adverse outcome occurring in those ex­
posed (to a treatment or risk factor) to 
the odds of an adverse outcome in those 
not exposed. This odds ratio, illustrated 
in Table 4, has desirable statistical prop­
erties when combining results across 
studies. Whatever method of analysis 
the investigators used, you should look 
for a summary measure (such as the 
number needed to treat32) that clearly 
conveys the practical importance of the 
result. 

Sometimes the outcome measures that 
are used in different studies are similar 
but not exactly the same. For example, 
different trials might measure functional 
status using different instruments. If 
the patients and the interventions are 
reasonably similar, it might still be 
worthwhile to estimate the average ef­
fect of the intervention on functional 
status. One way of doing this is to sum­
marize the results of each study as an 
"effect size."33 The effect size is the dif­
ference in outcomes between the inter­
vention and control groups divided by 
the standard deviation (SD). The effect 
size summarizes the results of each study 
in terms of the number of SDs of dif­
ference between the intervention and 
control groups. Investigators can then 
calculate a weighted average of effect 
sizes from studies that measured an out­
come in different ways. 

You are likely to find it difficult to 
interpret the clinical importance of an 
effect size (if the weighted average ef­
fect is one half of an SD, is this effect 
clinically trivial, or is it large?). Once 
again, you should look for a presenta-

tion of the results that conveys their 
practical importance (for example, by 
translating the summary effect size back 
into natural units).34 For instance, if cli­
nicians have become familiar with the 
significance of differences in walk test 
scores in patients with chronic lung dis­
ease, the effect size of a treatment on a 
number of measures of functional status 
(such as the walk test and stair climb­
ing) can be converted back into differ­
ences in walk test scores. 

Although it is generally desirable to 
have a quantitative summary of the re­
sults of a review, it is not always ap­
propriate. For example, there may be 
unexplained heterogeneity in study re­
sults or the studies may be of such pOOl' 
quality that the overall results would be 
uninterpretable. In these cases investi­
gators should still present tables or 
graphs that summarize the results of 
the primary studies, and their conclu­
sions should be cautious. 

How Precise Were the Results?- In 
the same way that it is possible to es­
timate the average effect across stud­
ies, it is possible to estimate a CI around 
that estimate; ie, a range of values with 
a specified probability (typically 95%) of 
including the true effect. A previous ar­
ticle in this series provides a guide for 
understanding CIs}O 

WILL THE RESULTS HELP ME 
IN CARING FOR MY PATIENTS? 

Can the Results Be Applied to My 
Patient Care?-One of the advantages 
of an overview is that since it includes 
many studies, the results come from a 
very diverse range of patients. If the 
results are consistent across studies, 
they apply to this wide variety of pa­
tients. Even so, the clinician may still be 
left with doubts about the applicability 
of the results. Perhaps the patient is 
older than any of those included in the 
individual trials summarized by the over­
view. If studies using different mem­
bers of a class of drug have been com­
bined, one might question whether one 

1370 JAMA. November 2. 1994-Vol 272. No. 17 

of the drugs has a larger effect than the 
others. 

These questions raise the issue of su b­
group analysis. Detailed guides for de­
ciding whether to believe subgroup 
analyses are available.26,27 One of the 
most important guides is that conclu­
sions that are drawn on the basis of 
between-study comparisons (comparing 
patients in one study with patients in 
another) should be viewed skeptically. 
For example, meta-analysis of the ef­
fectiveness of P-blockers after myo­
cardial infarction found a statistically 
significant and clinically important dif­
ference in effect between trials of 
P-blockers with and without intrinsic 
sympathomimetic activity.35 This re­
sulted in clinical recommendations that 
only P-blockers without intrinsic sym­
pathomimetic activity should be used. 
However, the addition of two subsequent 
trials eliminated this difference in the 
overall summary.25 In fact, a large num­
ber of subgroup analyses exploring dif­
ferences in either patients or the 
P-blocker regimen used suggest that any 
apparent differences are probably due 
to chance.25 

Other criteria that make a hypoth­
esized difference in subgroups more cred­
ible include a big difference in treatment 
effect; a highly statistically significant 
difference in treatment effect (the lower 
the P value on the comparison of the 
different effect sizes in the subgroups, 
the more credible the difference); a hy­
pothesis that was made before the study 
began and was one of only a few hypoth­
eses that were tested; consistency across 
studies; and indirect evidence in support 
of the difference ("biological plausibility"). 
If these criteria are not met, the results 
of a subgroup analysis are less likely to 
be trustworthy and you should assume 
that the overall effect across all patients 
and all treatments, rather than the sub­
group effect, applies to the patient at 
hand and to the treatment under con­
sideration. 

Were All Clinically Important Out­
comes Considered?-While it is a good 
idea to look for focused review articles 
because they are more likely to provide 
valid results, this does not mean that 
you should ignore outcomes that are not 
included in a review. For example, the 
potential benefits and harms of hormone 
replacement therapy include reduced 
risk of fractures and CHD and increased 
risk of breast cancer and endometrial 
cancer. Focused reviews of the evidence 
for individual outcomes are more likely 
to provide valid results, but a clinical 
decision requires considering all ofthem. 

Are the Benefits Worth the Harms 
and Costs?-Finally, either explicitly 
or implicitly, when making a clinical de-
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cision the expected benefits must be 
weighed against the potential harms and 
costs. While this is most obvious for de­
ciding whether to use a therapeutic or 
preventive intervention, providing pa­
tients with information about causes of 
disease or prognosis can also have both 
benefits and harms. For example, in­
forming a woman about potentially tera­
togenic exposures might re8ull in her 
reducing her risk of exposure (with po­
tential benefits), and also cause anxiety 
or loss of work. Informing an asymp­
tomatic woman with newly detected can­
cer about her prognosis might help her 
to plan better, but also label her, cause 
anxiety, or increase the period during 
which she is "sick." 

A valid review article provides the best 
possible basis for quantifying the expected 
outcomes, but these outcomes still must 
be considered in the context of your pa­
tient's values and concerns about the ex­
pected outcomes of a decision. In the next 
articles in this series we will address this 
issue in the context of decision analysis 
and clinical practice guidelines. 
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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 anticoagulated with 
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.· 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 
Decision making involves choosing an 

action after weighing the risks and ben­
efits of the alternatives. While all clini­
cal decisions are made under conditions 
of uncertainty, the degree of uncertainty 
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 of uncertainty, 
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 Jhe elements of the decision, so that 
thttY 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 

We will 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 more widely undertaken to help 
inform a decision about clinical policyB 
("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 cancerl0 
and comparing different policies for cho­
lesterol screening and treatment,11 While 
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 .esults 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 reBUlta? 
In the baseline analysis, does one strategy result 

in a clinically important gain lor 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 naaulta help me In caring to. my patlenta? 

Do the probability estimates fit my patients' clinical 
features? 

Do the utilities renect how my patients would value 
the outcomes 01 the decision? 

ticle 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 VAUD? 

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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~No~Em~bo~li~sm~ __________ ~ 

Embolism 

Cardiomyopathy No Bleed 

Bleed 

No Bleed 

Embolism 

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 diagrams will help you 
understand the model. You must then 
judge whether the model fits the clinical 
problem well enough to be valid. 

The Figure shows a diagram of a much 
simplified version of the decision tree 
for the anticoagulation problem. The cli­
nician has two options for patients with 
cardiomyopathy, either to offer no pro­
phylaxis or to prescribe warfarin. Ei­
ther way, patients mayor may not de­
velop embolic events. Prophylaxis low­
ers the chance of embolism 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, we will 
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 specify which 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.ls At that time, this model 
represented the clinical decision well. 
Since then, however, acyclovir has be­
come available and has been widely 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 no warfarin. 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 of warfarin. 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 specific disorder in question 
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 of diagnostic strategies for a nonfatal 
disorder, more relevant outcomes would 
be discomfort from testmg 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 as well). 

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-off's 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. IS For a decision analysis to 
be worth doing, ie, for the clinical deci­
sion to he 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
off's 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 are measured as 
"quality-adjusted life expectancy," a 
scale that combines information about 
both the quantity and the quality oflife. 
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,z0,21 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 
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be transformed into quantitative esti­
mates ofthe likelihood of events, 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 patients with 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 analysts must adjust 5-year sur­
vival data to fit an analysis concerned 
with only the first 3 years. Analysts 
should report which data were 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,>,7,24,2S 
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: (I) direct mea-

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, the more 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 
and major hemorrhage, only a small num­
ber of physicians made ratings, and their 
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 ofthe 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 of polymyalgia 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" serisitivity 
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 of values were 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 tested will 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, the wider the range that must 
be included in the sensitivity analyses. 

Utility values should also be tested 
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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 
analysis' that your patient is a middle­
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 
generalizabiJity of a clinical decision 
analysis (Table). 

From Ihe 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 Ihe Division of General Internal Medicine 
and Clinical Epidemiology, The Toronto (Onlario) Has· 
pilal (Dr Detsky). 
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Hayward, MD, MPH; Anne Holbrook, MD, PharmD; 
Roman Jaeschke, MD. MSc; Elizabeth Juniper, MCSP, 
MSc; Mitchell Levine, MO, MSc; David Naylor, MO, 
DPhil ; Andrew Oxman, MD, MSc; David Sackett, MD, 
MSc; Sean Tunis, MD, MSc; Stephen Waller, PhD; John 
Williams, Jr, MD. MHS; and Mark Wilson. MD, MPH. 
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sily Heallh Sciences Centre, 1200 Main 5t W, Hamilton, 
OntariO, Canada L8N 3Z5 (Gordon Guyatt. MD, MSc). 
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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.a,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 calJ."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: anyone strat­
egy can "win" or two or more strategies 
could "tie." The terms "baseline" or "base 
case" refer to the set of numbers 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 of 0.95 and 0.05 and utilities of 1.0 and 
.9, respectively. The expected utility for 
this chance node would be the sum ofthe 
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User's Guides for Clinical Decision Analysis 

Are the .... un. valid? 
Were all Important strategies and outcomes 

included? 
Was an explicil and sensible process used to 

Idenlify, select, and combine the 
evidence into probabilities? 

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

Was the potential impact 01 any uncertainty In the 
evidence detenmlned? 

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

in a clinically importanl gain 
lor patients? 
II not, is the result a toss·up? 

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

result? 
Will the relulta help me In caring for my 

patients? 
Do the probability estimates lit my patients' clinical 

features? 
Do the utmties reflect how my patients would value 

the outcomes of the detision? 

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 of strategies 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 oflife. Both quantity and quality 
can be combined into a single measure, 
such as quality-adjusted life yearss 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 
of many 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. lO 

How large must a gain in remaining 
life expectancy be to be important? Prob­
ably smaller than you might think, al-
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though the answer to this question de­
pendsonjudgments 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.lo,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 of age. 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 of emboli and 
the risk of bleeding, 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 ofthese 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,I4,15 harm,16 prognosis,17 01' for inte­
grative studies, such as overviews. IS 

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 of bleeding, 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 ofthe 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 

Users' Guides to Medical Literature-Richardson et al 1611 

Downloaded from www.jama.com at SCELC - Western University of Hlth Sci on September 23,2010 



No Embolism 

Cardiomyopathy 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 probabil~ies , and by 
triangles, utHities. 

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 Uris 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% of his 
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 of applicability concerns 
whether the clinical characteristics ofpa­
tients for whom the analysis was intended 
are similar to your patients, For a deci­
sion analysis built for an individual pa­
tient, look for the description of that 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 of patients 
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. If not, 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 of high methodologi­
cal quality from which they obtained 
their baseline estimate, and from which 
you could obtain an individualized esti­
mate for your patient. 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 offatal 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 
nrlght 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 of thromboembolism 
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% of patients. 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 or' 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-
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might devastate one patient, whereas an­
other might be more resilient. 
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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 
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in this setting be made on an individual 
basis.23-20 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, 
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clinical variables on which the decision 
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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. 
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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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cardiovascular problems, but her mother 
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 th~ 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 by Grateful Med, 
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.s Observ­
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 
health problems, considering sensible op­
tions for managing each problem, inter­
preting evidence about the outcomes of 
each option, and ascertaining patient 
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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 deciding whether to use 
a clinical practice guideline in formulat-

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 importanl, 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
uation9-15 (and S. H. Woolf, unpublished 
data, 1991), while emphasizing the per­
spective of practitioners who must adopt, 
adapt, or reject recommendations. Busy 
clinicians might hope that criteria for 
appraising practice guidelines would 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, any short­
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 to misapplication of guide­
lines in clinical practice. 

ARE THE RECOMMENDATIONS 
VALID? 

Primary Guides 

You need to determine whether 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 present guidelines 
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,17 the ACP offers rec­
ommendations about medical interven­
tions for preventing strokes.IB 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 ischemic 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 
considering HRT 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 the month), (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 developers must 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 that your patients would 
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 
understanding of the potential 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 compared with the cost of doing 
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 of wom­
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, they may 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 lrnowl­
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 
determine whether and how expert 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 of both 
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 conferred with 
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 of women. These 
subgroups included women without risk 
factors; women at increased risk for coro­
nary disease, hip fracture, or breast can­
cer; and women who 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 Outcomes1-Link-



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 on what patients care about 
most. Consequently, it is important that 
guideline developers report the sources 
of their 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 
panel members 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 of research methodologists, 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 from mul­
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 of health 
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 of acceptable lev­
els of risks 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
tervention may be associated with 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 strokeY This guide­
line recommended that aspirin be con­
sidered the drug of choice in patients 
with transient ischemic 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 ischemic 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 ischemic attack on the basis of 

the increased cost ofticlopidine, 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 oflong-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 of menses, 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 Important Recent Developments?­
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 on which 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 of how 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 EstrogeniProgestin 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 combination with 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 of a guide­
line increases if external 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 or peer 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. 
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CLINICAL SCENARIO 
At the conclusion of our first article on 

practice guidelines) 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 
disagrees with 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 American College of Physicians (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 predi¥.d by the available evidence. 

To be clinically important, a practice 
guideline should convince you that the 
benefits offollowingthe 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 1(0), than 
if it involves a reduction in the proportion 
of deaths from four of 100 to three of 100 
(an absolute risk reduction of one in 1(0).3 

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 women with 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 of developing en­
dometrial cancer increases up to eightfold 
(approximately 17 women of100 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 of hypertension. The guide­
line did not consider personal or societal 
costs associated with HRT. 

How Strong Are the 
Recommendations? 

The "strength," "grade," "confidence," 
or "force" of a 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 of strong 
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, detennines the 
wording of actual recommendations. These 
factors are key to understanding conflicts 
among guidelines on similar topics from 
different organizations.4 
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In our first article about using prac­
tice guidelines,l 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.~7 Here, differences 
in recommendations probably reflect dif­
ferences in the relative value placed on 
various health and economic outcomes.s 

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 of recommendations" 
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 and weaker 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 necessarily more 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
erogeneity of study results.l1 The United 
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 of observational 
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
ticlel6 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 unless major 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 for weak 
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 of strong 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 as C 1 in the schema 
in the Table. 

Grades of Recommendations for a Specified Level 
of Baseline Risk' 

Al RCTs. no heterogeneity, Cis all on one side of 
threShold NNT 

A2 RCTs, no heterogeneity, Cis overlap threshold 
NNT 

Bl RCTs, heterogeneity, Cis all on one side of 
threshold NNT 

B2 RCTs, heterogeneity, Cis overlap threshold NNT 

Cl Observational studies, Cis all on one side of 
threshold NNT 

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 
of competing 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 range of possible effects. When 
the evidence is of the weakest sort, aris­
ingfrom 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 of many 
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 decision making (for example, clini­
cal algorithms and reminders), to enable 
evaluation of physician practices (eg, uti-



lization review, quality assurance), or to 
set limits on physician choices (eg, recer­
tification, reiII1bursement). 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 
your patients have a different prevalence 
of disease or risk factors, for instance, the 
guidelines may not apply. 

The fle:ribility 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 
American Heart 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
cularrisk factors; are sedentary; or whose 
occupation affects public safety.ID-24 The 
caveats reflect reluctance to make rec­
ommendations in the absence of good 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 
consider whether 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 of endometrial 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 
women who 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. Women who have 
had a hysterectomy should take ET alone; 
others should add a progestin or comply 
with careful endometrial monitoring. 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 if they 
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 that more con­
sistent reporting of guideline development 
methods will prevail, making the guide­
lines literature more accessible to and 
useful for prospective guideline users.26 

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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THE ULTIMATE PURPOSE of ap­
plied health research is to improve health 
care. Summarizing the literature to ad­
duce recommendations for clinical prac­
tice is an important part of the process. 
Recently, the health sciences commu­
nity has reduced the bias and impreci­
sion of traditional literature summaries 
and their associated recommendations 
through the development of rigorous cri­
teria for both literature overviews 1-8 and 
practice guidelines.4,o Even when rec­
ommendations come from such rigorous 
approaches, however, it is important to 
differentiate between those based on 
weak vs strong evidence. Recommen­
dations based on inadequate evidence 
often require reversal when sufficient 
data become available,6 while timely 
implementation of recommendations 
based on strong evidence can save lives.6 
In this article, we suggest an approach 
to classifying strength of recommen­
dations. We direct our discussion pri­
marily at clinicians who make treat­
ment recommendations that they hope 
their colleagues will follow. However, 
we believe that any clinician who at­
tends to such recommendations would 
benefit from the increased understand­
ing they will gain through reading this 
article. 
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GRADING HEALTH CARE 
RECOMMENDATIONS: 
PREVIOUS CRITERIA 

In 1979, the Canadian Task Force on 
the Periodic Health Examination made 
one of the first efforts to specify the 
strength of practice recommendations.7 

This group classified the quality of the 
evidence regarding the benefit of inter­
ventions into one of four categories based 
on the quality of the individual study de­
signs. Their classification of the strength 
of their recommendations was consider­
ably less explicit, only labeling evidence 
as "good," "fair," or "poor." The original 
Canadian Task Force approach, with mi­
nor modifications, has been reaffirmed 
by the Canadian Task ForceS and en­
dorsed by the US Preventive Services 
Task Force.s Both task forces contrib­
uted to progress in developing ways of 
grading the strength of health care rec­
ommendations that enhance both their 
interpretability and validity. 

ADVANCES IN METHODOLOGY 
The classification system we present 

in this article is driven by four advances 
in translating evidence from original stud­
ies into clinical recommendations. First, 
methodologists have developed standard­
ized approaches to the scientific conduct 
of literature reviews, and reviewers are 
increasingly using these approaches. This 
methodology includes systematic proce­
dures and statistical techniques for com­
bining results from different studies to 
minimize bias and increase precision.lo 

Second, we have distinguished between 
clinical importance and statistical signifi­
cance and realize that an intervention may 
be beneficial, but the effect too small to 
make the intervention worth administer­
ing.1I The third advance is the more ex­
plicit acknowledgment that the strength 
of health care recommendations should 
depend on the precision of the estimated 
intervention effects: in general, the 
greater the sample size, the more precise 
our estimates of intervention effects, the 
narrower the confidence interval (CI) 
around our estimate of those effects, and 

the greater our ability to make strong 
recommendations. Finally, we are more 
aware that we may serve individual pa­
tients or groups of patients best if we 
withhold treatment for those at very low 
risk of clinical events while at the same 
time recommending treatment to those 
at higher risk. I2-15 

The Canadian and US Task Force cri­
teria do not incorporate these advances. 
Members of our group have previously 
developed and modified criteria that ad­
dressed systematic overviews, but we 
failed either to clearly separate study de­
sign from the magnitude of the interven­
tion effect, or to consider the impact of 
degree of patients' risk on treatment rec­
ommendations.16,17 The approach we pre­
sent in this article builds on the extensive 
work undertaken to date. We will focus 
on situations where investigations pro­
vide data regarding the effect of inter­
ventions on clinically important outcomes, 
whether the interventions are therapeu­
tic, preventative, or diagnostic. 

Our approach begins with the iden­
tification of a systematic overview of 
the existing evidence. By "systematic" 
we mean one that meets the following 
standards: the overview (1) addresses a 
focused clinical question; (2) uses ap­
propriate criteria to select studies for 
inclusion; (3) conducts a comprehensive 
search; and (4) appraises the validity of 
the individual studies in a reproducible 
fashion. These standards are the same 
as those we recommend that clinicians 
use to identify an overview that is likely 
to yield an unbiased estimate of treat­
ment effect. IS Recommendations in­
tended to influence clinical practice 
should be based on a current overview 
that meets these criteria. 

COMPONENTS OF THE APPROACH 
TO GRADES OF RECOMMENDATION 

In our framework, making a recom­
mendation about a health care interven-
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Table 1.-Grades of Recommendations for a 
Specified level of Baseline Risk· 

A1 ACTs, no heterogeneity, Cis all on one 
side of threshold NNT 

A2. ACTs, no heterogeneity, Cis overlap 
threshold NNT 

81 ACTs, heterogeneity, Cis all on one side 
of threshold NNT 

82 RCTs, heterogeneity, Cis overlap 
threshold N NT 

C1 Observational studies, Cis all on one 
side of threshold NNT 

C2 Observational studies, Cis overlap 
threshold NNT 

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

tion requires the integration of three 
elements: the strength of the evidence 
presented in the overview; the thresh­
old or magnitude of intervention effect 
at which benefit exceeds the risks of 
therapy, including both adverse effects 
and costs; and the relationships between 
the estimate of the magnitude of the 
intervention effect, the precision of that 
estimate, and the threshold. We will deal 
with each of these components in turn. 
In describing results of studies, we will 
consider the effect of the intervention 
on the clinical event that it is designed 
to prevent, which we will call the "tar­
get event." We will focus on the follow­
ing: (1) the relative risk (RR), which is 
the ratio of the risk of target events in 
treated patients to the risk of target 
events in the untreated patients, and 
the RR reduction, or (1 - RR)19; (2) the 
absolute risk reduction, which is the dif­
ference in the absolute risk of the target 
event between treatment and control 
groups; and (3) the number needed to 
treat (NNT), which is the number of 
patients one needs to treat to prevent 
one target event (arithmetically, the in­
verse of the absolute risk reduction).20 

Component 1 : 
The Strength of the Evidence 

Randomized Controlled Trials.-Be­
cause no other study design can provide 
the safeguards against bias associated 
with randomization, randomized con­
trolled trials (RCTs) yield stronger evi­
dence than other study designs. Over­
views of RCTs, therefore, provide far 
stronger evidence than do overviews of 
cohort and case-control studies. The 
strength of evidence from an otherwise 
systematic overview of RCTs will, how­
ever, depend on the consistency of the 
results from study to study. When dif­
ferent studies in the same overview yield 
very different estimates of treatment 
effect (a situation we refer to as "het­
erogeneity" of study results), one must 
question why. Possibilities include dif­
ferences in patient populations, the way 
the interventions were administered, the 
way the outcomes were measured, the 

Table 2.-Number Needed to Treat 

No. Needed 
Aelative Absolute to Treat, 

Bleeding Risk Bleeding Risk 1/(U-T), 
Risk if Reduction, Risk if Aeductlon, to Prevent 

Untreated, U (U-T)/u Treated, T U-T a Bleed 

Critically ill patient receiving 
mechanical ventilation 
andlor has a coagulopathy 0.037 

Critically ill patient breathing 
spontaneously without a 
coagulopathy 0.0014 

way the studies were conducted, or the 
play of chance.21,22 A statistical test of 
the homogeneity of the intervention ef­
fect asks the question, "Are the differ­
ences in treatment effect from study to 
study greater than one would expect 
simply as a result of chance"? 

Ifinvestigators conducting an overview 
conclude that treatment has a different 
effect depending on the population or the 
way the intervention is administered, they 
may conduct separate overviews for the 
different populations or treatments.21,22 

When differences in treatment effect 
across studies are greater than one would 
expect by chance alone, and varying popu­
lations, interventions, outcomes, or study 
methods cannot explain the differences, 
inferences become weaker. We therefore 
rank the strength of evidence from over­
views of RCTs according to the presence 
or absence of unexplained differences in 
results from study to study (Table 1). We 
rank overviews with significant and im­
portant heterogeneity (level B) lower than 
those without significant and important 
heterogeneity (level A). 

Before concluding that recommenda­
tions be classified as level B rather than 
level A, we should be confident that the 
degree of heterogeneity is clinically im­
portant. Heterogeneity can be consid­
ered clinically important if there is a 
large difference in RR reduction across 
studies. If the estimates from the indi­
vidual studies are imprecise, however, 
an apparent large difference may be due 
to the play of chance. We propose the 
following criteria for clinically impor­
tant heterogeneity: 

1. The difference in the estimate of 
RR reduction between the two most dis­
parate studies is greater than 20% (for 
instance an RR reduction of 40% in one 
study and less than 20% in another). 

2. The difference between the bound­
aries of the CIs between the two most 
disparate studies is greater than 5% (for 
instance, the lower boundary [the small­
est RR reduction compatible with the 
data) in the first study is 30% and the 
upper boundary of the CI [the largest 
RR reduction compatible with the data) 
in the second study is less than 25%). 

Before heterogeneity bears on the 
strength oftreatment recommendations, 

58% 0.0155 0.0215 45 

58% 0.0006 0.0008 1250 

it must be both clinically important and 
statistically significant (P<.05). 

Observational Studies.-Because the 
potential for bias is much greater in co­
hort and case-control studies than in 
RCTs, recommendations from overviews 
combining observational studies will be 
much weaker.23,24 Thus, we classify ob­
servational studies as providing weaker 
evidence than RCTs (Table 1). 

Component 2: How Big an Impact 
of Treatment Warrants Its Use? 

Any decision about initiating a pre­
ventive or therapeutic regimen repre­
sents a trade-off between patient or 
public benefits, on the one hand, and 
toxicity, cost, and administrative bur­
den to patients and providers on the 
other. Clinicians do not, therefore, ad­
minister all effective treatments (effec­
tive in that they have a positive effect 
on some important outcome) to all po­
tentially eligible patients. For example, 
H2 receptor antagonists reduce the RR 
of serious bleeding in critically ill pa­
tients by approximately 58%.2.5 However, 
a patient who is breathing spontane­
ously without a coagulopathy has a risk 
of serious bleeding of only 0.14% with­
out treatment.26 This baseline risk is so 
low that most clinicians would not con­
sider it worth treating to lower the RR 
by another 58% (to 0.06%). 

For administration of H2 receptor an­
tagonists to critically ill patients, and 
indeed for any treatment of any condi­
tion, it is useful to think of a threshold 
effect, above which one would treat and 
below which one would not. Moreover, 
it is informative to think of the number 
of patients one would need to treat to 
prevent a single serious gastrointesti­
nal bleed.27,28 Consider a group of criti­
cally ill patients who are receiving 
mechanical ventilation or who have a 
coagulopathy and whose risk of bleed­
ing is therefore increased to 3.7%.25,28 
Treating such patients with H2 receptor 
antagonists, one reduces their RR by 
58%, to 1.55%. In absolute terms, their 
risk has fallen 2.15% (Table 2). The re­
ciprocal of this absolute risk reduction is 
the NNT. In this case, 45 patients must 
receive prophylaxis to prevent an epi­
sode of serious bleeding. 



Table 3.-How to Calculate the Threshold Number Needed to Treat 

This table outlines how we calculate the threshold number needed to treat (NNT), a complete description of which will appear in an article we are 
preparing for publication. In describing how to calculate a threshold NNT, we will use the following notation: 

T-NNT: the threshold number needed to treat 
Cos~,.."".,, : the cost of treating one patient 
Cost"",~: the cost of treating one target event 
Cost,.: the cost of treating one adverse event, with a further subSCript 1 or 2 denoting the first and second adverse effects 
Rate .. : the proportion of treated patients who suffer an adverse event (again, subSCripts 1 and 2 denoting the two adverse events) 
Value" .... : the dollar value we assign to preventing one target event 
Value,.: the dollar value we assign to preventing one adverse event (again, subscripts 1 and 2 denoting the two adverse events) 

The general approach for generating the threshold NNT Is based on the concept that at this threshold the value of treatment Inputs equals the value of 
treatment outputs; that is, the net cost of treating the number of patients one needs to treat to prevent one patient having the target event equals the net 
value of the adverse events prevented or caused by treating that number of patients. The value of the treatment inputs includes the fOllowing: 

the cost of treating the number of patients that will comprise the threshold NNT: (Cost .... .-HT-NNT) 
plus . 
the cost of treating the adverse events attributable to treatment in the number of patients that will comprise the threshold NNT: (CostAE)(RateAfHT-NNT) 
minus 
the cost of treating one target event: Cos~ ... , 

The value of the outputs Includes the following: 
the dollar value assigned to the one target event prevented: Valu~ 
minus 
the dollar value assigned to adverse events attributable to treatment: (ValueA.HRateA.HT-NNTl 

Thus, we have: . 
[(CoS~,. ..... HT-NNT)] + [(CostA.)(RateAE)(T-NNTl) - Cos...,.,., : Value ... "" - [(Value""HRateA.)(T-NNTl] 

Rearranging: 
T-NNT [Cost ...... nt + (Cost,.)(RateAE)) - Cos!,.,,..: Value ..... , - (T-NNT)[(ValueAEHRate,.)) 

And solving for threshold NNT: 
T-NNT ~ (Cos~ + Value ..... ,)/[Cost......... + (CostA.)(RateA.)) + [(ValueAEHRateA.)) 

In the example we have used in the body of the article concerning the prevention of gastrointestinal bleeding, there are two adverse effects attributable to 
treatment that we must consider. The equation therefore becomes the following: 

T-NNT : (Cos~ + Value"..,JI[Cost..-.,... + (CostAE,)(Rate,.,) + (Cost..,HRateAE')] + [(ValueAE,) + (Rate"",) (Value...,)(Rate,.,)) 
Substituting the figures from the body of the article yields the following: 

T-NNT : (12 000+3000)1[65+(10 000)(0.0006)+(5OOHO.015)]+[(3000)(0.0006)+(300)(0.015)] 
T-NNT ~ 15000/[65 + 6 + 7.5] + [18 + 4.5] 
T-NNT = 15000/101 
T-NNT = 148.5 

We believe that it is important to consider costs in deciding on the threshold NNT. Some clinicians may be uncomfortable with including costs. A model 
for calculating the threshold NNT that neglects costs would use the following formula: 

T-NNT = 11[(Value"",)(RateA.,) + (ValueA .. )(RateA.,)] 
tn this equation the value of the adverse events Is not the dollar value 86 in the model that includes costs, but the value of the adverse event in terms of 
the target event. That Is, if we decided that the negative consequences of an adverse event was only one-tenth as great as the negative consequences of 
the target event, the value of that adverse event would be 0.1 . 

Consider again the first group of criti­
cally ill patients we've mentioned, those 
who are breathing spontaneously and 
who don't have a coagulopathy. Their 
risk of bleeding without treatment, 
which we call the "baseline" risk, is 
0.14%, their risk with treatment is 0.06%, 
and one must treat 1250 such patients to 
prevent a serious bleed (Table 2). 

Should we treat either, or both, of 
these patients? This decision involves 
generating a threshold NNT. If the pa­
tients' risk without treatment is high 
enough, and the NNT is below the 
threshold, we administer treatment. If 
the patient's risk without treatment is 
low enough, and the NNT is therefore 
above the threshold, we would not treat. 

Generating the threshold NNT in­
volves three steps. In the first step, we 
identify two sorts of undesirable events_ 
One is the target event, and the other is 
the adverse effects attributable to treat­
ment. To generate the threshold NNT, 
we must specify the costs we incur when 
we treat patients, the costs we save when 
we prevent the occurrence of the target 
event, costs that we might incur as a 
result of preventing the target event, 
and the costs we incur when we look 
after patients who suffer adverse events 
associated with treatment. 

In considering the decision whether 
to administer prophylaxi8 for gastroin­
testinal bleeding, some of the costs we 

specify below are based on a detailed 
economic analysis from a hospital's point 
of view (D. Heyland, A. Gafni, D. Cook, 
G. H. Guyatt, unpublished data, 1995), 
while others are much more approxi­
mate estimates. In this case, the cost of 
administering ranitidine during a pa­
tient's lO-day stay in the intensive care 
unit (calculated, as are all our costs, based 
on Canadian data) is approximately $65 
(including drug costs and costs of ad­
ministering the treatment) and the cost 
of treating a gastrointestinal bleed is 
$12000. Adverse effects of the H2 re­
ceptor antagonist ranitidine include 
hepatitis with hepatic failure (an inci­
dence of 0.06%,29 with a treatment cost 
of $10000 per episode) and central ner­
vous system toxicity (an incidence of 
1.5%,30 with a cost of $500 per episode). 

The second step in generating the 
threshold NNT is assigning relative val­
ues to the outcomes and relating them 
to dollar costs. These values may come 
from health workers, administrators, pa­
tients, or a large random sample of the 
general public and might use one of a 
number of approaches (such as individual 
interviews or a group consensus pro­
cess) to assess utility.3l While there is 
no consensus about either who should 
be deciding values or the best method of 
establishing that group's values, we 
would recommend individual interviews 
with either patients or the general pub-

lie. Whatever population and approach 
to eliciting values one chooses, the 
process would involve (in this case) de­
termining the degree of satisfaction, 
distress, or desirability that people as­
sociate with having an episode of gas­
trointestinal bleeding relative to an 
episode of liver toxicity or central ner­
vous system toxicity. The process then 
involves deciding how much money 
should be allocated to prevent a single 
episode of gastrointestinal bleeding, 
which in turn sets the money we would 
be willing to spend to avoid the adverse 
events attributable to treatment.32 

For purposes of the present discus­
sion, we have not actually obtained val­
ues from a random sample of the popu­
lation, but have guessed at what the 
population might say. In this case, we 
would be willing to spend $3000 to pre­
vent one gastrointestinal bleed. We have 
equated one episode oflivertoxicity and 
10 episodes of central nervous system 
toxicity to a serious gastrointestinal 
bleed. Thus, we would be willing to spend 
$3000 to avoid one episode of liver tox­
icity and $300 to avoid one episode of 
central nervous system toxicity_ We ex­
plain the algebra involved in calculating 
the threshold NNT in Table 3; as it turns 
out, the figures above generate a thresh­
old NNT of approximately 150. 

Figure 1 presents the relationship be­
tween the treatment NNT, the thresh-
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Figure I.-Relationship between number needed 
to treat (NNn associated with treatment, threshold 
NNT (horizontal line), and risk of bleeding without 
treatment for critically ill patients. 
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Figure 2.-Levels of baseline risk and threshold 
number needed to treat (NNn. Vertical lines repre­
sent the 95% confidence intervals around the treat­
ment NNT at baseline risks of 0.14%, 0.9%,2%, and 
3.7%. 

old NNT, and the risk of bleeding with­
out treatment for critically ill patients, 
In constructing Figure 1, we have used 
the RR reduction we can expect with 
administration of H2 receptor antago­
nists (58%), and the threshold NNT of 
150 that we have generated. The hori­
zontalline at an NNT of 150 represents 
this threshold NNT_ The decreasing 
curve represents the NNT for any given 
risk of bleeding without treatment, 
which we will call the "treatment NNT 
line." Points on this line include the 
groups of patients from Table 2: patients 
with a risk of serious bleeding without 
treatment of 3_7%, for whom the NNT 
is 45, and patients with a risk of serious 
bleeding without treatment of 0.14%, 
for whom the NNT is 1250. The treat­
ment NNT line crosses the threshold 
NNT at a risk without treatment of 
1.15%. Therefore, our judgment is that 
treatment is warranted in patients 
whose risk of serious bleeding without 
treatment is greater than 1.15%, and 
not warranted for those whose risk is 
less than 1.15%. 

The threshold NNT will vary depend­
ing on the values the clinician and pa­
tient place on its components. Some cli­
nicians may be uncomfortable including 

costs as a consideration in the decision 
to treat. The strength of the threshold 
approach is that those recommending 
policy can, in generating a threshold 
NNT, make explicit the values they place 
on avoiding clinical events, adverse ef­
fects, and costs incurred or avoided, or 
omit costs from the consideration. In 
Table 3, we provide a method of calcu­
lating the threshold NNT without con­
sidering costs. Clinicians can examine 
the basis for the decision regarding 
threshold NNT, and the implications of 
differences in values, and the lower or 
higher threshold generated as a result 
of different values. 

Component 3: How Much Does 
the Treatment Work? 

A meta-analysis is a quantitative over­
view that yields the best estimate of the 
treatment effect by pooling results from 
different trials. This estimate is called a 
"point estimate" to remind us that al­
though the true value lies somewhere in 
its neighborhood, it is unlikely to be ex­
actly correct. Confidence intervals tell 
us the range within which the true treat­
ment effect likely lies.33,34 We usually 
(though arbitrarily) use the 95% CI, 
which can be interpreted as defining the 
range that would include the true treat­
ment effect 95% of the time on repeti­
tion of the experiment. 

Given a specified risk of a clinical event 
without treatment, we can use the re­
duction in RR of clinical events with 
treatment and the CI around that re­
duction in RR, to calculate not only the 
NNT, but also the CI around the NNT. 
The relationship between that CI and 
the threshold NNT will have a profound 
effect on the strength of any recommen­
dation to treat or not to treat. There are 
four possible relationships between the 
threshold NNT, the point estimate of 
the treatment effect, and the CI around 
the point estimate. We will examine each 
of these four in turn. 

Consider critically ill patients who are 
receiving mechanical ventilation or have 
a coagulopathy. We have already de­
cided that since their NNT lies below 
the threshold, they should be treated 
with H2 receptor antagonists (or some 
equivalent treatment) (Table 2, Figure 
1). We must remember, however, the up­
per boundary of the CI around the NNT. 
This boundary represents the smallest 
reduction in risk and thus the largest 
NNT, which is likely to be consistent with 
the data. In this case, the 95% CI around 
the RR reduction of 58% ranges from 
79% to 21%, and the corresponding CI 
around the NNT, given the risk without 
treatment of3.7%, ranges from 34 to 129. 
Here, the boundary of the CI that rep­
resents the highest NNT consistent with 

the data is still less than the threshold 
NNT of150. We can be confident that the 
treatment for patients whose risk ofbleed­
ing is 3.7% does more good than harm, on 
average, given the relative values and 
costs we have specified. 

Consider critically ill patients who are 
neither receiving mechanical ventilation 
nor have a coagulopathy and whose risk 
of bleeding is therefore 0.14%. Given the 
58% RR reduction, we must treat 1250 
such patients to prevent a bleed (Table 
2). The 95% CI around this NNT ranges 
from 904 to 3401. The boundary of the CI 
that represents the largest plausible treat­
ment effect, and thus the smallest NNT 
(904), is greater than the threshold NNT 
of150. We can therefore be confident that 
the risks and costs of treatment outweigh 
the benefits. 

If the risk of bleeding without treat­
ment is intermediate, the recommenda­
tion is less clear. Take, for instance, a 
critically ill patient with a bleeding risk 
of 2%. Given an RR reduction of 58%, 
we must treat 86 such patients to pre­
vent a bleed. Given the range ofthe 95% 
CI around the RR reduction (79% to 
21 %), the true NNT may lie between 63 
and 238. The boundary of the 95% CI 
that represents the smallest plausible 
treatment effect, and thus the greatest 
NNT, 238, is greater than the threshold 
NNT. While the overall recommenda­
tion will still be to treat patients with 
this level of risk of bleeding, our strength 
of inferences will be weaker. 

Similarly, if one considers a patient 
with a risk of serious bleeding without 
treatment of 0.9%, the most likely NNT 
is 192, but the 95% CI ranges from 141 
to 529. Since the most likely NNT is 
above the threshold, the recommenda­
tion will be to withhold treatment, but 
because the 95% CI overlaps the thresh­
old NNT of 150, the strength of infer­
ence is relatively weak. 

We present results from all four lev­
els of baseline risk (0.14%, 0.9%, 2%, and 
3_7%) together with the threshold NNT 
in Figure 2. 

THE FINAL PRODUCT: 
RECOMMENDATIONS 

If one combines the strength and het­
erogeneity of the primary studies with 
the magnitude and precision ofthe treat­
ment effect as it relates to the threshold 
NNT, one can decide on the strength of 
the recommendation to treat or not to 
treat (Table 1). As we have demon­
strated, the recommendation may 
change from "offer the intervention" 
when the baseline risk is high, to "don't 
offer the intervention" when the base­
line risk is low. We believe that within 
RCTs, whether the CIon the NNT over­
laps the threshold NNT is more imp or-



tant than the presence of heterogene­
ity. However, RCT evidence is always 
stronger than evidence from observa­
tional studies. Thus, for any given 
baseline risk, Al and Bl designate the 
strongest recommendations, A2 and B2 
represent intermediate-strength recom­
mendations, and CI and C2 are the weak­
est recommendations. 

COMMENT 

There are many issues in arriving at 
recommendations that remain to be fully 
explored. The .05 threshold for deciding 
whether or not heterogeneity is statisti­
cally significant, the proposed criteria for 
deciding whether heterogeneity is clini­
cally important, and the choice of 95% for 
the CI around the treatment NNT are all 
arbitrary. Our choice of the 95% CI is 
based on tradition. Less stringent values 
would lead to narrower CIs (and thus 
more level! recommendations) and may 
ultimately be judged more appropriate. 

The decision regarding the threshold 
NNT requires data both on costs and on 
the relative values we place on varying 
outcomes, data that will often not be 
available. Limitations in the data will 
emphasize the need to conduct additional 
rigorous studies. In the meanwhile, we 
must make treatment decisions and 
these decisions imply estimates of costs 
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family discussed your values and their need to know the 
extent of treatment you would find acceptable if seriously ill? 
Have you discussed this topic with your physician?" 

This questionnaire can serve 2 functions, both toward the 
same goal. First, it can become a communications tool and 
stimulate an opening dialogue. This can lead to the develop­
ment of a health care discussion and true decision partner­
ship. Second, if the patient elects, it can become the basis of 
what I would like to call a "caring covenant" between patient 
and physician. If this caring covenant is used up front to 
define the understanding between physician and patient, it 
will help ensure the results the patient wants while at the 
same time relieving the physician of an enormous burden. 

We patients still expect a great deal of physicians. We used 
to expect them to perform medical miracles-now we expect 
them to perform miracles of conscience. We need to take more 
charge of the process, for their sake as well as our own. 

Mary S. Strong 
Westwood, Mass 

Ms Strong is chair emerita of American Health Decisions. 
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The Symbol of Medicine: Aesculapius or Caduceus? 
To the Editor.-Since antiquity, the Aesculapian staff has 
served as a symbol of medicine and the art of healing_ The 
emblem is depicted by a single serpent coiled around a rough, 
knotty staff. For various reasons, the symbol of medicine is 
often misrepresented as the caduceus, a winged staff with 2 
intertwined serpents. Though similar in appearance and to­
day often used interchangeably, the staffs have neither the 
same meaning nor the same origin. 

The origin of the Aesculapian staff is subject to broad 
speculation. However, there are 3 accounts that suggest its 
origin. The first is from Greek mythology.l In this myth, 
Aesculapius, the Greek god of medicine, observes a serpent 
placing a magical herb in the mouth of a dead snake. The herb 
brings the snake back to life. 

The second account, also from mythology, maintains that 
the god Aesculapius was imported to Rome (circa 295 Be) in 
the form of a serpent to cure a stubborn pestilence.2 Ovid 
recounts the words of Aesculapius: "Fear not! I shall come 
and leave my images. Only be sure to note this snake that 
twines about my staff and mark it well to fix it in your mind. 
To this snake I shall change."s After successfully ridding the 
city of the pestilence, temples were built throughout the 
Roman Empire in honor of Aesculapius. Soon thereafter, the 
Aesculapian staff became associated with medicine_ 

The third account explains the origins of the emblem on 
purely medical grounds. In a procedure done to extract the 
parasitic guinea worm from its victim, the worm is removed 
by carefully winding it around a thin stick and pulling it from 
the tissue" . 

Although different, each account suggests a medically based 
origin for the staff. In contrast, the caduceus is actually a 
hybrid between the staff of Hermes, messenger of the gods, 
and 2 serpents in the coital position symbolizing fertility. In 
early history, this emblem was a symbol of commerce and 
gainful trade.2 

Confusion between the staffs is thought to have originated 
in the 16th century when printer Johannes Froben used the 
caduceus on the cover of various medical texts.4 This mis­
taken association was compounded during the 19th century 
when the US Marine Hospital Service, the Public Health 
Service, and the US Army Medical Corps each adopted the 
caduceus as its symbol to designate a neutral, noncombatant 
status.l 

Despite the deeply rooted confusion between the staffs, 
only the Aesculapian staff has consistently represented medi­
cine. More importantly, the Aesculapian staff, because of its 
direct association to the Greek god of medicine, is historically 
valuable. It is an important link between medicine today and 
its origin. For these reasons, the Aesculapian staff should be 
used as the true emblem of medicine. 

Rade Nicholas Pejic 
Tulane University 
New Orleans, La 
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Joanne Lynn, MD, Dartmouth Medical School, Hanover, NH; Robert 
K. Oye, MD, University of California at Los Angeles Medical Center; 
Russell S. Phillips, MD, Beth Israel Hospital, Boston, Mass; Joan 
Teno, MD, Dartmouth Medical School, Hanover, NH; and Neil S. 
Wenger, MD, MPH, University ofCaIifornia at Los Angeles Medical 
Center. 

Incorrect Reference.-In the Clinical Crossroads entitled "A 50-
Year-Old Woman With Disabling Spinal Stenosis," published in the 
December 27, 1995, issue of THE JOURNAL (1995;274:1949-1954), an 
incorrect reference appeared. Reference 41 should read as follows: 
HaselkornJK, Ciol MA, Rapp S, Elam K, Deyo RA. Epidural steroid 
injections in the management of sciatica. Arch Phys Med Rehabil. 
1995;76:1037. 

Error in Equation.-In The Medical Literature article entitled "u s­
ers' Guides to the Medical Literature, IX: A Method for Grading 
Health Care Recommendations," published in the December 13,1995, 
issue of THE JOURNAL (1995;274:1800-1804), there is an error in an 
equation in Table 3 on page 1802. In the 30th line, the last part of the 
equation should read as follows: 

[(ValueAEl)(RateAE1 ) + (ValueAE2)(RateAE2)]' 
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Users' Guides to the Medical Literature 
x. How to Use an Article Reporting Variations 
in the Outcomes of Health Services 
C. David Naylor, MD, DPhil; Gordon H. Guyatt, MD, MSc; for the Evidence-Based Medicine Working Group 

. CASE SCENARIO 
Your patient, a 78-year-old retired in­

ternist, has been complaining of increas­
ing symptoms of benign prostatic hyper­
plasia. He has long-standing hypertension 
and coronary artery disease, with remote 
anterolateral myocardial infarction and by­
pass surgery 10 years ago. His left ven­
tricular ejection fraction was recently 
documented at 20%, and he has been 
started on an angiotensin-converting en­
zyme inhibitor. Rectal examination con­
finns a moderately enlarged prostate, 
without irregularities, nodularity, or ten­
derness. AB you discuss management op­
tions, your patient insists that transure­
thral prostate surgery is dangerous and 
that international studies of thousands of 

patients have proved that, as he puts it, 
"old-fashioned open prostatectomy is safer 
than that keyhole surgery." You prescribe 
a trial of an a-blocker, terazosin, and ar­
range to see him again. However, the re­
tired internist sounds 80 convinced that 
you also resolve to look into the evidence 
about the two forms of prostatectomy. 

THE SEARCH 
Later, you sit down in the hospital 

library, using a program that contains 
the MEDLINE database from January 
1990 to October 1994. You start from 
"Explode Prostatic Hyperplasia," limit 
the search to English-language articles 
on human subjects, and then combine 
the resulting set with "transurethral" 
and "mortality" as text words. This 
yields 27 citations. Browsing through 
the resulting abstracts, two appear to 

From the Institute for Clinical Evaluative Sciences, 
Ontario, North York , the Clinical Epidemiology and address your patient's concern. One, by 
Health Care Research Program, Sunnybrook Unit, and a Danish group, 1 addresses the long-term 
the Departments of Medicine and Surgery, University of outcomes of transurethral vs "open" (su-
Toronto (Ontario) (Dr Naylor); and the Department of b' 
Clinical Epidemiology and Biostatistics, McMaster Unl- prapu IC or transvesical) prostatectomy 
versity, Hamilton, Ontario (Dr Guyatt). using hospitalization data linked to vital 

A complete list of members (with affiliations) of the status data for 'the entire Danish male 
Evidence-Based Medicine Working Group appears In 1a fr 
the first article of this series (JAMA. 1993;270:2093- popu tion am 1977 to 1985. The study 
2095). The following members contributed tothisartlcle: relies on administrative data and mas-
Eric Bass, MD, MPH; Hartzel Gerstein, MD, MSc; Daren sive population-based numbers (38067 
Heyland, MD, MSc; Ann Holbrook, MD, PharmD, MSc; men) and shows excessive mortality 
Virginia Moyer, MD, MPH; Tom Newman, MD; Andrew 
Oxman, MD, MSc; W. Scott Richardson, MD; Peter among patients undergoing transure-
Tugwell, MD, MSc; and John Williams, Jr, MD, MHS. thral resection of the prostate (TURP). 

Corresponding author: C. David Naylor, MD, DPhil, Th b C }2 f 
Institute for Clinical Evaluative Sciences in Ontario, e other report, y oncato et a, 0-
G-106, Sunnybrook Health Science Centre, 2075 Bay- fers long-term outcomes data on only 

1981. However, a detailed chart audit 
was undertaken, and the results sug­
gested that patients undergoing the 
more extensive open procedure had 
lower long-term mortality because they 
were healthier at the outset. 

INTRODUCTION 
Over the last decade, changes in health 

care delivery have broadened the range 
of groups interested in the outcomes of 
medical care. Concern with costs and 
with dramatic interregional or interna­
tional differences in practice among cli­
nicians and institutions have focused the 
attention of administrators and politi­
cians on the interplay between the 
processes and outcomes of health ser­
vices. The evolution of managed care 
has sharpened interest in measuring and 
managing the quality of care delivered 
by individual practitioners, hospitals, and 
other institutions. 

Implicitly, the questions about qual­
ity of care and the best way of deliver­
ing health services are issues of optimal 
treatment. For example, once a patient's 
problem is identified, the primary care 
physician first determines what inter­
vention, if any, should be undertaken, 
and may then face the quality-related 
issue of choosing a specialist or institu-

view Ave, North York, Ontario, Canada M4N 3M5. 252 patients who underwent either pro-
Reprint requests to Room 2C12, McMaster Univer- d Y I h' hi' Users' Guides to the Medical Literature section edi-

sity Health Sciences Centre, 1200 Main StW, Hamilton, ce ure at a a e teac mg ospita m tor: Drummond Rennie. MO, Deputy Editor (West) , 
Ontario, Canada LaN 3Z5 (Dr Guyett). New Haven, Conn, between 1979 and JAMA. 
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tion to offer that service. From a prior 
Users' Guide3 you've learned that deci­
sions about what treatment to provide 
are best made in light of evidence from 
randomized studies with complete fol­
low-up. However, investigators are gen­
erally not going to be able to randomize 
patients to different practitioners or hos­
pitals, and focusing on the outcomes as­
sociated with these differences in care 
will require strategies other than ran­
domized trials. Increasingly, investiga­
tors have looked to large administrative 
or other observational databases to ex­
amine the outcomes of care associated 
with different procedures, practitioners, 
or institutions. Under what circum­
stances should you believe the inferences 
made on the basis of such studies? 

There is a parallel here with studies 
assessing potential harm to patients: it 
is impossible to randomize people to 
smoke or not, or to various levels of air 
pollution, and so observational studies 
or "natural experiments" are used as 
sources of insight. In a previous Users' 
Guide4 we provided criteria for validity 
for the observational studies that inves­
tigators must use when exploring issues 
of harm. The challenges are fundamen­
tally the same for comparing outcomes 
of two or more sets of health care prac­
titioners or delivery systems. However, 
observational studies using administra­
tive databases are growing in scope and 
importance and have their own particu­
lar challenges. Therefore, we devote this 
Users' Guide to these issues. Table 1 
revisits our criteria for assessing an ar­
ticle about harm, modified here for ex­
amining associations between variations 
in processes and outcomes of health care 
in the real-world setting. 

ARE THE OUTCOME MEASURES 
ACCURATE AND COMPREHENSIVE? 

A randomized therapeutic trial must 
have valid and reliable outcome measures; 
so must any observational study assess­
ing patients' outcomes. The easiest out­
comes for health researchers to measure 
are those that are defined objectively 
and usually captured in large insurance 
databases or computerized hospital ad­
ministrative data, eg, death, in-hospital 
complications of surgery that are rou­
tinely coded, or readmissions to the hos­
pital. Linkage to vital status registries is 
also performed to track out-of-hospital 
deaths. However, other outcomes, eg, dis­
ability, discomfort, distress, and dissat­
isfaction5 are important to patients. Func­
tional status and quality-of-life measures 
are needed to capture these burdens, but 
these measures are not applied in rou­
tine clinical care, and if applied, their 
results are not incorporated into admin­
istrative databases. Incorporating these 

Table 1.-Three Core Questions to Ask About a 
Study Using an Observational Design to Examine 

Sources of Difference in Patients' Outcomes 

Are the outcome measures accurate and 
comprehensive? 

Were thera clearly identified, sensible 
comparison groups? 

Were the comparison groups similar with respect 
to important determinants of outcome, other 
than the one of interest? 

measures into routine care and admin­
istrative databases, moreover, may gen­
erate more questions than answers. Re­
searchers have begun to understand some 
of the factors that predict, for example, 
increased risk of mortality after various 
types of elective surgery. However, there 
is no similar understanding of the factors 
that predict functional status and quality 
of life. 

In sum, many large databases are not 
designed for clinical research and may 
either mismeasure patients' outcomes 
or fail to capture outcomes that are im­
portant to patients and their physicians. 
Researchers should therefore report on 
the quality and comprehensiveness of 
the data source. Ideally there should be 
independent cross-checks to ensure that 
the same outcomes are measured con­
sistently and completely for whatever 
unit of comparison is used, eg, verifying 
that data on ascertainment or cause of 
death are accurate or confirming hos­
pital readmission rates after a specific 
surgical procedure in a quality-of-care 
study. 

How did our two studies of prostate 
surgery perform in these respects? 
Andersen et all used vital status data 
for the entire population of Denmark, 
and therefore mortality was measured 
in a reliable and unbiased fashion across 
all groups for comparison. Concato et a12 

reported on all-cause mortality data 
within 5 years of the procedure obtained 
by hospital chart review and, where 
those data were inconclusive, from the 
national vital status registry. 

The complete resection attained by 
open prostatectomy obviously eliminates 
the need for repeat procedures as oc­
casionally occurs with TURPs. However, 
neither study compared the two proce­
dures with respect to various outcomes 
of interest to patients and physicians, 
eg, effectiveness in relieving obstruc­
tive or irritative symptoms of benign 
prostatic hyperplasia, overall recovery 
time, rates of complications such as im­
potence or incontinence, and so forth. 
Careful prospective data collection is 
necessary to capture these outcomes and 
provide a more complete tally of the 
burdens and benefits of the two treat­
ments being compared. Even with those 
data, moreover, there would be uncer­
tainty about the weights that patients 

Table 2.-Factors That May Systematically Affect 

Outcomes 

What service was provided' 
For example, variations among two or more 
management strategies with respect to use of drugs, 
doses, devices, type of procedure, and the like 

Who provided the service 
For example, variations among procedural 
specialists; nurse practitioners vs family physicians; 
by level of experience (house staff vs qualified 
specialists); by volume of service delivered 
(high-caseload vs low-caseload practitioners) 

Where the service was provided 
For example, variations among hospitals or clinics; 
between wards in a hospital; between a step-down 
unit and a conventional intensive care unit; home vs 
hospital care; by city; by county; by region or nation 

When the service was provided 
For example, variations in timing of service (eg, day 
or evening, weekend vs weeks, the July 
phenomenon for house staff effects); according to 
length of stay in hospital; across months (seasonal 
effects) or years (broad temporal trends) 

*These questions are best addressed using random­
Ized trial methods; see Guyal\ et ai,' 

would give to diverse benefits and 
harms, and a major challenge in deter­
mining how different outcomes related 
to each other and to patients' pretreat­
ment characteristics. 

WERE THE COMPARISON GROUPS 
SIMILAR WITH RESPECT TO 
IMPORTANT DETERMINANTS 
OF OUTCOME OTHER THAN THE 
ONE OF INTEREST, AND WERE 
RESIDUAL DIFFERENCES 
ADJUSTED FOR IN THE ANAL VSIS? 

Clinicians and health care managers 
are interested in a variety of determi­
nants of outcome, the major categories 
of which are shown in Table 2. One type 
of comparison examines differences that 
may be due to variations in quality of 
care across individual practitioners or 
institutions providing care in a specific 
city or region. State agencies now pub­
lish some provider- or institution­
specific outcomes, and researchers some­
times relate these outcomes to the 
provider- or institution-specific volume 
of the services under scrutiny. This 
reflects a belief that "practice makes 
perfect"-all things being equal, cen­
ters (and by, inference, physicians or 
surgeons) with a higher caseload will 
generally achieve better outcomes 
than lower-volume centers. For example, 
various studies suggest that in-hospital 
postoperative mortality after aortic an­
eurysm surgery,6 percutaneous trans­
luminal coronary angioplasty/ and coro­
nary artery bypass graft surgery8,9 is 
lower for centers or surgeons managing 
more patients. On the other hand, large 
tertiary care centers often treat the sick­
est patients and therefore may have 
worse outcomes than smaller hospitals. 

However, the greater the difference 
between service settings being com­
pared, the more difficult it is to be sure 
that patients were similar, or to isolate 
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Table 3.-Determlning Whether Differences in 
Prognosis. Rather Than Differences in the Inter­
vention. Explain Differences in Outcomes 

Were all important prognostic factors measured? 
Were measures of patients' prognostic factors 

reproducible and accurate? 
To what extent were patients similar with respect 

to these factors? 
Was multivariate analysis used to adjust 

for Imbalances in prognostic factors? 
Old additional analyses (particularly in low-risk 

subgroups) demonstrate the same results 
as the primary analysis? 

which aspects, if any, of the process of 
care relate to the outcomes observed. 
This is especially true when compari­
sons are made on a broad geographic 
footing between regions or countries in 
which populations and processes of care 
differ in many ways. One recent study 
compared outcomes of Canadian and 
American patients enrolled in a major 
trial of thrombolytic therapy for acute 
myocardial infarction.lo Rates of revas­
cularization and use of specialist ser­
vices were much higher in the United 
States. The investigators used an ap­
propriately broad range of outcomes 
measures and observed that in terms 
of symptoms, functional status, psycho­
logical well-being, and health-related 
quality of life, Canadian patients fared 
somewhat worse than their American 
counterparts-a finding of obvious con­
cern to Canadian practitioners. How­
ever, some of the difference may be be­
cause the types of patients recruited by 
Canadian investigators were destined 
for worse outcomes irrespective of man­
agement. Canadians may also have a 
different cultural threshold for report­
ing symptoms or functional impairment. 

A third source of variations in out­
comes that may occur within similar 
health systems is the type of treatment 
provided. This is the sort of comparison 
that was done in the outcomes studies of 
TURP vs open prostatectomy described 
in this article's opening scenario. Such 
comparisons may avoid some of the broad 
health system effects and sociocultural 
or even genetic differences that threaten 
the validity of outcomes comparisons 
made across widely disparate populations. 
However, it is still possible that differ­
ences in outcomes may have been due to 
differences in patients receiving the al­
ternative management strategies, for 
without randomization, patients will in­
evitably differ in ways other than the 
treatment being provided to them. This 
phenomenon is called "selection bias." 
When two alternative procedures are be­
ing compared in research, selection bias 
arises from the exercise of good clinical 
judgment in routine practice. For ex­
ample, urologists may choose younger, 
healthier patients to undergo the more 

extensive open prostatectomy, and older, 
sicker patients for TURP. Patients then 
end up differing in obvious or subtle ways 
that affect their likelihood of having a 
good or bad outcome. Epidemiologists 
use the term "confounding" to describe 
this problem. The validity of any form of 
observational research is threatened by 
case selection biases that create noncom­
parable groups of patients and confound 
any outcomes comparisons. 

Researchers must therefore somehow 
adjust for differences between groups of 
patients. The sophistication of these so­
called risk adjustment methods is grow­
ing rapidly.u However, researchers and 
quality-of-care evaluators are unlikely to 
know all the prognostic factors that in­
teract with treatments to affect outcomes. 
Randomization is important precisely 
because it distributes these unknown fac­
tors in an unbiased manner. The problem 
worsens when one considers that all 
known prognostic features may not have. 
been measured, and if they have been 
measured, they may not have been 
measured or recorded accurately. Inac­
curate measurement or recording is a 
particular concern when information 
comes from administrative databases. 
For instance, Jollis et all2 compared in­
formation about cardiac risk factors in an 
administrative database in patients un­
dergoing angiography with information 
collected prospectively for a clinical da­
tabase by a cardiac fellow who actually 
saw the patients. A chance-corrected 
measure of agreement (K statistic) 
showed good agreement only for diabe­
tes (83% agreement) and whether pa­
tients had an acute myocardial infarction 
(76%); agreement was moderate for hy­
pertension (56%), poor for the presence 
of heart failure (39%), and no better than 
chance (9%) for unstable angina. Hannan 
et al13 found similar discrepancies in com­
paring a cardiac surgery registry with 
an administrative database in New York 
State. These inaccuracies mattered: the 
ability of evaluators to predict mortality 
was clearly higher with the detailed clini­
cal data as opposed to the administrative 
database.13 Thus, the accuracy, reproduc­
ibility, and fairness of adjustments for 
differences in patients can be undermined 
by poor data quality. 

The problem of limited or inaccurate 
data in insurance databases or comput­
erized hospital discharge abstracts may 
be partly ameliorated by supplement­
ing the information with chart audits.14 

This is time-consuming and expensive, 
but may be the only way to reduce the 
chances of missing or misconstruing im­
portant differences among groups ofpa­
tients. A more efficient mechanism may 
be to establish specific registry mecha­
nisms geared to measuring key patient 

characteristics, process of care elements, 
and relevant outcomes. 

How, then, can you best assure your­
self that, short of randomization, inves­
tigators have made the fairest possible 
outcomes comparison possible? We sum­
marize the steps in Table 3. First, did 
the researchers convince you, through 
their review of the literature and on the 
basis of what you know about the de­
terminants of prognosis, that they mea­
sured all of the important prognostic 
factors? This is more likely to occur if 
the analysis involves chart audits or, 
better still, a specific clinical registry, as 
opposed to reliance on available admin­
istrative data. Second, since these mea­
surements are only as good as the data 
that go into them, you should consider 
whether these measures of patients' 
prognostic factors are reproducible and 
accurate. Third, did the researchers 
show the extent to which the groups 
being compared differed on the prog­
nostic factors that they measured? 
Fourth, did they use some form of mul­
tivariate analysis wherein they tried to 
adjust simultaneously not only for the 
obvious prognostic factors, but also for 
other more subtle differences that may 
have confounded the comparisons? 

Localto and colleagues15 have recently 
reported on the consequences of not tak­
ing into account all possible prognostic 
factors. A large corporation's managed 
care program sought to determine which 
of the hospitals serving the corporation's 
employees delivered better quality of 
care as reflected in part by fewer in­
hospital deaths. A consultant concluded 
that the hospitals differed, and this 
conclusion influenced the company's 
choices about hospital selection. As it 
turned out, an appropriate analysis con­
ducted by a group of academic investi­
gators concluded that the difference be­
tween even the hospital with the worst 
record and the rest could be easily 
attributable to the play of chance. Fur­
thermore, when the investigators in­
cluded an adjustment for age, a prog­
nostic factor that had been left out of the 
consultant's initial analysis, the rank or­
der of the hospitals changed.16 

Because observational data are so sus­
ceptible to selection biases that may con­
found the outcome comparisons, the re­
searchers should determine whether their 
results persist when they analyze the 
data in different ways. For example, if 
there is a severe imbalance in allocation 
of patients with a particularly important 
prognostic factor, it may make sense to 
eliminate all patients with that factor and 
repeat the analyses. Unfortunately, even 
relative balance on a prognostic factor 
does not guarantee comparability. One 
reason is that administrative data and 
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registries tend to use fairly simple cat- again found to be older and sicker. How- studies is illustrated by the example of 
egories, such as whether a disease is or ever, in a multivariate analysis, the ad- open prostatectomy. (Unfortunately, the 
is not present. Yet, the category "dis- justed excess risk of TURP diminished convenience of transurethral surgery, 
ease present" may be associated with a as the degree of detail on comorbidity together with deeply held beliefs about 
wide range of underlying dysfunction, was increased. Their best estimate was its safety, probably precludes ever 
and therefore equally variable progno- that TURP actually conferred no in- mounting a large-scale trial comparing 
sis. Patients with chronic lung disease or creased risk relative to open prostatec- transurethral and open prostatectomy.) 
chronic heart failure, for instance, can tomy. Unfortunately, owing to the small Finally, if the outcomes of interest 
vary from mild to severe, with very dif- sample size, their results were very im- are very rare, such as unusual idiosyn-
ferent prognostic implications. Thus, ap- precise, with 95% confidence limits rang- cratic side effects of a drug, researchers 
parent balance on the proportion of pa- ing from much increased to much re- can only obtain adequate sample sizes 
tients with these diagnoses can mask a duced risk with TURP (eg, from 0.57 to through use of administrative databases. 
situation in which one group has many 1.87). Thus, the Yale study highlights There are other situations in which 
more severely affected patients than the the issue of noncomparability and se- randomization is not feasible, such as 
other. This is even true for advanced age lection biases, but does not rule out looking for systematic variations in out-
as a prognostic factor, since elderly per- harms of the magnitude demonstrated comes of similar procedures provided 
sons may vary considerably in their over- by the Danish investigators. Moreover, by different practitioners or institutions 
all robustness. the study provides data on outcomes for ("who" or "where" rather than "what"; 

Because of this problem, a useful only a single city; the results may not be see Table 2). It is untenable to assume 
double-check in any outcomes compari- generalizable. that all hospitals or providers practice 
son is to ensure that the findings are equally well and observational outcomes 
replicable within a relatively low-risk CONCLUSIONS AND RESOLUTION comparisons have a role in assessing 
subgroup of the patients being exam- Given the limitations of observational quality of care. This is especially appli-
ined. By eliminating patients in catego- studies oflarge databases, can we better cable for some well-defined services (eg, 
ries associated with widely varying define the role of this sort of health ser- coronary artery bypass grafting) where 
physiological states, we increase the like- vices research? Observational studies do there are validated risk-adjustment al-
lihood of a "level playing field" for com- remain important in the generation of gorithms17

-
20 and dedicated registries to 

parisons. hypotheses about causal pathways from measure risk factors and outcomes, so 
How do our two studies of prostate a pathophysiological standpoint. More- that these comparisons are probably 

surgery measure up in this regard? over, once randomized trials have helped meaningful. In general, however, poten-
Andersen et a]l considered patients' ages define what treatments are likely to work tial harm to patients from poor quality 
at surgery, but relied only on diagnoses best for your patients, observational out- care must be weighed against the harm 
coded in the computerized hospital comes studies generate information about to skilled health workers and fine insti-
records as indicating compromised what happens when these practices are tutions caused by poorly founded infer-
health status. Even with these limited used in the real world as opposed to the ences about inferior outcomes. 
data, fewer open prostatectomy patients selected populations of patients and prac- Given the relatively weak inferences 
had high-risk diagnoses. They were also titioners participating in randomized tri- possible from most observational stud-
younger and had less heart disease and als. This information deepens our under- ies of outcomes, alternative strategies 
cancer. In a multivariate analysis to standing of practical effectiveness as for ensuring the quality of medical care 
try to adjust for these differences, it did opposed to theoretical efficacy, and may should always be considered. For some 
appear that TURP continued to confer add new insights since trials do not al- processes of care (though certainly not 
a 30% to 40% relative increase in the ways measure all the outcomes of inter- all, as we caution in the next article in 
risk of death over several years of follow- est to patients and physicians. this series), we can accurately document 
up. Extensive sensitivity analyses were However, this complementary or sup- what went on and make confident judg-
performed, including a specific exami- plementary role of large-scale observa- ments about its appropriateness. For 
nation oflow-risk patients (described as tional studies departs sharply from us- example, randomized trials show that 
"healthiest men"). Although low-risk pa- ing administrative data or clinical preoperative antibiotic and antithrom-
tients also showed an excess risk with registries to decide which specific man- botic prophylaxis improves patients' out-
TURP, the relative magnitude of the agement strategies will yield better out- comes after various surgical procedures. 
increased risk of death was smaller for comes: eg, surgery vs medical, invasive Systematically omitting these treat-
low-risk patients than for high-risk pa- vs noninvasive, different surgical pro- ments puts patients at risk and indi-
tients. As Andersen et aJi stated: "The cedures, and so on. To determine the cates a need for practitioners and insti-
extent to which this difference is attrib- relative merits of treatments, random- tutions to improve their quality of care. 
utable to the surgical intervention itself ized trials are usually possible and pref- We suggest that in most instances it is 
remains an open question. The two erable given the unavoidable biases of most efficient to use randomized trials 
groups of patients are quite different observational studies. or meta-analyses of trials to establish 
with regard to age and preoperative Do observational studies have any role optimal management strategies, and 
health status, and available data may at all in choosing best practices? Ran- then assess if quality of care is main-
not be sufficient to control such differ- domized trials are expensive and diffi- tained by monitoring the process of care 
ences through statistical analysis." cult to conduct and cannot be under- to ensure that well-proven practices are 

Concato et al2 used chart review meth- taken for all the clinical questions in consistently applied to eligible patients_ 
ods with a detailed and systematic ab- which practitioners are interested. Ob- What, then, of your patient? Perhaps 
straction of information related to health servational studies may identify situa- predictably, given what we know about 
status based on inpatient and ambula- tions in which one therapy appears so the limitations of observational studies, 
tory care records. They carefully con- much better than an alternative that your exploration has been inconclusive. 
firmed that two reviewers independently bias would be a very unlikely explana- Indeed, had you used MEDLINE on 
agreed on patients' health status assess- tion for the difference. As well, the hy- CD-ROM for the years prior to 1990, 
ments.PatientsintheTURPgroupwere pothesis-generatingroleofobservational the relevant literature would not have 
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moved you much further. Related 
work21

,22 on increased mortality after 
TURP as opposed to open prostatec­
tomy has incorporated extra detail on 
differences among patients drawn from 
chart reviews and failed to eliminate the 
excess mortality seen with TURP; how­
ever, the adjustments were arguably 
less detailed than those used by Con­
cato et al.2 One very small randomized 
trial has also shown a trend to excess 
mortality with TURP.23 On the other 
hand, there has been no definitive trial 
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CLINICAL SCENARIO 
You are a physician following a 35-

year-old man who has had active Crohn 
disease for 8 years. The symptoms were 
severe enough to require resectional sur­
gery 4 years ago, and despite treatment 
with sulfasalazine and metronidazole, the 
patient has had active disease requiring 
oral steroids for the last 2 years. Re­
peated attempts to decrease the pred­
nisone have failed, and the patient has 
required doses of greater than 15 mg 
per day to control symptoms. You are 
impressed by both the methods and re­
sults of a recent article I documenting 
that such patients benefit from oral 
methotrexate and suggest to the patient 
that he consider this medication. When 
you explain some ofthe risks of metho­
trexate, particularly potential liver tox­
icity, the patient is hesitant. How much 
better, he asks, am I likely to feel while 
taking this medication? 

INTRODUCTION 
There are 3 reasons we offer treat­

ment to our patients. We believe our 
interventions increase longevity, pre-

vent future morbidity, or make patients 
feel better. The first 2 of these 3 end 
points are relatively easy to measure. 
At least in part because of difficulty in 
measurement, clinicians have for many 
years been ready to substitute physi­
ological or laboratory tests for the di­
rect measurement of the third. In the 
last 20 years, however, clinicians have 
recognized the importance of direct mea­
surement of how people are feeling and 
how they are able to function in daily 
activities. Investigators have developed 
increasingly sophisticated methods of 
making these measurements. 

Since, as clinicians, we are most in­
terested in aspects oflife quality directly 
related to health rather than issues such 
as finances or the quality of the envi­
ronment, we frequently refer to mea­
surements of how people are feeling as 
health-related quality of life (HRQL).2 
Investigators measure HRQL using 
questionnaires that typically include 
questions about how patients are feeling 
or what they are experiencing associ­
ated with response options such as yes or 
no, 7-point scales, or visual analogue 
scales. Investigators aggregate responses 
to these questions into domains or di-

From the Departments of Clinical Epidemiology and mensions (such as physical or emotional 
Biostatistics {Drs Guyatt and Cook and MsJuniper)and function) that yield an overall score. 
Medicine (Drs Guyatt. Heyland. Jaeschke. and Cook). C 
McMaster University . Hamilton. Ontario. and the Insti- ontroversy exists concerning the 
tute for Clinical Evaluative Sciences and the Clinical boundaries of HRQL and the extent to 
Epidemiology Unil. Sunnybrook Health Science Cen- which individual patient's values must 
tre. University of Toronto. Toronto. Ontario (Dr Naylor). be included in its measurement.3-5 Is it 

The original list of members (with affiliations) ap-
pears in the first article of this series (JAMA. 1993;270: sufficient to know that patients with 
2093-2095). A list of new members appears in the 10th chronic obstructive lung disease in gen-
article of the series (JAMA. 1996;275:1435-1439). The eral value being able to climb stairs with-
following members contributed to this article: Paul 
Glasziou. MB. PhD; Virginia Moyer. MD. MPH ; and Pe- out getting short of breath, or does one 

how the relative values of items and 
domains need to be established and how 
these values should be determined. Is it 
enough to know that both dyspnea and 
fatigue are important to people with lung 
disease, or does one need to establish 
their relative importance? If establish­
ing their relative importance is neces­
sary, which of the many available ap­
proaches should one use? 

In this article, we take a simple ap­
proach. We use HRQL to refer to the 
health aspects of their lives that people, 
in general, value, and we are ready to 
accept patients' statement of what they 
value without precise determination of 
ranking of items or domains. 

Clinicians often have limited familiar­
ity with methods of measuring how 
patients feel. At the same time, they are 
facing articles that recommend admin­
istering or withholding treatment on 
the basis of its impact on patients' 
well-being. This Users' Guide is de­
signed for clinicians asking the ques­
tion: Will this treatment make my pa­
tient feel better? As in other guides, we 
will use the framework of the validity of 
the methods, interpretation of the re­
sults, and application of the results to 
one's patients (Table). In addition, we 
begin the guide with a commentary on 
when one should and should not be 
concerned about HRQL measurement. 
Our guidelines borrow heavily from our 
previous work.2,5 While this article fo­
cuses on using HRQL measures to help 
with treatment decisions, we hope that 
it may also improve clinical care by 

ter Tugwell . MD. MSc. need to establish that the individual pa-
Reprints: Gordon H. Guyatt. MD. MSc. McMaster • I I . h d Users' Guides to the Medical Literature section edi-

University HealthSciences Centre. 1200 Main St W, tlent va ues c imbing stairs Wlt out ys- tor: Drummond Rennie. MD. Deputy Editor (West), 
Room 2C 12. Hamilton . OntariO. Canada LBN 3Z5. pnea? Further controversy exists about JAMA. 
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Guidelines for How to Use Articles About Health· 
Related Quality of Life (HRQl) 

Are the results valid? 
Primary guides 

Have the investigators measured aspects of 
patients' lives that patients consider 
important? 

Did the HRQL instruments work in the way they 
are supposed to? 

Secondary guides 
Are there important aspects of H RQL that have 

been omitted? 
II there were trade·olls between quality and 

quantity of life. or an economic evaluation, 
have the investigators used the right 
measures? 

What were the results? 
What was the magnitude of ellect on HRQL? 

Will the results help me in caring 
for my patients? 

Will the information from the study help me 
inform my patients? 

Did the study design simulate clinical practice? 

emphasizing aspects of patients' expe­
rience, including functional, emotional, 
and social limitations, which clinicians 
sometimes neglect. 

DO YOU NEED TO WORRY 
ABOUTHRQL? 

A patient's own preferences expressed 
through an advance directive may sup­
port this view. 

When the goal of treatment is to im­
prove how people are feeling (rather than 
to prolong their lives) and physiological 
correlates of patients' experience are lack­
ing, HRQL measurement is imperative. 
For example, we would pay little atten­
tion to studies of antidepressants that 
failed to measure patients' mood, or trials 
of antimigraine medication that failed to 
measure pain. 

The difficult decisions occur when the 
relation between physiologic or labora­
tory measures and HRQL outcomes is 
uncertain. Practitioners have relied on 
substitute end points not because they 
weren't interested in making patients 
feel better, but because they assumed a 
strong link between physiologic mea-

disease despite at least 3 months of pred­
nisone therapy.l Patients who received 
methotrexate were twice as likely to be 
in clinical remission following 16 weeks of 
treatment than those who received pla­
cebo (39.4% vs 19.1%, P=.02), and ac­
ti vely treated patients received less pred­
nisone and showed less disease activity. 
Is additional information regarding HRQL 
necessary to interpret the results of this 
stUdy? As depicted in the scenario, the 
decision to give methotrexate depends on 
weighing the benefits and risks, and the 
patient's question about how much bet­
ter he is likely to feel with medication may 
well be relevant to his decision. Without 
information about the effect of the medi­
cation on HRQL, therefore, neither the 
clinician nor the patient can make a fully 
informed choice. 

surements and patients' well-being. A ARE THE RESULTS VALID? 
recent trial in patients with symptom­
atic postmenopausal osteoporosis exam- Primary Guides 
ined the effect of sodium fluoride on bone Have the Investigators Measured As-
density and vertebral fractures.1O The peets of Patients' Lives That Patients 
investigators believed that increased Consider Irnportant?-We have de-

In the early days of clinical trials, few bone mass and fewer vertebral fractures scribed how investigators often substi-
if any treatment studies included mea- would lead to decreased pain and in- tute end points that make intuitive sense 
surements of HRQL, and no one worried creased function. Does their failure to to them for those that patients value. Cli-
much. When should you be concerned if measure the effect of treatment on ar- nicians can recognize these situations by 
investigators have not paid adequate at- eas of unequivocal importance to pa- asking themselves the question: If the 
tention to how patients feel? tients, including pain, physical function, end points measured by the investiga-

In general, delaying mortality is suf- and household and leisure activities,!! tors were the only thing that changed, 
ficient reason to administer a treatment. affect the clinical message of the results? would patients be willing to take the treat-
Some years ago, investigators showed Similarly, investigators measuring the ment? In addition to change in clinical or 
that around-the-clock oxygen therapy effects of antianginal medication have physiologic variables, patients would re-
for patients with severe chronic airflow often been satisfied with increased du- quire that they feel better or live longer. 
limitation improved mortality. 6 The fact ration of exercise on the treadmill with- How can clinicians be secure that in-
that HRQL data weren't reported in out direct measurement of decreased vestigators have measured aspects of 
the original article turns out not to be an symptoms or increase in activity in day- life that patients value? Investigators 
important omission. Since the interven- to-day life. Are we ready to prescribe may show that the outcomes they have 
tion prolongs life, our enthusiasm for medication on the basis ofincreased labo- measured are important to patients by 
continuous oxygen administration is not ratory exercise capacity? asking them directly. For example, in a 
blunted by a subsequent report suggest- Bone density, vertebral fractures, and study examining HRQL in patients with 
ing that more intensive oxygen therapy exercise capacity, or similar measures chronic airflow limitation, we used a lit-
had little 01' no impact on HRQL.7 Simi- such as joint count, ejection fraction, or erature review and interviews with cli-
larly, while feeling better is important pulmonary function, are surrogate end nicians and patients to identify 123 items 
to patients with heart failure, when in- points for what we really want to mea- reflecting possible ways their illness 
terventions either extend8 or shortenO sure: the effect of treatment on our pa- might affect patients' HRQL.!8 We then 
life span, we usually do not need an tients' lives. Whether these surrogate asked 100 patients which of the items 
HRQL assessment to inform our clinical measures are adequate depends on how were problems for them and how im-
decisions. confident we are of the link with how portant those items were. We found that 

There are exceptions to this rule. people feel. When this issue has been in- the most important problem areas for 
While many of our life-prolonging treat- vestigated empirically, the relation be- patien ts were their dyspnea during day-
ments have a negligible impact on or tween physiologic and clinical measures to-day activities and their chronic fa-
actually improve HRQL, this is not al- and patients' symptoms is usually mod- tigue. An additional area of difficulty 
ways the case. If treatment leads to a est and often highly variable.2.!7 Though was emotional function, including feel-
deterioration in HRQL, patients may these findings lead us to recommend cau- ing frustrated and impatient. 
be concerned that small gains in life span tion in assuming that improvement in If the authors don't present direct evi-
come at too high a cost. Interventions physiologic or clinical function will result dence that their outcome measures are 
that highlight this concern include che- in patients feeling better, each clinician important to patients, they may cite prior 
motherapy for cancer and human im- (and, when appropriate, the patient) must work. For example, a randomized trial of 
munodeficiency virus disease. In the ex- decide on her own threshold. respiratory rehabilitation in patients with 
treme, life may be prolonged, but Referring to the opening scenario, in- chronic lung disease used an HRQL mea-
patients' families may wonder if, for ex- vestigators reported the results of a ran- sure based on the responses of patients in 
ample, their fate is a persistent vegeta- domized trial of methotrexate in 141 pa- the study we've described above and re-
tive state, they are not better off dead. tients with chronically active Crohn ferred to that study.!9 Ideally, the report 
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· will include a summary of the develop- eryone gets the same score, we can't tell what it is intended to measure. The ab-
mental process sufficiently detailed to ob- who is better off and who is worse of£), sence of a reference or criterion stan-
viate the need to go back to the prior and the noise comes from variability dard for HRQL creates a challenge for 
report. within subjects (if patients' scores fluc- anyone hoping to measure how patients 

Alternatively, investigators may de- tuate wildly, we're not going to be able are feeling. We can be more confident 
scribe the content of their measures in to say much about their relative well- that an instrument is doing its job if it 
detail. An adequate description of the being).23 The technical term usually used appears targeted to the right problems 
content of a questionnaire allows clini- for the ratio of variability between pa- (the technical term for this is face va-
cians to use their experience to decide tients to the total variability is reliabil- lidity). Empirical evidence that it mea-
whether what is being measured is im- ity. sures the domains of interest will also 
portant to patients. For instance, the Instruments used to evaluate change help. 
authors of an article describing a ran- over time must, in contrast, be able to To provide such evidence, investiga-
domized trial of surgery vs watchful pick up any important changes in the tors have borrowed validation strate-
waiting for benign prostatic hyperpla- way patients are feeling, even if those gies from psychologists who have for 
sia "assessed the degree to which uri- changes are small. Thus, the signal comes many years had to decide whether ques-
nary difficulties bothered the patients from the difference in score in patients tionnaires assessing intelligence, atti-
or interfered with their activities of daily who have improved or deteriorated, and tudes, and emotional function were re-
living, sexual function, social activities, the noise from the variability in score in ally measuring what is intended. 
and general well-being."20 Few would patients who have not changed. The term Investigators interested in attitudes 
doubt the importance of these items. we use for the ability to detect change may show apparent differences between 

In the study of methotrexate for pa- (the ratio of signal to noise over time) is individuals that really reflect variabil-
tients with inflammatory bowel disease responsiveness. ity in the tendency to provide socially 
(lBD), the patients completed the In- An unresponsive instrument can re- acceptable answers rather than differ-
flammatory Bowel Disease Question- suIt in a false-negative trial in which the . ences in underlying attitudes; investi-
naire (IBDQ), which addresses patients' intervention improves how patients feel, gators may demonstrate apparent ef-
bowel function, emotional function, sys- and yet the instrument fails to detect fects of rehabilitation on HRQL, but may 
temic symptoms, and social function. Al- the improvement. This problem may be really be detecting differences in satis-
though the authors don't mention this in particularly salient for questionnaires faction with care. In either case, the 
their article, the 32 items in the IBDQ that have the advantage of covering all instrument would be detecting a signal, 
were chosen because patients with IBD relevant areas of HRQL, but the disad- but it would be the wrong signal. 
labeled them as the most important in vantage of covering each area superfi- Establishing validity therefore in-
their daily lives.21 cially. A crude instrument such as thevolves examining the logical relation-

Did the HRQL Instruments Work in NYHA functional classification (with ships that should exist between mea-
the Way They Are Supposed to?-Mea- only 4 categories) may work well for sures. For example, we would expect 
suring how people are feeling is not easy. stratifying patients, but may not be able that, in general, patients with lower 
Investigators must demonstrate that to detect small but important improve- treadmill exercise capacity will have 
their instruments allow strong infer- ment with treatment. more dyspnea in daily life than those 
ences about the effect of treatment on In studies that show no difference in with higher exercise capacity, and we 
HRQL. We will now review how an change in HRQL when patients receive would expect to see substantial corre-
HRQL measure should perform (we call a treatment vs a control intervention, lations between a new measure of emo-
the way it performs its measurement clinicians should look for evidence that tional function and existing emotional 
properties) if it is going to be useful. the instruments have been able to de- function questionnaires. When we are 

Signal and Noise.-There are 2 dis- tect small or medium-sized effects in interested in evaluating change over 
tinct ways in which investigators use previous investigations. In the absence time, we examine correlations of change 
HRQL instruments. They may wish to of this evidence, instrument unrespon- scores: patients who deteriorate on their 
help clinicians distinguish between siveness becomes a plausible reason for treadmill exercise capacity should, in 
people who have a better or worse the failure to detect differences in general, show increases in dyspnea, 
HRQL, or to measure whether people HRQL. For example, a randomized trial while those whose exercise capacity im-
are feeling better or worse over time.22 ofadiabeticeducationprogramreported proves should experience less dyspnea; 
For instance, suppose a trial of a new no changes in 2 measures of well-being a new emotional function measure should 
drug for patients with heart failure and attributed the result to, among other show improvement in patients who im-
shows that it works best in patients with factors, lack of integration of the pro- prove on existing measures of emotional 
the New York Heart Association gram with standard therapy.24 Given that function. The technical term for this pro-
(NYHA) functional classification class the program improved knowledge and cess is testing an instrument's construct 
IV symptoms. We could use the NYHA self-care and patients felt less depen- validity. 
class for 2 purposes. One would be to dent on physicians, another explanation Clinicians should look for evidence of 
discriminate between patients as to their is inadequate responsiveness of the 2 the validity of HRQL measures used in 
NYHA class in deciding who to treat. HRQL measures. clinical studies. Reports of randomized 
We might also want to determine In the trial of methotrexate in Crohn trials using HRQL measures seldom re-
whether the drug was effective in im- disease, concern about responsiveness view evidence for the validity of the 
proving an individual patient's functional decreases because the study showed sta- instruments they use, but clinicians can 
status and therefore monitor changes in tistically significant differences between gain some reassurance from statements 
patients' NYHA functional class. treatment and control groups. As it turns (backed by citations) that the question-

While for both purposes we require a out, the IBDQ had detected small to naires have been previously validated. 
high ratio of signal to noise, when we medium-sized differences in previous in- In the absence of evident face validity 
are discriminating between people at a vestigations.21 .25.26 or empirical evidence of validity, clini-
single point in time, the signal comes Validity.-Validity has to do with cians are entitled to skepticism about 
from differences between patients (if ev- whether the instrument is measuring the study's measurement of HRQL. 
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In the methotrexate in IBD study, 
the investigators refer to the IEDQ as 
"previously validated" and provide 2 rel­
evant citations.21 ,25 These articles de­
scribe extensive validation of the ques­
tionnaire, including correlations of 
change that document the instrument's 
usefulness for measuring change over 
time, 

Secondary Guides 

self-care, and physical, emotional, and so­
cial function). There are a number of well­
established health profiles, including the 
Sickness Impact Profile33 and the short 
forms of the instruments used in the Medi­
cal Outcomes Study14,35 that have advan­
tages of simplicity, self-administration, and 
the ability to put changes in specific func­
tions in the context of overall HRQL. In­
evitably, such instruments cover each area 
superficially. This may limit their respon-

Are There Important Aspects of siveness-indeed, several randomized tri-
HRQL That Have Been Omitted?-In- als have found that generic instruments 
vestigators may have addressed HRQL were less powerful in detecting treatment 
issues, but have not done so compre- effects than specific instruments.19,36-40 

hensively, Exhaustive measurement Ironically, generic instruments may also 
may be more or less important in a par- suffer from not being sufficiently compre-
ticular context, One can think of a hi- hensive: they may completely omit pa-
erarchy that begins with symptoms, tients' primary symptoms. 
moves on to the functional consequences Disease-specific measures may com-
of the symptoms, and ends with more prehensively sample all aspects ofHRQL 
complex elements such as emotional relevant to a specific illness and also be 
function. If, as a clinician, you believe responsive, but they are unlikely to deal 
your patient's sole interest is in whether with adverse effects, For instance, the 
a treatment relieves the primary symp- IBDQ measures all important disease-
toms and most important functionallimi- specific areas ofHRQL, including symp-
tations, you will be satisfied with a lim- toms directly related to the primary 
ited range of assessment. Recent bowel disturbance, systemic symptoms, 
randomized trials in patients with mi- and emotional and social function. Co-
graine27,28 and postherpetic neuralgia29 incidentally, it measures some metho-
restricted themselves primarily to the trexate adverse effects, including nau-
measurement of pain; studies of patients sea and lethargy, because these are also 
with rheumatoid arthritis30,31 and back experienced by patients with lED not 
pain32 measured pain and physical func- taking methotrexate, but not other ad-
tion, but not emotional or social func- verse effects such as rash or mouth ul-
tion. cers. The investigators could have ad-

As a clinician, you can judge whether ministered a generic instrument to tap 
or not these omissions are important to in to non-lED-related aspects ofHRQL, 
you or, more importantly, your patients. but once again would likely have failed 
We would encourage you, however, to to measure adverse effects in sufficient 
bear in mind the broader impact of dis- detaiL Adverse effect-specific instru-
ease on patients' lives. Disease-specific ments are limited; the investigators 
measures that explore the full range of chose a checklist approach and docu-
patients' problems and experience re- mented the frequency of occurrence of 
mind us of domains we might otherwise adverse events both severe and not se-
forget. We can trust these measures to vere enough to warrant discontinuation 
be comprehensive if the developers have of treatment. 

quire sophisticated weighting for patient 
preferences, and necessitate relating 
health states to anchors of death and full 
health. Such measures may aid policy­
makers in making the right decisions 
about how public money is allocated. 

Measm'es that provide a single num­
ber . that summarizes all of HRQL are 
preference or value weighted, and have 
the preferences or values anchored to 
death and full health are called utility 
measures. Typically, utility measures use 
a scale from 0 (death) to 1.0 (full health) 
to summarize HRQL. Since they weight 
the duration of life according to its qual­
ity, their output is often called quality­
adjusted life years (QAL Y s). Thus, utili­
ties are holistic measures that ask patients 
to express, in a single value, their 
strengths of preferences for particular 
health states. 

Boyle and colleagues,41 in a classic ar­
ticle, used a utility measure to calculate 
that treating critically ill infants weigh­
ing 1000 to 1499 g at birth cost $3200 per 
QAL Y gained, while treating infants 
with a birth weight of 500 to 999 g cost 
$22400 per QAL Y gained.41 Estimates 
for the cost per QAL Y for treating pa­
tients receiving renal dialysis have 
ranged from approximately $30000 to 
$50000.42.43 While different weighting 
schemes yield different results and may 
therefore be considered arbitrary, a 
number of increasingly simple utility 
measures are now available, have pro­
vided interesting results in clinical tri­
als, and may facilitate integrating cost 
into policy decisions. However, the use, 
measurement, and interpretation of uti!­
ity measures remain controversial.44 The 
investigators in the methotrexate trial 
did not use a health profile or a utility 
measure, thus limiting use of the data 
for comparisons across disease states 
and preventing a formal economic analy­
sis. 

conducted a detailed survey of patients If There Were Trade-offs Between 
suffering from the illness or condition. Quality and Quantity of Life, or an Eco- What Were the Results? 

If you are interested in going beyond nomic Evaluation, Have the Investiga- What Was the Magnitude of Effect 
the specific illness and comparing the tors Used the Right Measures?-While on HRQL?-Understanding the results 
impact of treatments on HRQL across providing information about the broad ofa trial involving HRQL involves special 
diseases or conditions, you will require domains of HRQL and therefore allow- challenges, Patients with acute back pain 
a more comprehensive assessment. None ing comparisons across conditions, health who were prescribed bed rest had mean 
ofthe disease-specific, system- or organ- profiles are ill-suited for health policy de- scores on the Owestry Back-Disability In-
specific, function-specific (such as instru- cisions that involve integrating costs. dex, a measure that focuses on disease-
ments that examine sleep or sexual func- Health policy decisions require choices specific functional status, 3.9 points worse 
tion), or problem-specific (such as pain) about resource allocation across diseases, than control patients.32 Patients with se-
measures are adequate for comparisons conditions, or medical problems, and also vere rheumatoid arthritis allocated to cy-
across conditions. These comparisons re- involve considerations of cost. These closporine had a mean disability score 0.28 
quire generic measures designed for ad- choices require standardized comparisons unit better than control patients.30 Are 
ministration to people with any under- that allow one to relate the impact of very these differences trivial, small but impor-
lying health problem (or no problem at different treatments (such as drugs, sur- tant, of moderate magnitude, or do they 
all) that cover all relevant areas of gery, or rehabilitation programs) on very constitute large and extremely important 
HRQL. different conditions (such as chronic lung differences between treatments? 

One type of generic measure, health disease, renal failure, or Parkinson dis- These examples show that the inter-
profiles, yields scores for all domains of ease). Inevitably, they involve putting a pretability of most HRQL measures is 
HRQL (including, for example, mobility, value on health states and may thus re- not self-evident. There are a number of 
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methods available for understanding the 
magnitude of HRQL effects. Investiga­
tors may relate changes in HRQL ques­
tionnaire score to well-known functional 
measures (such as. the NYHA functional 
classification), to clinical diagnosis (such 
as the change in score needed to move 
people in or out of the diagnostic cat­
egory of depression), or to the impact of 
major life events.45 They may relate 
changes in HRQL score to patients' glo­
bal ratings of the magnitude of change 
they have experienced,46 or to the extent 
they rate themselves as better or worse 
than other patients.47 Whatever the strat­
egy, if investigators don't provide an in­
dication of how to interpret changes in 
HRQL score, the findings are of limited 
use to clinicians. 

Even if we did know that 3.9 points on 
the Owestry Back-Disability Index or 
0.28 unit on a rheumatoid arthritis dis­
ability index signified, for instance, small 
but important changes, mean differences 
between groups may be difficult to in­
terpret. Clinicians may find the propor­
tion of patients who achieved small, me­
dium, and large gains due to treatment 
more informative. 

The investigators who conducted the 
trial of methotrexate for Crohn disease 
do not help clinicians interpret the mag­
nitude of difference in HRQL. The mean 
difference in IBDQ score between treat­
ment and control groups at 16 weeks 
was 0.59. Other investigations suggest 
that differences of approximately 0.5 
may represent small but important 
changes, while large improvements cor­
respond to a difference in score of greater 
than 1.0.46

-49 Thus, the mean difference 
between treated and control patients in 
the methotrexate study likely falls into 
the category of small but important 
change in HRQL. 

emotional function, 78% feel frustrated 
and 76% feel depressed. The patients 
who experienced these difficulties vary 
in the extent to which they felt the 
problems were important. Thinking 
back to the scenario, before answering 
the question about how the treatment 
would affect the patient's life, the clini­
cian would have to find out the problems 
the patient was currently experiencing, 

importance to most patients should in­
creasingly help guide our clinical deci-
sions. 

We acknowledge a useful review of the manu­
script by Brian Feagan, MD, who reassured us we 
were on the right track with our scenario. We offer 
special thanks to Deborah Maddock who has pro­
vided outstanding administrative support and co­
ordination for the activities of the Evidence-Based 
Medicine Working Group. 
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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 interrrist on the staff 
of a large community hospital. Your chief 
of medicine knows of your 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 of streptokinase 
or tissue-type plasminogen activator (t­
P A) in the treatment of acute myocardial 
infarction (AMI). Members of the com­
mittee have been arguing for weeks about 
the Global Utlization of Streptokinase and 
Tissue Plasminogen Activator for Oc­
cluded Coronary Arteries (GUSTO) triaJl 
and whether the added expense oft-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
mittee meeting 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. 

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 aHiliations) 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 LaN 3Z5. 

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" (11 099 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
cal policy for an institution ("Should strep­
tokinase or top A be recommended rou­
tinely for patients with an AMI who 
present to our hospital?"), 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 in man­
aged care settings where, in essence, a 
fixed sum is available to provide care for 
enrollees. Thus, more and more, clini­
cians will 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 of clinical 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.6.6 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 analyseslO and 
practice guidelines,!! 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. 

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 

We will 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? 

are compared, this comparison would 
inform only the resource-use half of the 
decision and is termed a cost 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 wH\ 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 

Table 1.-Users' Guides for Economic Analysis of 
Clinical Practice 

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

comparison 01 heallh care strategies? 
Were the costs and outcomes properly measured 

and valued? 
Was appropriate allowance made lor uncertainties 

In the analysis? 
Are estimates 01 costs and outcomes related to the 

baseline risk in the treatment poputation? 
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? 

question being asked, but broader view- comparing streptokinase with t-PA, it 
points are most relevant to those con- would be wrong just to focus on the 
cerned about the overall allocation of relative costs of the drugs, which fall on 
health care resources.9 That is, an evalu- the pharmacy budget, if there are also 
ation adopting, for example, the view- impacts on the use of other hospital 
point of the hospital will be useful in resources. 
estimating the budgetary impact of al- The patient's perspective may also 
ternative therapies for that institution. merit specific consideration if costs (eg, 
However, economic evaluation is usu- in travel) reduce access to care. Also, 
ally directed at informing policy from a some patients may not be able to par-
broader societal perspective. ticipate in community care programs if 

For example, in an evaluation of an these impose major costs in terms of 
early discharge program, it is not suf- informal nursing support in the home. 
ficient to report only hospital costs, since In some countries, most notably the 
patients discharged early may consume United States, patients may also be re-
substantial resources in the community. sponsible for a sizable proportion of their 
These costs may not be borne by the health care bills. Many economic ana-
hospital, but are likely to impact on a lysts do not track all of these costs, 
third-party payer or the patient in some owing to the time and effort required. 
way or another. This was a limitation of However, the patient's perspective is 
the study by Topol et al,lfi which as- partially integrated into the analysis by 
sessed the feasibility and cost savings of measuring the outcomes oftherapy, such 
hospital discharge 3 days after AMI, as impact on quality of life. 
considering only hospital and profes- The way in which the articles by Mark 
sional charges. We have no knowledge et al2 and Kalish et aP handle these and 
of other community services consumed other key methodological issues is pre-
and whether these differed between sented in Table 2. Mark et aJ2 point out 
early discharge and conventional dis- the importance of considering a broad, 
charge patients. societal viewpoint, whereas Kalish et al3 

One of the main reasons for consid- do not discuss the issue. In practice, 
ering narrower viewpoints in conduct- both analyses concentrate on the iden-
ing an economic analysis is to assess the tification and quantification of direct 
impact of change on the main budget medical care costs, both inside and out-
holders, since budgets or payments may side the hospital. The reasons for ex-
need to be adjusted before a new therapy elusion of other cost items, such as pa-
can be adopted. This is particularly true tients' costs, are not explicitly discussed, 
in countries like the United States, but may relate to the practical problems 
where resource-allocating decisions are of data collection. 
made in a decentralized way by a range The breadth of outcomes considered 
of actors rather than a health ministry. varies according to the type of economic 
Weisbrod et aJl6 pointed out that while analysis. In cost-effectiveness analyses 
a community-oriented mental illness pro- the health outcomes are not valued, but 
gram was worthwhile from the perspec- reported in physical units such as life 
tive of society as a whole, it would be years gained or cases successfully 
more costly to the organization respon- treated. In a variant of cost-effective-

Economic analyses compare 2 or more sible for providing the care. Even within ness analysis, sometimes called cost-util-
treatments, programs, or strategies. If the same institution, narrow budgetary ity analysis, outcomes of different types 
2 strategies are analyzed but only costs viewpoints can prevail. In our example are weighted to produce a composite 
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Table 2.-Key Methodological Features of the 2 Studies 

Feature 

Overall study design 

Viewpoint for analysis 

Alternatives compared 

Benefit measure(s) 

Source(s) of ef1ectiveness data 

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

Estimates of resource use 

Source(s) of cost data 

Discounting 

Sensitivity analysis 

Mark et ai' 

Cost·effectiveness and 
cost-utility analysis concurrent 
with clinical trial 

Societal 

t-PA or streptokinase for 
patients with acute myocardial 
infarction 

Life-years saved and 
quality-adjusted life-years 
saved 

GUSTO trial (l-y survival) and 
Duke Cardiovascular Disease 
Database (long-term survival) 

Sample of 2600 US patients 
enrolled in the GUSTO trial 

23 105 US patients enrolled in 
the GUSTO trial (for initial 
hospitalization); sample of 
2600 US patients (for 
resource use up to 1 y) 

Duke cost accounting system 
and Medicare DRG rates 

5% per year 

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

Kalish et at' 

Cost· utility analysis using a 
decision-analytic model 

Not stated 

t-PA or streptokinase for 
patients with acute myocardial 
Infarction 

Qualily-adjusted life·years saved 

GUSTO trial (l-y survival) and 
Worcester Heart Attack Study 
(Iong·term survival) 

GISSI-2 trial 

Brigham and Women's Hospital 
and the literature 

Brigham and Women's Hospital 
and the literature 

5% per year 

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 10 Studio della Sopravvivenza 
nell'tnfarto Miocardico; and DRG. diagnosis related group. 

inclusion of productivity 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 top A, 
and may not be appropriate. However, 
the exclusion oflost productivity could 
constitute another argument for throm­
bolysis over a treatment strategy of no 
thrombolysis. 

Were All 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 of maintaining 
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. 

index, such as the quality-adjusted life In the study by Mark et al,2 the pri- Thus, the interesting and more clini-
year (QAL y)12 or healthy years equiva- mary analysis was cost-effectiveness cally relevant questions often relate to 
lent.17 Quality adjustment involves plac- analysis, using the outcome years of life whether a given procedure should be 
ing a lower value on time spent with saved. The outcome in QAL Y s was con- applied selectively or routinely, whether 
impaired physical and emotional func- sidered in a secondary analysis. In the a treatment should be given to low-risk 
tion than time spent in full health. On a study by Kalish et a[3 the primary analy- patients as well as to high-risk patients, 
scale where 0 represents death and 1 sis used QAL Y s. In both cases the value or whether the dose of a drug should be 
represents full health, the greater the of states of health were obtained by the intensified. 
impairment, the lower the value of a time trade-off approach; that is, by ask- One difficulty faced by economic ana-
particular health state. These ap- ing patients how many years in their Iysts is that the comparisons they would 
proaches are particularly useful when current state of health they would be like to make are to some extent limited 
alternative treatments produce out- willing to give up to live their remaining by the availability of clinical data. A 
comes of different types, or when in- years in excellent health. Mark et aJ2 particular concern is the fact that clini-
creased survival is bought at the ex- obtained these values from patients in cal trials of many new medicines make 
pense of reduced quality of life. the GUSTO triall year after treatment. a comparison with placebo rather than 

Finally, in cost-benefit analyses, the Kalish et ala obtained them from a sub- another active therapy. This means that, 
health consequences are valued by ask- set of patients in the Gruppo Italiano often, economic analyses cannot be based 
ing health care consumers what they per 10 Studio della Sopravvivenza on either a particular clinical trial or an 
would be willing to pay for health ser- nell'Infarto Miocardico (GISSI-2) trial. overview of several trials. Rather, they 
vices that achieve combinations of out- Another type of consequence is the become integrative studies that, of ne-
comes of particular types. This has an impact that therapy may have on the cessity, employ a number of assump-
advantage in that it would be possible to patient's ability to work and hence her tions. Therefore, users of economic 
assess directly whether the interven- or his contribution to the nation's pro- analyses need to check on the methods 
tion is worthwhile to society, as all costs duction. These impacts are known as of the studies generating the clinical data 
and outcomes would be valued in the indirect costs and benefits in much of for the economic analysis and whether 
same units (usually dollars). However, the health economics literature, but this such studies are really comparable. They 
this approach may introduce a bias to- terminology is falling from favor as it is may be concerned if the clinical data 
ward interventions for the rich, if their at odds with the accounting use of the used in an economic evaluation came 
willingness to pay were higher than that term indirect costs, to mean overhead. from studies that enrolled patients of 
of the poor. Nevertheless, it is worth The issue of inclusion or exclusion of different baseline risk, or measured clini-
remembering that most ofthe methods productivity changes is a frequent topic cal outcomes in a slightly different way. 
of economic evaluation ultimately lead of debate. On one hand, these represent Both the articles by Mark et al2 and 
toward some type of social valuation, resource-use changes just like those oc- Kalish et al3 examine only the strategies 
such as how much we are willing to pay curring in the health care system. On compared in the GUSTO trial. This is 
to gain an extra year of life or an extra the other hand, production may not ac- reasonable because previous randomized 
QAL Y. Also, the QAL Y approach in- tually be lost if a worker is absent for a trials had shown that thrombolysis was 
troduces another kind of bias in favor of short period. Also, for longer periods both effective and cost-effective when 
those individuals with potentially more of absence, a previously unemployed compared with no treatment, so the is-
years to live in a good health state. worker may be employed. Furthermore, 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? 

tion compared misoprostol (400 Ikg and uncritical use of CD4 cell counts as a 
800 Ikg daily) with placebo in a double- surrogate end point for assessment of 
blind randomized controlled trial of 3 benefit from long-term antiviral therapy. 
months' duration. An important issue for Where long-term evidence is lacking, 
economic analysis was that ulcers pre- economists are in a quandary, particu-
vented by misoprostol may generate sav- larly where the treatment concerned is 
ings in health care expenditure, which already in use. Do they say nothing at 

Was Clinical Effectiveness Estab- could balance the cost of adding the drug. all, or undertake a modeling study that 
Iished? - To be valid, economic evalua- However, it was not possible to use the may help the decision maker understand 
tions require evidence on the effective- rates of ulcer observed in the trial for the likely range of cost-effectiveness out-
ness of the alternatives being compared. the economic analysis without adjust- comes? The same problem confronts the 
The standards for assessment of effec- ment. First, lesions were discovered by user of economic evaluation results . 
tiveness correspond to those discussed endoscopy, which was performed Should a decision be postponed until de-
in earlier guides in the series. Although monthly. Many of these ulcers would not finitive data are available, or should an 
evidence based on experiments, such as have come to the notice of the patient interim policy be formulated, pending 
that obtained from randomized trials, is or her physician in regular practice. Sec- further results? 
considered the best evidence for answer- ond, the compliance rate observed in the Of the 2 thrombolysis studies dis-
ing questions of therapy, economicevalu- trial was higher than that typically ob- cussed here, the one by Mark et al2 was 
ations are more valid if effectiveness served in patients taking NSAIDs. undertaken concurrently with the clini-
data reflect normal clinical practice as Therefore, Hillman and Bloom ad- cal trial, whereas that by Kalish et aP is 
closely as possible. Some economic evalu- justed the observed ulcer rates to re- a modeling study using the GUSTO trial 
ations are now being undertaken con- flect the fact that 40% of endoscopically results as its main source of clinical evi-
currently with randomized trials. Oth- determined lesions remain silent. They dence. Therefore, the cost-effectiveness 
ers are being based on systematic also adjusted for lower compliance by results are likely to be more similar than 
overviews of a number of trials. For using the ulcer rates in the evaluable co- in a situation, for example, where the 
example, Mugford et aIlS used data from hort and assuming that only 60% of this modeling study draws on clinical data 
a systematic overview of 58 controlled efficacy would be achieved in practice. from a number of different sources. 
trials to estimate the cost-effectiveness Sometimes the length of follow-up in The main methodological difference 
of giving prophylactic antibiotics rou- the clinical trial may be too short for the between the 2 studies is that the re-
tinely to reduce the incidence of wound purposes of economic evaluation, as this source consumption (eg, days in hospi-
infection after cesarean delivery. tends to use long-term end points such tal, number of outpatient visits) in the 

The decision about whether to base an as survival. The problem of length of study by Mark et al2 are those actually 
economic evaluation on results of a sing Ie follow-up is equally relevant for both observed during the trial. By contrast, 
trial, an overview of a number of trials, costs and benefits. In some cases an in- the estimates in the study by Kalish 
or a broader synthesis (in a modeling crease in length offollow-up in a clinical et aP are drawn from other sources, 
study) of trial and other evidence is not trial by a number of months may make although the probabilities of resource-
straightforward. In principle, all 3 ap- a lot of sense. For example, although it consuming events (eg, coronary artery 
proaches can be used. The considerations is common in trials of thrombolytic bypass surgery) are taken from the 
that guide the choice of approach in a therapy to record 30-day mortality, most GUSTO trial. 
given situation are as follows. major trials, such as the GUSTO study, Finally, it should be noted that by . 

An evaluation based on prospective incorporate I-year follow-up. using observational databases, both ar-
economic data collection alongside a In other fields, such as lowering cho- ticles extrapolated survival data beyond 
single methodologically rigorous trial has lesterol levels, data on final outcomes the 1 year observed in the trial. This 
high internal validity. However, the re- such as all-cause mortality may take reaffirms the point that, even when good 
suIts may not be widely generalizable years to obtain. Here modeling studies quality clinical data are available, mod-
(that is, they may have low external have been undertaken, making projec- eling is often necessary to conduct an 
validity) if the setting for the trial was tions oflong-term outcomes from short- economic evaluation. 
atypical, the protocol highly prescrip- term trial data relating to intermediate Were Costs Measured Accurately?-
tive, or compliance higher than one end points, such as percentage reduc- While the viewpoint determines the rel-
would expect in routine clinical prac- tion in cholesterol. Therefore, the prob- evant range of costs and outcomes to be 
tice. An evaluation based on an over- lem of short-term follow-up is com- included in an economic evaluation, there 
view of a number of trials is likely to be pounded by the use of an intermediate are many issues relating to their mea-
more precise, as the pooled estimate of end point. The wisdom of this approach surement and evaluation. First, it is use-
effectiveness will have a narrower con- depends on the validity of the hypoth- ful to report the physical quantities of 
fidence interval (el), and is likely to be esis linking intermediate and final out- resources consumed or released by the 
more widely generalizable because of a comes. In at least 1 case, projections treatments separately from their prices 
wider range of patients, practice set- based on short-term evidence turned out or unit costs. Not only does this allow us 
tings, and ways of administering the to be wrong. Schulman et aFI concluded to scrutinize the method of assigning 
intervention in several trials. that early use of zidovudine therapy in monetary values to resources, it also 

Sometimes data from trials require ad- asymptomatic individuals with human helps us to interpret the results of a 
justment when used in an economic analy- immunodeficiency virus infection was study from one setting to another, as 
sis. In their economic evaluation of mi- cost-effective based on projections of dis- prices are known to vary by location. 
soprostol, a drug for prophylaxis against ease progression from a clinical trial with Second, there are different approaches 
gastric ulcer in patients receiving long- l-yearfollow-up. However, a subsequent to valuing costs or cost savings. One 
term nonsteroidal anti-inflammatory study with 3-year follow-up showed that approach is to use published charges. 
drugs (NSAIDs), Hillman and Blooml9 the advantages of therapy in the first However, charges may differ from real 
used clinical data from a trial under- year were eroded in subsequent years.22 costs, depending on the sophistication 
taken by Graham et al.20 This evalua- The authors also called into question the of accounting systems and the relative 
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bargaining power of health care inRti­
tutions and third-party payers}2.1 Where 
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 aF 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,:!.' 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 aP 
used medication costs and Medicare 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?-When mak­
ing comparisons between alternatives in 
terms of cost per life year gained or cost 
per QAL Y 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 QAL Y 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 comparison made. The most relevant 
comparison is cun'ent care, which could 
include doing nothing where 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 ranking of options becomes 
quite complex.~(i 

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.l~ 
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.~j.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%. 

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

In addition, conducting economic 
evaluations concurrently with clinical tri­
als provides the opportunity to apply 
conventional tests of statistical signifi­
cance to the resource quantities or 
costS.29 Also, 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 of the 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 aJ2 use the 95% CI for the increase in 
I-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.3o 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 oflost 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-

Was Appropriate Allowance Made ber that economic evaluation is no more 
for Uncertainties in the Analysis? than an aid to decision making, since 

Uncertainty in economic evaluation there are often many difficult valuejudg-
can arise either from lack of precision in 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' 
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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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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

ticles ' concerning economic analysis of 
clinical practice that yom chief ofmedi­
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 t.he use of streptokinase and tissue­
type plasminogen activator Ct-P A) in the 
treatment of acute myocardial infarc­
tion (AMI). Yom 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) 
tria]2 of streptokinase vs t-P A by Mark 
et al,a and a decision-analytic model by 
Kalish et al.4 In the first article of tlus 
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H. Guyatt. MD. MSc (chair); Roman Jaeschke, MD, 
MSc; Deborah J. COok. MD, MSc; Hertzel Gerstein. 
MD, MSc; Stephen Waller. PhD; John Williams. Jr. MD. 
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2-part series we showed you how to 
evaluate the validity ofthe different eco­
nomic appraisal study methorls. In this 
article, we will Rhow 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 ",rill do so by 
applying the Users' Guides to economic 
analysis of clinical pract.ice 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 Lhat 
costs are the product of the quantity of 
a resource used and its unit price. These 
should include the CO!its incuITed to pro­
duce the treatment such as the physi­
cian's time, nurse's time, materials, and 
the like-what. we might term the 'lfP­
front costs, as well as the dO'Ulnstrrwm 
costs, which refer to resom'ces consumed 
in the ulture and are associated with clini­
cal events that are attribl1table to the 
therapy. The sludy by Mark et aP quan­
tifies reSOlU'ces 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 
gTOUpS 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 gl'OUlJS had the 
same rate of coronary artery bypass graft 

(CABG) surgery (13%) and l)P"'{'l1t'>~_1 
ous transluminal coronary 
(PTCA) (31%) on initial 
As summarized in Table 2, the 
health care costs, excluding the 
bolytic agent, were $24990 pel' 
treated with t-PA, and $24575 per 
tient treated \\rith stl'eptol{inase. Ai • 
clear from Table 2, the main eust 
ence between the 2 groups is the cost 
the thrombolytic drugs t.hemselves: SZ;,­
fol' t-P A and $320 for strept.okinase. 
overall difference in cost between 
tients treated with t-P A and 
treated with streptokinase is t.h f':I'f'fllre! 
om' incremental cost at $2845 over 
first year. This is discounted at 5% per 
year for a final figure of $2760. The l!lI­
thors argue that there is no cost difffl" 
ence between the 2 groups after 1 yez. 
These data for incremental costs fort-P:\ 
are very similar to those estimated b, 
Kalish et al," who found a difference r( 
$2535 in the use of t-P A to treal AM! III 
preference to streptokinase. 

The measure of effectiveness cho...pr. 
in the study by Mark et aP is the gain u: 
life expectancy associatel] wilh t-rA. 
The available follow-up experience w ' 
to 1 year, 'Arith 89.\)% smviving in th>' 
streptokinase group VB 91.1 % in thet-PA 
group (P< ,OOl). To translate these 01:' 
servations into life expectancy gains, t."", 
authors project survival curvet' for a~­
other 30 yeal"S or more using first a J.l­
year AMI survivorship database fn-,;; 

----~--------------------~---Users' GUIdes to the Medical Lilmatufe section 
tor: Drummond Rennie. MD. Deputy Editor IJI;;-" 
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CJitUcal PractJce 

"'the results valid? 
""Did the analysis provide a full economic comparison 

of heallh care strategies? 
ware the costs and outcomes properly measured 

I and vRlued? 

I 
was appropriate allowance made for uncertainties 

In the analysIs? 
I Ne estimates of costs and outcomes related to the 

I 
baseline risk in the treatment population? 
t were the results? 

~at were the incremental costs and outcomes of 
each strategy? 

'hD; 

:utane­
)pla..«ty 
ization. 
l-year 
throm­
patient 
per 1'3-
e. AA is 
t diffl'r-
~ eo:,'t of 
~:$2T'aO 
ase.The 
Teen ~ 
patientB 
herefore 
over the 
t 5% per 
. Theall­
,st differ­
~l' 1 year. 
sfort-P! 
mated by 
'erence d 
at AMIiB 

00 incremental costs and outcomes differ between 
subgroups? 

How much does allowance for uncertainty change 
the results? 

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

costs? 
could my patients expect similar heallh outcomes? 
COIJld I expoct similar costs? -

Duke University and then an assump­
tion thatl'emaining survivorship will fol­
, w a statistical distribution known as 
Gompertz. Having projected 2 survival 
arrves, the authors calculate the area 

each curve, which represents the 
expected value of survival time or life 

. For patients receivingt-P A, 
expectancy was 15.41 years and 15.27 

,tarS for patients receiving streptoki­
, . As stlmmar izer! in Table 2, the 
l!iference in life expectancy is 0.14 year 
: patient; or phrased another way, for 
.. ery 100 patients treated with t-P A in 

ference to streptokinase, we would 
ct to gain 14 years of life. 

In other situations, quantifying incre-
tal effectiveness may be more dif­

. t. Not all treatments change sur­
mal, and those that do not may affect 
Berent dimensions of health in many 

ys. For' example, drug treatment of 
!ylIlptomatic hypertension may result 
. hort-term health reductions from 

adverse effects, in exchange for 
expected health improve-

such as reduced J'isk of stl'Okes. 
that in our t-PA example the out­
is not unambiguously restricted to 

benefit because there is a small 
significant increased risk 

hemorrhagic stroke associ-
t-P A.2 The existence of trade­

different aspects of health, 
length of life vs quality of 

means that to arrive at a summary 
of net effectiveness, we must 

OJ' explicitly weight the "de­
of different out.comes rei a­

other. 
is a large and growing litera­

quantitative approaches for com­
mUltiple health outcomes into a 
metric using patient prefer­
F'oremost among current prac­
the construction of quality­
life-years (QAL Y s) as a meaSUl'e 

..... ·l:alntl1'·op the impact of therapies in 

Table 2.-Costs. Effects. and Cost-effectiveness Summary for Tissue-type Plasminogen Activator (t-PA) vs 
Streptokinase From Mark et at' 

Treatment Group Difference 
I Difference Discounted at 5% 

t-PA Streptokinase (t-PA-Streptoklnase) per Year 

Costs. in US$ 
Health care costs for I y 24990 24575 415 

(excluding thrombolytic)' 

Thrombolytic drug cost 2750 320 2430 

Total I-year cost 27740 24895 2845 2709.6 (=uC)t 

Effects 
Life expectancy. y 15.41 15.27 0.14 0.029 (dE)t 

Incremental cost-effectiveness uC/<l.E=$32678 per 
of t-PA tife year gained 

· Treatment groups assumed to have no cost differences beyond I year. 
tTllese discounted differences were not reported in tile article. but have been impuled. :I.e indicates incremental 

cost. and toE. incremental effect. Ratio differs due to rounding error. 

the 2 broad domains of sm"vival and qual­
ity of life. (QALYs were described in 
more detail earlier in this seriesy·7) For 
economic appraisal, the added attrac­
tion of the QAL Y is that it provides de­
cision makers with outcomes data that 
can be compared across diseases and 
treatments (eg, th.rombolytic therapy for 
AMI vs nonsteroidal anti-inflammatory 
drugs (NSAIDs] for arthritis) as well as 
within a given therapy area. However, 
the QAL Y approach is not without criti­
cism and some authors have proposed 
an alternat.ive preference-weighted out­
come measure known as heall.hy yea.rs 
equivalents.s 

Both cost-effectiveness i>tudies at­
tempt to apply utjJity weights to esti­
mate QAL Y s; the study by Mark et aP 
calculates QAL Y s as a secondary analy­
sis using preference weights measured 
in the trial, and the study by Kalish et 
al4 calculates QAL Y s as the primm'y 
outcome using values from the litera­
ture. Both studies conclude th.at, under 
plausible preference weights for nonfa­
tal outcomes, the overall cost-effective­
ness estimates are robust. 

In summm'y, both studies use the ef­
ficacy data from the GUSTO trial as 
their starting point to conclude that t-P A 
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 inl:re­
mental cost-effectiveness ratio fort-PA. 
This is illustrated using the data from 
the study by Mark et aP in Table 2. 
After discounting future costs and ef­
fects at 5% per year to reflect time pref­
erence (for the rationale, see Oll!' first 
article!), the difference (t-PA minus 
streptokinase) in cost pel' patient over 
the year (and by extension into the fu­
ture because they assume no cost dif­
ferences beyond 1 year) is $27ml.fiO, 
which is divided by the difference in life 
expectancy per patient (0.029) to yield a 
ratio of $32678 per year of life gained. 
A simple interpretation of t his ratio is 

that it is the "price" at which we arc 
buying additional years of life by llsing 
t-PAin preference to streptokinase; the 
lower this price, the more attractive is 
the use of t-P A. The study by Kalish et 
al4 reaches a similar incremental cost­
effectiveness ratio (with their adjusted 
denominator of QAL Y s and using the 
gO-day risk reduction GUSTO data) of 
$30300 pel' QAL Y. These are the main 
r esults of the studies; we will discURS 
their interpretation later in this m .. ticle . 

Do Incremental Costs and Outcomes 
Differ Between Subgroups? 

In an editorial accompanying the 
GUSTO economic analysis, LeeD stresses 
that "cost-effectiveness should focus on 
strategies, not drugs. The cost-effective­
ness of t-PA depends on how the dlUg 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 administration of t-P A; slower 
regimens of administration of the same 
ruug had previously shown no clinical ad­
vantage.!O The second point is that be­
cause some patients (eg, the elderly) have 
a greater prionisk of mortality, the t-P A 
treatment etl'ect willlilcely yield a ltigher 
absolute risk reduction in mOltality.~ 

This second point has impOltant im­
plications for cost-effectiveness as can 
be seen in Table 3, which presents cost 
pel' life-year estimates among 8 sub­
groups on Lhe basis ofinfarcLion site and 
patient age. Because the baseline risk of 
mortality in AMI varies by age and in­
farct site, the mortality benefit from 
treatment \vith t-PA also varies, and it 
is clear from Table :3 that t-P A is more 
cost-etl'ective in older patients with an­
terior infarcts. To tal,e the extreme 
cases, the cost per life-year gained in a 
person aged 40 years or younger with 
an inferior infarct is $203071, compared 
with a person aged 75 yeal's 01' older 
with an anterior infarct at only $13410 
pel' life-year gained. 

In reviewing these studies you decide 
that the vm'iation in yield per dollar ex-
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Table 3_-lncremental 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 Arleries (GUSTO) ' 

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

Inferior myocardial infarction 
Anterior myocardial infarction 

,;;40 

203071 
123 609 

41-60 

74816 
49877 

61-75 

27873 
20601 

I 
> 75 

16246 
13410 

' Data frolll Ihe GUSTO Investigators_' Table adapted from Mark at ai ' 

pended may have some impOlt,mt impli­

cations for your pharmacy and therapeu­

tics committee decision, because they wish 
to use top A only in selected patients. 

How Much Does Allowance 
for Uncertainty Change the Results? 

Both t-PA eost-effectiveness studies 

explore uncmtainty 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 descl'ibed in detail in the Usel's' 
Guides on decision analysis.G.?) 

A useful starting point fol' a sem;itiv­
ity analysis is to examine the impact of 

variation in the effectiveness measure 
on the cost-etIectiveness 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 
Mm-k et al,3 we know the t-PA treat­

ment effect was a 1.1 % increase in I-year 
sUl'vivorship with a 95% CI of O.4W,if, to 

1.74%. Applying this variation to the 
denominator of the incremental cost-ef­

fectiveness ratio, Mark et aP report a 

range of $71 089 per life-year gained to 

$18781 around their baseline estimate 

of $82678, 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 of mortality benefit. It 
should be noted, however, that this form 

of analysis only pm' tially 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.1I 

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 intel'pretation. The first 
issue is how incremental cost-effective­

ness ratios can be interpreted to help in 
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decision making, and the second issue is 

the extent to which the cost andlor 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 3 x 3 matrix has 9 cells to categorize 

studies depending on whether the new 

treatment is more, the same, or less costly 
than the control and whethel' it has more, 

the same, 01' 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 st rongly dominCLnt. For example, 

treatment to eradicate Helicobactol' PY­
lmi 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 
of ulcer over a l-year periud. 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 01' effectiveness is equivalent be­

tween the 2 therapies; category 8 indi­

cating weak dominance to accept the 
treatment (eq uivalent cost but better 

effectiveness) and category 4 indicating 

weak dominance to reject the treatment 

(greater cost \vith 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 a~sociated 

with no statistically significant 01' clini­
cally impOltant difference in either ef­
fectiveness 01' costs, although it should 

be noted that the process of implemen­
tation and change of programs \vill gen­
erate costs not captured in the analysis. 

Incremental 
Cost 01 

More 

Treatment Same 

Compared 
With Control 

Less 

Incremental 
Effectiveness Of 

Treatment COmPar 
With Control Ild 

More Same less 

• Strong Dominance for Decision 
1~Accept Treatment 
2~Reject Treatment 

o Weak Dominance for Decision 
3=Accept Treatment 
4=RejectTreatment 
5~Reject Treatment 
6=Accept Trealment 

o Nondominance; No Obvious DOCisions 

7 = Is Added Efisct Worth Added COSt to 

Adopt Treatment? 
8 = Is Reduced Effect Acceptable Given 

Reduced Cost to Accept Treatment? 

9=Neutral on Cost and Effects-Other 

Reasons to Accept Treatment? 

Nine possible outcomes arising in the compans..,< 

of treatment control in terms of incremental CXlSt~ 

incremental effectiveness_ 

The most common nondominancc cir­

cumstance is category 7, where the new 

therapy offers additional effectiven!!.', 
but at an increased cost (01' its mim 
image in category 8). Both t-PA stud!~ 
in our example fall into category 7. Ir 
this circumstance, as undertaken by boL 
our t-P A studies, it is useful to calcubt. 
the incremental cost-effectiveness rd' 

tios of the new therapy as we discu. 't". 

above and illustrated in Table 2. 
Having estimated the incrementalro;" 

effectiveness oft-P A over streptokina. 
and assuming for the moment tha tlK'>< 
clata apply to your practice setting, h, 
do you decide whether appl'oxiJn;tc._ 
$33000 is an acceptable price to pa} f.' 

saving 1 additional year of life? The fir. 
important point to note is that thi~ qa& 

tion involves a value judgment and 0::' 
not be resolved by the analyst using or" 
the study data. As noted in the ronrl.r 

sion of the GUSTO economic anal~";; 
the study data can inform t he deO>. 
but cannot make the choice. Some appr 
must be made to external criteria to-'· 

celtai.n whether a jmisoictioll or : .\-:. 
is willing to pay this price for tro. ;' 
provement in outcome. 

There are a number of approacilt> . 
the interpretatiun of incl'ement<tl r, 7 
effectiveness ratios. In an ideal war," 
complete information we would !v 
data indicating the health outconte" 
would be forgoing from other intel'l'. 
tions and programs, within and out' 
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OIlS 
Cost 10 

;calth care, not funded as a,. consequence 
ofusing t-PA. This is what economists 
~fer to as opport1mity cost. However, 
daIll to accomplish this task are very 
Jilllited and investigators have promul­
gated a variety of second-best interpre­
ti,e strategies. One approach assumes 
that previous decisions to adopt new 
xnedieal therapies of known cost-effec­
ti,ene 5 reveal an underlying set of val­
GeE with which to judge the acceptabil­
ity of the current treatment candidate. 
Our 2 t-FA cost-effectiveness studies 
both use this interpretive strategy to 
as..:£Ss their $30000 per life-year esti-
J!liIte : both cite the cost-effectiveness 
42 to 3 oLher interventions, some 110n­
esrdiac. that are currently funded and 
both conclude that an acceptable cost­
aTectiveness tlu'eshold would be $50 000 
pl'I QAL Y gain~d (for Kalish et a14

) ~nd 
per life-year gamed (for Mark et al3). 

lnvestigators have debated the valid­
;yofsuch interpretive strategies for ll1-
demental cost-effectiveness ratios at 
both theoreticaP3,14 and practical levels. 15 
r'lr example, Johannesson and Wein­
;:einll maintain that prioritizing resource 
a!ocations among health care prognms 
l=..-ed on rank orderings of interventions 
b, incremental cost-effectiveness does 
ltd to an efficient allocation of resources, 

ance cir. mthe sense that we are getting the great-
! the~\T est health yield for the resources ex-
tiVeJll!tl;. p?llded. However, Birch and Gafup4 COJl-
:s mimJr Rnd that this is only the case where 2 
!\. studie; EUIDptions hold true; programs exhibit 
ory 7.111 slant ?'et7l1 '11S to scale and are per­
,nbvbotb M1y divisible. What do these 2 terms 
calCulate mean? Constant 1'et1.l,rns to scale implies 
~ness ra- I linear relationship between costs and 
:IL~ fJtrome at different levels of produc-
! 2. lion; in many cases this may not hold true 
entalcn;t. we observe economies of scale, 
)to~. II example being the regionalization of 
Jult tlr.e Cll'diac surgery in 1 center where high 
:ting, I10Il' _e can produce lower cost per case 
~XiIDateIr aoo often better dinil:al outcomes. Di-
to payb ritifJility of progmrn<! implies that we 
r Tbefina ran reallocate $1 or $1000 to t-P A and 
thisquee- ~ha.~ benefits at the same rate im-
t and ean- Jfied by the cost-effectiveness ratio; this 
usingontr '\isibility does not hold because to treat 
ne __ l~ditional patient with t-P A would re-
! ~ a block of resources equal, at least, 
e ~ cost of t-PA. While this methodo-
meappeti J~IC(1lel)ale continues, Drummond et a)l5 
eria w" about the practical prob-
or SQCiel1 between cost-effec-
Ir thiS - that may have used very 

methods data, and assumptions, 
, you should exercise cau­

dl'awing conclusions from in­
.. ..-.:rn .. "t.,lcost-effectiveness ratios. The 

is one of local oppor­
whht are the health benefits 

""ill no longer realize if resources 
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 remov ing 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 dinical 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.1G '1'0 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 tomy patients? 
(2) Is the clinical management of the study 
patients similar to my local practice? If 
your patients meet the inclusion and ex­
clusion criteria of the primary article(s) 
fot' 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 YOIll'S, 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, 01' 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 ofthe 
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 goorl predictors of 
effectiveness in routine practice: 

It has been questioned whether the results 
achieved in the GUSTO tlial are possible in 
actual practice, largely due to the small time 
delay between symptom onset and treat­
ment in this tl'ial. lJ ,17 The bfmefit of tPA in 
the GUSTO trial was seen primarily among 
patients treated within four hours of symp­
tom onset,! and the majority of patients who 
have AMI in the United States are not 
treated within four hours. IS 

Another issue is whether the GUSTO 
efficacy data are applicable to centers 
outside the United States. The GUSTO 
trial el1l'olled 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 aR Pl'CA and CABG, anci greater 
use of nonprotocol medications such as 
antiarl'hythmics and calcium antago­
nists. HI Statistical analysis by logistic re­
gression reveals that although mortality 
reduction with accelerated t-P A 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, ifthe 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 eounbies, 
neither do they provide substantial sup­
port for this hypothesis. 

Could I Expect Similar Costs? 

In considering the tl'ansferability of 
cost (and cost-effectiveness) e;;timates be­
tweenjlll'isdictions, it is useful to I'emem­
bel' 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 jlll'isdictions for 2 rea­
sons: (1) clinical practice patterns vary in 
such a way that resomce consumption 
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associated with the treatment differs 
from that r~eortecl in the study and 
(2) local prices 'for resources cliffeI' from 
those used in the study. To address these 
points a good economic evaluation should 
l'eportresolU'ce 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 aP gives detai led reporting of 
reSOlU'ces and prices so the reader can 
judge whether, for example, the 73% rate 
of cardiac catheterization, 31% rate of 
IJTCA, and la% rate of CABG are ap­
plicable to their institution. 

As previously noted, the GUSTO eco­
nomic analysis is undertaken only on a 
sample ofthe US patients from the mul­
tinational trial, and the intensity of re­
source use was lower in other countries. 
Such resource use differences re±1ect 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< ,OOl) despite a 
greater incidence of complications among 
US patients. This difference likely re­
Hects downward pressure exelted on 
length of stay in the Un.ited 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-jurisdictionaJ inferences about cost­
effectiveness. The problem is not due to 
variation in overaJ! price levels between 
countries, but variation in the price of 
one health care input relative to another 
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The Medical Literature 

Users' Guides to the Medical Literature 
XIV. How to Decide on the Applicability 
of Clinical Trial Results to Your Patient 

Antonio L. Dans, MD ; Leonila F. Dans , MD; Gordon H. Guyatt, MD, MSc; Scott Richardson, MD; 

for the Evidence-Based Medicine Working Group 

CLINICAL SCENARIO 

You are the attending physician on 
duty when a poor, 45-year-old man pre­
sents to the emergency department of a 
general hospital in the Philippines. He 
has severe chest pain for 2 hours, asso­
ciated with clammy perspiration. Physi­
cal examination reveals a blood pressure 
of 110/70 mm Hg, a pulse rate of92 beats 
per minute, a normal first heart sound, 
and clear lungs. An electrocardiogram 
discloses 3-mm ST-segment elevation in 
the inferior leads. As intravenous lines 
are placed, and the patient is prepared 
for admission to the coronary care de­
partment , you consider whether you 
should offer t his patient a thrombolytic 
agent. Though your response is that the 
impecunious patient cannot afford the 
treatment, you ponder the right course 
of action in a richer patient. As your duty 
ends that night, you resolve to prepare 
for the next patient admitted for an acute 
myocardial infarction (MI) by retrieving 
the best evidence on the use of throm­
bolytics. 

THE SEARCH 

Streptokinase is the only thrombo­
lytic agent that your patients might af­
forel. You, therefore, confll1e your search 
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to this drug, trying to locate the best trial 
or, if possible, a meta-analysis. Using 
Grateful Med software (National Li­
brary of Medicine, Bethesda, Md), you 
select myoca.rdial infarction from the 
list of medical subject headings used to 
index articles. On the second subject 
line, you use the term stnptokinase. You 
limit your search to English-language 
articles, and to find quantitative reviews 
or original studies, you use the term 
meta-analysis or randomized con­
trolled trial as the publication type. 

You retrieve a systematic meta-anal­
ysis of randomized trials that deal only 
with effectiveness! and not toxicity. You, 
therefore, also review a single trial from 
ISIS-2 Collaborative Group2 that you 
choose on the basis of its size (17000 pa­
tients), strong design (including double­
blinding), and the wide variety of set­
tings in which the study was undertaken. 
You refer to earlier Users' Guides to 
evaluate the validity of the studies,",4 as 
well as the magnitude and precision of the 
treatment effects and toxicity." The ar­
ticles pass the validity criteria, and the 
treatment reduced the event rate from 
17.4% to 12.8%.1 This outweighs the po­
tential hru·m of "bleeds requiring trans­
fusion," which occurred in 0.5% of 
patients treated with streptokinase com­
pared with 0.2% in the placebo group.2 

An answer does not come easily to the 
last question: "How C<'U1 you apply the re­
sults to your patients?" Asians consti­
tuted a small minority of the patients in 
the trials, and you are lllceltain about your 
hospital staff's ability to cope with tech­
nical requirements for administering the 
drug or dealing with any complications. 

As clinicians look more often to ran­
domized controlled trials (RCTs) to 
guide their clinical cru'e, they must de­
cide how to apply RCT results to indi­
vidual patients in their practice setting. 
This Users' Guide addresses the issue of 

applicability, which involves the impli­
cations of the trial results for patient 
cru·e. Applicability is closely related to 
concepts of generalizability and exter­
nal validity, but is broader in its scope, 
including issues related to the overall im­
pact of treatment in indi vidual patients. 
In considering applicability, clinicians 
first must decide whether the biology of 
the tl·eatment efIect will be similar in 
patients they are facing; second, theil· 
patients' risk of a target event, which 
the treatment is designed to prevent; 
thil·d, the adverse effects that may ac­
company treatment; and fomth, their 
own ability to deli vel' the intervention in 
a safe and effective manner.G Clinicians 
managing patients who differ economi­
cally, racially, and culturally from those 
recruited in typical clinical trials face 
particular challenges in addressing ap­
plicability. Such patients include those 
from the inner cities of North America, 
the Native American reservations, or 
less industrialized countries. Clinicians 
seeing these patients cannot afford to re­
peat every trial simply because of dou bts 
regarding applicability. The end result 
is that applicability becomes a fait ac­
compli-an issue that may often be ig­
nored rather than confronted. 

Earlier in this series, we addressed 
the applicability problem in the Users' 
Guide for articles about therapy or pre­
vention: "A better approach than rigidly 
applying the study's incl usion and excl u­
sion criteria is to ask whether there are 
compelling reasons why the r esults 
should not be applied to the patient. A 
compelling reason usually won't be 
found, and most often you can generalize 
the results to your patient with confi­
dence."" 

Users' Guides to the Medical Literature section 
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Table 1.-The Guides 

Issues 
Biologic 

(1) Are there pathophysiologic differences in the 
illness under study that may lead to a 
diminished treatment response? 

(2) Are there patient differences that may diminish 
the treatment response? 

Social and economic 
(3) Are there important differences in patient 

compliance that may diminish the treatment 
response? 

(4) Are there important differences in provider 
compliance that may diminish the treatment 
response? 

Epidemiologic 
(5) Do my patients have comorbid conditions that 

significantly alter the potential benefits and 
risks of the treatment? 

(6) Are there important differences in untreated 
patients' risk of adverse outcomes that might 
alter the efficiency of treatment? 

Physicians may encounter problems 
follo>"ing tlus advice. We didn't give a 
good defilution of a "compelling reason" 
or provide guidelines on how to system­
atically address the question. In this ar­
ticle, we correct these deficiencies by pre­
senting a set of guidelines for evaluating 
the applicability ofthe results of RCTs to 
populations other than the participants, 
We present the guides as questions that 
probe for situations when clinicians may 
be forced to reject applicability. We 
phrase the questions so that a "yes" an­
swer ,vill iead cl.in.icians to suspect a prob­
lem of applicability, Table 1 summarizes 
the guides, categOlizingthem into biologic 
issues (wluch help us decide if the treat­
ment can work), socioeconomic issues 
(which help us decide if the treatment will 
work), and epidemiologic issues (which 
helpus decide how efficient the treatment 
,viII be). As we discuss each issue, we will 
offer sources of information that \vill help 
physicians answer their questions. 

THE GUIDES-BIOLOGIC ISSUES 

Are There Pathophysiologic 
Differences in the Illness 
Under Study That May Lead to a 
Diminished Treatment Response? 

Diseases with a single name may rep­
resent conclitions with important patho­
physiologic differences, These differ­
ences can sometimes lead to diminished 
treatment responses due to divergence 
in pathogenetic mechanisms or biologi­
cal differences in the causative agent. 
Hypertension in blacks, which has been 
observed to be relatively responsive to 
diuretics and unresponsive to !3-block­
ers,? provides an example ofthe former. 
This selective response reflects a state 
of relative volume excess that investi­
gators now theorize may have served 
protective functions in their hot and arid 
ancestral environments.8 

Malaria provides an example of a con­
dition that may vary because ofbiologi-
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cal differences in the causative agent. 
Malaria treatment protocols vary de­
pending on dmg resistance pattel'llsY In 
these examples, cliIucians should antici­
pate variation in response to treatment 
and should temper hasty conclusions re­
garding the applicability oftrial results. 

Sources of Evidence 

Sources of information regarding dis­
ease pathophysiology in populations in­
clude basic and laboratory studies, ani­
mal studies, genetic studies, ~U1d obser­
vational studies documentingpathologic 
changes in affected individuals and 
evaluating the biology of causative 
agents (eg, surveys on drug resistance 
patterns of infectious diseases) ,10 In 
some cases, variation in response to 
treatment may be the first clue to a dif­
ference in pathophysiology, This was the 
case in the example of hypertension in 
blacks, 

To address our scenario of applicabil­
ity of streptokinase to the treatment of 
MI in the Philippines, we reviewed a case 
series of autopsies performed on Fili­
pino patients who had MIY Pathologic 
changes in the coronary arteries and 
myocardium were similar to those noted 
among North Americans,12 wlule non­
atherosclerotic causes of coronary dis­
ease were rare. Clinical surveys have 
demonstrated that Filipinos share the 
same risk factors for coronary diseasel~ 
as NOIth Americans.14 Thus, we can be 
confident that disease pathogenesis is 
similar. 

Are There Patient Differences That 
May Diminish the Treatment 
Response? 

Between-population differences in re­
sponse to treatment may arise from dif­
ferences in dmgmetabolism, immune re­
sponse, or environmental factors that af­
fect drug toxicity. Differences in drug 
metabolism may clirectly influence the 
efficacy of a treatment regimen, If they 
are not identified, slow metabolizers of a 
drug could face the risk of greater toxic 
effects, while a significant decrease in 
efficacy might occur in rapid metaboliz­
ers. Such differences are usually based 
on genetic polymorphism in the activity 
of metabolizing enzymes. A well-lmown 
example is hepatic N-acety ltransferase, 
an enzyme with increased activity 
among Asians.1n For this reason, clini­
cians offer higher drug dosages for 
agents such as isoniazid, hydralazine, 
and procainanlide hydrochloride, Other 
examples of genetic polymorphism in­
clude pseudocholinesterase activity in 
the metabolism of suxamethonium and 
glucose-6-phosphate dehydrogenase ac­
tivity in the metabolism of sulfonamides 
and other drugs.16 

Differences in patients' immune re­
sponse may also modulate treatment ef­
fect. Haemophil-us injZl£enzae vaccine, 
for example, has a lower efficacy in Alas­
kan natives than in nonnative popula­
tions.17 Finally, environmental factors 
may affect response to therapy. For in­
stance, the incidence of thyroid dysfimc­
tion from amiodal'one (liffers in low vs 
high iodine environments.18 

Sources of Evidence 

Pharmacokinetic and bioavailability 
studies are important sources of evi­
dence regarding differences in treat­
ment response, Such studies generally 
require small sample sizes and com­
monly available equipment. Unfortu­
nately, for a wide variety of drugs, tech­
nology for assays remains unavailable. 
Reasonable alternatives include dose­
ranging and descriptive studies of pa­
tients receiving treatment, which can 
also provide information on immune re­
sponse to vaccines and environmental 
factors that may increase or decrease the 
toxic effects of drugs, Postmarketing 
smveillance studies and large RCTs re­
quire large sample sizes and long-term 
follow-up, but (as in the example of the 
decreased effect of H i11j7:uenzae vaccine 
in Alaskan natives) may provide defini­
tive information about differential re­
sponse to therapy. 

Although we founclno studies evalu­
ating the pharmacokinetic profile of 
streptokinase when given to Filipinos, 
postmarketing studies show that Filipi­
nos experience the same reperfusion ar­
rhythmias and bleeding complications 
when given streptokinase at the same 
dose as North Americans,19 These stud­
ies provide some assurance of similari­
ties in the response to adverse effects of 
treatment. 

SOCIAL AND ECONOMIC ISSUES 

When satisfied that biologic cliffer­
ences do not compromise treatment 
applicability, clinicians must examine 
constraints related to the social environ­
ment that may diminish treatment ef­
fectiveness. 

Are There Important Differences 
in Patient Compliance That May 
Diminish the Treatment Response? 

To the extent that groups of people 
exhibit different compliance with treat­
ment, clinicians may expect variation in 
treatment effectiveness, Variability in 
compliance between populations may 
stem from resource limitations in a par­
ticular setting 01' less obvious attitudinal 
or behavioral idiosyncrasies. Both types 
of problems may, for example, affect the 
safety of outpatient administration of 
anticoagulants. Neither indigent pa-
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tients nor their society may be able to 
afford repeated clinic visits and tests for 
treatment monitoring. Alcoholic pa­
tients, whatever their financial situa­
tion, may be less likely to comply with 
monitoring. Inadequate monitoring, 
whatever the reason, increases bleeding 
risk from overanticoagulation, shifting 
the balance between benefit and harm 
(even tothe point where harm outweighs 
benefit). 

Sources of Evidence 

While clinicians perform poody at un­
tutored guessing of patient compliance, 
a systematic examination of compliance 
in individual patients, or groups of pa­
tients, is likely to aid in identifYing vary­
ing compliance patterns. Clinicians may 
also refer to more general sources of evi­
dence' such as sociologic descriptions of 
attitudes of specific gTOUpS of people. In 
the Philippines, an attitude called ba­
hala na connotes a lack of capacity or 
will to control one'sfate.20 A near equiva­
lent would go something like "let's just 
wait and see, there's really nothing much 
we can do about the situation." This ex­
ternal locus of control21 may ha ve an ad­
verse effect on patient compliance. In 
our scenario, we don't expect patient 
compliance to be a problem since we give 
streptokinase intravenously as a single 
dose. 

Are There Important Differences 
in Provider Compliance That Might 
Diminish the Safety and Efficacy 
of the Treatment? 

In this guide, provider compliance re­
fers to a host of diagnostic tests, moni­
toring equipment, intervention require­
ments, and other technical specifications 
that clinicians must satisfy to safely and 
effectively administer a treatment. Fi­
nancial conditions in a health care cen­
ter, access to equipment, technologic ex­
pertise, and availability and skill of 
health personnel may influence treat­
ment effectiveness. For instance, while 
carotid endarterectomy may benefit 
low-risk patients when surgery-associ­
ated stroke is low, the net effect for such 
patients in centers with higher surgery­
associated stroke rates may be an in­
crease in adverse outcomes.22 

In less industrialized countries, many 
hospitals and clinics do not have easy ac­
cess to sophisticated equipment, so prob­
lems of provider compliance are com­
mon. For example, while rheumatic 
atrial fibrillation remains a common 
problem in Asian countries, few labora­
tories in rural areas perform the tests 
necessary for titration of warfarin dose. 
This limitation is likely to reverse the 
critical balance between effectiveness 
and safety of treatment. 
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Sources of Evidence 

Because of experience regarding 
availability of equipment, laboratory 
tests, and health personnel resources, 
practitioners themselves are a good 
source of information regarding feasibil­
ity interventions. Clinicians' assess­
ments can be supplemented by formal 
quality-of-care assessments and post­
marketing surveillance of adverse ef­
fects. Whatever the source of informa­
tion, a thorough understanding of the 
technical requirements for safe and ef­
fective administration should guide de­
cisions regarding the ability to comply. 

Administration of streptokinase car­
ries potential hazards, foremost of which 
is catastrophic bleeding. Facilities for 
emergency administration of cryopre­
cipitate, fresh frozen plasma, or whole 
blood must be available.23 In hospitals 
without efficient blood banking systems, 
it may be difficult to cope with bleeding 
emergencies. This increases the poten­
tial hazards oftreatment and may tip the 
balance between benefit and harm. 

EPIDEMIOLOGIC ISSUES 

When satisfied that biologic, social, or 
economic differences do not compromise 
applicability, the clinician must examine 
the patient's characteristics that can in­
fluence either the magnitude of the ben­
efit or the risks of treatment (and thus, 
the trade-off between the 2).24 The last 2 
guides address these issues. 

Do My Patients Have Comorbid 
Conditions That Significantly 
Alter the Potential Benefits and 
Risks of the Treatment? 

The presence of other conditions in a 
particular locality may affect treatment 
efficiency in 2 possible ways: competing 
diagnostic possibilities or competing 
causes of outcome. The management of 
pneumonia in developing countries pro­
vides an example of a competing diag­
nostic possibility. 

The acute respiratory tract infection 
management protocol includes a symptom­
driven algorithm for differentiatingpneu­
monia from nonpneumonia. This protocol 
identifies children who need antibiotics and 
has proven effective in reducing mortal­
ity from pneumonia among children 
younger than 5 years.20 Unfortunately, 
similarities exist in the clinical presen­
tation of pneumonia and malaria. In 
malaria endemic areas, clinicians may 
e2l.-pect an increase in false-positive "pneu­
monias." These patients with false­
positive pnelUnonialike presentations will 
not respond to antibiotics for pneumonia, 
and a delay in instituting antimalarial treat­
ment may result. If the drop in accUl'acy 
is large enough, the balance between harm 

and benefit \ViU change. To resolve this is­
sue, investigators have initiated a study 
to determine if the acute respiratory tract 
infection protocol can maintain its effec­
tiveness in malaria endemic areas (S. P. 
Lupisan, unpublished data, 1998). 

Competing causes of target events 
may also affect the magnitude of benefit. 
An example comes from the manage­
ment of acute MI in some Filipino hos­
pitals. A recent study disclosed 30 in­
hospital deaths in a cohort of149 patients 
admitted to a charity hospital (ISIP 
Study Group, unpublished data, 19B6). 
On the basis of results from the meta­
analysis, clinicians might expect strepto­
kinase to reduce this 20% death rate by 
25%.1 However, a closer look at the local 
data shows a contrast with the original 
studies in which virtually all deaths were 
a direct result of cardiac ischemia. In the 
Philippine study, noncardiac causes 
(mostly pneumonia with sepsis) were re­
sponsible for 11 of the 30 deaths. Strep­
tokinase will not reduce mOltality in such 
patients. Adequate antibiotic coverage 
may result in a greater (and more eco­
nomical) reduction in mortality for pa­
tients who develop pneumonia. 

In addition to reducing benefit, other 
morbidity may affect the magnitude of 
risk. Surgical mortality may increase in 
malnourished patients, shifting the bal­
ance between benefit and risk On occa­
sion, other morbidity can also work in 
the opposite direction-increasing efIi­
ciency. For example, a patient with a 
large infarct, in whom the clinician is con­
sidering wart~\rin, may also have atrial 
fibrillation. Since anticoagulation re­
duces stroke risk in such patients, the 
presence of atrial fibrillation strength­
ens the indication or treatment. 

Sources of Evidence 

Cohort studies provide the most reli­
able information on comorbid conditions. 
In the lVII scenario, we used data from the 
local study of 149 charity patients to 
evaluate the impact of other morbid con­
ditions.2-1 As we noted, we can expect 
streptokinase to prevent around 5 of 19 
cardiac deaths (but none of those from 
other causes), and the absolute reduction 
in all-cause mor tality is a decline from 30 
(20.1 %) of 149 to 25 (16.8%) of 149. 

Are There Important Differences in 
Untreated Patients' Risk of Adverse 
Outcomes That Might Alter the 
Efficiency of Treatment? 

In our Users' Guide on therapy, we 
addressed the relationship between a 
patient's risk of an adverse event and 
the magnitude of the treatment impact. 
Because the issue is so impOltant in as­
sessing applicability of trial results, we 
will revie\-v it in detail. 
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Table 2.-8aseline Mortality Rate Without Treatment and Estimated Number Needed to Treat or to Save 
1 Life Using Streptokinase in Filipinos With Acute Myocardial Infarction . Tabulated According toAge and Wall 
Involvement 

Age < 60 Y Age :2:60 y 
I 
Mortality 

Characteristics Rate 

Wall involvement 
Infarction 0.02 

Non-Q-wave myocardial infarct 0.04 

Anterolateral wall infarct 0.05 

Massive anterior wall infarct 0.14 

In the therapy Users' Guide, we intro­
duced the notion of number needed to 
treat (NNT). Thinldng about NNT re­
quires an understanding ofthe concepts 
of relative risk, relative risk reduction, 
and absolute risk reduction. Readers de­
siring a full discussion of these concepts 
can refer to the earlier article.3 Because 
it estimates the number of patients who 
need to receive treatment (with impli­
cations about the associated toxic effects 
and cost) to prevent an adverse event, 
clinicians can use the NNT to consider a 
treatment's efficiency. 

The NNT is the inverse ofthe absolute 
risk reduction resulting from a particular 
treatment in a particular group of pa­
tients. If a patient's risk without treat­
ment is 20%, then we expect 20 of 100 
patients without treatment to experience 
an adverse event. When we administer a 
treatment with a relative risk reduction 
of 10%, only 18 treated patients will ex­
perience adverse events. Thus, for every 
100 patients treated, we prevent 2 events, 
and the NNT is 50. If the expected event 
rate inlU1treated patients is cut by halfto 
10%, and the relative risk reduction re­
mains the same, in treating 100 patients, 
we ",rill prevent only 1 adverse event, and 
the NNT will double to 100. 

This reasoning, and much of what fol­
lows, assumes that relative risk reduc­
tion remains constant across subgroups. 
While testing this assumption can be dif­
ficult,Z6 there are situations in which the 
assumption will fail, and clinicians should 
be alert to this possibility.27.28 Fortu­
nately, however, in most instances the 
assumption will not introduce important 
inaccuracies in the NNT.29.?.o 

One source of difference in expected 
event rates is cOlUltry of origin and resi­
dence. Keys3 l compared the 20-year in­
cidence of coronary deaths in the United 
States, 5 Elll'opean countries, and Ja­
pan.3l He found an extremely low inci­
dence of coronary death in the Japanese 
cohort, despite correction for baseline 
clifferences in recognized risk factors. 
Similar results have been observed in 
preliminary reports of the ongoing 
Multinational Monitoring of Cardiovas­
cular Disease and Their Determinants 
project.32 In this study, involving 39 cen-
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I I I 
No. Needed Morta lity No. Needed 

to Treat Rate to Treat 

179 0.13 27 

89 0.18 23 

71 0.19 20 

26 0.23 16 

tel's from 26 countries, east Asians 
showed a much lower incidence of coro­
nary death than their westel'll counter­
parts. Age-standardized mortality rates 
for coronary heart disease were lowest 
among Japanese (40 of 100000), and 
highest in North Ireland (414 oflOO 000). 

Thinking of the NNT, this 10-fold dif­
ference in incidence among the.J apanese 
would translate to a lO-fold increase in 
the NNT for a drug preventing coronary 
deaths. This decrease in efficiency may 
warrant a reconsideration of applying 
the results of a trial to low-risk patients. 
We consider the issue of balancing costs 
and effects in our Users' Guides for de­
termining a level of recommendation.33 

Sources of Evidence 

Cohort studies on the course of dis­
ease in untreated patients can provide 
excellent risk data, and such studies are 
even more useful when they define sub­
sets of patients at varying risk. Of 424 
F ilipinos with MI who were eligible for 
streptokinase (but in whom the drug was 
not administered) and who participated 
in a cohort study conducted in 9 centers 
in metropolitan Manila, 37 (11.1%) suf­
fered cardiac death.24 This provides a 
good estimate of the expected event 
rate. If streptoldnase had been given, it 
would have prevented 25% ofthe deaths, 
reducing the absolute mortality rate to 
8.3%. Thus, 2.8% ofthe those otherwise 
destined to die would have been spared 
(the absolute risk reduction), and the 
NNT is 100 divided by 2.8 01' approxi­
mately 36 patients. 

The expected event rates varied in the 
patient subpopulation.2.1 Young patients 
with small infarcts had a much lower ex­
pected mortality (and thus much larger 
NNTs) than old patients with large in­
farcts_ Using prognostic information 
from these various subgroups, we con­
structed Table 2, which shows the ex­
pected mortality according to age and left 
ventricular wall involvement and the cor­
responding NNT to save 1 life in each 
gTOUp. As the table shows, NNT can 
range from 16 (when treatment is applied 
to patients with a poor prognosis) to as 
much as 179 (when treatment is applied 
to patients ",rith a good prognosis). 

Varying patient risk ",rill affect ben­
efit of treatment no matter what the en­
vironmentin which you practice. Even if 
you work in the Western tertiary care 
environment in which investigators con­
ducted their original studies, you will 
still face high-and low-risk patients. The 
critical trade-off between risk and ben­
efit may vary in these patient groups, 
mandating a different treatment c1eci­
sionYo 

COMMENT 

These guides address the task of ap­
plying the results of clinical trials done 
on restricted, specially selected popula­
tions to other groups. Although inspired 
by the predicamentin less industrialized 
countries, the guides are relevant to all 
situations where clinicians must make 
decisions regarding applicability. By 
breaking down the problem into specific 
questions, we have provided guides for 
busy clinicians who make daily attempts 
to strike a balance between making "un­
justifiably broad generalizations and be­
ing too conservative in one's conclu­
sions."4 

When clinicians suspect limited appli­
cability (ie, when a response of "yes" is 
encountered for any of the questions), 
what can they do? This will depend on 
whether the anticipated differences are 
important, and if important, whether 
they are remediable. For example, dif­
ferences in disease pathophysiology 
(guide 1) do not always mean that appli­
cability is limited. Management of a cata­
ract, for instance, will probably be the 
same regardless of the cause. Differ­
ences in treatment response (guide 2) 
can sometimes be accommodated by al­
tering administration of a treatment 
(such as adjusting the dose of a drug). 
Education, training, provision of neces­
sary equipment, and other attempts at 
optimizing compliance may address 
problems in patient and provider com­
pliance (guides 3 and 4). 

For differences in comorbid condi­
tions or expected target event rates 
(guides 5 and 6) the clinician's response 
will depend on the differences observed. 
If an increase in efficiency is anticipated 
(as when disease prognosis is worse or 
the incidence of an adverse outcome is 
greater), a recommendation to treat can 
be more easily accepted. A decrease in 
efficiency, on the other hand, should lead 
clinicians to be more cautious in accept­
ing a treatment recommendation. 

When the answer to 1 or more of the 
guide questions is "yes," and the differ­
ences noted are important and not easily 
remediable, clinicians should not assume 
that the trial results can be readily ap­
plied. In these instances, an additional 
ReT may be warranted. 
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RESOLUTION OF THE SCENARIO 

What should we recommend regard­
ing thrombolytic use for the Filipino pa­
tient admitted for acute MI? There is no 
reason to believe that Filipinos have adif­
ferent disease pathogenesis or a different 
response to treatment with thrombolyt­
ics (guides 1 and 2). Patient compliance 
will not be an impoltant issue since the 
drug is given intravenously as a single 
dose (guide 3). The technical require­
ments for administration are often, but 
not always, available, and when they are 
not, the risks may outweigh the benefits 
of thrombolytic administration (guide 4). 

Two issues remain to be resolved, both 
dealingwith the magnitude oftreatment 
impact . Pneumonia is an important co­
morbid conclition, accounting for one 
third of deaths, at least in some charity 
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CLINICAL SCENARIO 
You are an experienced clinician work­
ing at a hospital emergency depart­
ment. One morning, a 33-year-old man 
presents with palpitations. He d e­
scribes the new onset of episodes of fast , 
regular chest pounding, which come on 
gradually, last 1 to 2 minutes, and oc­
cur several times a day. He reports no 
relation of symptoms to activities and no 
change in exercise tolerance. He is very 
anxious and teUs you he fears heart dis­
ease. He has no other symptoms, no per­
sonal or family history of heart disease, 
and takes no medications. His heart rate 
is 90 bpm and regular, and physical ex­
amination of his eyes, thyroid gland , 
lungs , and heart is normal. His I2-lead 
electrocardiogram is nonnal, withoutar­
rhythmia or signs o[ pre-excitation. 

You suspect his anxiety explains his 
palpitations, that they are mediated by 
hyperventilation, and are possibly part 
of a panic attack. While he has no find­
ings of cardiac arrhythmia or hyper­
thyroidism , you wonder if these disor­
d e rs are common enough in th e 
emergency department setting to con­
sider seriously. You reject pheochro­
mocytoma as too unlikely. Thus, you 

1214 JAMA, Apli l 7, 1999-Vol 281, No. 13 

can list causes of palpitations, but want 
more information about the fre­
quency of these causes to choose a di­
agnostic work-up. You ask the ques­
tion: "In patients presenting vvith 
palpitations, what is the frequency of 
underlying disorders? " 

THE SEARCH 

Your emergency department com­
puter networks with the medical li­
brary, where MEDLlNE is on CD­
ROM. In the MEDLINE file for current 
years, you enter 3 text words: palpita­
ti.ons (89 citations), differential diagno­
sis (7039 citations), and cause or causes 
(71848 citations). You combine these 
sets, yielding 17 citations, including an 
article by Weber and Kapoorl that 
promises to have what you want. 

Sick persons seldom present with the 
diagnosis already made; instead, they 
present with 1 or more symptoms. 
These symptoms prompt the clinician 
to gather information through history 
and physical examination , identifying 
clinical findings that suggest explana­
tions for the symptom (s). For example, 
in an older woman presenting with gen­
eralized pruritis , the clinician could 
identify recent anorexia and weight loss, 
along with jaundice and the absence of 
a rash. For most symptoms, the clini­
cian must consider multiple causes for 
the patient's findings. 

Differential diagnosis is the method 
by which the clinician considers the 
possible causes of a patien t's clinical 

findings before making a final diagno­
sis.2

.3 Experienced clinicians often group 
the findings into meaningful clusters, 
summarized in brief phrases about the 
symptom, body location, or organ sys­
tem involved, such as "generalized pru­
ritis," "painless jaundice," and "con­
stitutional symptoms" for the older 
woman mentioned earlier. We call these 
clusters clinical problems),-t and in­
clude problems of biological , psycho­
logical, or sociological origin.s It is for 
these clinical problems, rather than for 
the final diagnOSiS , that the clinician se­
lects a patient's differential diagnosis. 

When considering a patient's differ­
ential diagnosis, how is the clinician to 
decide which disorders to pursue? If the 
clinician were to consider all known 
causes equally likely and test for them 
all simultaneously ( the possibilisti c ap-
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proach), then the patient would un­
dergo unnecessary testing. Instead, the 
experienced clinician is selective, con­
sidering first those disorders that are 
more likely (a probabilistic approach), 
more serious if left undiagnosed and un­
treated (a prognostic approach) , or more 
responsive to treatment if offered (a 
pragmatic approach). Prior articles in 
this series showed how to use ev i­
dence about prognosis6 and therapy,7-9 
so this article will fo cus on using evi­
dence about disease probability. 

Wisely selecting a patient's differen­
tial diagnosis involves all 3 considera­
tions (probabilistic, prognostic, and prag­
matic), as depicted in TABLE 1. The cli­
nician's single best explanation for the 
patient's clinical problem(s) can be 
termed the leading hy pothes is or work­
ing diagnosis (group 1 in Table 1). A few 
(usually 1-5) other diagnoses, termed ac­
tive alternatives (group 2 in Table 1), may 
be worth considering further at the time 
of the initial work-up because they are 
likely, or serious, or neatable. Additional 
causes of the clinical problem(s), tenned 
other hypotheses (group 3 in Table 1), rnay 
be too unlikely to consider at the time 
ofthe initial diagnostic work-up , but re­
main possible and could be considered 
further if the working diagnosis and ac­
tive alternatives are later disproved. 

Using this framework for the pa­
tient with palpitations in the scenario, 
you consider anxiety the working di­
agnosis, and you wonder whether car­
diac arrhythmias, hyperthyroidism, or 
pheochromocytoma are active alterna­
tives (group 2 in Table 1) or other hy­
potheses (group 3 in Table 1). 

Selecting a patient-specific differen­
tial diagnosis should strongly influ­
ence diagnostic testing. For the lead­
ing hypothesis, the clinician may choose 
to confirm the diagnosis, using a highly 
specific test with a high likelihood ra­
tio for a positive result. 10.11 For the ac­
tive alternatives, the clinician would 
choose to exclude these diagnoses , us­
ing highly sensitive tests with low like­
lihood ratios for negative results. Usu­
ally, the clinician would not order tests 
initially for the other hypotheses. 

How can information about disease 
probability h elp clinicians selec t pa­
tients' differential diagnoses? We will il­
lustrate with some brief cases. First, con­
sider a patient who presents with a 
painful eruption of grouped vesicles in 
the distribution of a single dermatome. 
An experienced clinician would make a 
diagnosis of herpes zoster and turn to 
thinking about whether to offer ule pa­
tient therapy. Using Table 1, the work­
ing diagnosis is zoster and there are no 
active alternatives. In other words, the 
probability of zoster is so high (near 1.0 
or 100%) that it is above a threshold 
"vhere no further testing is required. 

Next, consider a previously healthy 
athlete who presents with lateral rib 
cage pain after being accidentally struck 
by an errant baseball pitch. Again, the 
experienced clinician might rapidly rec­
ognize the clinical problem (posttrau­
matic lateral chest pain), quickly list a 
leading hypothesis (rib contusion) and 
an active alternative (rib fracture) , and 
plan a test (radiograph) to exclude the 
latter. If asked, the clinician could also 
list disorders that are too unlikely to 

Table 1. Selecting a Patient-Specific Differential Diagnosis 

consider further (such as myocardial in­
farction) . In other words , while not as 
likely as rib contusion, the probability 
of a rib fracture is above the threshold 
for testing, while the probability of myo­
cardial infarction is below the thresh­
old for testing. 

These cases illus trate how clini­
cians can estimate the probability of dis­
ease from the patient's clinical find ­
ings, risk factors , exposures, and the 
like , and then compare disease prob­
abilities to 2 thresholds. The probabil­
ity above which the diagnosis is surfi ­
ciently likely to warrant therapy defines 
the upper threshold. This threshold is 
termed the test-treatll1ent or s imply the 
treatment thresllOld12 In the case of 
shingles above, the clinician judged the 
diagnosis of zoster to be above this U-eaL­
men t threshold. The probabili ty below 
which the clinician believes a diagno­
sis warrants no fu rther consideration 
defines the lower threshold. This thresh­
old is termed the 110 tes t-test or simply 
the test threshold. In the case of post­
traumatic torso pain above , the diag­
nosis of rib fracture fell above, and the 
diagnosis of myocardial infarction fell 
below, the test threshold. 

Clinicians begin with pretest esti­
mates of disease probability and then ad­
just the probability as new diagnostic in­
fomlation arrives . Test results are useful 
when they move our pretest probabili­
ties across 1 of these 2 thresholds. For a 
disorder with a pretest probability above 
the treatment threshold , a confirma­
tory test that raises the probability fur­
ulerwould not aid diagnostically. On the 
other end of the scale, for a disorder with 

Diagnostic Hypotheses 
Description of 
Hypotheses 

Implications for Choosing 
Diagnostic Tests' 

Implications for Choosing 
I nitial Therapy 

(1) Leading hypothesis or 
"working diagnosis" 

(2) Active alternatives or 
"rule outs" 

(3) Other hypotheses 

(4) Excluded hypotheses 

Single best overall explanation of this 
patient's problem(s) 

Not as good as No. 1, but likely, 
serious, or treatable enough to 
be actively sought in this patient 

Not likely, serious. or treatable 
enough to be pursued at this 
point, but not yet excluded 

Causes of the problem that have 
been disproved 

Choose test(s) to confirm this disorder, 
emphasizing 11igh specificity and LR+ 
much larger than 1 

Choose test(s) to exclude these disorders, 
emphasizing high sensitivity and LR­
much smaller than 1 

Hold off on tests for these disorders at 
this point 

No further tests necessary 

Start init ial therapy for this disorder, 
unless special circumstances 
exist 

Consider starting initial therapy for 
1 or more of these, if special 
circumstances exist 

Hold off on initial therapy of these 
disorders at this point 

No treatment necessary 

*LR+ indicates likelihood ratio for a pos~ive result; LR-, likelihood ratio for a negative result. 
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Table 2. Users' Guides for Articles About 
Disease Probability for Differential Diagnosis 

Are the results valid? 
Primary guides 

Did the study patients represent the full 
spectrum of those who present with 
this clinical problem? 

Were the criteria for each final diagnosis 
explicit and credible? 

Secondary guides 
Was the diagnostic work-up compre­

hensive and consistently applied? 
For initially undiagnosed patients, was 

follow-up sufficiently long and 
complete? 

What were the results? 
What were the diagnoses and their 

probabilities? 
How precise are these estimates of disease 

probability? 
Will the results help in caring for my patients? 

Are the study patients similar to my own? 
Is it unlikely that the disease possibilities or 

probabili ties have changed since this 
evidence was gathered? 

a pretest probability below the test 
threshold, an exclusionary test that low­
ers the probability further would not aid 
diagnostically. When the clinician be­
lieves the pretest probability is high 
enough to test for and not high enough 
to begin treatment (ie, between the 2 
thresholds), a test could be diagnosti­
cally useful if it moves the probability 
across either threshold. 

Where can clinicians get pretest es­
timates of disease probability? We can 
use our memories of prior cases with the 
same clinical problem(s) , so that disor­
ders we have diagnosed frequently would 
have higher probability in the current 
patient's illness than diagnoses we have 
made less frequently. Remembered cases 
are always available and are calibrated 
to our local practices. Yet our memories 
are imperfect, and the probabilities we 
estimate based on them are subject to 
various biases and errors. 13-15 

Original resea rch constitutes an­
other source of information about dis­
ease probability. For example, in a stl.ldy 
of diagnostic tests for anemia in the aged, 
investigators compared blood tests with 
bone marrow results in 259 elderly per­
sons, finding iron defiCiency in 94 pa­
tients (36%).16 Thus, while this study 
focused on evaluating tests for iron de­
ficiency, it also provides information 
about disease fr equency. Some re­
search studies focus more directly on tl1e 
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frequency of diseases that cause symp­
toms, 17 such as the article by Weber and 
Kapoor l on palpitations. This Users' 
Guide will help you understand direct 
studies of disease probability, judge their 
validity, and decide whether to use them 
for estimating pretest probability for your 
own pati.ents (TABLE 2). 

THE GUIDES 
Are the Results Valid? 

Did the Study Patients Represent 
the Full Spectrum of Those Who Pre­
sent With This Clinical Problem? This 
question asks about 2 related issues. First, 
how do the investigators define the clini­
cal problem? The definition of the clini­
cal problem for study determines the 
population from which the study pa­
tients should be selected. Thus, investi­
gators studying "hematuria" might in­
clude patients with microscopic and 
gross hematuria, with or vvithout symp­
toms. On the other hand, investigators 
studying "asymptomatic, microscopic 
hematuria" would exclude those with 
symptoms or with gross hematuria. 

Such differing definitions of the clini­
cal problem can yield ditferent frequen­
cies of underlying diseases. Including 
patients with gross hematuria or mi­
nary symptoms might raise the fre­
quency of acute infection as the under­
lying cause relative to those without 
symptoms. So assessing the va lidity of 
an article about differential diagnosis 
begins with a search for a clear defini­
tion of the clinical problem. 

Havi.ng defined the target popula­
tion by clinical problem, investigators 
next assemble a patient sample. Ide­
ally, the study sample mirrors the tar­
get population, so that the frequency 
of underlying diseases in the sample ap­
proximates that of the target popula­
tion. Such a patient sample is tenned 
representative, and the more represen­
tative the sample is, the more accurate 
the resulting disease probabilities. In­
vestigators seldom are able to use the 
strongest method of ensuring repre­
sentativeness, obtaining a random 
sample of the entire population. The 
next strongest methods are either to in­
clude all patients with the clinical prob-

lem from a defined geographic area, or 
to include a consecutive series of all 
patients with the clinical problem who 
receive care at the investiga tors' insti­
tution(s). To the extent that a noncon­
secutive case series opens the study to 
the differential inclusion of patients 
with differen t underlying disorders, it 
compromises study validity. 

You can judge tlle representativeness 
of the sample by examining the setting 
from which patients come. Patients with 
ostensibly the same clinical problem can 
present to different clinical se ttings, re­
sulting in different services seeing dj[­
[erent types o[ patients. Typically, pa­
tients in secondary or tertiary care 
settings have higher proportions of more 
serious diseases or more uncommon dis­
eases than those patients seen in pri­
mary care. IS For instance, in a study of 
coronary artery disease in 1074 pa­
tients with chest pain, a higher propor­
tion of refenal practice patients had coro­
nary artery disease than tl1e plimary care 
practice patients, even in patients with 
similar clinical histories. 19 

To evaluate representativeness, you 
can also note the methods by which 
patients were recmited. By considering 
how inves tigators identified their 
patients, how they avoided missing 
patients, and who was included and who 
was excluded, you can judge whetl1er 
important subgroups appear to be miss­
ing. The wider the spectrum of patients 
in the sample, the more representative 
the sample should be of the whole popu­
lation, and therefore the more valid the 
results. For example, in a study of Clos­
tlidiwn difficiIecolitis in 609 patients witl, 
cliarrhea, the patien t sample consisted of 
adult inpatients whose diarrheal stools 
were tested for cytotoxin, thereby exclud­
ing any patients whose clinicians chose 
not to test. 20 The inclusion of only tllose 
tested is likely to raise the probability of 
C diffi cile in relation to the entire popu­
lation of patients with diarrhea. 

Weber and Kapoorl defined palpita­
tions broadly, as anyone of several pa­
tient complaints (eg, fast heartbeats, 
skipped heartbeats, and the like) and in­
cluded patients with new and recurrent 
palpitations. They obtained patients from 
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3 clinical settings (emergency deparunent, 
inpa tient floors, and a medical clinic) in 
1 university medical center in a middle­
sized North American city. Of the 229 
adult patients presenting consecutively 
for care of palpitations at their center dur­
ing the study period, 39 refused partici­
pation, and the investigators included the 
remaining 190 patients, including 62 from 
the emergency depanmentsetting. No im­
portant subgroups appear to have been 
excl uded, so these 190 patients probably 
represent thefullspectrum of patients pre­
senting with palpitations. 

Were the Criteria for Each Final Di­
agnosis Explicit and Credible? Clini­
cians often disagree about a patient's di­
agnosis. Such disagreement about final 
diagnosis could threaten the validity of 
a study'S conclusions about disease fre­
quency. To minimize this threat, in­
vestigators can use a set of explicit cri­
teria when assigning each of the final 
diagnoses. Ideally, these criteria should 
include not only the findings needed to 
confirm each diagnosis, but also those 
findings useful for rejecting each diag­
nosis. For example, published diagnos­
tic criteria for infective endocarditis in­
clude criteria for both verifying the 
infection and for rejecting it.21

.
22 Inves­

tigators can then classify patients into 
diagnostic groups that are mutually ex­
clusive, with the exception of patients 
whose symptoms are from more than 
1 cause. This allows clinicians to un­
derstand which diagnoses remain pos­
sible for any undiagnosed patients af­
ter the investigators have ruled out 
alternatives. 

Ideally, studies of disease probabil­
ity would also measure the agreement 
beyond chance for the clinicians as­
signing diagnoses, as was done in a 
study of the causes of dizziness.23 The 
greater the agreement, the more repro­
ducibl e and credible are the diagnos­
tic assignments. 

While reviewing the diagnostic crite­
ria , keep in mind that "lesion finding" is 
not necessarily the same t.hing as "ill­
ness explaining." 1.n other words, by using 
explicit and credible criteria, a patient 
may be found to have 2 or more disor­
ders that might explain the clinical prob-

lem, causing some doubt as to which dis­
order is the culprit. Better studies of 
disease probability will include some 
assurance that the disorders found actu­
ally do explain the patients' illnesses. For 
example, in a sequence of studies of syn­
cope, investigators required that the 
symptoms occur Simultaneously with an 
arrhythmia before that arrhythmia was 
judged to be the cause.H Alternatively, 
in a study of chronic cough, investiga­
tors gave cause-specific therapy and 
required positive treatulent responses to 
confirm the final diagnosesI5 

Weber and Kapoorl developed a 
priori explicit and credible criteria for 
confirming each possible disorder caus­
ing palpitations and listed their crite­
ria in an appendix along with support­
ing citations. They evaluated study 
patients prospectively and aSSigned fi­
nal diagnoses using the explicit crite­
ria. Wherever relevant, such as for car­
diac arrhythmias, they required that the 
palpitations occur at the same time as 
the arrhythmias for that cause to be di­
agnosed. They do not report on agree­
ment for these assignments. 

Was the Diagnostic Work-up Com­
prehensive and ConSistently Applied? 
This criterion addresses 2 closely related 
issues. First, have the investigators evalu­
ated their patients thoroughly enough 
to detect any of the important causes of 
this clinical problem? Widlin reason and 
ethics, the more comprehensive the 
work-up, the lower the chance that 
invalid conclusions about disease fre­
quencywill be reached. For example, in 
a retTospective study of stroke in 127 
patients with mental status changes, the 
diagnosti c work-up was reported to 
include neurological examination and 
neuroimaging; a comprehensive search 
for other causes of delirium was not 
described, and 118 cases remained unex­
plained ?6 As the investigators do not 
describe a complete and sys tematic 
search for the causes of delirium, the dis­
ease probabilities appear less credible. 

The second iss ue is how consis­
tently the diagnostic work-up was ap­
plied. This does not mean that every pa­
tient must undergo every test. Instead, 
for many clinical problems, the clini-
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cian performs a detailed, yet focused, 
history; a problem-oriented examina­
tion of the involved organ systems; and 
a few initial tests. Then, depending on 
the clues discovered, further inquiry 
proceeds down one of multiple­
branching pathways. Ideally, investi­
gators would evaluate all patients with 
the same initial work-up, and then "[01-

low the clues" usi ng prespecihed test­
ingsequences. Once a definitive test re­
sult confirms a fina l diagnosis, then 
further con firmatory testing is unnec­
essary and unethical. 

You ma y find it easy deciding 
whether the patients' illnesses have been 
well investigated if they were evalu­
ated prospec tively using a predeter­
mined diagnostic approach . It be­
comes harder to judge when patients 
are studied only after theirinvestiga­
tion is complete or when investigation 
is not standardized. For example, in a 
study of precipitating factors in 101 pa­
tients with decompensated heart fail­
ure, while all patients undenvent his­
tory and physical examination, the lack 
of standardization of subsequent test­
ing makes it difficult to judge the ac­
curacy o r the disease probabilitiesY 

Weber and Kapoor1 evaluated their 
patients' palpitations prospectively us­
ing 2 principal means, a structured in­
terview completed by one of the inves­
tigators , and the combined diagnostic 
evaluation (ie, his tory , examination, 
and testing) chosen by the physician 
seeing the patient at the index visit. In 
addition, all patients completed self­
administered ques tionnaires designed 
to assist in detecting various psychiat­
ric diso rders. A maj ority of patients 
( 166/190) had electrocardiograms, and 
large numbers had other testing for ca r­
diac disease as well. Thus, the diagnos­
tic work-up was reasonably compre­
hensive for common disease categories, 
although not exhaustive. Since the sub­
sequent testing orde red by the physi­
cians was not fully standard ized , some 
inconsistency may have been intro­
duced, although it does not appear 
likely to have disto rted the probabili­
ties of common disease categories such 
as psychiatric or cardiac causes. 
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For Initially Undiagnosed Patients, 
Was Follow-up Sufficiently Long and 
Complete? Even when investigators use 
explicit diagnostic criteria after a com­
prehensive evaluation that is consis­
tently applied, some patients' clinical 
problems may remain unell:plained. The 
higher the number of undiagnosed pa­
tients, the greater the chance of error in 
the estimates of disease probability. For 
example, in a retTospective study of vari­
ous causes of dizziness in 1194 patients 
at an otolaryngology clinic, about 27% 
remained undiagnosed.2s With more 
than a quarter of patients' illnesses un­
explained, the disease probabilities [or 
the overall sample might be inaccurate. 

If the study evaluation leaves any pa­
tients undiagnosed, investigators can fol­
low these patients over time, searching 
for additi.onal clues leading to eventual 
diagnoses and observing the progno­
sis. The longer and more complete the 
follow-up, the greater our confidence in 
the benign nature of the condition in pa­
tients who remain undiagnosed yet un­
harmed at the study'S end. How long is 
long enough? No answer would cor­
rectly fit all clinical problems, but we 
would suggest 1 to 6 months for symp­
toms that are acute and self-limited and 
1 to 5 years for chronically recurring or 
progressive symptoms. 

Weber and Kapoor l identified a diag­
nosable cause of palpitations in all but 
31 (16.3%) of theirl90 patients. The in­
vestigators followed nearly all of the 
study patients (96%) for at least a year, 
during which 1 additional diagnosis was 
made in those init ially undiagnosed 
(symptomatic couelation with venu'icu­
lar premature beats). None of the 31 un­
diagnosed patients had a stroke or died. 

What Were the Results? 
What Were the Diagnoses and Their 

Probabilities? The authors o[ many 
studies of disease probability display the 
main results in a table listing the diag­
noses made, and the numbers and per­
centages of patients with those diag­
noses. For some symptoms, patients may 
have more than 1 disease coexisting and 
contributing to the clinical problem. In 
these situations, authors often identify 

the major diagnosis for such patients and 
separately tabulate contributing causes. 
Altematively, authors sometimes iden­
tify a separate, "multiple-cause" group. 

Weber and KapoorL present a table 
that tells us that 58 patients (31 %) were 
diagnosed as having psychiatric causes, 
82 patients (43%) had cardiac disor­
ders, while 5 patients (2 .6%) were 
found to have thyrotoxicosis and none 
had pheochromocytoma. This distri­
bution differed across clinical set­
tings: for instance, cardiac disorders 
were more than twice as likely in pa­
tients presenting to the emergency de­
partment compared with patients pre­
senting to the outpatient clinic. 

How Precise Are These Estimates of 
Disease Probability? Even when valid, 
these disease probabilities are only es­
timates of the true frequencies. You can 
examine tlle precision of these estimates 
using their confidence intervals (CIs). 
If the authors do not provide the CIs for 
you, you can calculate them yourself us­
ing the follOwing fonnula (for 95% CIs): 

95%CI = P ± 1.96J(p[1 - p))/IL 

where p is the proportion of patients with 
the cause of interest, and II is the num­
ber of patients in the sample. 29 This for­
mula becomes inaccurate when the num­
ber of cases is 5 or fewer , and approxi­
mations are available for this situation. 30JL 

For instance, consider the category of 
psychiatric causes of palpitations in the 
study by Weber and Kapoor. I Using the 
above formula , we would start with 
p=0.31, (l-p)=0.69, and n=190. 
Working through the arithmetic, we find 
the CI to be 0.31 ± 0.066. Thus, whLle 
the most likely true proportion is 31 %, 
it may range between 24.4% and37.6%. 

Whether you will consider the CIs 
suffiCiently precise depends on where 
the estimated proportion and CI fall in 
relation to your test or treatment thresh­
olds. If both the estimate and the en­
tire 95% CI are on the same side of your 
threshold, then the result is precise 
enough to allow firm conclusions about 
disease probability for use in planning 
tests or treatments. Conversely, if the 
confidence limit around the estimate 
crosses your threshold, the result may 

not be precise enough for definitive con­
clusions about disease probability. You 
might still use a valid but imprecise 
probability result , while keeping in 
mind the uncertainty and what it might 
mean for testing or treatment. 

Weber and KapoorL do not provide the 
95% CIs for the probabilities they found. 
However, as we just illustrated, i[ you 
were concerned about how near the 
probabilities were to your thresholds, you 
could calculate the 95% CIs yourself. 

Will the Results Help in Caring 
for My Patients? 

Are the Study Patients Similar to My 
Own? This question concems whether 
the clinical setting and patient charac­
teristics are similar enough to yours to 
aliow you to extTapolate tlle results to 
your practice. The closer the match, the 
more confident you can be in applying 
the results. We suggest you ask your­
self whether the setting or patients are 
so different from yours tllat you should 
discard the results.32 For instance, con­
sider whether your patients come from 
areas where 1 or more of the underly­
ing disorders are endemic, which could 
make these disorders much more likely 
in your patients than was found in the 
study. Also, consider whether your pa­
tients have different cultural pattems of 
illness behavior or health practices that 
might cause important differences in the 
disease probabilities when compared 
with the patients in the study. 

Weber and KapoorL recruited the 190 
palpitation patients from those present­
ing to the outpatient clinics, the inpa­
tient medical and surgical services, and 
the emergency department (62 of the 
190 patients) in 1 university medical 
center in a middle-sized North A meri­
can city. Thus , these patients are likel y 
to be similar to the patients seen in your 
hospital emergency department, and 
you can use the study results to help 
inform the pretest probabilities [or the 
patient in the scenario. 

Is It Unlikely That the Disease Pos­
sibilities or Probabilities Have Changed 
Since This Evidence Was Gathered? As 
time passes, evidence about disease fre­
quency can become obsolete. Old dis-
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eases can be controlled or eliminated. 
New diseases can arise. Such events can 
so alter the spectrum of possible dis­
eases or their likelihood that previ­
ously valid studies may no longer be ap­
plicable to cunent practice. For example, 
consider how much the arrival of hu­
man immunodeficiency virus disease has 
transformed the list of possibilities for 
such clinical problems as generalized 
lymphadenopathy, chronic diarrhea, and 
unex-plained weight loss. 

Similar changes can occur as the re­
sult of progress in medical science or 
public health. For instance, in studies of 
fever of unknown origin, new diagnos­
tic technologies have substantially al­
tered the proportions of patients with 
malignancy or unexplained fevers. 33-35 

Treatment advances that improve sur­
vival, such as chemotherapy for child­
hood leukemia, can bring about shifts 
in disease likelihood because the treat­
ment might cause complications, such 
as secondary malignancy years after cure 
ofleukemia. Public health measures that 
control some diseases, such as cholera, 
can alter the likelihood of the remain­
ing causes of the clinical problems that 
the prevented disease would have caused, 
in this example, acute diarrhea. 

The palpita tions study by Weber and 
Kapoorlwas published in 1996, and the 
study period was in 1991. You know of 
no new developments likely to cause a 
change in the spectrum or probabilities 
of disease in patients with palpitations. 

RESOLUTION 
OF THE SCENARIO 

Using the structure outlined in Table 1, 
your "leading hypotheSis" is that acute 
anxiety is causing your patient's palpi­
tations. You offer the patient a more in­
depth discussion of his psychosocial 
situation as the next test to explore this 
diagnosis (ie, the pretest probability is 
above your test threshold). At the same 
time, you do not feel that anxiety is so 
certain that you can stop considering 
other disorders (ie, the pretest probabil­
ity is below your threshold for treat­
ment without testing). After reviewing 
the palpitations study by Weber and 

Kapoor,] you decide to include in your 
"active alternatives" some cardiac ar­
rhythmias (as common, serious, and 
treatable) and hyperthyroidism (less 
common but serious and treatable), so 
you arrange testing to exclude these dis­
orders (ie, these are above your test 
threshold). Finally, given that none of 
the 190 study patients had pheochro­
mocytoma, and since your patient has 
none of the otller clinical features of this 
disorder, you place it into your "other 
hypotheses" category (ie, below your test 
threshold) and decide to hold off on test­
ing [or this condition. 

We recommend applying these Users' 
Guides to identify good evidence on 
which to base initial estimates of disease 
probability for use in differential diag­
nosis. As you apply this evidence, keep 
in mind that selecting a patient's differ­
ential diagnOSiS wisely includes not only 
considering how likely various disorders 
are, but also how serious are the various 
diseases if left undiagnosed and un­
treated, and how much other clinical ac­
tions, like treatment or public health 
measures to reduce disease spread, could 
help the patient or the community. 
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CLINICAL SCENARIO 
You are a primary care practitioner con­
sidering the possibility of anticoagu­
lant therapy with warfarin in a new pa­
tient, a 76-year-old woman with chronic 
congestive heart failure and atrial fibril­
lation. The patient has no hyperten­
sion, valvular disease , or other comor­
bidity. Aspirin is the only antithrombotic 
agent that the patient has received over 
the 10 years during which she has been 
in atrial fibrillation. Her other medica­
tions include captopru, furosemide, and 
metoprolol. The duration of the pa­
tient's atrial fibrillation and her dilated 
left atrium on echo cardiogram dis­
suade you from prescribing antiarrhyth­
mic therapy. Discussing the issue with 
the patient, you find she places a high 
value in avoiding a stroke, a somewhat 
lower value in avoiding a major hem­
orrhage, and wou ld accept the incon­
venience associated with monitoring an­
ticoagulan t therapy. 

You have little inclination to review 
the voluminous original literature re­
lating to the benefits of anticoagulant 
therapy in reducing stroke or its risk of 
bleeding, but hope to find an evidence­
based recommendation to gUide your ad­
vice to the patient. In your office me re­
lating to this problem you find a report 
of a primary study,l a decision analy­
sis,2 and a recent practice guideline3 that 
you hope will help. 

1836 JAMA. May 19. 1999-Vol 281 . No. 19 

Clinicians can often find treatment recommendations in t rad itional narra­
tive reviews and the discussion sections of original articles and meta­
analyses. Making a treatment recommendation involves framing a ques­
tion, identifying management options and outcomes, collecting and 
summarizing evidence, and applying value judgments or preferences to ar­
rive at an optimal course of action. Each step in this process can be con­
ducted systematically (thus protecting against bias) or unsystematically 
(leaving the process open to bias). Clinicians faced with a plethora of rec­
ommendations may wish to attend to those that are less likely to be biased. 
Therefore, we propose a hierarchy of rigor of recommendations to gUide cli­
nicians when judging the usefulness of particular recommendations. Rec­
ommendations with the highest rigor consider all relevant options and out­
comes, include a comprehensive collection of the methodologically highest 
quality data with an explicit strategy for summarizing the data (that is, a sys­
tematic review), and make an explicit statement of the values or prefer­
ences involved in moving from evidence to action. High rigor recommen­
dations come from systematically developed, evidence-based practice 
gUidelines or rigorously conducted decision analyses. Systematic reviews, 
which typically do not consider all relevant options and outcomes or make 
the preferences underlying recommendations explicit, offer intermediate rigor 
recommendations. Traditional approaches in which the collection and as­
sessment of evidence remains unsystematic, all relevant options and out­
comes may not be considered, and values remain implicit, provide recom­
mendations of weak rigor. In an era in which clinicians are barraged by 
recommendations as to how to manage their patients, this hierarchy pro­
vides a potentially useful set of gUides. 
lAMA. 1999;281:1836-1843 

INTRODUCTION 
Each day, clinicians make dozens of 
patient management decisions. Some are 
relatively inconsequential , some are 
important. Each one involves weighing 
benefits and risks, gains and losses, and 
recommending or instituting a course of 
action judged to be in the patient's best 
interest. These decisions involve an 
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The members of the Evidence-Based Medicine 
Working Group and the Cochrane Applicability 
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implicit consideration of the reI evan t evi­
del1Ce, an intuitive integration of the evi­
dence, and a weighing of the likely ben­
efits and harms. I n making choices , 
clinicians may benefit from stmctured 
summaries of the options and out­
comes, systematic reviews of the evi­
dence regarding the relation between 
options and outcomes, and recommen-

Methods Working Group are listed at the end of this 
article . 
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dations regarding the best choices. This 
Users' Guide explores the process of 
developing recommendations, suggests 
how the process may be conducted sys­
tematically, and introduces a taxonomy 
for differentiating recommendations that 
are more rigorous (and thus more likely 
to be tTustworthy) from those lhatare less 
tigorous (and thus at greater risk of being 
misleading). 

Vlhile recommendations may be di­
rected at health policymakers, our fo­
cus is advice for practicing clinicians. 
We will begin by considering the im­
pliCit steps that are involved in mak­
ing a recommendation. 

THE PROCESS OF DEVELOPING 
A RECOMMENDATION 

The F1GURE presents the steps in­
volved in developing a recommenda­
tion and the formal strategies that are 
available. The first step in clinical deci­
sion making is to define the decision . 
This involves specifying the alternative 
courses of action and the alternative out­
comes. Often, treatments are deSigned 
to delay or prevent an adverse outcome 
such as stroke, death, or myocardial in­
farction. In our discussion, we will re­
fer to the outcomes that treatment is de­
signed to prevent as target outcomes. 
Treatments are associated "vith their own 
adverse outcomes-adverse or toxic ef­
fects . Ideally, the definition of the deci­
sion will be comprehensive-all reason­
able altematives will be considered and 
all possible beneficial and adverse out­
comes will be identified. In patients like 
the woman with nonvalvular atrial fi­
brillation in the scenario, options in­
clude not u'eating the patient, giving her 
aspirin, or anticoagulant therapy with 
warfarin. Outcomes include minor and 
major embolic stToke, intracranial hem­
orrhage, gastrointestina l hemorrhage, 
minor bleeding , and the inconve­
nience associated with taking and moni­
toring medication. 

Having identified the options and out­
comes, decision makers must evaluate 
the links between the two-whatwill the 
alternative management sU'ategies yield 
in terms of benefit and hann?' They must 
also consider how this impact is likely 
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Figure. A Schematic View of the Process of Developing a Treatment Recommendation 

Task 

Specify Options and Outcomes 

Method for Achieving Task 

Explicit Decision Framing 

1 
Use Evidence to Determine the Link 
Between OpUons and Outcomes in All 
Relevant Patient Subgroups 

Randomized Controlled Trials and Other Evidence -
Systematic Review 

! 
Incorporate Values to Decide on 
Optimal Course 01 Action 

Values - Decision Analysis or Practice Guideline 

If Necessary, Consider Local Circumstances 
and Modify Course 01 Action 

Local Circumstances - Local Guidelines 

Assess Local Burdens, Local Barriers, and Local Resources 

to vary in different groups of patients.5 

Having made estimates of the conse­
quences of alternative strategies, value 
judgments about the relative desirabil­
ity or undeSirability of possible out­
comes becomes necessary to allow treat­
ment recommendations. We will use the 
tenn preferences synonymously with val­
ues or value judgments in refening to the 
process of trading off positive and nega­
tive consequences of alternative man­
agement strategies. 

Recently , investigators have ap­
plied scientific principles to the collec­
tion, selection, and summarization of 
evidence, and the valUing of out­
comes. We will briefly describe these 
systematic approaches. 

Linking Management Options and 
Outcomes-Systematic Reviews 
Unsystematic identification and collec­
tion of evidence risks biased ascer­
tainment-tTeatment effects may be un­
derestimated or, more commonly, 
overestimated, and adverse effects may 
be exaggerated or ignored . Unsystem­
atic summaries of data run similar risks 
of bias. One result of these unsystem­
atic approaches may be recommenda­
tions advocating harmful treatments 
and failing to encourage effective 
therapy. For example, experts advo­
cated routine use of lidocaine for pa­
tients with acute myocardial infarc­
tion when available data suggested the 

intervention was ineffective and pos­
sibly even harmful and failed to rec­
ommend thrombolytic agents when 
data showed patient benefit.6 

Systematic reviews deal with this 
problem by expliCitly stating inclu­
sion and exclusion criteria for evi­
dence to be considered , conducting a 
comprehensive search for the evi­
dence , and summarizing the results 
according to explicit rules that include 
examining how effects may vary in dif­
ferent patient subgroups. 7,8 When a sys­
tematic review pools data across stud­
ies to provide a quantitative estimate of 
overall treatment effect, we call it a meta­
analysis. Systematic reviews provide 
strong evidence when the quali ty of the 
primary studies is high and sample sizes 
are large and less strong evidence when 
designs are weaker and sample sizes 
small. Because judgment is involved in 
many steps in a systematic review (in­
cluding specif)'inginclusion and exclu­
sion criteria, applying these critelia to 
potentially eligible studies, evaluating 
the methodological quality of the pri­
mary studies, and selecting an approach 
to data analysis), systematic reviews are 
not immune from bias. Nevertheless, 
in their rigorous approach to collect­
ing and summarizing data , systematic 
reviews reduce the likelihood of bias 
in estimating the causal links between 
managem en t options and patient 
outcomes. 
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Decision Analysis 
Rigorous decision analysis provides a 
formal structure for integrating the 
evidence about the beneficial and 
harmful effects of treatment options 
with the values or preferences associ­
ated with those beneficial and harmful 
effects. When done well, a decision 
analysis will use systematic reviews of 
the best evidence to estimate the 
probabilities of the outcomes and use 
appropria te sources of preferences 
(those o[ society or of relevant patient 
groups) to generate treatment recom­
mendations 9 .

1o When a decision 
analysis includes costs among the 
outcomes, it becomes an economic 
analysis and summarizes trade-offs 
between gains (typically valued in 
quality-adjusted life years [QALYs]) 
and resource expenditure (valued in 
dollars)u .12 A decision analysis will 
be open to bias if it fails criteria for a 
systematic overview in accumulating 
and summarizing evidence or uses 
preferences that are arbitrary or come 
from small or unrepresentative popu-

Table 1. Methodologic Requirements for 
Systematic, Rigorous Recommendations 

1. Comprehensive statement of management 
options and possible outcomes. 

2. Systematic review and summary of evidence 
linking options to outcomes. Examination of 
the magnitude of impact, in terms of both 
benefits and risks, in relative and absolute 
terms. 

3. Consideration of different populations, and 
the characteristics of these populations, 
that may affect impact of intervention. 

4. Examination of strength of evidence linking 
options to outcomes. Where evidence is 
weak, examine the implications of plausible 
differences in effects. 

5. Explicit, appropriate specification of values or 
preferences associated with outcomes. 

La tions (such as a small group of 
health care providers). 

Practice Guidelines 

Practice gUidelines provide an alterna­
tive structure for integrating evidence 
and applying va lues to reach treat­
ment recommendations. Practice gUide­
line methodology places less empha­
sis on precise quantitation than does 
decision analysis. lnstead, it relies on 
the consensus of a group of decision 
makers, ideally including experts, fTOnt­
line clinicians, and patients, who care­
fully consider the evidence and decide 
on its implications. Rigorous practice 
gUidelines will also use systematic re­
views to summarize evidence and sen­
sible strategies to attribute values to 
alternative outcomes. 1J,14 Guidelines 
developers may focus on local circum­
stances. For example, clinicians prac­
ticing in rural parts of less industrial­
ized countries without resource to 
monitor its intensity may reject anti­
coagulant therapy as a management 
approach for patients with atrial fibril­
lation. Practice gUidelines may fail 
methodological standards in the same 
ways as decision analyses. 

We will now contrast these system­
atic approaches to developing recom­
mendations with historical practice. 

Current Sources of 
Treatment Recommendations 

Traditionally, authors of Original orpri­
mary research into therapeutic inter­
ventions include recommendations 
about the use of these interventions in 
clinical practice in the discussion sec­
tion of their articles. Authors of system-

Table 2. A Hierarchy of Rigor in Making Treatment Recommendations 

Systematic 
Level Summary 

of Rigor of Evidence 

High Yes 

Intermediate Yes 

Low No 

Considers All 
Relevant Options 

and Outcomes 

Yes 

Yes or No 

Yes or No 

Explicit 
Statement 
of Values 

Yes 

No 

No 

Example 
Methodologies 

Practice guidelines 
or decision 

Systematic review' 

Traditional reviews; 
original articles 

"Example methodologies may not reflect the level of rigor shown. Exceptions may occur in either direction. For 
example, if a practice guideline or decision analysis neither systematically collects and summarizes information, nor 
explicitly considers societal or patients' values, it will produce recommendations li1at are of low rigor. If a systematic 
review does consider all relevant options and at least qualitatively considers values, it can produce recommenda­
tions approaching high rigor. 

atic reviews and meta-analyses also tend 
to provide their impressions of the man­
agement implications of their studies. 
Typically, however, individual tIials or 
overviews do not consider all possible 
management options, but focus on a 
comparison of2 or 3 alternatives. They 
may also fail to identify subpopula­
tions in which the impact of treatment 
may vary conSiderably. Finally, when the 
authors of overviews provide recom­
mendations, they are not typically 
grounded in an explicit presentation of 
societal or patient preferences. 

Failure to consider these issues may 
lead to variability in recommendations 
given the same data. For example, a 
number of meta-analyses of selective de­
contamination of the gut using antibi­
otic prophylaxis for pneumonia in criti­
cally ill patients with similar results 
regarding the impact of tTeatInent on tar­
get outcomes resulted in recommenda­
tions varying from suggesting imple­
mentation, to equivocation, to rejecting 
implementation. 15-18 Varying reCOlmnen­
dations reflect the fact that both inves­
tigators reporting primary studies or do­
ing meta-analyses often make their 
recommendations without benefit of 
an explicit standardized process or set 
of rules. 

When benefits or risks are dramatic 
and are essentially homogeneous across 
an entire population, intuition may pro­
vide an adequate guide to making treat­
ment recommendations. Such situa­
tions are unusual. In most instances, 
because of their susceptibility to both bias 
and random error, intuitive recommen­
dations risk misleading the clinician. 

These considerations suggest that 
when clinicians examine treatment rec­
ommendations, they should critically 
evaluate the methodological quality of 
the recommendations. The greater the 
extent to which recommendations ad­
here to the methodological standards we 
have mentioned, the greater faith clini­
cians may place in those recommenda­
tions (TABLE 1). TABLE 2 presents a 
scheme [or classifying the methodologi­
cal quality of treatment recommenda­
tions, emphasizing the 3 key compo­
nents: consideration of all relevant 
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options and outcomes, a systematic sum­
mary of the evidence, and e}..'plicit and/or 
quantitative consideration of societal or 
patient preferences. In the next section 
of the article, we "vill describe the rat­
ing system summarized in Table 2. 

MAKING 
RECOMMENDATIONS: 
A HIERARCHY OF RIGOR 
Systematic Summary of Evidence 
for All Relevant Interventions 
Using Appropriate Values 

Quantitative Sununary of Evidence and 
Values. The most rigorous approach 
to making recommendations (which 
we will call a systematic synthesis) in­
volves precisely quantifying all ben­
efits and risks; determining the values 
of either a group of patients or the gen­
eral population; where uncertainty ex­
ists, making a systematic and quanti­
tative exploration of the range of 
possible true values; and using quan­
titative methods to synthesize the data. 
One approach to meeting these crite­
ria involves conducting a formal deci­
sion analysis. Many decision analyses 
fail to carry out each step in the pro­
cess in an optimally rigorous fashion; 
to do so usually requires a major re­
search proj ect. 9 .10 

Challenges for investigators doing 
decision analysis include conducting 
the systematic reviews required to gen­
erate the best estimates of benefits and 
risks associated with treatment op­
tions and measuring how the general 
public or patients value the relevant 
outcomes. Typically, a decision analy­
sis values each treatment arm in terms 
of QAL Ys. When costs are considered, 
the decision analysis becomes an eco­
nomic analysis, and we think in terms 
of additional dollars spent to gain an ad­
ditional QAL Y. The optimal therapy or 
the cost-effectiveness of alternatives 
may differ depending on untreated pa­
tients' risk of the target outcome. 

What a decision analysis or eco­
nomic analysis usually does not do is 
to value the benefits, risks, and costs 
and provide an expliCit threshold for de­
cision making. For example, a new 
treatment might cost $50 000 per QALY 
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gained. Is this a bargain or too great a 
cost to warrant treatment? Often, in­
vestigators doing decision analysis will 
refer to the cost-effectiveness or cost­
utility ratios of currently used treat­
ments to help with this decision. For 
instance, the decision analysis from the 
scenario in this article concluded that 
while the cost of warfarin [or patients 
with at least 1 [actor increasing their risk 
of embolism was $8000 per QAL Y 
saved, the cost was $375 000 per QALY 
saved for a 65-year-old person with no 
risk factors 2 The authors compared 
these figures to the $50 000 to $100000 
cost per QALY gained when screening 
adults [or hypertension. 

Quantitative Summary of Evi­
dence and Values: Explicit Decision 
Thresholds. Investigators can use the 
principles of decision analysis to ar­
rive at explici t decision thresholds and 
present these thresholds in ways that 
facilitate clinicians' understanding. One 
such approach involves the number of 
patients to whom one must adminis­
ter an intervention to prevent a single 
target event, the number needed to treat 
(NNT).l9 Typically, the NNT falls as pa­
tients' risk of an adverse outcome rises 
and may become extremely large when 
patients are at very low risk. In a pre­
vious Users' Guide, we have described 
the threshold NNT,20 the dividing line 
between when treaUnent is warranted 
(the NNT is low enough that the ben­
efits outweigh the costs and risks) and 
when it is not (the NNT is too great to 
warrant treatment). Deriving the 
threshold NNT involves specifying the 
relative value associated with prevent­
ing the target outcome vsincurring the 
adverse effects and inconvenience as­
sociated with treatment. 2l 

Investigators using this approach 
may also consider costs. If so, they face 
the additional requirement of specify­
ing the number o[ dollars one would be 
willing to pay to prevent a Single tar­
get event. With or without consider­
ing costs, investigators can plug the val­
ues they adduce into an equation that 
generates the threshold NNT 20 They 
can then look at the risk of the target 
outcome in untreated subpopulations 

to whom clinicians might consider ad­
ministering the intervention. Combin­
ing this information with the relative 
lisk reduction associated "vith the treat­
ment, they can detennine on which side 
of the threshold the treatment falls. 

Returning to our example, warfarin 
decreases the risk of stroke in patients 
with non valvular atrial fibrillation. Since 
anticoagulation increases bleeding risk, 
it is not self-evident that we should be 
recommending the treatment for our 
patients and must find a way of trad­
ing off decreased stroke and increased 
bleeding. We can calculate the thresh­
old NNT by specifying the major 
adverse outcome of u-eaunent, bleed­
ing, and the frequency with which 
it occurs due to treatment. We t.hen 
speCify the impact or these deleterious 
effects relative to the target event the 
treatment prevents , a stroke. A variety 
of studies of relevant patient popu­
lations22

.
2s suggest that, on average , 

patients consider 1 severe stroke equiva­
lent to 5 episodes of serious gastroin­
testinal bleeding. We use these figures 
to calculate our threshold NNT, which 
proves to be approximately 152 
(TABLE 3). This implies that if we need 
to provide anticoagulant therapy to 
fewer than 152 patients to prevent a 
stroke, we will do so; if we must pro­
vide anticoagulant therapy to more than 
152 patients , then our recommenda­
tion will be to not treat. 

The threshold NNT then facilitates 
recommendations for specific patient 
groups. TABLE 4 summarizes the cal­
culation of the NNT and the associ­
ated comparison with the threshold for 
2 groups of patients. A meta-analysis of 
randomized tria ls tells us that antico­
agulant therapy reduces the risk of 
su-oke by 68% (95% confidence inter­
val, 50%-79%) and that this risk reduc­
tion is consistent across clinical tl'i­
als 2 6 The meta-analysis also provides 
risk estimates for dilTerent groups orpa­
tients with strokes. Patients older than 
75 years with any previous cerebrovas­
cular events, diabetes, hypertenSion, or 
heart disease have a stroke risk or ap­
proximately 8.1 % per year. Anticoagu­
lation reduces this risk to 2.6% "vith an 
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Table 3. Calculating t he Threshold Number Needed to Treat (T-NNT) 
for W arfarin Treatment of Patients With Nonvalvular Atrial Fibrillation 

We consider anticoagulant therapy for patients with nonvalvular atrial fibrillation to prevent 
strokes that may be fatal or, in survivors, severe or mild . The relative frequencies of the 
different types of stroke provide the weights used to calculate the utility, cost, and value of 
an "average" stroke. The adverse event caused by treatment is hemorrhage, which may be 
serious (adverse event 1 [AE1]) or minor (adverse event 2 [AE2]). The relative frequencies of 
the different types of serious hemorrhage (fatal , severe central nervous system [CNS], mild 
CNS, or gastrointestinal [GI]) provide the weights used to calculate the average utility, cost, 
and value of the "average" serious hemorrhage. 

Target Event: Stroke 

Type of Stroke Relative Frequency Utility Cost, $ Value 

Fatal 0.25 0 0 100000 
Severe 0.25 0.4 34200 60000 
Mild 0.50 0.8 7800 20000 

Any stroke 0.5 12450 50000 

Adverse Event: Hemorrhage 
Value 

I 
Attributable Relative Relative to 

Type of Hemorrhage Risk Frequency Utility Cost, $ Absolute Target Event 

Serious hemorrhage 
Fatal 0.0012 0.20 0 0 100000 2.0 
SevereCNS 0.00018 0.03 0.4 34200 60000 1.2 
MildCNS 0.00048 0.08 0.8 7800 20000 0.4 
GI 0.00414 0.69 0.8 3920 20000 0.4 

AE1 0.006 0.628 4355 37200 0.744 

AE2 0.15 0.993 100 700 0.014 

Computation of relative value from utility: 

Relative value = (1 - utility of adverse event)l(1 - utility of target event) 

Thus, when utility of target event = 0.5: 

Adverse Event 

Serious hemorrhage 
Fatal 
SevereCNS 
MildCNS 
GI 

AE1 

AE2 

Utility 

o 
0.4 
0.8 
0.8 

0.628 

0.993 

Cost of treatment = $800 per patient treated 

T-NNT (not considering costs): 

T-NNT =-----------­
(Value,\E' . RateAE' ) + (ValueAE2 ' RateAE2) 

Relative Value 

1 - 0/ 1 - 0.5 = 2.0 
1 - 0.4/1 - 0.5 = 1.2 
1 - 0.8/1 - 0.5 = 0.4 
1 - 0.8/1 - 0.5 = 0.4 

1 - 0.628/ 1 - 0.5 = 0.744 

1 - 0.993/1 - 0.5 = 0.014 

(where ValueAE = value of AE relative to that of target event) 

1 

(0.744 '0.006) +(0.014 · 0.15) 

= 152 

T-NNT (full model, including costs): 

T_NNT = ___________ _ C_os_tl~.,~~.I_+_v_alu_e_I~~~_' __________ __ 

[Costtreatrnenl + (Cost"" I . RateAEI )+ (CostAE2 · RateAE2)] + [(ValueAEI RateAE') + (ValueAE2 ' RateAE2)] 

12 450+50000 

[800+ (4355·0.006) + (100, 0.15)1 + [(37 200 ·0.006) + (700 ·0.15)1 

=53 

NNT of 1 divided by 0.055, or approxi­
mately 18 per year. The NNT for this 
group is appreciably lower than the 
threshold NNT, suggesting that such 
patients should be treated. 

Patients younger than 65 years with 
no risk factors have a I-year stroke risk 
of 1%, which anticoagulant therapy 
reduces to 0.32%. The associated 
NNT of 146 approximates the thresh­
old NNT of 152 and suggests the deci­
sion about whether or not to treat is 
a toss-up. 

Clinicians or health care decision 
makers interested in considering costs 
in their decisions can look for help from 
the model. Costs can be included by 
specifying the dollar value associated 
with preventing adverse outcomes (for 
example, Laupacis and colleagues27 

have suggested the most that society 
migh t be willing to pay to gain a QAL Y 
is $100 000). When we consider costs 
as calculated in the decision analysis 
from the patient scenario ,2 we arrive at 
a threshold NNT of 53, suggesting a 
more conservative approach to antico­
agulant administration (Table 3) . 

Investigators can lise units other than 
NNT to develop clinically useful deci­
sion thresholds. For example, for 81 pa­
tients previously treated with cisplatin­
based chemo therapy, the average 
minimum gain in survival that was felt 
to make the chemotherapy worth­
while was 4.5 months for mild toxic­
ity and 9 months for severe toxicity.28 
Such a threshold could be integrated 
with information about the actual gain 
in lire associated with the treatment to 
help form the basis [or a recommenda­
tion about use of cisplatin therapy. 

Like other quantitative approaches, 
considering NNT and the threshold 
NNT, or al ternative thresho Ids, is 
intended to supplement clinical judg­
ment , not replace it. Investigators 
exploring different treatment choices 
have found the method USefl.lU9 How­
ever clin icians use it, the approach 
highlights the necessity for both valu­
ing the benefits and risks of treatment 
and understanding the magnitude or 
those benefits and risks in maki.ng a 
treatment decision. 
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Quantitative Summary of Evi­
dence, Qualitative Summary of Pref­
erences. Practice guidelines, if they are 
to minimize bias, should not substi­
tute expert opinion for a systematic re­
vi.ew of the literature , and should have 
an explicit and sensible process for valu­
ing outcomes, an explicit consider­
ation of the impact of uncertainty as­
sociated with the evidence and values 
used in the gUidelines, and an explicit 
statement of the strength of evidence 
supporting the gUideline. When a prac­
tice gUideline meets these methodolOgi­
cal standards, and thereby minimizes 
bias, we refer to the guideline as evi­
de/ICe-based (Table 1). 

Once they have the evidence, inves­
tigators and clinicians are often un­
comfortable with explicitly specifying 
preferences in moving from evidence 
to action . Their reluctance is under­
standable. Specifying a trade-off be­
tween a stroke and a gastrointestinal 
hemorrhage is not an exercise with 
which we are familiar. People may feel 
that identifying a specific value-a 
stroke is equivalent to 2.5 gastrointes­
tinal hemorrhages , for instance­
implies more precision than is realis­
tic. Discomfort may increase further 
when we specify a dollar value associ­
ated with preventing an adverse event. 

This may be 1 reason that partici­
pants in the development of rigorous 
practice guidelines, including experts 
in the content area, methodologists, 
community practitioners, and pa­
tients and their representatives , sel­
dom use numbers to identify the value 
judgments they are making. Still, a rig­
orous guideline will establish, reflect, 
and make explicit the community and 
patient values on which the recommen­
dation is based. 

Most practice guidelines fail to sys­
tematically summarize the evidence. 
Even those that meet criteria for evidence 
accumulation and summarization do 
not usually make their underlying val­
ues explicit. Guidelines ulatdo not meet 
either set of criteria produce recommen­
dations of low methodologic rigor. 

Practice gUidelines that meet the cri­
teria in Table 1 provide an alternative 
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Table 4. Using the Number Needed to Treat (NNT) to Make Treatment Recommendations 

Risk of Stroke 
Without 

Relative Risk Group's 
Reduction With Absolute Risk Group's NNT 

[Threshold NNT) Patient Group Treatment, % Warfarin, % Reduction, % 

Age <65y, 
no risk factors 

Previous thromboembolic 8.1 
event 

to quantitative strategies to arrive at a 
systematic synthesis. 

Systematic Review of Evidence, 
Unsystematic Application of Values 

Traditionally, investigators provide 
their results and then make an intui­
tive recommendation about the action 
that they believe should follow from 
their evidence. They may do so with­
out considering all treatment options 
or all outcomes (Table 2). Even when 
they consider all relevant treatments 
and outcomes, they may fail to use com­
munity or patient values, or even to 
make the values they are using ex­
p licit. For instance, the authors of a 
meta-analysis of antithrombotic therapy 
in atrial fibrillation stated "about one 
patient in seven in the combined study 
cohort were at such low risk of stroke 
(l % per year) that chronic anticoagu­
lation is not warranted. "26 Here, the 
relative value of stroke and gastroin­
testinal bleeding is impliCit in the rec­
ommendati.on. The nature of the value 
judgment is not transparent, and we 
have no guarantee that the implicit val­
ues reflect those of our patient or com­
munity. Clinicians faced WiUlsuch rec­
ommendations need to take care that 
they are aware of all relevant out­
comes, both reductions in targets 
and treatment-related adverse events, 
and are aware of the relative values 
implied in the treatment recommen­
dations. 

Unsystematic Review, 
Unsystematic Synthesis 
The unsystematic approach represents 
the traditional strategy of accumulat­
ing and summarizing evidence in an un­
systematic fashion and then applying iIn­
plicit preferences to arrive at a treannent 

68 

68 

0.68 

5.5 

146 
(cost omitted: 152; 

cost considered: 53) 

18 
(cost omitted: 152; 

cost conSidered: 53) 

recommendation. The approach is open 
to bias and is likely 1.0 lead to consis­
tent, valid recommendations only when 
the gradien t between beneficial and ad­
verse consequences of alternative ac­
tions is very large. 

Intermediate Approaches 
Both quantitative strategies and prac­
tice gUidelines, when done rigorously, 
are velY resource-intensive. Investiga­
tors may adopt less onerous methods 
and still prOVide useful insights. Re­
searchers doing meta-analyses may ,""ish 
to take the first steps in making treat­
ment recommendations without a for­
mal decision analysis or practice guide­
line development exercise. If they are 
to optimize the rigor of these tentative 
recommendations they will compre­
henSively identify all options and out­
comes ancl use their meta-analysis to es­
tablish the causal links bet\Neen the t\;vo. 
They may then choose to label values 
in only a qua litative way, such as: "We 
value preventing a stroke consider­
ably more highly than incurring a gas­
trointestinal hemorrhage. Given this 
value, we would be willi ng to treaL a 
moderate-to-large number of patients 
to prevent a Single target event and 
would therefore recommend u-earing all 
but those at lowest risk of stroke." 

Clinicians may find such recommen­
dations useful, and they have the ad­
vantage of highlighting that if one does 
not share the specified values, one 
would choose an alternative treat­
ment strategy. They may not, how­
ever, reflect community or patient pref­
erences. In addition, they are less 
specific than the process of placing a 
number on our values . While quanti­
fying values may make us uncomfort­
able, we are regularly (if uncon-
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sciously) making such judgments in the 
process of instituting or withholding 
treatment for our patients. 

ARE TREATMENT 
RECOMMENDATIONS 
DESIRABLE AT ALL? 

The approaches we have described 
highlight that patient management de­
cisions are always a fUll ction ofboth evi­
dence and preferences. Clinicians may 
point out that values are likely to dif­
fer substantially between settings. Moni­
toring of anticoagulant therapy might 
take on a much stronger negative value 
in a rural selting where travel di s­
tances are large or in a more severely 
resource-constrained environment in 
which there is a direct inverse relation­
ship between ( for example) the re­
sources available for purchase of 
antibiotics and those allocated to moni­
toring levels of anticoagulation. 

Patient-to-patient differences in val­
ues are equally important. The magni­
tude of the negative value of anticoagu­
lant monitoring or the relative negative 
value associated ''lTith a stroke vs a gas­
trointes tinal hemorrhage will vary 
widely between individual patients, even 
in the same setting. If decisions are so 
dependent on preferences, what is the 
point of recommendations? 

This line of argument suggests that 
inves tigators should sys tematica lly 
search, accumulate, and summarize in­
formation for presentation to clini­
cians. In addition, investigators may 
highlight the implications of different 
sets of values for clinical action . The de­
pendence of the decision on the un­
derlying values and the variability of 
values would suggest that such a pre­
sentation would be more useful than a 
recommendation. 

We find this argument compelIing. 
Its implementation is, however, depen­
dent on standard methods of summa­
rizing and presenting information that 
clinicians are comfortable interpret­
ing and using. Furthermore, it implies 
clinicians having the time and the meth­
ods to ascertain patien t values that they 
can then integrate with the informa­
tion from systematic reviews of the im-

1842 JAMA, May 19, 1999-Vol 281, No. 19 

pact of management decisions on pa­
tient outcomes. These requirements are 
unlikely to be fully met in the imme­
diate future. Moreover, treatment rec­
ommendations are likely to remain use­
ful for providing inSight, marking 
progress , highlighting areas where we 
need more information, and stimulat­
ingproductive controversy. In any case, 
clinical dec is ions are likely to im­
prove if clinicians are aware of the un­
derlying determinants of their actions 
and are able to be more critical about 
the recommendations offered to them. 
Our taxonomy may help to achieve both 
goals. 

RESOLUTION 
OF THE SCENARIO 

The closest statement to a recommen­
dation relevant to your patient from the 
original journal article l is the follow­
ing: "Many elderly patients with atrial 
fibrillation are unable to sustain chronic 
anticoagulation. Furthermore, the risk 
of bleeding (particularly intracranial 
hemorrhage) was increased when el­
derly patients in our study received an­
ticoagulant therapy. " This study nei­
ther summarized the available evidence 
nor explicitly stated its underlying val­
ues; therefore, we would classify its rec­
ommendation as low in rigor. 

The decision analysis uses system­
atic summaries of the available evi­
dence and specifies the patient values 
used in developing its conclusion that 
"Treatment with warfarin is cost­
effective in patients with nonvalvular 
atrial fibrill ation and one or more ad­
ditional risk factors for stroke,"2 plac­
ing it in the high rigor category. More­
over, the patient values used in the 
analysis appear consistent with yourpa­
tient's preferences . The only limita­
tion to the decision analysis is that its 
bottom-line recomm e ndation in­
volves considerations of cost, and you 
have reservations about including cost 
considerations in your decision. The 
practice guideline) once again uses a 
systematic summalY of the evidence, 
and , though making frequ ent refer­
ence to patients' values, does not specify 
the relative value of stroke and bleed-

ing implied in its strong recommen­
dation that high-risk patients such as 
ours be offered anticoagulant therapy. 
Nevertheless, armed with consistent 
recommendations from a systematic 
syntheSiS and a recommendation of in­
tennecliate rigor, you feel confident rec­
ommending your patient begin taking 
warfarin. 
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If anyone declares to you that he has actual proof, from 
his own e)-.:perience, of something which he requires [or 
the conrirmalion o[his theOly,-even though he be con­
sidered a man of great authority, truthfulness, earnest 
words and morality, yet, just because he is anxious for 
you to believe his theory, you should hesitate. 

-Moses ben Maimon (Maimonides) (1135-1204) 
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CLINICAL SCENARIO 
You are a family physician seeing a 47-
year-old woman and her husband of the 
same age. They are concerned because 
a friend recently found out that she had 
bowel cancer and has urged them both 
to undergo screening with feca l occult 
blood tests (FOBTs) because, she says, 
prevention is much better than the cure 
she is now undergoing. Both your pa­
tients have no family history of bowel 
cancer and no change in bowel habit. 
They ask whether YOll agree that they 
should be screened. 

You know that trials ofFOBT screen­
ing have demonstrated that screening 
can reduce mortality from colorectal 
cancer (eRe), but you also recall that 
FOBTs can have a high false-posit ive 
rate that then requires investigation by 
colonoscopy. You are unsure whether 
screening these re latively young, 
asymptomatic people at average risk of 
bowel cancer is likely to do more good 
than harm. You decide to check the lit­
erature to see if there are any guide-

lines or reconunendations about screen­
ing for eRe that might help you. 

THE SEARCH 

Since you know there is more than 1 
randomized contTolled trial (ReT), you 
look first for a systematic review. Your 
MEDLINE search (using the terms fe­
cal occult blood test and colorectal or co­
lonic neoplasms and mass screenillg and 
systematic review) produces a system­
atic review by Towler et al.I However, 
there may be ancillary evidence that 
would influence your decision about 
whether to recommend screening 
to your patient (such as the false­
positive rate of the test, the adverse ef­
fects of subsequent investigation and 
treatment, and costs) so you also check 
for a practice guideline. You find the 
American Gastroenterological Associa­
tion (AGA) guideline on eRe screen­
ing,2 which is based on the same trials 
as the systematic review but also pro­
vides the additional information you 
were hoping to find. The full text is pro­
vided so you print off a copy to take 
home and read. 

INTRODUCTION 

When assessing a guideline or recom­
mendation about screening you should 
apply the criteria suggested earlier in 
this series about assessment of health 
care interventions.3

,4 You may also con­
sider other criteria for evaluating 
whether screening is worthwhile5

.
B 

Sometimes screening is clearly effec­
tive, with large benefits and negligible 

©1999 American Jl"ledical Association. All rights reserved. 

harms, as is the case with phenylke­
tonuria screening anclscreening [or sys­
tolic hypertension (> 160 mm Hg) 
among the elderly9 In other situa­
tions, clinicians must often weigh the 
benefits and harms when considering 
whether to screen. IO This guide ex­
tends earlier approaches by providing 
a framework for assessing the method­
ological strength of gUidelines on 
screening and by demonstrating the im­
portance of weighing the benefits and 
harms of screening when they are 
closely balanced. The final decision 
about whether to screen is greatly in­
fluenced by the values different incli­
viduals place on each of the possible 
benefits and harms. 

Our criteria for reviewing a gUide­
line (or a meta-analysis) about screen-
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ing follow the Users' Guides for an 
article about practice guidelines 
(TABLE 1); in this article we will not re­
view all the Users' Guides for gUide­
lines, but highlight only those issues 
specific to screening, 

TABLE 2 presents the possible con­
sequences of screening. Some people \"ill 
have true-positive test results with clini­
cally significant disease (aO): a propor­
tion of this group will benefit accord­
ing to the e[fectiveness of treatment and 
the severity of the detected disease. For 
example, children found to have phen­
ylketonuria will experience large, long­
lasting bendits. Other people will have 
"true" -positive test results with incon­
sequential disease (a1

): they may suf­
fer hanns of labeling, investigation, and 
tTeannent for a disease or risk factor that 
would never have affected their lives. 
Consider, for instance, a man in whom 
screening reveals low-grade prostate can­
cer who is destined to die of a heart at­
tack before his prostate cancer be­
comes clinically manifest. He may suffer 
unnecessary treatment and associated 

Table 1. Users' Guides for Guidelines and 
Recommendations About Screening 

Are the recommendations valid? 
Is there randomized controlled trial evidence that 

earl ier intervention works? 
Were the data indentified, selected, and 

combined in an unbiased fashion? 
What are the recommendations and will they 

help you in caring for your patients? 
What are the benefits? 
What are the harms? 
How do these compare in different people and 

with different screening strategies? 
What is the impact of people's values and 

preferences? 
What is the impact of uncertainty? 
What is the cost-effectiveness? 

adverse effects. Persons with false­
positive test results (b) may suffer the 
harms associated with investigation of 
the screen-detected abnormality. Per­
sons with false-negative test results (CO) 
may experience harm if false reassur­
ance results in delayed presentation or 
investigation of symptoms; some may 
also be angry when they discover they 
have a disease despite haVing a nega­
tive screening test result. In contrast, per­
sons with "false"-negative test results 
who have inconsequential disease (c1

) 

are not harmed by their disease being 
missed because it was never desti ned to 
affect them. Persons with true-nega­
tive test results (d) may experience ben­
efit associated with an accurate reas­
surance of being disease free , but may 
also suffer inconvenience, cost, and 
anxiety. 

The longer the gap between pos­
sible detection and clinically impor­
tant consequences, the greater the num­
ber of people in the inconsequential 
disease category (a 1). When screening 
for risk factors , velY large numbers of 
people need to be screened and treated 
to prevent 1 adverse event years later,ll 
and thus , most people found to have a 
risk factor at screening \\Till be treated 
for inconsequential disease. 

ARE THE RECOMMENDATIONS 
VALID? 

Is There RCT Evidence That Earlier 
Intervention Works? 

Guidelines recommending screening 
are on strong ground if they are based 
on RCTs in which screening is CO\11-

Table 2. Summary of Benefits and Harms of Screening by Underlying Disease State' 

Reference Standard Results 

Disease or Risk Factor Present 
Disease or Risk 
Factor Absent 

Screening test positive aO= True positives or 
(Significant disease) 

Screening test negative co= False negatives or 
(significant disease) 

a' = "True" posit ives b = False positives 
(inconsequential 
disease) 

c' = "False" negatives d = True negatives 
(inconsequential 
disease) 

*aO indicates disease or risk factor that will cause symptoms in the future (significant disease); a', disease or risk factor 
asymptomatic until death Onconsequential disease): b. false pos~ives: co, missed disease that will be significant in 
the future; c' , missed disease that will be inconsecuential in the future; and d , true negatives. Sensitivity = aia+c and 
specificity = d/b+d. 

pared with conventional care. In the 
past, many screening programs, some 
of them effective (such as cervical can­
cer screening and screening for phen­
ylketonuria) , have been implemented 
on the strength of observational data. 
When the benefits are enormous and 
the downsides minimal , there is no need 
for RCTs. More often, the benefits and 
harms [rom screening are more evenly 
balanced. In these situations, observa­
tional studies of screening may be mis­
leading. Survival as measured from the 
time of diagnosis may be increased, not 
because patients live longer , but be­
cause screening lengthens the time that 
they know they have disease (lead­
time hias). Patients whose disease is dis­
covered by screening may also appear 
to live longer because screening tends 
to detect slowly progressing disease and 
may miss rapidly progressive disease 
that becomes symptomatic between 
screening rounds (length-time bias). 
Therefore, unless the evidence of ben­
efit is overwhelming, RCT assessment 
is required. 

Investigators may choose 1 of 2 de­
signs to test the impact of a screening 
process. The trial may assess the en­
tire screening process (early detection 
and early intervention, FIGURE 1, left), 
in which case people are randomized 
to be screened and treated if early ab­
normality is detected or not screened 
(and treated only if symptomatic dis­
ease occurs) . Trials of mammographic 
screening have used this designll. \4 

Alternatively, everyone may partici­
pate in screening and those wi th posi­
tive test results are randomized to be 
treated or not treated (Figure 1, right) . 
If those who receive treatment do bet­
ter, then one can conclude that early 
treatment has provided some benefit. 
Investigators usually use this design 
when screening detects not the dis­
ease itsel!" but factors that increase the 
risk of disease . Tests of screening pro­
grams for hypertension and high cho­
lesterol leve ls hav e. llsed this cle­
sign.15

.
16 The principles outlined in this 

article apply to both screening for oc­
cult disease and screening for risk fac­
tors for later disease. 
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Were the Data Identified. 
Selected. and Combined 
in an Unbiased Fashion? 

As for all guidelines, developers must 
specify the inclusion and exclusion c1i­
teria for the studies they choose to con­
sider, conduct a comprehensive search, 
and assess the methodological quality 
of the studies they include. Towler et 
all searched for published and unpub­
lished trials and assessed their quality 
using criteria recommended by the Co­
chrane Collaboration. The investiga­
tors extracted data from the trials and 
combined them in a meta-analysis on 
an intention-to-screen basis. 

The AGA gUideline2 on colorectal 
screening used explici t inclusion and ex­
clusion criteria and a comprehensive 
search to identi fy all the RCTs of FOBT 
screening. The authors include a critical 
appraisal of the trials and conclude that 
the trials provide strong evidence of ef­
fectiveness, though they are limited in that 
they do not consider the effect of screen­
ing on health-related quality of life. 

WHAT ARE THE 
RECOMMENDATIONS AND 
WILL THEY HELP YOU IN 
CARING FOR YOUR PATIENTS? 

A good gUideline about a screening pro­
gram should summarize the trial evi­
dence about benefits and present data 
about the hanns. The guideline should 
then provide information about how 
these benefits and harms can vary in 
subgroups of the population and un­
der different screening strategies. 

What Are the Benefits? 

What outcomes need to be measured 
to estimate the benefits of a screening 
program? 

Benefits will usually be experienced 
by some of those with positive test re­
sults, as either a reduction in mortality 
or an increase in quality oflue. The ben­
efit can be estimated as an absolute risk 
reduction (ARR) or a relative risk reduc­
tion (RRR) in adverse outcomes. (Read­
ers desiring a full discussion of these con­
cepts can refer back to an earlier Users' 
Guide. 1?) Briefly, the ARR depends on 

USERS' GUIDES TO THE MEDICAL LITERATURE 

the baseline risk of disease and thus pre­
sents a more realistic estimate of the size 
of the mortality benefit. The RRR, in con­
trast, is independent of baseline risk and 
can lead to a misleading impression of 
benefit (TABLE 3). The number of people 
needed to screen to prevent an adverse 
outcome provides another way of pre­
senling benefit. 

In addition to prevention of adverse 
outcomes, peop le may also regard 
knowledge of the presence of an ab­
normality as a benefit as in antenatal 
screening for Down syndrome. An­
other potential benefit of screening 
comes from reassurance afforded by a 
negative test result, if a person is ex­
periencing anxiety because a family 
member or friend has developed the tar­
get condition or from discussion in the 
media. However, if the anxiety is a re­
sult of the publicity surrounding the 
screening program itself, we would not 
view anxiety reduction as a benefit. 

The AGA gUideline reports that the 
RRRs from 3 trials of FOBT screening 
are 33% (annual screening) and 15% 
and 18% (biennial screening). An es-

timate of the uncertainty associated 
with these estimates (as one would get 
from the 95% confidence interval [CI] 
around a pooled RRR) would help the 
reader appreciate the range within 
which the U"ue RRR plausibly lies. Based 
on a computer simulation, the AGA 
gUideline estimates an ARR of 1330 
deaths prevented per 100000 (13 .3 per 
1000) people screened annually using 
FOBT from 50 to 85 years of age, as­
suming 100% participation (TABLE 4). 

What Are the Harms? 

Among those with positive test results, 
harms may include the following: 

• complications arising from inves­
tigation 

• adverse effects of treatment 
• unnecessary treatment of persons 

with u·ue-positive test results who have 
inconsequential disease 

• adverse effects of labeling or early 
diagnosis 

• anxiety generated by the investi­
gations and treatment 

• costs and inconvenience incurred 
during investigations and treatment. 

Figure 1. Designs for Randomized Controlled Trials of Screening 

Randomize .------------. 
Screen No Screen 

I 
Treat Early 

Disease 

Outcome 

Treat at Usual Time 
of Presentation 

Outcome 

Screen .------------. 
Early Disease or No Disease or 

Risk Factor Detected Risk Factor Detected 

I 
Randomize 

/ 
Treat Early Disease 

or Risk Factor 

Outcome 

Treat at Usual Time 
of Presentation 

I 
Outcome 

Left, A randomized controlled trial can assess the entire screening process, in which case participants are ran· 
domized to be screened (and treated) or not screened. Right, Alternatively, everyone can participate in the 
screening, and those with positive results are randomized to be treated or not treated. 

Table 3. Comparison of Data Presented as Relative and Absolute Risk Reductions and 
Number Needed to Screen With Varying Baseline Risks of Disease and Constant Relative Risk 

Baseline Risk Risk in Relative Absolute 
(Risk in Unscreened Screened Risk Risk No. Needed 

Group), % Group, % Reduction, % Reduction, % to Screen 

4 2 50 2 50 

2 1 50 100 

0.5 50 0.5 200 

0.1 0.05 50 0.05 2000 

©1999 American lvledical Association. All rights reserved. JAMA, June 2, 1999-Vol 281, No. 21 2031 
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Table 4. Clinical Consequences for 1000 
People Entering a Program of Annual Fecal 
Occult Blood Test Screening for Colorectal 
Cancer at Age 50 Years and Remaining in the 
Program Until 85 Years of Age or Death* 

Clinical Consequences 

Harms 
Screening tests 
Diagnostic evaluations (by 

colonoscopy) 
False·pos~ive screening tests 
Deaths due to colonoscopy 

complications 
Bowel perforations from 

colonoscopy 
Major bleeding episodes from 

colonoscopy 
Minor complications from 

colonoscopy 
Benefits 

Deaths averted 
Years of life saved 
Years of life gained per person 

whose cancer death was 
prevented 

'Adapted from Winawer et aI.' 

No. 

27030 
2263 

2158 
0.5 

3.0 

7.4 

7.7 

13.3 
123.3 

9.3 

The AGA gUideline reports that of the 
patients who do not have CRC, 8% to 
10% "'rill have false-positive test results 
(specificity, 90%-92% using rehy­
drated slides). In the trials, only 2% to 
6% of those v-rith positive test results ac­
tually had colon cancer (positive pre­
dictive value, 2%-6%). Thus, of every 
100 screening participants with a posi­
tive test result, only 2 to 6 v-rill have can­
cer, but all 100 v-rill be exposed to colo­
noscopy and its attendant risks (Table 
4). While the colonoscopies v-rill reveal 
few cancers, they will show many pol­
yps (25% of people aged 50 years or 
older have polyps, some of which \vill 
be judged to need removal depending 
on the size of the polyp). Part of the ben­
efit of screening will come [rom re­
moval of the small proportion of pol­
yps that would have progressed to 
invasive cancer. Part of the harm of 
screening will come from regular colo­
noscopies that are recommended for 
people who have had a benign or incon­
sequential polyp removed. 

Among those with negative test re­
sults, harms may include the follov-ring: 

• anxiety generated by the screen­
ing test (waiting for result) 

• false reassurance (and delayed pre­
sentation of symptomatic disease later) 

• costs and inconvenience in­
curred during the screening test. 

2032 JAMA, June 2. 1999- Vol 281, No. 21 

Of those who have cancer, FOBT 
screening using rehydrated slides will 
correctly identify 90% and miss the 
other 10% (sensitivity of 90%), accord­
ing to the AGA gUideline. Those who 
present with symptoms after a false­
negative screen may experience a sense 
of anger and betrayal that they would 
not suffer in the absence of a screen­
ing program. 

Using the computer simulation, the 
AGA guideline presents data on the fre­
quency of some of these harms. These 
data are summarized in Table 4 [or 1000 
people participating in annual screen­
ing by FOBT [TOm 50 to 85 years of age. 
The model assumes those who test posi­
tive have a colonoscopy. 

We now know the magnitude of both 
benefits and harms (as presented in 
Table 4). This balance sheet tells us that 
screening 1000 people annually \'lith 
FOBT from 50 years of age will pre­
vent 13.3 deaths from CRC, but "'rill 
cause 0.5 deaths from the complica­
tions of investigation and surgery. There 
will also be 10.4 major complications 
(perforations and major bleeding epi­
socles) and 7.7 minor complications. 
The authors provide no data on anxi­
ety, but we could assume that some 
people will feel anxious prior to colo­
noscopy. FIGURE 2 presents these data 
as a flow diagram. 

These data assume that the screen­
ing programs v-rill deliver the same mag­
nitude of benefit and harms as found 
in RCTs; this v-rill be true only if the pro­
gram is delivered to the same standard 
of quality as in the trials. Otherwise, 
benefits will be smaller and the harms 
greater. 

How Do Benefits and Harms 
Compare in Different People 
and With Different 
Screening Strategies? 

The AGA gUideline recommends that 
people at average risk and older than 
50 years of age be o [ferecl screening for 
CRe. The guideline discusses several 
screening stTategies (FOBT, flexible sig­
moidoscopy, barium enema, and colo­
noscopy) and, in relation to FOBT, rec­
ommends offering annual screening. 

The magnitude of benefits and harms 
will vary in different patients and un­
der different screening strategies, as the 
follOWing discussion reveals. 

Risk of Disease, Assuming that the 
RRR is constant over a broad range of 
risk of disease, benefits will be greater 
for people at higher risk of disease. 
For example , mortality from CRC 
rises with age, and the mortality 
benefit achieved by screening rises 
accordingly (FIGURE 3, top). But the 
life years lost in the population to 
CRC are related both to the age at 
which mortality is highest and the 
length of life still available. Thus , the 
number of life years that can be saved 
by CRC screening increases with age 
to about 75 years and then decreases 
again as life expectancy declines (Fig­
ure 3, bottom). The number of deaths 
averted by screening over 10 years for 
those aged 40, 50, and 60 years at first 
screening (0.2, 1.0 , and 2.4, respec­
tively, per 1000 people!) reflects these 
differences. Because of a greater ben­
efit, it may be rational for a 60-year­
old person to decide screening is 
worthwhile, while a 40-year-old per­
son (or 80 years old) with smaller 
potential benefit might decide it is not 
worthwhile. 

Risk of disease, and therefore ben­
efits from screening, may be increased 
by other factors , such as a family his­
tory. The AGA guideline reports that 
people with 1 or more first-degree rela­
tives (parent, Sibling, child) with CRC, 
but without one of the specific genetic 
syndromes, have approximately twice 
the risk of developing CRC as average­
risk individuals without a family his­
tory. This means that for people aged 40 
years who have a fiTst-degree relative 
with CRC, the incidence of CRe is com­
parable to that for people aged 50 years 
without a family history. The gUideline 
also notes that within each age group, 
the risk is greatest in those whose rela­
tives developed cancer at a younger age. 

Screening Interval. As the screen­
ing interval is shortened, the effective­
ness of a screening program will tend 
to improve, although there is a limit to 
the amount of improvement that is pos-

©1999 American JVledical Association. All rights reserved. 
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sible. For example , screening twice as 
often could theoretically double the 
relative mortality reduction obtain­
able by screening, but in practice, the 
effect is usually much less. Cervical can­
cer screening may, for instance, re­
duce the incidence of invasive cervical 
cancer by 64%, 84%, and 94% if screen­
ing is conducted at lO-year, 5-year, and 
annual intervals, respectively.18 

The frequency ofhanns will also in­
crease with more frequent screening, 
potentially directly in proportion to the 
frequency of screening. Thus, we will 
see diminishing marginal return as the 
sc reening interval is shortened. Ulti­
mately , the marginal harms will out­
weigh the marginal benefit of further 
reductions in the screening interval. 

Test Characteristics. If the sensi tiv­
il)' of a new test is greater than the test 
used in the u'ials and is detecting sig­
nificant disease earlier , the benefit of 
screening will increase. But it may be 
that the new, apparently more sensi­
tive , test is detecting more cases of in­
consequential disease (for example, by 
detecting more low-grade prostate can­
cers or more low-grade cervical epithe­
lial abnormalities I 9

), which will in­
crease the harms. On the other hand, 
if specificity is improved and testing 
produces fewer false-positive results , 
net benefit "vill increase and the test may 
now be useful in groups in which the 
old test was not. 

Ideally, clinicians would look to 
RCTs of the new test compared with the 
old test. However, new tests often ap­
pear in profusion, and randomized tri­
als are expensive and often only inter­
pretable after long follow-up. Being 
pragmatic, we will usually need to ac­
cept Ulat the trials have shown that ear­
lier detection works and a comparison 
of a new vs the old test only needs to 
examine test characteristics. Return­
ing to CRC screening, since we have 
RCT data of mortality reduction, we 
may assume that earlier detection us­
ing other methods such as flexible sig­
moidoscopy will also reduce mortal­
ity from CRC even though there are no 
published reports of RCTs of screen­
ing with flexible Sigmoidoscopy. 

Figure 2. Flow Diagram of the Clinical 
Consequences for 1000 People Entering a 
Program of Annual Fecal Occult Blood Test 
(FOBT) Screening for Colorectal Cancer 
(CRC) at Age 50 Years and Remaining in the 
Program Until 85 Years of Age or Death 

27030 Annual FOST Screens in 
1000 People Aged 50 Years Until Age 85 Years 

~ r 2263 Colonoscopies 

2158 No Cancer 

~ 
18.6 Complications ----'1 

I 
105 Cancers 

0.5 Deaths 
3.0 Perforations 
7.4 Major Hemorrhages 
7.7 Minor Hemorrhages 

1 
28.7 Deaths 
63.0 Usual Survivors 
13.3 Extra Survivors 

Usual survivors are those who would have survived 
wi th or without screening. Extra survivors are those 
in whom the earlier detection of cancer averts death. 
Adapted from Winawer et al. 2 

What Is the Impact of People's 
Values and Preferences? 

People will value benefits and harms of 
screening differently. For example, 
pregnant women who are consideling 
screening for Down syndrome may 
make different choices depending on 
the value they p lace on having a Down 
syndrome baby vs the risk of iatro­
genic abortion from amniocentesis 20 

Individuals who choose to partici­
pate in screening programs are benefit­
ing (in their view) from screening, and 
other individuals are benefiting (in their 
view) from not participating. Individu­
als can only make the right choice for 
themselves if they have access to high­
quality information about the benefits 
and harms of screening and are able to 

weigh that information . This probably 
will require much better educational ma­
terials and decision support materials; 
some examples are already available. 21 .22 

What Is the Impact of Uncertainty 
Associated With the Evidence? 

There is always uncertainty about the 
benefits and hanns of screening. The 

©1999 American Medical Association. All rights reserved. 

Figure 3. Mortality From Colorectal Cancer 
and Years of Life Lost Due to Colorectal 
Cancer With and Without Screening 
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Top, Mortality from colorectal cancer. Bottom, Life 
years lost due to colorectal cancer. Broken lines indi­
cate with screening, and solid lines, without screen­
ing. Data from Towler et ai. ' 

95% CIs arounclthe magnitude of each 
benefit and harm provides an indica­
tion of the amount of uncertainty in 
each estimate. Where sample size is lim­
ited, the CIs will be wide and cI in i­
cians should alert potential screening 
participants that the magnitude of the 
benefit or harm could be conSiderably 
s maller or greate r than the point 
es timate. 

What Is the Cost-effectiveness? 

While clinicians will be most inter­
estecl in the balance of benelhs and 
hanns for their individual patients, poli­
cymakers must consider issues of cost­
effectiveness and local resources in their 
decisions . Clinicians can look to 
previous Users' Guides to help them 
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evaluate studies addressing these eco­
nomic issuesB .24 

The AGA guideline reports that the es­
timated cost-effectiveness of FOBT 
screening is approximately $10 000 per 
life year gained among people older than 
50 years (although, like the absolute size 
of the benefit, it will vary with risk of 
disease). The AGA guideline also notes 
that all eRe screening sU-ategies exam­
ined (FOBT, flexible sigmoidoscopy, 
barium enema, colonoscopy) cost less 
than $20000 per bfe year saved. 

These cost-effectiveness ratios are 
within the range of what is currently 
paid in some countries for the benefits 
of other screening programs such as 
mammographic screening for women 
aged 50 to 69 years (estimated at 
$21400 per life year saved25

), ultra­
sound screening for carotid stenosis (in­
cremental cost per quality-adjusted life 
year gained is estimated at $3949526

) 

and ultrasound screening for abdomi-
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XVIII. How to Use an Article Evaluating the Clinical Impact 
of a Computer-Based Clinical Decision Support System 
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Deborah J. Cook, MD, MSc 

Gordon H. Guyatt, MD, ]\lISe 

CLINICAL SCENARIO 
It is 7 AM, and m edical rounds are 
starting on university hospital ward 
3B. In the past 24 hours of your resi­
dency, you have transferred 2 criti­
cally ill patients to the intensive care 
unit; accepted 11 patients to your 
medical service; examined and revised 
m edication orders for 22 patients; 
placed 9 intravascular catheters; writ­
ten 35 notes ; and reviewed, ca tego­
rized , and acted on more than 300 
new pieces of laboratory and radiol­
ogy data . You were planning to ask 
the infectious disease specialist about 
a patient, but he seems very busy, and 
th e broad-spectrum antibiotic regi­
men you prescribed should suffice. 
You were jus t told that you ordered 
to tal parenteral nutrition for the 
wrong patient. While deciding which 
patient shou ld receive parenteral 
nutrition , you realize that the calcula­
ti.ons for the amino acid concentration 
are erroneous. After the first 5 min­
utes of your first patient presentation , 
the senior physician asks you details 
from the pa tient's past m edical his­
tory. You wish you could refer to your 
admission note, but yo u couldn't 
access it before your rounds because a 
utilization review clerk had the chart. 

The chair of medicine keeps p rom­
ising to install computers to help man­
age all of this information, but she is 
limited by the budget squeeze. She 
needs proof that computerization will 
improve patient care to justify such a 
major expense. She asks you to help . 
You remember reading, in one or the 
many journals piled up at home, about 
how computers can be used to pro­
vide decision support leading to im­
proved patient outcomes. If you can 
show that computers improve patient 
care, maybe the hospital administra­
tion ,,,,ill see the expense as an invest­
ment that could reduce costs . 

THE SEARCH 

When you get home that night, you 
connect to the Internet and decide to 
search the medical literature using In­
ternet Grateful Med from the US Na­
tional Library of Medicine. You typ e 
http://igm.nlm.nih.gov/ into your browser 
and choose MEDLINE. You quickly re­
alize that you don't know what search 
ternlS to use. You enter decision then 
click the button for Find MeSH/Meta 
Terms. From the 31 Medical Subject 
Headings tenns offered, you choose de­
cision mahil1g, computer-aSSisted; 
therapy, computer assisted; diagnosis , 
computer-aSSisted; drug therapy, com­
puter-assisted, specifying that they are 
the major topics of the article. You limit 
your search to randomized controlled 
trials in English during the years 1995 
to 1998. Browsing through the 45 ab­
stracts from the search, you choose "A 

©1999 American Medical Association. All rights reserved. 

Randomized Trial of 'Corollary Or­
ders' to Prevent Errors of Omission ." 
The abstract of this article concludes 
that "physician work stations, linked to 
a comprehenSive electronic medical 
reco rd , can be an efricient means for 
dec reaSing errors of omissions and 
improving adh erence to practice guide­
lines."l 

You order the full article over the In­
ternet from Loansome Doc. In this study! 
conducted on the inpatient general mecli­
cal warcls of an inner-city public hospi­
tal, 6 independent services (red service, 
green service, etc) cared for the inpa­
tients. Each service included a faculty in­
ternist, a senior resident, and 2 inten1s. 
A different phYSician team rotated onto 
each service every 6 weeks , and eluting 
a year, 8 different teams worked on each 
service. At the beginning of the study, the 
investigators randomly allocated 3 of the 
6 services to the intervention group, 
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which had access to a computer-based 
clinical decision support system (CDSS); 
the other 3 services served as controls and 
did not have access to a CDSS. Teams 
were randomly assigned to the interven­
tion and control services. The CDSS re­
sponded to tligger orders by suggesting 
corollmy orders needed to detect or ame­
liorate adverse reactions and allowed 
physicians to accept or reject these sug­
gestions. TABLE 1 shows examples of cor­
ollary orders and their trigger orders. 

CLINICAL COMPUTER 
SYSTEMS 

Clinicians who manage the care of pa­
tients are dependent on computers. 
laboratory data management soft­
ware, pharmacy information manage­
ment systems, applications [or track­
ing patient location through admission 
and discharge , mechanical ventila­
tors , and oxygen saturation measure­
ment devices are among the many types 
of computerized systems that have be­
come an integral part of the modern 
hospital. These devices and systems 
capture, transform , display, or ana­
lyze data for use in clinical decision 
making. Using computers to search the 
medical literature or to improve the leg-

Table 1. Example Trigger and Corollary Orders 

Trigger Orders 

ibility, display, and accessibility of in­
formation in the patient's chart may 
produce benefits that can sometimes be 
related to the care of an individual pa­
tient. Huwever, medical literature da­
tabases and ordinary patient charting 
systems do not filter and abstract in­
formation from detailed clinical data. 
We use the term CDSS to describe soft­
ware deSigned to directly aid in clini­
cal decision making about individual 
pa tients. Specifically, detailed indi­
vidual patient data are input into a com­
puter program that sorts and matches 
them using programs or algorithms in 
a knowledge base, resulting in the gen­
eration of patient-specific assess­
ments or recommendations for clini­
cians.2 TABLE 2 shows functions of 
decision support systems developed [or 
the follOwing medical purposes: alert­
ing, reminding, critiquing, interpret­
ing, predicting, diagnOSing, assisting, 
and suggesting.3 

Many alerting, reminding, and cri­
tiquing systems are based on simple 
if-then rules that tell the computer what 
to do when a certain event occurs. Alert­
ing systems monitor a continuous sig­
nal or stream of data and generate a 
message (an alert) in response to items 

Corollary Orders 

Heparin infusion Platelet count once before heparin starts, then every 24 h 

Intravenous fluids 

Narcotics (class II) 

Nonsteroidals 

Aminoglycosides 

Warfarin sodium 

Amphotericin B 

Activated partial thromboplastin time at start, again 6 h after a dosage 
change 

Prothrombin time once before heparin started 

Hemoglobin at start of therapy, then every morning 

Test stools for occult blood while administering heparin 

Place a saline lock when intravenous fluids are d iscontinued 

Docusate if not taking any other stool softener or laxative 

Creatinine level (if not 1 in previous 10 d); SMA-12,' blood urea nitrogen 
counted as equivalent 

Peak and trough levels after dosage changes and every week 

Creatinine level twice per week (every Monday and Thursday) 

Prothrombin time each morning 

Creatinine level twice per week (every Monday and Thursday) 

Magnesium level (twice per week while receiving therapy) 

Electrolytes (twice per week while receiving therapy) 

Acetaminophen (650 mg by mouth 30 min before each dose) 

Diphenhydramine hydrochloride (50 mg 30 min before each amphotericin 
dose) 

'SMA-12 indicates sequential mulUple analyzer, measuring glucose, blood urea nitrogen, uric acid, calcium, phospho­
rus, total protein, albumin. cholesterol, total bilirubin. alkaline pllOsphatase, serum glutamic oxaloacetic transami­
nase. and lactate dehydrogenase. 

or patterns that might require action on 
the part of the care provider.-! A simple 
example of an alert is the starred (*) or 
highlighted item (with H or l mark­
ing or with BOLD or changed colors on 
the screen) that alerts the clinician to 
values that are out of range on com­
puterized laboratory printouts and dis­
play screens. Alerting systems clraw at­
tention to eve nts as th ey occ ur. 
Reminder systems notify clinicians of 
important tasks that need to be clone 
before an event occurs. An outpatient 
clinic reminder system may generate a 
lis t o[ immunizations that each pa­
li en t on the daily schedule requires. Al­
though the technical rules that gener­
ate alerts and remind ers are often 
simple, alerting th e right person in a 
limely fashion is quite complex. 

When the clinician has made a de­
cision and the computer evaluates that 
decision and generates an appropriate­
ness rating or alternative suggestion, the 
decision support approach is called cri­
tiquing. The distinction between as­
sisting and critiquing decision sup­
port programs is that assisting programs 
help formulate the clinical decision , 
whereas critiquing programs have no 
part in suggesting the order or plan but 
evaluate the plan, after it is entered, 
against an algorithm in th e com­
puter] Critiquing systems are com­
monly applied to physician order en­
try. For example, a clinician entering 
an order for a blood transfusion may re­
ceive a message stating that the pa-

Table 2. Functions of Computer-Based 
Clinical Deci sion Support Systems 

Function 

Alert ing 

Reminding 

Crit iquing 
Interpreting 

Predicting 

Diagnosing 

ASSisting 

Suggesting 

Example 

Highlighting out-of-range 
laboratory values 

Reminding the clinician to 
schedule a mammogram 

Rejecting an electronic order 
Interpreting the 

electrocardiogram 
Predicting risk of mortality from a 

severity-of-illness score 
Listing a differential diagnosis for 

a patient with chest pain 
Tailoring the antibiotic choices 

for liver transplantation and 
renal failure 

Generating suggestions for 
adjusting the mechanical 
ventilator 
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tient's hemoglobin level is above the 
transfusion threshold, and the clini­
cian must justify the order by stating 
an indication, such as active bleed­
ing5 Getting the attention of the per­
son who can take action is one of the 
most difficult aspects or making alert­
ing, reminding, and critiquing sys­
tems effective. 

The automated interpretations of 
electrocardiogram readings6 and the 
outcome predictions generated by se­
verity-or-illness SCOling systems7 are ex­
amples of decision support systems 
used for interpreting and predicting, re­
spectively. These systems filter and ab­
stract detailed clinical data and gener­
ate a report characterizing the meaning 
of the data (eg, anterior myocardial in­
farcti.on).6 

Computer-aided diagnostic sys­
tems assist the clinician with the pro­
cess of differential diagnosis.8 When the 
electrocardiogram results are not de­
finitive , computer systems that try to 
distinguish between myocardial infarc­
tion and other sources of chest pain can 
sometimes outperform a clinicianY 
These types of systems require perti­
nent patient infonnation, such as signs, 
symptoms, past medical histOlY, labo­
ratory values, and demographic char­
acteristics. The programs start gener­
ating hypotheses, often prompt the user 
for more information, and ultimately 
provide a diagnosis or a list of possible 
diagnoses ranked probabilistically. 

Computerized patient management 
systems are complex programs that 
make suggestions about the optimal de­
cision based on the information cur­
rently known by the system. These 
types of systems are often integrated 
into the phYSician ordering process. Af­
ter collecting information on specific 
patien t variables, the assistant pro­
gram tailors the order to the patient 
based on prior information in the da­
tabase regarding appropriate dosages or 
by implementing specified protocols. 
The Antibiotic Assistant 10 is a CD55 that 
implements guidelines to assist physi­
cians with ordering an tibiotics. This sys­
tem recommen ds the most cost­
effective antibiotic regimen taking into 

account the patient's renal function , 
drug allergies, the site of infection, the 
epidemiology of organisms in patients 
with this infection at this hospital over 
many years, the efficacy of the antibi­
otic regimen, and the cost of therapy. 
A system that instructs caregivers about 
how to manage the ventilation of pa­
tients with adult respiratory distress 
syndrome ll is another example. 

The primary reason to invest in com­
puter support is to improve quality of 
care. If a computer system purports to 
aid clinical decisions, enhance patient 
care , and improve outcomes, then it 
should be subject to the same ru les of 
testing as any other health care inter­
vention with similar claims. In this ar­
ticle , we describe how to use articles 
that evaluate the clinical impact of a 
CD55. While the foc us of a CD 55 may 
be resu"icted to diagnosis or progno­
sis, we will limit our discussion to the 
situation in which the CD5S is de­
signed to change clinician behavior and 
patien t outcome. Many iterative steps 
are involved in developing, evaluat­
ing, and improving a CDSS before it can 
progress beyond the laboratory envi­
ronment and pilot-testing phase and be 
allowed to have a wider impact on phy­
sicians and patients. These evalua­
tions involve social science methods for 
evaluating human behavior and com­
puter science methods for eva luating 
technological safety and robustness.4 

We limit our discussion to mature sys­
tems that have surpassed initial evalu­
ation and are being implemented to 
change physician behavior and pa­
tient outcome. 

Are the Results 
of the Study Valid? 

When clinicians examine the effect of 
a CDSS on patient management or out­
come, they should use the same crite­
ria appropriate for any other interven­
tion (TABLE 3), whether it be a drug, a 
rehabilitation program , or an ap­
proach to diagnosis or screeningH In 
our Users' Guide to prevention and 
therapy,l3 the importance of random as­
signment, blinding of patients and out­
come assessors, and complete fol-

©1999 American Medical Association. All rights reserved. 

Table 3. Using Articles Describing 
Computer-Based Clinical Decision Support 
Systems (CDSSs) 

Are the results of the study valid? 
Was the method of participant allocation 

appropriate? 
Was the control group uninfluenced by the 

CDSS? 
Aside from the CDSS, were the groups 

treated equally? 
What were the results? 

What was the effect of the CDSS? 
Can you apply t he computer-based CDSS in 

your clinical setting? 
What elements of the CDSS are 

required? 
Is the CDSS exportable to a new site? 
Is the CDSS likely to be accepted by 

clinicians in your setting? 
Do the benefits of tile CDSS justify the 

risks and costs? 

low-up were explained. The purpose of 
our discussion in this article is to high­
light issues of particular importance in 
the evaluation of a CDSS. 

Was the Method of Participant Al­
location Appropriate? The validity of 
the obsenrational study deSigns often 
used to evaluate a CDS5 is limited. The 
most common observational design is 
the before-after study deSign, in which 
investigators compare outcomes be­
fore a technology is implemented (us­
ing a historic control group) with those 
after the system is implemented. The 
validity of this approach is threatened 
by the possibility that changes over time 
(called secular trends) in patient mix 
or in aspects of health care delivery may 
result in changes in behavior that ap­
pear to be attributable to the CD55. 
Consider a CDSS that assisted physi­
cians with antibiotic orderinglO in the 
late 1980s and was associated with im­
provements in the cost-effectiveness of 
antibiotic ordering over the next 5 years. 
Changes in the health care system, in­
cluding the advent of managed care, 
were occurring simultaneously dur­
ing that time. To control for secular 
trenels, the computerized antibiotic 
practice guideline study investiga­
tors10 compared antibiotic prescribing 
practices with those of other nonfed­
eral US acute care hospitals for the du­
ration of the study. 

One type of time-series design , in 
which the intervention is tumed on and 
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off multiple times, has been used to con­
trol for potential secular trends. Al­
though this provides some protection 
against bias, random allocation of pa­
tients to a concurrent control group re­
mains the strongest study design for 
evaluating therapeutic or preventive in­
terventions. 13 Use of historical con­
trols may lead to a higher tendency to 
see positive results. A comparison o[ the 
2 types of studies used to evaluate the 
same antihypertensive drugs revealed 
that 80% of historically conu-olled stud­
ies suggested that the new drugs were 
effective, whereas only 20% of random­
ized controlled tTials confirmed this re­
sult. 14 Randomized controlled trials 
have been successfully used to evaluate 
more than 70 CDSSSI.15-17 

An important issue [or CDSS evalu­
ation is the unit of allocation. Investi­
gators in cl inical trials usually random­
ize patients. When evaluating the effect 
of a CDSS on patient care, the inter­
vention is usually aimed at changing the 
decision making of the clinician, so in­
vestigators may randomize individual 
clinicians or clinician clusters such as 
health care teams, hospital wards, or 
outpatient practices. IS A common mis­
take made by investigators is to ana­
lyze their data as if they had random­
ized patients rather than clinicians. This 
is called a unit oj analysis error. 19 

To highlight the problem, we will use 
an extreme example. Investigators ran­
domize study participants to ensure that 
treatment and control groups are bal­
anced with respect to important pre­
dictors of outcome. Randomization of­
ten fails to balance groups if sample size 
is small. Consider a study in which an 
investigator randomizes one team of cli­
nicians to a CDSS and another to stan­
dard practice. During the course of the 
study, each team sees 10000 patients_ 
Jf the investigator ana lyzes the data as 
if patients were indiVidually random­
ized, the sample size appears huge (the 
unit of analysis errorI9

). However, it is 
very plaUSible, perhaps even likely, that 
the 2 teams' performance differed at the 
start and that this difference persisted 
through the study independent of the 
CDSS. Because the base sample size in 
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this study is only 2 (2 teams), the like­
lihood of imbalance despite random­
ization is very large. 

When investigators randomize phy­
sicians and health care teams, obtain­
ing a sample of sufficient size can be 
difficult. If only a few health care teams 
are available, stratification of these teams 
according to important prognostic fac­
tors can reduce potential imbalances. If 
there are many known risk factors, in­
vestigators can pair health care teams ac­
cording to their similarities and ran­
domly allocate the intervention within 
each matched pair.10 In addition, inves­
tigators can use statistical methods de­
veloped specifically for analyzing stud­
ies using cluster randomization21 

There is one other issue regarding 
randomization to which clinicians 
should attend. If some clinicians as­
Signed to CDSS fail to receive the in­
tervention, should these clinicians be 
included in the analysis? 

The answer, counterintuitive to 
some, is yes. Randomization can ac­
complish the goal of balancing groups 
with respect to both known and un­
known determinants of outcome only 
if patients (or clinicians) are analyzed 
in the groups to which they are ran­
domized. Deleting or moving patients 
after randomization compromises or de­
stroys the balance that randomization 
is deSigned to achieve. An analysis in 
which patients are included in the 
groups to which they were random­
ized, whether or not they received the 
intervention, is called intention to treat. 13 

In the study by Overhage et ai, I dur­
ing the course of a year, there were 36 
teams randomly assigned to 18 CDSSs 
and 18 control services. House staff 
were required to write all orders and 
were used as the unit of analysis. Each 
service admitted patients in sequence, 
so that all 6 services received equal 
numbers of patients. A total of86 house 
staff physicians who each received more 
than 5 corollary orders during the study 
cared for 2181 different patients dur­
ing 2955 different admissions. 

Random assignment of teams to 
CDSS and non-CDSS services in­
creases our belief that the results are 

valid. However , although inves tiga­
tors did not randomly assign house staff 
to services, they conducted their analy­
sis at the individual house staff level, 
comparing 45 intervention physicians 
with 41 control physicians. They took 
no steps to ensure that the character­
istics of house staff on the interven­
tion and control teams were similar, 
leaVing the study open to biases from 
baseline differences in house staff per­
formance. Moreover, the lise of indi­
vidual house staff instead of the team 
as the unit of analysis may have led to 
false precision in eS limating the im­
pact of the in tervention because of a 
falsely in[]ated sample size. 

In the study by Overhage et al,1 in­
vestigators excluded 6 physicians from 
lhe intervention group because t.hose 
physicians received fewer than 5 sug­
gesti.ons about corollary orders. This de­
cision violates the intention-to-treat 
principle and risks introducing bias, be­
cause physicians on the control side who 
received fewer than 5 suggestions were 
included. Fortunately, the small num­
ber of excluded physicians were mostly 
off-service physicians covering night 
calls for 1 or 2 nights and not actually 
service team members, so the contribu­
tion of such physicians to the compari­
son of CDSS and control is small. 

Was the Control Group Uninflu­
enced by the CDSS? One problem with 
performing a controlled trial ran­
domizing a CDSS across patients is the 
difficulty in controlling for contam­
ination of the control group by the in­
tervention. Strickland and Hasson22 ran­
domly allocated patients to have 
changes in their level of mechanical 
ventilator support either directed by a 
computer protocol and implemented 
through a phYSician or directed by the 
physician independently. Because the 
same physicians and respiratory thera­
pists who used the computer protocol 
managed the care of patients not as­
Signed to the protocol, it is possible cli­
nicians remembered and applied pro­
tocol algorithms in control patients. 
When the control group is innuenced 
by the intervention , the effect of the 
CDSS may be diluted. Contamination 
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may spuriously decrease, or even elimi­
nate , a true intervention effect. 

One method of preventing expo­
sure of the control group to the CDSS 
is to assign individual clinicians to use 
or not use the CDSS. This is often prob­
lematic because of cross-coverage of pa­
tients. Comparing the performance of 
wards or hospitals that do or do not use 
the CDSS is another possibility. Unfor­
tunately, it usually is not feasible to en­
roll a sufficient number of hospitals in 
a study to avoid the problem we de­
scribed earlier-when sample size is 
small , randomization may fail to en­
sure prognostically similar groups . 

In the study by Overhage et al,1 phy­
sicians whose teams were assigned to 
a control service had the CDSS gUide­
lines avai lable on paper but did not re­
ceive assistance when ordering. To con­
trol for the risk that cross-coverage of 
patients could expose the control group 
to the CDSS, the investigators had the 
chief medical resident construct the 
residents' evening call schedule to sepa­
rate coverage for patients based on pa­
tients' study status. If switches in the 
schedule were made, control physi­
cians provided call coverage only for 
non-CDSS patients , and intervention 
physicians covered only CDSS pa­
tients. Furthermore, to avoid contami­
nation that could occur if interven­
tion physicians cared for control 
patients, the computer suggested or­
ders only when the patient had been as­
signed to a physician in the CDSS 
group, and corollary order sugges­
tions were suppressed if the patient was 
assigned to the control group. If phy­
sicians retumed for a second rotation 
and changed study status , the investi­
gatOl's excluded data from their sec­
ond rotation. All of these efforts were 
to prevent contamination of the con­
trol group by the CDSS. 

Aside From the CDSS, Were the 
Groups Treated Equally? The results 
of studies evaluating intelventions aimed 
at therapy or prevention are more be­
lievable if patients, their caregivers, and 
study personnel are blind to the treat­
ment. 13 Unblinded study personnel who 
are measuring outcomes may provide 

different interpretations of marginal find­
ings or differential encouragement dur­
ing performance tests. 23 Blinding also di­
minishes the placebo effect, 13 which, in 
the case of CDSS, may be the tendency 
of patients or clinicians to ascribe posi­
tive atUibutes to use of a computer work­
station .4 Although blinding the clini­
cians, patients, and study personnel to 
the presence of the computer-based 
CDSS may prevent this type of bias , 
blinding is sometimes not possible. 

Interventions other than the treat­
ment being studied that can influence 
the outcome are called cointerven­
tions. They frequently occur because 
most patients receive multiple thera­
pies aimed at improving their out­
come. A problem arises when cointer­
ventions are differentially applied to the 
treatment and control groups. This situ­
ation is more likely to arise in un­
blinded studies , particularly if the use 
of very effective nonstudy treatments 
is permitted at physicians' discre­
tion. 13 Clinicians' concems regarding 
lack of blinding are ameliorated if in­
vestigators describe permissible cointer­
ventions and their differential use 
ancl/or standardize cointerventions24 to 
ensure that their application is similar 
in both treatment and control groups. 

It is also important to ensure that the 
evaluation of the outcome for each 
group is not biased. In some studies, the 
computer system may be used as a data 
collection tool to evaluate the out­
come in the CDSS group . The "data 
completeness bias" can occur when the 
infonnation system is used to log epi­
sodes in the treatment group and a 
manual system is used to log episodes 
in the non-CDSS group.4 Because the 
computer may log more episodes than 
the manual system, it may appear that 
the CDSS group had more events , 
which could bias the outcome in favor 
of or against the CDSS group. To pre­
vent this b ias , outcomes should be 
logged Similarly in both groups. 

In the study by Overhage et al,1 al­
though faculty were proscribed from 
writing orders except during emergen­
cies, physicians practiced within teams, 
and the raculty influenced the resi-
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dents through their teaching. Faculty 
could rotate with different house staff 
on different rotations during the study, 
further complicating this situation. To 
allow for this clustering of physicians 
within teams, the investigators used 
generalized estimating equations to 
control for potential cointervention. 

What Are the Results? 

What Is the Effect of the CDSS? A CDSS 
is often aimed at preventing adverse 
events or health outcomes or at improv­
ing compliance with a treatment regi­
men. (See our Users' Guide for preven­
tion or therapy13 for a discussion of 
relative risk and relative risk reduc­
tions, risk differences and absolute risk 
reductions, andconl'idence intervals.) In 
the study by Overhage et al,1 interven­
tion physicians ordered the corollary or­
ders suggested by the CDSS much more 
rrequently than control physicians spon­
taneously ordered them. This was true 
when measured by immediate compli­
ance (46.3% vs 21.9%; relative in­
crease, 2.11 ; P< .OOOl), 24-hollT com­
pliance (50.4% vs 29.0%; relati ve 
increase, 1.74; P<.OOOl), or hospital­
stay compliance (55.9% vs 37 .1 %; rela­
tive increase, 1.51; P< .OOOl). Because 
the numerators and denominators are 
not reported for the total numbers of cor­
ollary orders complied with and not 
complied with for each group, we can­
not calculate the confidence intervals for 
the risk difference for the increase in 
compliance. However, because the P val­
ues are very small, we know that the 
lower boundary of the confidence in­
terval is appreciably greater than 1, and 
the confidence interval is therefore rela­
tively narrow. 

Length of stay and hospital charges 
did not differ Significantly. Pharma­
cists made 105 interventions with the 
CDSS group of physicians and 156 with 
control physicians (2-tailed P = .003) for 
errors considered to be life-threaten­
ing, severe, or Significant. 

Can You Apply the CDSS 
in Your Clinical Setting? 
What Elements of the CDSS Are Re­
quired? Investigators should specify the 
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intervention that they are evaluating. 
Two of the major elements of a CDSS, 
the logic and the computer interface 
used to present the logic, could each be 
evaluated as a separate intervention. 
However, sometimes it is not possible 
to separate these 2 elements and achieve 
the same result. For example, we men­
tioned a randomized controlled trial 
that compared a computerized proto­
col for managing patients diagnosed as 
having adult respiratory distress syn­
drome with standard clinical care us­
ing extracorporeal carbon dioxide 
removal as rescue therapy. I I The com­
puterized protocol group without res­
cue therapy did as well as the rescue 
therapy group. Was this due to the lOgiC 
in the protocol, the use of the com­
puter, or both interacting together? 

To test whether the computer is 
needed requires that one group apply 
the protocol logic as written on paper 
and the other group use the same logic 
implemented by the computer. Some­
times the protocol logic is so complex 
that use of a computer may be re­
quired for implementation. 

The CDSS may have a positive im­
pact for unintended reasons. The im­
pact of structured data collection fonns 
and performance evaluations (the 
Checklist Effect and the Feedback Ef­
fect,+ respectively) on decision making 
can equal that of computer-generated ad­
vice.25 The CDSS intervention itself may 
be administered by research personnel 
or by paid clinical staff who receive scant 
mention in the published report but 
without whom the impact of the sys­
tem is seriously undermined. 

The CDSS in the study by Overhage 
et al of corollary orders I and in the ad ult 
respiratory distress syndrome studyll 
had 3 components: a knowledge base 
defining which corollmy orders were re­
qUired ror each trigger order, a data­
base that stored the trigger orders, and 
an inference engine that compared the 
database with the knowledge base when 
a trigger order was received and sent a 
list or suggested corollary orders to the 
computer terminal for display . 

Is the CDSS Exportable to a New 
Site? For a CDSS to be exported to a new 
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site, it has to be able to integrate with 
existing software, users at the new site 
must be able to maintain the system, and 
users must accept the system. Double­
charting occurs when systems reqUire 
staff (usually nurses) to enter the data 
twice-into the computer and again on 
a flow sheet. Systems that require 
double-charting increase staff time de­
voted to documentation, frustrate us­
ers, and divert time that could be de­
voted to patient care. In general, such 
systems fail in clinical use. 

Successful systems usually have au­
tomatic electronic interfaces to exist­
ing data-producing systems. Unrortu­
nately, building inter races to diverse 
computer systems is often challenging 
and sometimes impossible. 

The program described in the study 
by Overhage et all was implemented us­
ing the RegenstriefMedical Record Sys­
tem developed at Indiana University 
School or Medicine. This system pro­
vides an electronic medical record sys­
tem and a phYSician order entry system. 
While it may be possible to use the 
knowledge built into the system in a 
health care environment in which the 
patient population is similar, the infer­
ence engine used to compare the rules 
with the order entered into the data­
base is not easily exported to other lo­
cations. If, after Critically appraising the 
article, you are convinced that a CDSS 
for implementing gUidelines would be 
useful, you would need sufficient re­
sources to rebuild the system at your 
own site. 

Is the CDSS Likely to Be Accepted 
by Clinicians in Your Setting? A CDSS 
may not be accepted if the clinicians dif­
rer in important ways from those who 
participated in the study. The choice of 
evaluative group may limit the gener­
alizability of the conclusions ir recruit­
ment is based upon enthusiasm, demo­
graphiCS, or a zest for new technology. 
Clinicians in a new setting may be sur­
prised when their colleagues do not use 
a CDSS with the same avidity as the 
original participants. 

The user interface is an important 
componen t of the effectiveness of a 
CDSS. The CDSS interface should be 

developed on the basis of potential us­
ers' capabilities and limitations, the us­
ers' tasks, and the environment in which 
those tasks are perfonned.26 One of the 
main difficulties with alerting systems 
is notifying the individual with deci­
Sion-making capability as rapidly as 
possible that there is an abnormallabo­
ratory value or other potential prob­
lem. A group of investigators tried a 
number or dirrerent alerting methods, 
from a highlighted icon on the C0111-
puter screen to a flashing yellow light 
placed on the top or the computer. 27 

These investigators later gave the nurses 
pagers to alert them to abnormallabo­
ratory values. 28 The nurses could then 
decide how to act on the information 
and when to alert the physician. 

To ensure user acceptance , users 
must feel that they can depend on the 
system to be available whenever they 
need it. The amount of downtime 
needed for clata backup, troubleshoot­
ing, and upgrading should be mini­
mal. The response time must be rast, 
data integrity must be maintained, and 
data redundancy must be minimized. 
If systems have been functioning at 
other sites for a period of time, major 
problems or software bugs may have 
been eradicated, decreaSing down­
time and improving acceptance. Inves­
tigators should also assess the amount 
of training required for users to feel 
comfortable with the system. If users 
become frustrated, system perfor­
mance will be suboptimal. 

Many computer programs may func­
tion well at the site where the pro­
gram was developed; unfortunately, the 
staff at your own institution may have 
objections to the approaches taken else­
where. For example, an expert system 
for managing ventilated patients who 
have adul.t respiratory distress syn­
drome may use continuous positive 
airway pressure trials to wean patients 
off the ventilator, whereas clinicians at 
your institution may prefer pressure­
support weaning. Syntax, laboratory 
coding and phrasing or diagnoses, and 
therapeutiC interventions can vary 
markedly among institutions. Custom­
izing the application to the environ-
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ment may not be feasible, and addi­
tional expense may be invoked when 
mapping vocabulary to synonyms un­
less a mechanism to do so is already 
programmed into the system. To en­
sure user acceptance, the needs and 
concerns of users should be consid­
ered, and users should be included in 
decision making and implementation 
stages. 

The logic in the Regenstrief Order 
Entry system 1 was based on the exper­
tise of a hospital committee of staff phy­
sicians and pharmacists. Although the 
investigators used reference texts , the 
degree to which they applied an evi­
dence-based approach is unclear. Use 
o[ solid evidence29 from the literature 
could enhance clinician acceptance by 
convincing physicians that the rules 
pOSitively affect patient outcomes. How­
ever, gaining consensus even with evi­
dence-based practices can be difficult 
and a method for gaining consensus 
must be integrated into the local pro­
cesses and culture of care. Further­
more, physicians will need some time 
to become acquainted with any new sys­
tem, especially an order entry system. 

When the study by Overhage et al be­
gan, all physicians on the medical wards 
had been entering all inpatient orders di­
rectly into physician workstations for 12 
months. Because the order entry pro­
gram was developed over time and re­
fined by user input, it was tailored to the 
needs of the clinicians at that hospital. 
Whether this system would be easily ac­
cepted in a new environment by clini­
cians who had nothing to do with its de­
velopment is open to question . 

Do the Benefits of the CDSS Jus­
tify the Risks and Costs? Does the re­
port reveal the behind-the-scenes 
costs? The real cost of the CDSS is usu­
ally much higher than the initial hard­
ware, software, interface, training, 
maintenance, and upgrade costs (which 
may not be in the report). Often the 
CDSS is deSigned and maintained by 
staff whose actions are critical to the 
success of the intervention. An insti­
tution might not want to pay [or the 
time of such people in addition to the 
cost of the computer software and hard-

ware. Indeed, it can be very difficult to 
estimate the costs of purchasing or 
building and implementing an inte­
grated CDSS. 

Are CDSSs Beneficial? I-Iuman per­
formance may improve when partici­
pants are aware that their behavior is 
being observed (the Hawthorne ef­
fect30); the same behavior may not be 
exhibited when the monitoring of out­
comes has stopped. Taking into ac­
count the influence of a study environ­
ment, a recently updated 17 published 
systematic review of studies assessing 
CDSSs used in inpatient and outpa­
tien t clinical settings by heal th care pro­
viders2 showed that the majority of 
CDSSs studied were beneficial. The re­
view assessed patient-related out­
comes (eg, mortality, length ofhospi­
tal stay, decrease in infections) or health 
care process measures (eg, compli­
ance with reminders or with evidence­
based processes of care). A total of 68 
prospective trials using concurrent con­
trol groups have reported the effects of 
using CDSSs on drug dOSing, diagno­
sis, preventive care, and active medi­
cal care. Forty-three (66%) of 65 stud­
ies showed that CDSSs improved 
physician performance. These in­
cluded 9 of 15 studies on drug dosing 
systems, 1 of 5 studies on diagnostic 
aids, 14 of 19 preventive care systems, 
and 19 of 26 studies evaluating CDSSs 
for active medical care. Six (43%) of 14 
studies showed that CDSSs improved 
patient outcomes, 3 studies showed 
no benefit, and the remaining studies 
lacked sufficient power to detect a clini­
cally important effect. 

Health care processes are more of­
ten evaluated than patient health out­
comes because process events occur 
more frequently . For example, a trial 
designed to show a 25% improvemem 
(from 50% to 62.5%) in the propor­
tion of patients who are compliant with 
a certain medication regimen would 
need to enroll 246 patients per group. 
A trial deSigned to show that this medi­
cation reduces mortality by 25% (from 
5% to 3.75%) would need to enroll 4177 
patients per group. Furthennore, long 
follow-up periods are required to show 
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that preventive interventions improve 
patient health outcomes. 

Fortunately, evaluation of health care 
processes will adequately infer benefit 
if the care processes being monitored 
are already known to improve out­
comes.3l We could conclude that a 
CDSS that increased the frequency with 
which aspirin , f3-blockers , and angio­
tensin-converting enzyme inhibitors 
were administered to appropriate 
patients after myocardial infarction was 
beneficial, because large, well-deSigned 
randomized trials have demonstrated 
the benefit of these 3 interventions. Un­
fortunately, the link between pro­
cesses and outcomes is often weak or 
unknown. 

The study by Overhage et all was able 
to demonstrate that a physician work­
station, when linked to an order ently 
system able to run a series of rules, is 
an efficient means for decreasing er­
rors of omission and improving adher­
ence to practice guidelines. It is un­
clear how many of the rules in the 
system were based on solid evidence 
and thus how likely it is that compli­
ance with rules will improve out­
comes. Therefore, it is unclear whether 
the benefits are worth the cost of pur­
chaSing, configuring, installing, and 
maintaining the CDSS. 

RESOLUTION 
OF THE SCENARIO 

A computer-based CDSS evaluation in­
volves the interplay between 3 ele­
ments: 1 or more human intermediar­
ies , an integrated computerized system 
and its interface, and the knowledge in 
the decision support system. This 
makes evaluation of a computer­
based CDSS a complex undertaking. 
Systematic reviews31 of the im.pact of a 
CDSS on prOVider behavior and pa­
tient outcome have shown evidence of 
benefit.2.1s.17 Because the evaluation pro­
cess for these reviews was not stan­
dardized, it is difficult to compare the 
results. 

We have described a process of evalu­
ating articles that aims to measure the 
impact of a computer-based CDSS on 
provider decisions or patient out-
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comes. Despite the complexity of evalu­
ation , clinicians can use basic prin­
ciples of evidence-based care to evaluate 
CDSSs. A study evaluating a CDSS is 
more believable if there is a concur­
rent contro l group \;vith a random al­
location of subjects. Randomization of 
clinicians by clusters can prevent the 
cross-co ntamination of th e control 
group by the interve ntion that could 
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CLINICAL SCENARIO 
You are a physician seeing a 62-year­
old woman with postmenopausal osteo­
porosis . Her bone mineral density, as 
measured by dual-energy x-ray absorp­
tiometry, is 2.5 SDs below the mean value 
in premenopausal women. Although she 
does not have back pain, a spinal radio­
graph shows an old vertebral fracture. 
The patient has not yet el<-perienced prob­
lems as a result of her vertebral frac­
ture, but she is disturbed by the pros­
pect that she may end up like her mother 
whose osteoporotic fractures have re­
sulted in severe, long-term back pain. 

The patient has reflux esophagitis 
and a past endoscopy revealed nonspe­
cific gastritis . A specialist had pre­
scribed aleTIdronate, which the pa­
tient had to stop taking after several 
weeks because of dyspepsia . She 
searched the Web and discovered a new 
drug, raloxifene, and wonders whether 
this drug might be an alternative. You 
know that this drug has been licensed 
for the prevention of postmenopausal 
osteoporosis. You promise to examine 
the literature and to get back to her. 

See also pp 786 and 790. 

THE SEARCH 
Using MEDLlNE you identify a study 
of raloxifene for the treatment o[ os­
teoporosis demonstrating an effect on 
bone mineral density.l You are won­
dering whether this warrants adminis­
tration to lower your patient's risk of 
osteoporotic fracture. 

INTRODUCTION 

Ideally, clinicians making treatment de­
cisions should refer to methodologi­
cally strong clinical nials examining the 
impact of therapy on clinically impor­
tant outcomes. By clinically important 
outcomes we mean outcomes that are 
important to patients: health-related 
quality of life, morbid end points such 
as stroke or myocardial infarction, or 
death. Often, however, conducting 
these trials requires such a large sample 
size, or long-term patient follow-up , 
that researchers or drug companies look 
for alternatives. Substi tuting surro­
gate end points for the target event al­
lows conduct of shorter and smaller tri­
als, thus offering an apparent solution 
to the dilemma. 

A surrogate end point may be de­
fined as "a laboratory measurement or 
a physical sign used as a substitute for 
a clinically meaningful end point that 
measures directly how a patient feels , 
functions or survives."2 Surrogate end 
points include phYSiologic va riables 
(such as bone mineral denSity as a sur­
rogate for long-bone fractures, blood 
pressure for stroke, low-density lipo­
protein cholesterol levels for myocar-

©1999 American Medical Association. All rights reserved . 

dial infarction , and CD4 cell count [or 
acqu ired imm u nodeficiency syn­
drome [AIDS] and AIDS-related mor­
tality) or measures of subclinical dis­
ease (such as degree o[ atherosclerosis 
on coro nary angiography). 

The use of surrogate end points is in­
dispensable for drug evaluation in phase 
2 and early phase 3 trials geared to es­
tablishing a drug's promise of benefit. 
In many countries, companies may ob­
tain drug approval by demonstrating a 
positive impact on surrogate end points. 
The use of surrogate end points for 
regulatory pUl-poses reflects drug ap­
proval decisions that regulators must 
make in the face of public health exi­
gencies. 

Reliance on surrogate end points may 
be beneficial or harmful. On the one 
hand, use of the surrogate end point 
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Table 1. Users' Guide for a Surrogate End 
Point Trial 

Are the results valid? 
• Necessary, but not sufficient: is there a 

strong. independent. consistent association 
between the surrogate end point and the 
clinical end point? 

• Is there evidence from randomized trials in 
other drug classes that improvement in the 
surrogate end point has consistently led to 
improvement in the target outcome?' 

• Is there evidence from randomized trials in the 
same drug class that improvement in the 
surrogate end point has consistently led to 
improvement in the target outcome?' 

What were the results? 
• How large, precise, and lasting was the 

treatment effect? Effect should be large, 
precise, and lasting to consider a surrogate 
trial as possible basis tor offering patients the 
intervention. 

Will the results help me in caring for my 
patients? 
• Are the likely treatment benefits worth the 

potential harms and costs? Offer intervention 
on basis of surrogate data only if patient's risk 
of the target outcome is high, patient places a 
high value on avoiding the target outcome, 
and if there are no satisfactory alternative 
therapies. 

'Answers to one or both of these questions should be "yes" 
for surrogate trial to be an adequate guide for clinical 
acton. 

may lead to the rapid and appropliate 
dissemination of new treatments. For 
example, the Food and Dmg Admin­
istration's decision to approve new an­
tiretroviral drugs based on infonna­
tion from trials using surrogate end 
points recognized the enormous need 
for effective therapies for patients with 
human immunodeficiency virus (HIV) 
infection. Subsequently, several of these 
drugs have proved effective in random­
ized trials fOCUSing on clinically impor­
tant outcomes?-6 

On the other hand , reliance on sur­
rogate end points may lead to excess 
morbidity and mortality. For example, 
while cardiac inotropes may improve 
short-term cardiac hemodynamic func­
tion in patients with heart failure , ran­
domized clinical trials have demon­
strated excess mortality with a number 
of these agents l In particular, nose­
quinan was widely prescribed after its 
release, but had to be withdrawn after 
a trial revealed its deleterious effects on 
survival.s 

How are clinicians to distinguish be­
tween these 2 situations? Surrogate out­
come will be consistently reliable only 

772 JAMA, August 25 , 1999-Vol 2S2, No.8 

if there is a causal connection be­
tween change in surrogate and change 
in the clinically important outcome. 
Thus, the surrogate must be in the 
causal pathway of the disease process 
and an intervention's entire effect on the 
clinical outcome of interest should be 
fully captured by a change in the sur­
rogate. This Users' Guide builds on pre­
vious discussions of how one can es­
tablish a causal relationshipY and 
presents an approach to critical ap­
praisal of studies using surrogate end 
points and application of their results 
to manage individual patients. 

As our discussion will make evi­
dent, the clinician needs to assess far 
more than a Single study to make the 
decision about the adequacy of a sur­
rogate . Evaluation may require a com­
prehensive review of observational 
studies of the relationship between the 
surrogate and the target, and of some 
or all of the randomized trials that have 
evaluated treatment impact on both the 
surrogate and the target. While most cli­
nicians would hesitate to conduct such 
an investigation, our guidelines will al­
low them to evaluate the arguments 
made by experts or the pharmaceuti­
cal industry for prescribing treat­
ments on the basis of their effect on sur­
rogate end points. 

THE GUIDES 

In this guide, we follow the frame­
work of previous articles in the se­
rieslO and ask 3 sorts of questions: are 
the results valid; what were the re­
sults; and will the results help me in car­
ing for my patients? (TABLE 1). When 
we consider the validi ty of a surro­
gate, we must address 2 issues. First, 
to be consistently reliable, the surro­
gate must be in the causal pathway from 
the intervention to the outcome. Sec­
ond, in considering a particular inter­
vention, we must be confident that there 
are no important effects of that inter­
vention on the outcome of interest that 
are not mediated through , or captured 
by, the surrogate. Our guides for va­
lidity (Table 1) bear directly on these 
2 issues. 

Are the Results Valid? Is There a 
Strong. Independent. Consistent 
Association Between the 
Surrogate End Point and 
the Clinical End Point? 

To provide a valid substitute for an im­
portant target outcome, the surrogate 
must be associated or conelate.d with that 
target. In general, researchers choose sur­
rogate end points because they have 
found a correlation between a surro­
gate and a target outcome in observa­
tional studies, and their understanding 
of the biology makes it plaUSible that 
changes in the surrogate will invariably 
lead to changes in the important out­
come. The sU-onger the association, the 
more likely the causal link between the 
sun'ogate and the target. The strength of 
an association is refl ected in statistics 
such as relative risk (RR) or odds ratio. 
We have presented a full discussion of 
statistics renecting the strengul of asso­
ciation in another article.!! Many bio­
logically plausible surrogates are only 
weakly associated with clinically impor­
tant outcomes. For example , me.asures 
of respiratory function in patient') with 
chronic lung disease, or conventional ex­
eTcise tests in patient') with heart and lung 
disease, are only weakly correlated with 
capacity to undertake activities of daily 
living. 12.13 When conelatiol1s are low, the 
sUlTogate is likely to be a poor substi­
tute for the target outcome. 

In addition to the strength of the as­
sociation, one's confidence in the va­
lidity of the association depends on 
whether it is consistent across differ­
ent studies and after adjustment for 
known confounders. For example, eco­
logic studies such as the Seven Coun­
tries StudyH suggested a strong corre­
lation between serum cholesterol levels 
and coronary heart disease mortality 
even after adjusting for other predic­
tors such as age, smoking, and sys­
tolic blood pressure. Subsequent co­
hort studies confirmed this association 
and suggested that long-term red LlC­

lions in serum cholesterol levels of 
0.6 mmolJL (23 mgldL) would lower 
the risk of coronary heart disease by ap­
proXimately 30%. When a surrogate is 
associated with an outcome after ad-
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justing for multiple other potential 
prognostic factors we call the associa­
tion indepenclen t. 

Similarly, cohort studies have consis­
tently revealed that a single measure­
ment of plasma viral load predicts the 
subsequent risk of AIDS or death in pa­
tients infected with HIV. J5·20 For ex­
ample, in 1 study the proportion of pa­
tients that progressed to AIDS after 5 
years in the lowest through the highest 
quartiles of viral load was 8%,26%,49%, 
and 62%, respective/y.20 Moreover, this 
association retained its predictive power 
after adjustment for other potential pre­
dictors such as CD4 cell count. 15·19 

Returning to the scenario, you are 
wondering if yo u can substitute bone 
mineral density for fractures or health­
related quality of life in considering 
whether to recommend raloxiJene. A 
large cohort study investigated risk fac­
to rs for hip fractureZ1 Pos tmeno­
pausal women with a calcaneal bone 
denSity in the highest third had a hip 
fracture rate of 9.4/1000 woman-years 
while women in the middle and lowest 
third had a fracture rate per 1000 wom­
an-years of 14.7 and 27. 3 , respec­
tively. Furthermore, after considering 
other risk factors for osteoporotic hip 
fractures including maternal history of 
hip fracture, previous fractures from any 
site, poor self-rated health , use of long­
acting benzodiazepines, impaired visual 
function , and reduced physical activ­
ity, bone mineral density continued to 
predict the risk of hip fractureY These 
findings are consistent across studies 
looking at the association between bone 
density and fracture risk. 22.23 Thus, bone 
mineral density is a moderately strong, 
independent predictor of fracture, and 
meets our first criterion for an accept­
able surrogate end point. 

While meeting this first criterion is 
necessary, it is not sufficient to support 
reliance on a surrogate outcome. As we 
will emphasize below (Table 1), before 
offering an intervention on the basis of 
effects on a surrogate outcome, the cli­
nician should note a consistent relation­
ship between surrogate and target in 
randomized trials; the effect of the in­
tervention on the surrogate must be large, 

precise , and lasting, and the benefit­
risk trade-off must be clear. 

Is There Evidence From 
Randomized Trials in Other 
Drug Classes That Improvement 
in the Surrogate End Point Has 
Consistently Led to Improvement 
in the Target Outcome? 

Given the pOSSibility of effects unre­
lated to the surrogate end point, patho­
physiologic studies, ecological stud­
ies, and cohort studies are insufficient 
to establish that the link between sur­
rogate and clinically important out­
comes is ironclad. We can confidently 
rely on surrogate end points only when 
long-term randomized trials have con­
sistently demonstrated that modifica­
tion of the surrogate is associated with 
concomitant modifications in the tar­
ge t outcome of interest. For example, 
although ventricular ectopic beats are 
associated with adverse prognosis in pa­
tients with myocardial infarction24 and 
class 1 antiarrhythmic agents effec­
tively suppress ven tricular arrhyth­
mias in animals and humans ,25 these 
drugs have proved to increase mortal­
ity when evaluated in randomized tri­
als26 In this case, reliance on the sur­
rogate end point of suppression of 
nonlethal arrhythmias led to the deaths 
of tens of thousands of patients. 27 

The trea tment of heart failure pro­
vides another insu·uctive example. Tli­
als of angiotensin-converting enzyme in­
hibitors in heart failure treatment have 
demonstrated parallel increases in exer­
cise capacity28-31 and decreases in mor­
tality,32 suggesting that clinicians may be 
able to rely on exercise capacity as a valid 
surroga te. Milrinone33 and epopros­
teno[34 have both demonstra ted im­
proved exercise tolerance in patients with 
symptomatic heart failure. However, 
when these drugs were evaluated in ran­
domized contTolled trials both showed 
an increase in cardiovascular mortality 
that in one instance was statistically sig­
niJicant,35 and in the second case led to 
the early termination of the study.16 Thus, 
exercise tolerance is inconsistent in pre­
dicting improved mortality and is u,ere­
fore an unsatisfactory substitute. Other 
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suggested surrogate end points in heart 
failure have included ejection fraction , 
heart-rate valiabihty, and markers of au­
tonomic function.37 The dopaminergic 
agent ibopamine positively influences all 
3 surrogate end points, and yet a ran­
domized mal demonstrated that the drug 
increases mortality in heart failure.38 

An example of a surrogate end point 
is CD4 cell count, which has been vali­
dated in randomized trials. A number of 
trials comparing different classes of anti­
retroviral ulerapies have demonstrated 
that patients randomized to more potent 
drug regimens had higher CD4 cell 
counts and were less likely to progress 
to AIDS or deau,6.39 W hile ulere is no 
guarantee u,at the next trial using a dif­
ferent class o[ drugs will show the same 
pattern, these results greatly stTengthen 
our inference that if therapy for HlV infec­
tion increases the CD4 count, a reduc­
tion in AIDS-related mortality will result. 

Remrning to our scenario, trials of eti­
dronate,O,41 and alenclronate42 for the pre­
vention of osteoporotic fractures in post­
menopausal women have shm.vn parallel 
increases in bone mineral denSity and 
reduced incidences of new vertebral frac­
tures . This would suggest that clini­
cians might rely on bone density to 
evaluate new drugs in osteoporosis in 
making the assumption that if they saw 
increases in bone density, decreases in 
fractures would follow. 

However, another secondary preven­
tion tlial in postmenopausal women us­
ing sodium fluolide showed divergent re­
sultS.43 Althou gh sodium fluoride 
increased bone mineral density at the 
lumbar spine by 35% over 5 years, more 
vertebral and nonvertebral fractures oc­
curred in the intervention group than in 
the placebo group (163 and 72 in 101 
women with sodium fluoride vs 136 and 
24 in 101 women with placebo). In an­
other randomized trial , fluoride again 
showed a large increase in bone densit~y 

without any change in fracture rate.+! In­
ferences on the basis of unchanged bone 
density may also be problematiC. A study 
of calcium and vitamin D in the elderly 
showed virtually no change in bone den­
sity, but a reduction in fracture risk of 
approximately 50%.45 Thus, increase in 
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bone mineral density as a surrogate end 
point has shown an inconsistent rela­
tionship to osteoporotic fractures. 

Is There Evidence From 
Randomized Trials in the Same 
Drug Class That Improvement 
in the Surrogate End Point Has 
Consistently Led to Improvement 
in the Target Outcome? 

Clinicians are in a stronger position to 
rely on surrogate end points if the new 
drug they are considering is from a class 
of dmgs in which the relationship be­
tween changes in the surrogate and 
changes in the target has been verified 
in randomized trials. For instance, thia­
zide diuretics and [3-blockers have both 
been shown to reduce blood pressure 
and clinically important outcomes such 
as stroke in patients with hyperten­
sion. Thus, we would be much more 
comfortable relying on reduction in 
blood pressure to justify administering 
a ne,v [3-blocker or thiazide diuretic than 
to justity offering a novel antihyperten­
sive agent [rom another class.46 

For example, although 1 dihydropyri­
dine calcium channel blocker has been 
shown to reduce clinically important 
outcomes in patients with hyperten­
sion,47 4 other trials have shown that 
these agents are less efficacious than thia­
zides or angiotensin-converting en­
zyme inhibitors in preventing hard clini­
cal end points despite exerting similar 
degrees of blood pressure lowering. 48

-
51 

We will consider the example of cho­
lesterol reduction as a surrogate for car­
diovascular outcomes such as myocar­
dial infarction and death in part B of this 
Users' Guide.52 Brieny, several large u-i­
als of primary and secondary preven­
tion of coronary heart disease with 
statins have consistently shown that 
these drugs reduce cardiovascular out­
comes.53 

We could therefore make the as­
sumption that a new statin with a simi­
lar low-density lipoprotein cholesterol­
loweri ng potency may also reduce 
clinically important outcomes. How­
ever, we would be reluctant to gener­
alize to another class of lipid-lowering 
agents since trials of 1 such class (the 
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fibrates) have shown that these drugs 
reduce the incidence of myocardial in­
farction but increase the risk of mor­
tality from other causes (with no im­
pact on overallmortality).53-55 

These examples highlight the point 
we made earlier: confidence in a sur­
rogate outcome depends on the assump­
tion that the treatment captures any rela­
tionship between the treatment and the 
outcome. 56.57 This assumption can be 
violated in 2 ways. First, treatment may 
have a beneficial mechanism of effect 
on the outcome independent of its effect 
on the surrogate. For instance, 1 expla­
nation for the superior effect of angio­
tensin-converting enzyme inhibitors vs 
calcium antagonists on clinically impor­
tant outcomes is that angiotensin­
converting enzyme inhibition has bio­
logical effects independent of lowering 
blood pressure that reduce risk of stroke 
or death and that calcium antagonists 
do not share these effects. 

Second, treatment may have delete­
rious effects on the outcome that are not 
mediated through the surrogate. Mor­
tality-increasing effects of fibrates rather 
than inability to lower morbidity and 
mortality through cholesterol reduc­
tion probably explain the lack of effect 
of fibrates on clinically important out­
comes. That such additional effects are 
less likely across classes of dmgs than 
within classes is what makes us more in­
clined to rely on within-class evidence 
from surrogate outcomes. 

This criterion is complicated by the 
variable definitions of drug class. A 
manufacturer of a dmg related to a class 
of agents with a conSistently positive as­
sociation between modification of a sur­
rogate end point and modification of the 
target (such as a [3-blocker) will natu­
rally argue for a broad definition of 
class. Manufacturers of agents that are 
related to drugs with known or sus­
pected adverse effects on target events 
(clofibrate, or some calcium antago­
nists) are likely to argue, on the other 
hand, that the chemical or phYSiologi­
cal connection is not sufficiently close 
to consider the new drug to be in the 
same class as the harmful agent. Part B 
will address these issues more fully.52 

Returning to the scenario , we have 
established that because of the incon­
sistent relationship betvveen increase in 
bone mineral density and fracture re­
duction we would be reluctantlO offer 
patients a new antiosteoporotic agent 
solely on the basis of evidence of its ef­
fect on the surrogate end point. Ralox­
ifene, the drug we are considering for 
our patient, is a nonsteroidal benzo­
thiophene, a selective estrogen­
receptor modulator representing a new 
class of drugs for the prevention or os­
teoporoSis-related bone fractures. Thus, 
it is likely that the mechanisms of ac­
tion will be conSiderably dIfferent [Tom 
bisphosphonates and the conclusion 
that similar reductions in loss of bone 
density willieaclto parallel reductions 
in clinical fractures is questionable. In 
TABLE 2 , we apply our validity criteria 
to a number of controversial examples 
or the use of surrogate end points. 

What Were the Results? How 
Large, Precise, and Lasting 
Was the Treatment Effect? 

We are interested not only in whethe.r 
an intervention alters a surrogate end 
point, but also in the magnitude , preci­
sion, and duration of the effect. If an in­
tervention shows large reductions in the 
surrogate end point, the 95% confi­
delKe intervals (CIs) around those large 
reductions are nan-ow, and the effect per­
sists over a suffiCiently long period, our 
confidence that tlle target outcome will 
be favorably affected increases. Posi­
tive effects that are smaller, with wider 
CIs, and shorter duration of follow-up 
leave us less confident. 

We have already cited evidence sug­
gesting that CD4 cell counts may be an 
acceptable surrogate for mortality in pa­
tients with HIV infection. A random­
ized controlled u'ial of immediate vs de­
layed zidovudine therapy in HIV­
infected asymptomatic indiv id uals 
declared a positive result for immediate 
therapy, largely on the basis of a greater 
proportion of treated patients with CD4 
cell counts above 435 X 1Q6/L at a me­
dian follow-up of l. 7 years 58 Subse­
quently, the Concorde study addressed 
tlle same question in a randomized u-ial 
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with a median follow-up of 3.3 years.59 

The Concorde investigators found a con­
tinuous decline in CD4 cell counts in 
both treated and control groups, but the 
median difference of 30 X 106/L in fa­
vor of treated patients at study tennina­
tion was statistically significant. How­
ever, the study showed no effect of 
zidovudine in terms of reduced progres­
sion to AIDS or death. The median CD4 
cell count difference was insufficient to 
have an impact on clinically important 
outcomes. The Concorde authors made 
the following conclusion: the small, but 
highly significant persistent difference in 
CD4 celi counts between the groups was 
not ITanslated into a Significant clinical 
benefit and "called into question the un­
critical use of CD4 cell counts as a sur­
rogate endpoint." Had the Concorde 
analysis showed Significantly shorter 
times to reach a CD4 cell count of 
350 X 106/L in the control group and 
been regarded as fundamental, the trial 
might have been stopped early with a 
false-positive result. 

Returning to our scenario, the trial of 
raloxifene in women with osteoporosis 
demonsu·ated that after 2 years of treat­
ment, raloxifene-u·eated patients in the 
group receiving the highest dosage 
showed an increase in bone mineral den­
sity at the lumbar spine of 2.2% (SE, 
0.3%) compared with a slight decrease 
in the control group 0.8% (SE, 0.3%). 
This difference in change over time was 
statistica lly significan t (P< .03) . Ide­
ally, the investigators would have pro­
vided us with a CI around the 3% dif­
ference in percentage change in bone 
mineral density in the treatment and con­
trol groups. As we will illustrate when 
we consider weighing benefits and 
harms, the magnitude of the effect on the 
surrogate may (or may not) help us es­
timate the size of a possible affect on the 
target outcome. 

Will the Results Help in Caring 
for My Patients? 
The questions clinicians should ask 
themselves in applying the results are the 

same ones we have suggested for any is­
sue of therapy or preven tion 60 and elabo­
rated on in our Users' Guide regarcling 
applicability.61 These 3 questions have to 
do with whether the results can be ap­
plied to your patient's care, whether all 
important outcomes were considered, 
and whether the likely benefits are worth 
the down sides of treatment. 

"Can the results be applied to my pa­
tient's care" refers to the extent to which 
the patient before you is similar to those 
who participated in the published stud­
ies under consideration, and the ex­
tent to which the therapy , and the as­
sociated technologies [or monitoring 
and responding to complications, are 
available in your setting. "Were all im­
portant outcomes considered" relates 
to the focus of this Users' Guide, and 
all the issues we have raised thus far: 
was the primary outcome really t.he one 
in which patients will be interested? 

This second criterion also draws is­
sues of adverse intervention effects to 
our attention. Applying the third cri-

Table 2. Selected Examples of Applied Validity Criteria for the Critical Evaluation of Studies Using Surrogate End Points 

Criterion 
I 
Is There a Strong, Is There Evidence Is There Evidence 
Independent, From Randomized From Randomized 
Consistent Trials in Other Drug Trials in the Same 
Association Classes That Drug Class That 
Between the Improvement in the Improvement in the 
Surrogate End Surrogate End Point Surrogate End Point 
Point and the Has Consistently Led Has Consistently Led 

Types of Clinical End to Improvement in to Improvement in Surrogate 
Intervention Point? the Target Outcome? the Target Outcome? End Point End Point 

Nonsteroidal benzothiophene ] Bone mineral density Osteoporotic fractures 
Raloxifene' Yes2 ' -23 No".44 No !.62 

Protease inhibitor· ] Human immunode~ciency Acquired 
Nel~navir 63 Yes'5-19 Yes..,·66 Yes6•39 virus plasma load immunode~ciency 

syndrome or death 

Reverse t ranscriptase inhibitor ] Human immunodeficiency Acquired 
Abacavir67 Yes lS-'9 Yes65.66,68 Yes..,,68 virus viral plasma load immunodeficiency 

syndrome or death 

Protease i nhibitor* ] CD4 cell count Acquired 
Nelfinavir 63 Yes15-'9 Yes"'-';'; Yes6.:)9 immunodeficiency 

syndrome or death 

Reverse transcriptase inhibitor ] CD4 cell count Acquired 
Abacavir 67 Yes lS-'9 Yes65.66,68 Yes64 ,68 immunodeficiency 

syndrome or death 

Antihypertensive drugs ] 
Blood pressure Stroke, myocardial 

Dihydropyridine calcium Yes69•70 Yes" NO""-51 reduction infarction, 
antagonist cardiovascular 

New thiazide diuretic Yes"'''o Yes" Yes" mortality 

Antilipidemic drugs ] 
Cholesterol or low-density Myocardial infarction. 

Atorvastatin7
2.73 Yes14 ,74 No" Yes" lipoprotein cholesterol death from 

Bezafibrate75.76 Yes14,74 No53 No53 myocardial 
infarction 

*In combination therapy with 2 reverse transcriptase inhibitors. 
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terion, judging whether the benefits are 
worth the down sides of treatment, pre­
sents particular challenges when inves­
tigators have focused on surrogate end 
points , and we will discuss this crite­
rion in some detail. 

Are the Likely Treatment Benefits 
Worth the Potential Harms 
and Costs? 

To know whether to offer a treatment 
to their patients, clinicians must be able 
to estimate the magnitude of the likely 
benefit. When the data available are lim­
ited to the effect on a surrogate end 
pOint, estimating the extent to which 
treatment will reduce clinically impor­
tant outcomes becomes a challenge. 

One approach is to extrapolate from 
1. or more randomized trials assessing a 
related intervention in a similar patient 
population that provides both surro­
gate end point and clinical outcome data. 
For example, until recently there were 
little long-term data on the efficacy oflo­
vasta tin in reducing clinically impor­
tant outcomes. However, one could ex­
trapolate from short-term dose efficacy 
studies assessing tlle surrogate end point 
of cholesterol lowering. Thus, since 40 
mg of lovastatin produced a similar de­
gree oflowering oflow-density lipopro­
tein cholesterol as 40 mg of pravastatin 
(31 % vs 34% reduction) in the CURVES 
Study,77 one could theorize that lovas­
tatin would have similar long-tenn ben­
efits to pravastatin. Subsequently, the AF­
CAPS/TexCAPS Trial (a 5-year trial 
assessing tlle efficacy oflovastatin in the 
primary prevention of ischemic heart dis­
ease)18 confirmed that this agent had a 
beneficial pro[ile similar to pravastatin 
(as determined by the 5-year, primary 
prevention WOSCOPS Trial)19; the RR 
reductions (and 95% CIs) for myocar­
dial infarction were 40% (17%-57%) and 
31% (17%-43%), respectively. How­
ever, this approach is likely to be seri­
ously nawed when one is exu'apolating 
from trials of another class of drugs. 

Returning to our scenario, to esti­
mate the magnitude of the fracture 
reduction we might expect with ralox­
ifene (in which we have only surrogate 
end point data), we could (recognizing 
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the limitations of this approach pOinted 
out above) examine the results of ran­
domized controlled trials of alendro­
nate (a drug from a different class for 
which we have data on the same surro­
gate end point as well as clinical end 
points such as fracture reduction) . While 
alendronate appears to improve velte­
bral bone density by 7.5% over 2 years 
(vs control),-n raloxifene is associated 
with only a 3.0% improvement over the 
same time frame . A systematic over­
view of the alendronate trials80 reported 
a 29% reduction in RR of nonvertebral 
fracture over 2 years. Only 1 trial looked 
at symptomatic vertebral fractures in 
women ""ith decreased bone denSity and 
an existing vertebral fracture 8 1 This 
study demonstrated an RR reduction of 
55% with alendronate and suggested that 
our patient's risk over 3 years of a non­
vertebral fracture would be approxi­
mately 15%; symptomatic vertebral frac­
ture would be about 5%. Given the RR 
reductions with alendronate, one would 
need to treat approximately 25 women 
to prevent a nonvertebral fracture and 
40 women to prevent a symptomatic ver­
tebral fracture over a 3-year period. 

Since the improvement in bone min­
eral denSity with raloxifene is at best 
50% of the effect of alendronate, we 
would anticipate a considerably lower 
reduction in fracture risk with raloxi­
fene . However, interim analysis of an 
ongoing raloxifene trial62 reported a 
46% RR reduction with this therapy 
(despite less of an increase in bone min­
eral density than seen with the alen­
dronate trials) . This serves to empha­
size the dangers of extrapolating results 
across classes when it is uncertain that 
the effects on clinically important out­
comes are mediated in the same fash­
ion by the 2 comparison drugs. 

In deciding whether the likely mag­
nitude of the treatment effect war­
rants offering patients the interven­
tion, clinicians must consider not only 
the uncertainty associated with that es­
timate, but the trade-off with poten­
tial toxic effects and costs of therapy. 
In addition, clinicians must ponder the 
consequences of not treating, and the 
available managementaltematives. The 

deadly and usually relentless progres­
sion of HlY infection, and the paucity 
of alternative therapies, has contrib­
uted to the readiness of patients , clini­
cians , and regulatory agenCies to ac­
cept evidence from sUlTogate end points 
in instituting novel therapies in pa­
tients infected with HIV. In osteopo­
rosis, in which the consequences of the 
condition are less immediately devas­
tating, and a variety of agents are avai 1-
able, the case for relying on surrogate 
end points is far less compelling. 

RESOLUTION 
OF THE SCENARIO 

We have found a strong, consistent, in­
dependent, and biologically plaUSible 
association between bone mineral den­
sity and vertebral and non vertebral fTaC­
LUres. Randomized trials, however, have 
failed to show a consistent association 
between increased bone denSity and re­
duction in fracture across all drug 
classes. 

Because our patient is at substantial 
risk of fracture over the short term, the 
number needed to treat to prevent both 
nonvertebral and vertebral fractures is 
moderate, as is the absolute benefit she 
might expect. Moreover, she is inter­
ested in longer-term fracture preven­
tion, and her lisk will grow over time. 
One might offer her alternative inter­
ventions, including hormone replace­
ment therapy, calcium and vitamin D, 
bisphosphonates, or calcitonin. 

While there is strong evidence from 
randomized trials supporting the use of 
bisphosphonates to decrease osteopo­
rotic fractures , randomized trial clata 
showing fracture reduction in popula­
tions similar to our patient with the other 
agents is limited. Our patient is con­
cerned about her long-term risk. Ralox­
ifene was well tolerated during this 2-year 
trial but no information is available about 
long-term adverse effects including car­
diovascular disease, venous thrombo­
embolism, breast and endometrial can­
cer, and menopausal symptoms. While 
a number of options (including a trial of 
etidronate, offering hormone replace­
ment therapy, calcium and vitamin D, 
calcitonin, or suggesting only a bal-
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anced diet and exercise) might be rea­
sonable, ideally the clinician would sub­
ject these options to the same sCllltiny 
applied to raloxifene. 

Data indicating a reduction in frac­
ture rate would greatly strengthen the 
case for including raloxifene as the pre­
felTed option. Just as you are about to see 
the patient (and, for us, just before this 
article went to press) you pick up a few 
of your latest editions ofJAMA from the 
pile in the comer of your office, and find 
2 highly relevant randomized trials.82

•H3 

The results show that , in women like 
YOUT patient with a prevalent vertebral 
fracture, raloxifene decreased radiologi­
cal vertebral fTacture risk (for 60 mg: 
number needed to treat = 16 [RR,0.7; 
95% CI, 0.6-0.9]; ancl for 120 mg: num­
ber needed to u-eat = 10 [RR, 0.5; 95% Cl, 
0.4-0.7]) , but did not decrease the inci­
dence of non vertebral fracture. In help­
ing your patient to decide on the right 
course of action, YOll realize you will have 
to consider other effects of raloxifene: the 
JAi\tfA articles also show a 76% RR re­
duction of breast cancer as detected by 
mammography (number needed to treat, 
126), a 3-fold increase in the risk of ve­
nous thromboembolism, and an in­
creased incidence of hot flashes , leg 
cramps, influenzalike syndromes, and 
peripheral edema. 

When we use surrogate end points 
to make inferences about expected ben­
efit , we are making assumptions re­
garding the link between the surro­
gate end point and the target outcome. 
We have outlined criteria clinicians can 
use to decide when these assumptions 
might be appropriate. Even if a surro­
gate end point meets all of these crite­
ria , inferences about a treatment ben­
efit may still prove misleading. Thus, 
treatment recommendations based on 
surrogate outcome effects can never be 
strong. Furthermore, difficulti es in es­
timating the magnitude of effects on 
clinically important end points com­
promises economic analysis examin­
ing the cost-effectiveness of alterna­
tive management strategies. 

These considerations emphaSize that 
waiting for randomized trials investigat­
ing the effect of the intervention on out-

comes of unequivocal importance to pa­
tients is the only ironclad solution to tlle 
surrogate outcome dilemma. When cli­
nicians must choose between alterna­
tive interventions, trials should make 
head-to-head comparisons between com­
peting treatments rather than restrict­
ing comparisons of treatment to con­
trol or placebo. We expand on this issue 
in Part B of tllis Users' Guide. However, 
when patients' risk of serious morbidity 
or mortality are high , this "wail-and­
see" strategy may pose problems for 
many patients and their physicians. 

We encourage clinicians to criti­
cally question therapeutic interven­
tions in which the only proof of effi­
cacy is from surrogate end poin t data. 
When the surrogate end point meets all 
our validity criteria, the effect of the in­
tervention on the surrogate end point 
is large, the patient's risk of the target 
outcome is high , the patient places a 
high value on avo iding the target out­
come, and there are no satisfactory al­
ternative therapies, clinicians can rec­
ommend therapy on the basis of 
randomized trials evaluating only sur­
rogate end points . In other situations, 
clinicians must carefully consider the 
known adverse effects and cost of 
therapy, and the possibility of unan­
ticipated adverse effects, before recom­
mending an intervention solely on the 
basis of sUTrogate end point data. 
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M
OST CLASSES OF DRUGS IN­

clude multiple com­
pounds. The opinions of 
clinicians, manufactur­

ers, and purchasers may differ as to 

whether a particular drug is more effi­
cacious, safer, or more cost-effective 
than others in its class 1 In this article, 
we review the types of evidence com­
monly cited to support the prescrib­
ing of a particular drug rather than an­
other of the same class and proVide a 
hierarchy for grading studies that com­
pare a drug with another of the same 
class, expanding on OUT discussion in 
part A of this Users' Guide. 2 

CLINICAL SCENARIOS 
The Clinician 

As a clinician, you care for many pa­
tients with elevated serum cholesterol 
levels . A speaker at a recent continu­
ing medical education event reviewed 
the benefits of cholesterol-lowering 
therapy, particularly with 3-hydroxy-
3-methylglutaryl coenzyme A reduc­
tase inhibi.tors (statins), in the pri­
mary and secondary prevention of 
ischemic heart disease but did not rec­
ommend a particular statin . You de­
cide to consider statin therapy for all 

your patients with elevated choles­
terollevels, but are uncertain which of 
the statins on the market is best. You 
ask a general internist, cardiologist, and 
endocrinologist for their opinions, and 
each suggests a different stann, citing 
different reasons. You contact pharma­
ceuti.cal representatives to provide you 
with evidence that their statins are bet­
ter than those of their competitors. Al­
though you use theJAMA series on Us­
ers' Guides to the Medical Literature to 
assess the validity of published stud­
ies, faced with a variety of competing 
claims, you realize that you n eed a 
framework for grading the strength of 
these studies. 

The Policymaker 

Your colleague, a purchaser for a large 
health maintenance organization 
(HMO), is faced with a similar di­
lemma when she is asked to consider re­
placing the statin on her HMO's fornm­
lary with a newer one. She wonders 
whether there is enough evidence to sup­
port the contention that the new statin 
is as good as, or better than, the one cur­
rently on formulary. While the new 
statin is cheaper, it has been evaluated 
only in short-term trials, with choles­
terollowering as the solitary end point. 

DRUG CLASSES 

Although there is no uniformly accepted 
definition of a drug class-and some 
argue that it cannot be defined at all­
drugs are generally said to belong to the 
same class for 1 of3 reasons ( TABLE 1) . 

©1999 American Medical Association. AlI1'ights reserved. 

Herein, we define a drug class as those 
drugs that share a similar structure and 
mechanism of action. Most classes of 
drugs include multiple compounds, and 
because of their similar mechanisms of 
action, they are generally thought to con­
fer similar pharmacologiC effects and 
clinical outcomes (class effects ). This 
assumption is a key medical heuristic) 
and underlies clinical practice guide­
lines in which evidence from studies 
involving 1 or more drugs "vithin a class 
is extrapolated to other drugs of lhesame 
class. For example, it is recommended 
that [3-blockers be prescribed for survi­
vors of myocardial infarction or angio­
tensin-converting enzyme inhibitors to 
patients \\'ith heart failure. In this cir­
cumstance, clinicians are likely to be 
interested in the drug \vithin each class 
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Table 1. Definitions of Drug Classes" 

Definition 

Drugs with similar 
chemical 
structure 

Drugs with similar 
mechanism of 
action 

Drugs with similar 
pharmacologic 
effects 

Example 

Dihydropyridine 
CCSs have 
dihydropyridine rings 

CCSs block the 
voltage-dependent 
calcium channels on 
the su rfaces of cell 
membranes 

. Antihypertensives 
(eg, CCSs, ACE 
inhibitors, j3-blockers, 
tlliazides, ex-blockers) 
lower blood pressure 

'CCB indicates caldum channel blocker; ACE. angiotensin' 
converting enzyme. 

with the most attractive efricacy-to­
safety ratio; purchasers , in the most 
cost-effective drug from a class; and 
manufacturers, in the most frequent 
prescribing of their drugs. 

The absolute treatment effects seen 
with a drug (defined by the absolute risk 
reduction or number needed to treat) are 
influenced by the baseline risk or con­
trol event rate of those patients in whom 
it is used. Thus, the absolute risk reduc­
tion varies considerably among differ­
ent groups of patients. On the other hand, 
the relative U'eatment effect of a drug (de­
fined by the relative risk reduction 
[RRR]) is often (but not always4) simi­
lar, ilTespective of the baseline risk of uial 
participants.5

•
b If 2 drugs are tested in 

separate placebo-controlled uials, only 
proportional effects such as the RRR 
resulting from each drug can be com­
pared (and then only under the assump­
tion of constant RRR over different con­
trol event rates). Although the point 
estimates of effect size vary, a class effect 
is considered to be present when drugs 
with similar mechanisms of action gen­
erate RRRs (or odds ratios [ORs]) that 
are similar in direction and magnitude. 
For example, the Collaborative Group 
on ACE Inhibitor Trials7 suggested that 
there is a class effect for angiotensin­
converting enzyme inhibitors in patients 
with symptomatic heart failure, despite 
the fact that the OR point estimates for 
effects on total mortality ranged from 0.14 
(95% confidence interval [CIL 0-7.6) for 
perindopril (l trial, 125 patients) to 0.78 
(95% Cl, 0.67-0.91) for enalapril (7 tri­
als, 3381 patients). We are confident in 

1372 JAMA, October 13, 1999-Vol 282. No. 14 

this class effect, because the overall OR 
in 32 trials involving 7105 patients was 
0.77 (95% Cl,0.67-0.88), theCls for each 
of the angiotensin-converting enzyme 
inhibitors overlapped, and there was no 
statistical heterogeneity between trials of 
different agents. 

Risks of Assuming a Class Effect 

Although drugs of the same class typi­
cally exhibit similarphamlacological ef­
fects and clinical outcomes, this may not 
always be the case. Note the current con­
troversy regarding the safety of sotalol 
hydrochloride in myocardial infarction 
survivors with congestive heart failure 
after the publication of the SWORD 
Trial,S which suggested an increase in 
mortality with sotalol, compared with 
the decrease in mortality with other 
~-blockers. It is useful to recall a previ­
ous controversy regarding the efficacy 
of ~-blockers with intrinsic sympathetic 
activity (ISA) in patients with myocar­
dial infarction. Although a meta-analysis9 

suggested that the treatment effect was 
greater with non-ISA ~-blockers, sub­
sequent trials lO failed to confiml this, and 
the evidence 11 suggests there is little dif­
ference between ~-blocker subgroups. 
It would seem reasonable to accept a 
priori that drugs within the same class 
exert similar effects, unless there is clear 
evidence of important differences. 

However, this assumption can lead 
to 2 important elTors of extrapolation 
with major clinical consequences. First, 
when agents in a class of drugs (such 
as the thiazide diuretics) all produce 
similar pharmacological effects (blood 
pressure lowering) and similar clini­
cal effects (stroke reduction) , a sec­
ond class of drugs (for example, the cal­
cium channel blockers) that produce the 
same pharmacological effects might be 
assumed to produce the same clinical 
benehts. In the absence of randomized 
u'ials verifying that fina l assumption, 
this type of extrapolation may be erro­
neous. For example, consider the issue 
raised in part A of this Guide-some 
calcium channel blockers have unfa­
vorable effects on total mortality. 12 Sec­
ond, even within the same class , indi­
vidual drugs may have phYSiologiC 

effects other than the mechanism of 
action that defined them as being from 
the same class. It therefore may be inac­
curate to extrapolate the clinical out­
comes shown in randomized trials of 1 
drug in a class to another member of 
that class that has not been subjected 
to similar outcome-centered trials. For 
example, some authors have argued 
that, although all of the statins act on 
the 3-hydroA),-3-methylglutaryl coen­
zyme A reductase enzyme, they may 
have different nonlipid effects on the 
atherothrombotic process that may 
influence theiT clinical efficacy.13 

To reduce the risk of faulty extrapo­
lation and to maximize the optimal se­
lection of treatments within a class of 
drugs, it may be useful to develop and 
apply a hierarchy or evidence when mak­
ing decisions about the comparative 
clinical erncacy and sarety of drugs 
within a class. As pointed out in part A 
of this Users' Guide, no matter how 
strong the pathophysiologic rationale or 
indirect evidence, the efficacy and safety 
of a new drug must be established in 
clinical outcome studies that test more 
than just biological plaUSibility. 

Levels of Evidence 

Levels of evidence are increaSingly used 
by groups that make recommenda­
tions about patient care, 1+-16 and we have 
used some of them to develop gUide­
lines for comparing 1 drug \vith other 
drugs in the same class (TABLE 2). This 
comparison should occur as part of a sys­
tematic review of all the relevant evi­
dence on the effects of a treaU11ent, iden­
tified and assessed by thorough and clear 
methods such as those used in the 
Cochrane Collaboration [Update Soft­
ware, Oxford, England; 1998]. We will 
describe each level in turn , using the 
choice of statin drugs as an example to 
illustrate their use (TABLE 3). 

Level 1. Level 1 includes random­
ized clinical trials providing head-to­
head comparisons of the drug of inter­
est with other drugs of the same class 
for their effects on clinicallyimpor­
Lant outcomes. This would generate the 
strongest ev idence for the decision 
maker; however , there are potential 

©1999 American Medical Association. All righls reserved. 
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threats to validity (Table 2) and sev­
eral methodologic issues unique to 
these trials. First, at least 1 of the drugs 
should have been shown to have a clini­
cally important impact vs placebo in 
previous trials carried out in a popula­
tion similar to that of the current trial. 
Second, the choice of appropriate dos­
age for each drug is a complicated is­
sue, as this will affect the outcomes and 
safety profiles for bOlh drugs. Finally, 
one must carefully consider the trial size 
and methods before concluding equiva­
lence of2 drugs-equivalence trials re­
quire much larger sample sizes than 
standard trials,!7 and any laxity in trial 
conduct or patient compliance will tend 
to mask any real differences between 
drugs. 

The choice of chnically important out­
comes for level 1 studies depends on the 
target intervention. In the case of thera­
pies deSigned to prevent or arrest ath­
erosclerosis (such as sLatins), this implies 
long-term efficacy data on events such 
as myocardial infarction, stroke, and all­
cause mortality. On the other hand, for 
interventions designed to treat symptom­
atic diseases (such as gastroesophageal 
reflux disease) , clinically importan t ou t-

comes could include symptom scores 
and other quality-of-life measures. 

Although there are examples oflevel 
1 evidence in other branches of medi­
cine,18.19 they are rare in the cardiovas­
cular literature. Our literature search failed 
to find any level 1 evidence for statins. 

level 2 . Level 2 includes random­
ized clinical trials providing head-to­
head comparisons of the drug of inter­
est with other drugs of the same class 
for their effects on validated surrogate 
outcomes or comparisons across 2 or 
more placebo-contTolled u·ials [or effects 
on clinically important outcomes or vali­
dated surrogate outcomes. Part A of this 
Users' Guide discussed criteria for decid­
ing whether to accept results of trials 
based on surrogate outcomes. Ecologic 
studies, cohort studies, and random­
ized clinical trials with prestatin Iipid­
lowering agents were supportive of the 
lipid-lowering hypothesisZo (that low­
ering low-density lipoprotein [LDLI cho­
lesterollevels lowers the risk of athero­
sclerotic heart disease); however, it was 
not until the publication of the large­
scale statin trials21

-
z5 (Table 3) consis­

tently linking reductions in LDL cho­
lesterol to reductions in morbidity and 

Table 2. Levels of Evidence for Comparing the Efficacy of Drugs Within the Same Class" 

l evel Comparison Study Patients Outcomes 

Vv1thin a head-to-head RCT Identical (by definition) Clinically important 

2 Within a head-to-head RCT Identical (by definition) Validated surrogate 

2 Across RCTs of different Similar or different Clinically important 
drugs vs placebo (in disease and or validated 

risk factor status) surrogate 

3 Across subgroup analyses Similar or different Clinically important 
from RCTs of different or surrogate 
drugs vs placebo 

3 Across RCTs of different Similar or different Unvalidated 
drugs vs placebo surrogate 

4 Between nonrandomized Similar or different Clinically important 
studies (observational 
studies and administrative 
database research) 

mortality that we agreed to accept the 
surrogate end point ofLDl cholesterol 
lowering as a pro,,-)' for clinically impor­
tant outcomes. Thus, to accept head-to­
head comparisons [or surrogate out­
comes as level 2 evidence, at least 1 of 
the comparators must have demon­
strated efficacy in long-term trials "vith 
clinically important outcomes. 

Whereas a randomized triaP COI11-
paring 4 statins for their effects on LDL 
cholesterol , high-denSity lipoprotein 
cholesterol, and U·iglycerides during an 
8-week period would be an example of 
level 2 evidence, it also is important to 

incorporate considerations of the size 
and duration of trials in the decision­
making process. 

On the other hand, a number of level 
2 comparisons can be made between 
various statins-[or example, one can 
compare the treatment effects seen with 
simvastatin vs pravastatin in secondary 
prevention u"ials (such as the 4SZ1 and 
UPlD25 studies [Table 3]). Although con­
sistency of effects in such comparisons 
would be strong evidence for the pres­
ence of a class effect, these comparisons 
are less useful in determining whether 
a drug is more efficacious than another, 

Threats to Validity 

Failure to conceal randomizat ion scheme 
Failure to achieve complete follow-up 
Failure to achieve double-blinding 
Soundness of outcome assessment 

Those of level 1 plus validity of surrogate 
outcome for clinically important outcomes 

Those of level 1 plus differences between trials in: 
Methodologic quality (adequacy of blinding, 

allocation concealment, etc) 
End point definitions 
Compliance rates 
Baseline risk of outcomes 

Those of level 1 (Plus or minus those of level 2) plus: 
Multiple comparisons, posthoc data dredging 
Underpowered subgroups 
Misclassification into subgroups 

Surrogate outcomes may not capture all of the 
effects (beneficial or hazardous) of a 
therapeutic agent 

Confounding by indication, compliance, 
and/or calendar time 

Unknown/unmeasured confounders 
Measurement error 
For outcomes research: limited databases, 

coding systems not suitable for research 

'Clinically important outcomes refer to long-term efficacy data, and the particular end pOints depend on the condition being treated. For statins used to prevent or treat athero­
sclerotic disease, clinically important outcomes would include all-cause mortality, myocardial infarction, and stroke. Surrogate outcomes are conSidered validated only when the 
relationship between the surrogate outcome and clinically important outcomes has been established in long-term randomized clinical trials (RCTs). 
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because the advantages of randomiza­
tion are lost, and the comparison is es­
sentially that between 2 or more co­
horts. In addition to the potential biases 
outlined in Table 2, there is also the pos­
sibility of confounding a subject's lisk or 
responsiveness with exposure to a par­
ticular treatment in those situations in 
which subjects fro m different trials have 
different risk statuses. For example, if one 
were to compare the statin used in a pri­
mary prevention trial (such as lovas­
tatin in AFCAP5rrexCAP52+) with an­
other statin tested in a secondary 

prevention trial (such as simvastatin in 
4511

), such a comparison would only be 
valid if the dmg efficacy is known to be 
independent of baseline risk, an assump­
tion that appears valid to make in some 
situations (such as antiplatelet6 or anti­
hypertensiveS therapy) but has been 
questioned for the statins27-31 

It is theoretically possible to com­
pare the efficacy of 2 drugs tested in 
separate placebo-controll ed tri als. As 
outlined by Bucher et al,33 an indirect es­
timate of the association between dmgs 
A and B can be obtained by comparing 

the OR (or relative risk) from studies of 
drug A vs placebo (p) and the OR from 
studies comparing drug B vs placebo: 
ORA vsB = ORA vsp /ORBvs p. However, this 
assumes that none of the potential bi­
ases outlined in Table 2 are operative and 
that an intervention's treatment effect is 
consistent across different patient sub­
groups. Furthermore, these indirect es­
timates may provide substantially dif­
ferent effect-size estimates than direct 
comparisons of drug A against drug B. 
For example, a systematic overview of 
strategies to prevent Pneumocystis cari-

Table 3. Features of Randomized, Placebo-Controlled Statin Trials Designed to Detect Differences in Clinically Important End Points" 

Study design 

Treatment (dose once daily) 

Patient inclusion criteriat 

Cointervent ions, % 
Aspirin 

f3-Blockers 

Duration of follow-up, y 

Patients 
No. 

Mean age, y 

Males, % 

Smokers, % 

Diabetes mellitus, % 

Baseline cholesterol, 
mean mmol/L t 

Total 

LDL 

Control event rates, % 
Death 

AMI 

Treatment effects 
Change in lipids 

(active treatment 
vs placebo), % 

Relative risk reductions, % 
(95%CI) 

Death 

AMI 

Number needed to treat:!: 
To prevent 1 death 

To prevent 1 AMI 

Secondary prevention, 
multicenter 

Simvastat in (20 mg) 

Age 35-70 y, prior 
angina or AMI, 
fast ing total 
cholesterol 
5.5-8.0 mmol/L 

37 

57 

5.4 (Median) 

4444 

58.6 

81 

26 

5 

6.8 

4.9 

11.5 

22.6 

- 25 (fotal cholesterol) 
-35 (LDL cholesterol) 

+8 (HDL cholesterol) 
-10 (friglycerides) 

30 (15 to 42) 

27 (20 to 34) 

27 (5y) 

10 (5y) 

WOSCOPS22 

Primary prevention, 
single center 

Pravastatin (40 mg) 

Age 45-64 y, no prior 
AMI, fasting LDL 
cholesterol 
4.0-6.0 mmol/L 

None 

None 

4.9 (Mean) 

6595 

55.2 

100 

44 

7.0 

5.0 

4.1 

7.9 

-20 (fotal cholesterol) 
- 26 (LDL cholesterol) 
+5 (HDL cholesterol) 

-1 2 (friglycerides) 

22 (0 to 40) 

31 (17 to 43) 

111 (5y) 

42 (5y) 

Trial 

CARE23 

Secondary prevention, 
multicenter 

Pravastat in (40 mg) 

Age 21-75 y, prior 
AMI, fasting LDL 
cholesterol 
3.0-4.5 mmol/L 

83 

40 

5.0 (Median) 

4159 

59 

86 

21 

15 

5.4 

3.6 

9.4 

to 

- 20 (Total cholesterol) 
- 28 (LDL cholesterol) 

+5 (HDL cholesterol) 
-14 (friglycerides) 

9 (-12 to 26) 

25 (8 to 39) 

125 (5y) 

40 (5 y) 

AFCAPSfT exCAPS24 

Primary prevention, 
multicenter 

Lovastatin (40 mg) 

Age 45-73 Y (males) or 
55-73 y (females), 
no prior AMI, 
fast ing LDL 
cholesterol 
3.4-4.9 mmol/L 

None 

None 

5.2 (Mean) 

6605 

58 

85 

12 

2 

5.7 

3.9 

0.44 

0.56 

-1 8 (fotal cholesterol) 
- 25 (LDL cholesterol) 

+6 (HDL cholesterol) 
-1 5 (friglycerides) 

- 4 (Not given) 

40 (17 to 57) 

5000 to harm§ 

435 (5 y) 

LIPID" 

Secondary prevention, 
multicenter 

Pravastat in (40 rng) 

Age 31-75 y, prior AMI 
or unstable angina, 
fasting total 
cholesterol 
4.0-70 mmol/L 

82 

47 

6.1 (Mean) 

9014 

62 

83 

10 

9 

5.6 

3.9 

14.1 

10.3 

-18 (f otal cholesterol) 
-25 (LDL cholesterol) 

+5 (HDL cholesterol) 
- 11 (friglycerides) 

22 (13 to 31) 

29 (18 to 38) 

32 (6y) 

34 (6 y) 

*4S indicates Scandinavian Simvastatin Survval Study; WOSCOPS, West of Scotland Coronary Prevention Study; CARE, Cholesterol and Recurrent Events Trial; AFCAPS/ 
TexCAPS. Air ForcelTexas Coronary Atherosclerosis Prevention Study; LIPID. Long-term Intervention with Pravastatin in Ischaemic Disease Study; AMI, acute myocardial in­
farction; LDL, low-denSity lipoprotein; HDL, high-density lipoprotein; and CI, confidence interval. 

tTo convert cholesterol levels to milligrams per deciliter, divide by 0.02586. 
tPoint estimates only. Years in parentheses indicate number of years needed to treat that number of patients to prevent 1 event. 
§Since all-cause mortality was nonsignificantly increased in the active treatment arm, results are presented as number needed to treat to cause 1 death. 
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nii pneumonia in human immunodefi­
ciency virus-positive patients docu­
mented that the indirect comparison of 
trimethoprim-sulfamethoxazole vs a 
combination of dapsone and pyrimeth­
amine suggested a much larger effect size 
from trimethoprim-sulfamethoxazole 
(OR, 0.37; 95% CI, 0.21-0.65) than was 
seen in the direct comparisons (overall 
OR, 0.64 in the 9 trials of trimethoprim­
sulfamethoxazole vs dapsone and pyri­
methamine; 95% CI , 0.45-0.90) 3JThus, 
the su'ength of inference from indirect 
comparisons is limited. 

Level 3. Level 3 includes com pari­
sons across subgroups (Tom dif[erentpla­
cebo-controlled trials or comparisons 
across placebo-controlled tTials in which 
outcomes are restTicted to unvalidated 
surrogate markers. In addition to the 
biases Ulat affect higher-level studies, 
comparisons based on subgroup analy­
sis are potentially flawed (Table 2). Both 
simple statistics and expe rience have 
taught us that many initial subgroup con­
clusions (especially those thatresult from 
data-dredging) are subsequently dis­
proven34.J5 An example of such a com­
parison would be looking at the efficacy 
of simvastatin in tlle 45 subgroup \vith 
the lowest lipid levels (241 patients with 
total cholesterol levels of5.5-6.24mmol/L 
[213-241 mgldL]) 2~ vs the efficacy of 
pravastatin in tlle CARE subgroup with 
comparable lipid profiles (2087 patients 
vvith total cholesterol levels of 5.4-6.21 
mmol/L [209-240 mgldLj) 23 

Level 3 evidence may also include 
the use of surrogate markers that, al­
though they may lie along a recognized 
pathogenetic pathway from mecha­
nisms of action to important clinical out­
comes, have not been validated in long­
term randomized clinical trials. To 
return to an example cited in part A of 
this Users' Guide, this would involve 
making inferences about reductions in 
fractures from the effects on bone den­
sity of 2 different bisphosphonates in 2 
independent randomized u'ials. 

Level 4. Level 4 includes comparisons 
involving or confined to nonrandomized 
evidence. This type of evidence is onlypos­
sible for conditions in which there are a 
large number of potentialtTeatmenlS com-

USERS' GUIDES TO THE MEDICAL LITERATURE 

monly used by practitioners. Nonrandom­
ized evidence can include cohort or case­
control studies, modeling studies (using 
risk-prediction equations such as those 
derived from the Framingham dataJ6), 
and/or outcomes research using admin­
istrative databases. Although these types 
of analyses can provide useful insights 
(particularly with respect to close-response 
relationships) ,J7 they are best viewed as 
exercisesinhypothesis-generation.lnpar­
ticular, outcomes research studies, origi­
nally developed to detenninewhether ilie 
efficacy of interventions proven in ran­
domized trials have their anticipated im­
pacts ata population level, have sometimes 
been used to pursue the plimary deter­
mination of efficacy-a purpose for which 
they were not intended. When used to es­
tablish efficacy, they present, in addi tion 
to oilier limitations (Table 2), unique 
problems in interpretation that resu'ict the 
validity of inferences drawn from them 
about ilie relative efficacy of medications 
from the same c1ass38 

An example oflevel4 evidence is a re­
cent reanalysis of the W05COP5 data­
base, designed to infer whether pravas­
tatin's efficacy exceeds that eJo.,'pec ted of 
oilier statins. 29 Using the constellation of 
risk factors and mean on-treatment cho­
lesterollevels seen in tlle trial, the ob­
served coronary event rates in pravastatin­
treated patients were compared with tllOse 
predicted from the Framingham coronary 
lisk equation to detemline whether the 
treatment benefit with pravastatin ex­
ceeded tllat expected from the degree of 
cholesterol lowering achieved. 

Level 3 and 4 studies have numerous 
flaws as outlined above and are best viewed 
as exercises in hypotheSiS generation. 

Other Considerations 

Amount of Efficacy Evidence. While we 
have ilius far focused on the validity of 
the evidence, the nunlber, size, and du­
ration of studies are essential factors to 
be considered in the decision-making 
process. Certainly, the superiority of 1 
drug within a class can only be defini­
tively established with level 1 evidence. 
However, while level 1 evidence would 
be ideal for establishing that a group of 
drugs exert a class effect (by showing nar-

row confidence limits around the differ­
ence between drugs), we recognize that 
it is rarely available and is unlikely to ever 
be available for many classes of dmgs be­
cause of difficulties in funding and con­
ducting trials so large that they are un­
likely to appeal to researchers, manufac­
turers, or funders. In this situation, the 
amount ofleve12 evidence becomes im­
pm'tant. For instance, one would feel 
more comfortable in concluding that a 
drug produced a class effect i f there were 
a number of placebo-controlled trials 
demonstrating that various drugs from 
the same class had similar treaUnent ef­
feclS. However, our goal isnot toseta level 
that must be achieved before a drug can 
be claimed to be superior to oUlers in its 
class or before a class effect can be estab­
lished. Those are decisions that individual 
clinicians or pohcymakers must make, 
taking into account their local circum­
stances and indhrid nal comfort leve Is. 

Safety. In the past decade, there have 
been numerous examples of drugs 
within the same class that have been 
shown to have different safety pro­
files . Although not our primary focus , 
considerations of drug safety are part 
of any treatment or purchasing deci­
sion, so we offer a set of levels of evi­
dence for determining drug safety in 
TABLE 4. Phase 1 drug studies in 
humans are deSigned to determine the 
maximally tolerated dose, and clinical 
trials are generally deSigned to deter­
mine the efficacy of the drug. As such, 
the sample sizes of neither are adequate 
to detect uncommon adverse effects. 
The inverse rule of 3 states that to be 
95% sure of seeing at least 1 adverse 
drug reaction that occurs once in every 
given number of patients, you need to 
follow up 3 times that many patiems.J9 

Given the size and duration of most 
clinical trials, adverse effects that occur 
in fewer than 1 in 1000 participants or 
that take more than 6 months to appear 
will generally remain undetectecl,3 How­
ever, randomized clinical trials are sti II 
the strongest design [or detecting real 
differences in adverse effects (such 
as the different rates or intracranial 
bleeding with different thrombolytic 
agents,O.41 ), anel meta-analyses of such 
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trials can give unbiased estimates of 
excess hazards. In the absence of clini­
cal trials, premarketingsafety data must 
be considered preliminary, and large, 
phase 4 studies or systematic postmar­
keting surveillance data are necessary 
to confirm the safety of new drugs. 

Convenience/Compliance. While 
once-a-day medications are more con­
venient and usually have higher com­
plian ce rates, evidence about drug 
compliance derived from trials may 
translate poorly in clinical practice. For 
instance, while compliance with the vari.­
ous statins described in Table 3 ranged 
from 90% to 94% during the course of 
the trials, analyses of adminisu'ative da­
tabases in Canada and the United States42 

revealed that only half of statin-treated 
patients were still taking their medica­
tion 1 year after it was prescribed. 

Cost. Faced with a decision as to 

whether a new drug from a class should 
be offered to eligible patients within the 
population, clinicians and policymak­
ers have different perspectives. For cli­
nicians , this decision usually hinges on 
the efficacy, safety, convenience or com­
pliance, cost of the new drug vs the old , 
and the applicability of the trial evi­
dence to their patients. i 3 However, for 
policymakers , these issues form only 1 
piece of the puzzle. They also must 
evaluate the efficiency, affordability, and 
opportunity costs of any new drugs. The 
efficiency of any intervention is deter-

mined by fonnal economic analyses, and 
the Users' Guides series offers clitelia for 
evaluating methodological quality.44 Al­
though cost-minimization analysis is the 
simplest and least controversial of the 
economic analYSis techniques , it re­
quires proof that the outcomes result­
ing from both alternatives are the same. 
As this rarely exists, the policymaker 
must rely on other types of analyses 
(cost-effectiveness, cost-benefit, or cost­
utility analyses) that involve varying 
degrees of assumption and guesswork. 
As pointed out by Nay lor and col­
leagues,'ls economic analyses should be 
viewed as "promising, clearly helpful, 
still in need of refinemelll and open, like 
any new technology, to both wise use 
and well-intentioned abuse." 

The decision as to whether a new 
drug is efficient enough to warrant its 
adoption depends critically on the so­
cial , political, and economic realities of 
the particular health care setting, com­
plicating the policymaker's task. Thus , 
attempts to establish universal cut­
points (using cost or quality-adjusted 
life-year ratios) have been largely un­
successful. i 6 Although there are occa­
sions for which there is compelling evi­
dence for a new drug's adoption (the 
new drug is as effective or more effec­
tive than others of its class and is less 
costly) or rejection (the new drug is less 
effective than others of its class and is 
more costly), the policymaker oper-

Table 4. Levels of Evidence for Comparing the Safety of Drugs Within the Same Class 

Level Type of Study Advantages Threats to Valid ity 

Randomized 
clinical trial(s) 

2 Cohort 

3 Case-control 

4 Phase 4 

5 Case series 

6 Case report(s) 

Only design that permits the Underpowered for detecting 
detection of adverse effects adverse effects 
when the adverse effect is 
similar to the event that 
treatment is trying to prevent 

Prospective data collection, 
defined cohort 

Cheap and fast to perform 

If sufficiently large, can detect 
rare but important adverse 
effects 

Cheap and fast to perform 

Cheap and fast to perform 

Crrtically depends on follow-up. 
classi fication, and 
measurement accuracy 

Selection and recall bias; 
temporal relationship 
may not be clear 

No. or unmatched, control 
group; critically depends on 
follow-up. classification, and 
measurement accuracy 

Small sample size; selection bias; 
no control group 

Small sample size; select ion bias; 
no control group 

ates most often in a cost-utility gray 
zone bet\veen these 2 extremes.iS 

RESOLUTION OF SCENARIOS 
The Clinician 

Given the qualitative consistency of the 
RRR for acute myocardial infarction in 
patients treated with 3 of the statins in 
large trials with clinically important out­
comes (Table 3) and the convincingna­
tureofLDl cholesterolloweringasa sur­
rogate outcome,20.30.47.49 our clinician con­
cludes that tllere is a class effect of statin 
drugs on the occurrence of ischemic heart 
disease . In the apparent absence of dif­
ferences in safety or compliance profiJe 
between the various statins , he decides 
to pursue a cost-minimization stra tegy. 
While the newer starin has been evalu­
ated only for cholesterol-lowering efficacy 
ina short-term trial «6months), he de­
cides to prescribe it because it is the cheap­
est statin in his local se lling. 

The Policymaker 

The policymaker agrees with the clini­
cian that the statins appear to exert a class 
effect in temlS of efficacy. However, she 
is concerned that the efficacy of the 
newer statin has not been evaluated in 
long-term trials with clinically impor­
tant outcomes orvaliclated surrogate out­
comes. Thus , she decides to keep the 
older (and more expensive) statin on her 
fonnulary until level 1 or long-tenn level 
2 evidence is available that proves that 
the newer statin is as good as or better 
than the currently provided statin. 

CONCLUSION 
While it would be preferable that every 
drug in each class (and indeed every dose 
and evelY formulation) b e evaluated in 
randomized clinical trials with active com­
parators from the same class for iLS effects 
on clinically importan t outcomes, this has 
not been accomplished [or several impor­
tantclasses of drugs. We believe thaI. ad­
vocates or newer drugs within a class must 
provide evidence of eqUivalence (or 
superiorily) to the older agents and "ran­
domized comparative trials ... remain 
the preferred evidentiary stanclard. "so 
Recognizing that this criterion standard 
is not always attainable (in the case of 
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the statins, such randomized clinical tri­
als would require very large sample sizes 
and long follow-up to detect significant 
differences in myocardial infarction or 
death bel:\Veen 2 different statins) , wesug­
gest that discussions about class effects 
vvill benefit from citing the levels of evi­
dence behind the arguments and recog­
nizing the strengths and weaknesses in­
herent in each study design. 
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CLINICAL SCENARIO 
You are the attending physician on an 
internal medicine se rvice who, one 
nigh t, admits 2 patients with strokes 
(patient A, a 65-year-old woman; pa­
tient B, a 55-year-old man). On exami­
nation, both have mild weakness of the 
righ t ann and left carotid bruits. Pa­
tient A has a history of hypertension and 
an admission blood pressure of 200/ 
llO mm Hg; neither patient has other 
relevant medical history or physical ex­
amination findings. 

Aware that caro tid brui ts are not 
highly specific for identifying carotid 
artery stenosis, you send both patien ts 
fo r Doppler ultrasonographyl Since 
your radiology department , in a re­
cent audit, demonstrated that their ul­
traso nographic in te rpretations are 
highly correlated with angiographic re­
su lts,I you feel con fi de nt from their 
findings that both patients have mod­
era te s tenoses (5 0%-59% by North 
American Symptomatic Carotid End­
arterectomy Trial criteria) with no ir­
regulari ty or ulceration of the plaque 
surface ] 

Aware of the recent nun)' of litera­
ture concerning surgical vs medical 
therapy for patients with sympto m­
atic carotid stenoses, you decide to re­
view the literature to gUide your man­
agem e nt o f th ese pati ents. Yo u 
formulate the question: "In a patient 
with a mild stroke and moderate ipsi-

Clinicians can use research results to determine optimal care for an indi ­
vidual patient by using a patient's baseline risk estimate, clinical prediction 
guidelines that quantitate an individual patient's potential for benefit, and 
published articles. We propose that when clinicians are determining the like­
lihood that treatment wil l prevent the target event (at the expense of ad­
verse events) in a patient that they also incorporate the patient's values. The 
3 main elements to joint clinical decision making are disclosure of informa­
tion about the risks and benefits of therapeutic alternatives, exploration of 
the patient's values about both the therapy and potential outcomes, and the 
actual decision. In addressing the patient's risk of adverse events without 
treatment and risk of harm with therapy, clinicians must recognize that pa­
tients are rarely identical to the average study patient. Differences between 
study participants and patients in real-world practice tend to be quantita­
tive (differences in degree of risk of the outcome or responsiveness to therapy) 
rather than qualitative (no risk or adverse response to therapy). The number 
needed to treat and number needed to harm can be used to generate patient­
specific estimates relative to the risk of the outcome event. Clin icians must 
consider a patient's risk of adverse events from any intervention and incor­
porate the patient's values in cl inical decision making by using information 
about the risks and benefits of therapeutic alternatives. 
l AMA 2000;283:2829-2836 

lateral carotid stenosis, would a ca­
rotid endarterectomy (compared with 
best medical therapy) reduce the like­
lihood of subsequent severe stroke or 
death?" 

THE SEARCH 

A sys tematic review o f random ized 
trials comparing caro tid endarterec­
tomy with standard medica l therapy 
(aspir in in yo u r pract ice settin g) 
in patien ts with rece nt mild stroke 

Author Affiliations: Division of General Internal Medi­
cine, University of Alberta Hospital, Edmonton (Dr McAli­
ster); Division of General Internal Medicine, Mount Si­
nai Hospital- University Health Network, Toronto (Dr 
Straus), and Department of Clinical Epidemiology and 
Biostatistics and Department of Medicine, McMaster Uni­
versity, Hamilton, Ontario (Drs Guyatt and Haynes). 
The original list of members (with affi liations) ap­
pears in the fi rst article of t his se ries (lAMA. 
1993;270:2093-2095). A list of new members ap­
pears in t he 10th arti cle of the series (lAMA. 
1996;275:1435-1439). A tuill ist of t he EB M 
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wo uld provide the best evidence to 
answer your question. Through your 
hospita l library, you have access to 
Ovi d Ev id en ce-Based Me d ici n e 
Reviews, allowing you to search both 
Best Evi.dence (whic h includes the 
co n tents o f ACP Journal Cl ll b and 
Evidence -Based Medicine) and the 
Cochran e Data base o f Sys tematic 
Reviews with a single search engine. 
Usin g th e search te rms strol?e and 
caroUe! endarterectomy , you do n't find 
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any relevant reviews in the Cochrane 
Database but you retrieve 18 citations 
from Best Eviden.ce. Scanning these 
citations you find one that looks rel­
evant to your question4 and after 
reviewing the abstract and commen­
tary from Best Evidence, you link to 
the full-text article for further details. 

lnvestigators in this trial random­
ized 2267 patients with moderate ca­
rotid stenosis «70%) and ipsilateral 
transient ischemic attacks or nondis­
abling stroke within 180 days to ca­
rotid endarterectomy or medical care 
alone.4 After 5 years of follow-up, sig­
nificantly fewer patients in the carotid 
endarterectomy arm (vs the medical care 
arm) had suffered a recurrent disabling 
stroke (5.3% vs 10.3%; 49% relative risk 
reduction [RRR]; 95% con[;dence in­
terval [CI], 14% to 83%]) or death (13% 
vs 15%; 13% RRR; 95% CI, -18% to 
44%) . The size of the treannent effect 
was such that 20 patients (95% CI, 12 
to 70) would have to undergo carotid 
endarterectomy to prevent 1 disabling 
stroke that would occur with medical 
therapy alone. Although encouraged by 
these results, you are concenled about 
the wide CIs and the potential for peri­
operative complications (1.4% excess 
risk of disabling stroke or death within 
the first month of surgery), and you 
question how to apply the results to your 
patients. 

INTRODUCTION 

While randomized trials provide the 
most valid estimates of the true effects 
(both beneficial and harmful) of an in­
tervention, they necessarily report av­
erage treatment effects . Whether these 
results are derived from a homoge­
neous group of high-risk, highly re­
sponsive patients (as in e[flcacy trials) 
or a heterogeneous group of "all­
comers" (as in effectiveness trials) ,5 cli­
nicians must decide how to extrapo­
late the results to individual patients. 
In this article, we will build on previ­
ous Users' Guides6.9 that assessed the 
validity and applicability of therapeu­
tic studies to outline a framework that 
clinicians might use to integrate re­
search results (whether from single tri-

als or systematic reviews) with patient 
values to detennine the optimal care for 
an individual patient. 

DETERMINING THE 
APPLICABILITY OF 
THE EVIDENCE TO 
AN INDIVIDUAL PATIENT 

Previous Users' Guides and other ar­
ticles have dealt extenSively with is­
sues of determining the applicability of 
evidence to individual patients.7.

IO We 
will not repeat all of the key principles 
here, but will emphaSize that differ­
ences between study participants and 
patients in real-world practice tend to 
be quantitative (differences in degree 
of risk of the outcome or responsive­
ness to therapy) rather than qualita­
tive (no risk or adverse response to 
therapy).8. IO These variations may be 
unimportant (eg, angiotensin convert­
ing enzyme inhibitors appear to ex­
hibit similar beneficial effects in pa­
tients with systolic congestive heart 
failure regardless of cause, severity of 
symptoms, age, or sex) II or easily re­
mediable (eg, drug dosages can be ad­
justed based on individual patient 
responsiveness) . 

Restricting efficacious therapies to 
"ideal patients" may result in signifi­
cant harm to those excluded. For 
example, while [3-blockers are pre­
scribed to only a minority of patients 
with acute myocardial infarction, 
myocardial infarction patients with 
concomitant conditions that might 
lead clinicians to withhold treatment 
(such as peripheral vascular disease, 
diabetes mellitus, heart failure , or 
chronic obstructive pu lmonary dis­
ease) derive substantial survival ben­
efits from [3-blocker therapy.12 This 
message is a consistent theme emerg­
ing from cardiovascular outcomes 
research. 13 

A key element to consider in exu'apo­
lating the results of the carotid endar­
terectomy trial that you identified is lo­
cal surgical expertise because the net 
benefits in the trial were highly sensi­
tive to perioperative complication rates. 
In fact, the benefits from carotid end­
arterectomy in this trial (expressed as 

RRR in disabling stroke) would be re­
duced by 20% for each 2% absolute in­
crease in the rate of perioperative stroke 
and death. I; Moreover, surgical teams 
whose complication rates and opera­
tive volumes would have rendered them 
ineligible for the trial perform the ma­
jority of endarterectomies in North 
AmericaY Thus, as has been pointed 
out by others, "caution should be 
exercised in draWing conclusions 
about the effectiveness of carotid 
endarterectomy in the general popula­
tion on the basis of trials of clinical 
efficacy conducted at highly selected 
facilities . " 15 

Individualizing Treatment Decision 

The process of individualizing re­
search evidence to the care of a par­
ticular patient incorporates 2 compo­
nents: determining the likelihood that 
treatment will prevent the target event 
(at the expense or adverse events) in 
that patient and incorporating the pa­
tient's values. We will now consider 
both of these steps in some depth. 

Determining the Benefit-Risk Ratio 
in an Individual Patient 

Although we can summarize the re­
sults of randomized trials with binalY 
outcomes in a number of ways , the 
number of patients that would need to 
be treated to prevent 1 additional ad­
verse event (number needed to treat 
[NNTj)16 has gained widespread ac­
ceptance as 1 clinically relevant for-
111at17

.
18 The NNT is the inverse of the 

difference in absolute event rates be­
tween the experimental and control 
arms and thus reflects baseline risk 
as well as treatment effect. 17 For 
example, the NNT to prevent 1 dis­
abling stroke in patients with moder­
ate carotid artery stenosis is 20, calcu­
lated as follows: control event rate 
(10.3%) minus experimental evenl rale 
(5.3%) equals absolute risk reduction 
(5%). The NNTis the inverse of the ab­
solute risk reduction (110.05=20) .; 

Analogous to the NNT, the number 
needed to harm (NNH) is an expres­
sion of the number of patients who 
would need to receive an intervention 
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to cause 1 additional adverse event. The 
NNH is the inverse of the absolute dif­
ference in adverse event rates between 
the experimental and control arms. For 
example, a meta-analysis of 51 studies 
of carotid endarterectomy in patients 
with symptomatic carotid stenosis 
found that the absolute perioperative 
mortali ty rate was 1.6% higher with 
endarterectomy than with medical U·eat­
ment: this translates into an NNH to 
cause 1 additional death in the peri­
operative period with carotid endarter­
ectomy of 63 compared with withhold­
ing sUTgery]9 

While one can easily calculate NNT 
when investigators report even t rates and 
relative risks (RRs) , difficulties arise 
when investigators report only odds ra­
tios (ORs). Since the OR is not always 
an accurate estimate of the RR (particu­
larly as disease incidence increases above 
10%),2° the clinician must employ stan­
dard formulas18 to derive the NNT or 
NNH from the OR (TABLE). Alterna­
tively , a nomogram has been devel­
oped for converting ORs to RRs21 

USERS' GU IDES TO THE MEDICAL LITERATURE 

The average NNT (or NNH) re­
ported in a trial or systematic review 
may not be directly applicable to an in­
dividual patient (because of differ­
ences in baseline lisk ancVor RRR across 
subgroups), and the clinician is faced 
with 3 questions in extrapolating to his 
or her patient: Is my patient's RRR likely 
to be different from the group average? 
What is my patient's baseline risk of the 
target event? What is my patient's risk 
of harm from the treatment? 

Although we often assume that RRRs 
are constant across the Hmited range of 
susceptibilities normally encountered 
in clinical practice,n.24 recently pub­
lished studies have demonstrated that 
while this is often the case,25.33 it may 
not always be.31.35 Thus , the clinician 
must carefully scrutinize the reports of 
trials or systematic reviews for infor­
mation on the relative treatment ef­
fects in different subgroups and should 
use available criteria for evaluating sub­
group analyses H In situations where 
RRR does appear to differ across sub­
groups, clinicians should employ the 

RRR from the subgroup most similar to 
their patient. 

Returning to our clinical scenario, the 
RRR for stroke with carotid endarterec­
tomy does differ by degree of stenosis and 
presurgical symptom status. 14 Because 
our patients have symptomatic stenoses 
of 50%-69%, it would be inappropriate 
to extrapolate directly the results from 
ei ther a trial of symptomatic patients with 
high-grade stenoses (> 70%)36 or a trial 
of asymptomatic patients with moder­
ate stenoses37 to their situation. How­
ever, it is possible to extTapolate from the 
preViously identi fiedstudy4 that enrolled 
symptomatic patients with similar 
degrees of stenoses as our patients. 

We will now outline 2 approaches to 

addreSSing the latter 2 questions, our 
patient's risk or adverse events with­
out treatment and our patient's risk of 
harm with therapy12 Both approaches 
that are described below requi re time, 
but with the explosion in the develop­
ment of electronic evidence resources, 
this obstacle may be ameliorated in the 
near future. 

Table. Deriving the Number Needed to Treat and Number Needed to Harm From the Odds Ratio' 

Therapeut ic Intervention (OR) 
Control I I 

Event Rate 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 

Deriving NNTt 

0.05 41 46 52 59 69 83 104 139 209 

0.1 21 24 27 31 36 43 54 73 110 

0.2 11 13 14 17 20 24 30 40 61 

0.3 8 9 10 12 14 18 22 30 46 

0.4 7 8 9 10 12 15 19 26 40 

0.5 6 7 8 9 11 14 18 25 38 

0.7 6 7 9 10 13 16 20 28 44 

0.9 12 15 18 22 27 34 46 64 101 

Therapeutic Intervention (OR) 
Control I 

Event Rate 1.1 1.2 1.3 1.4 1.5 2.0 2.5 3.0 3.5 

Deriving NNH:j: 

0.05 212 106 71 54 43 22 15 12 9 

0. 1 112 57 38 29 23 12 9 7 6 

0.2 64 33 22 17 14 8 5 4 4 

0.3 49 25 17 13 11 6 5 4 3 

0.4 43 23 16 12 10 6 4 4 3 

0.5 42 22 15 12 10 6 5 4 4 

0.7 51 27 19 15 13 8 7 6 5 

0.9 121 66 47 38 32 21 17 16 14 

I 

'Adapted from McOuay and Moore.'· OR indicates odds ratio; NNT, number needed to treat; CER, control event rate; and NNH, number needed to harm. Data are presented as 
number. 

tThe formula for detemlining NNT is [1-(CER x (1 - OR})]/[(1 - CER) x CER X (1 - OR)]. 
Hhe formula for determining NNH is 1 + [CER X (OR - 1 )]/[(1 - CER) X (CER) x (OR - 1)]. 
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Approach 1: Generation of 
Patient-Specific Baseline Risks 
Recognizing that patients are rarely iden­
tical to the average study patient, clini­
cians can derive estimates of the pa­
tient's baseline lisk from various sources. 
First, if the study reports risk in vari­
ous subgroups, clinicians can use the 
baseline risk for the subgroup most like 
their patient. However, most trials are 
not large enough to allow generation of 
precise estimates of baseline risk in vari­
ous patient subgroups , and the clini­
cian may have to search for systematic 
reviews (particularly those including in­
dividual patient data)J8 to glean useful 
information. For example, the Atrial 
Fibrillation Investigators pooled the in­
dividual patient data from all random­
ized trials testing antithrombotic therapy 
in nonvalvular atrial fibrillation and were 
able to provide estimates of prognosis 
for patients in clinically important sub­
groups25 

Second, as an extension of the sub­
group approach, one can use clinical pre­
diction gUides to quantitate an indi­
vidual patient's potential for benefit (and 
harm) from therapy.33.39.4o Retuming to 
our example, a prognostic model that 
could identify patients with carotid ste­
nosis most likely to benefit from endar­
terectomywould be usefuL Such a model 
would need to incorporate the risk of 
stroke ,vithout surgery (and thus the po­
tential benefit from surgery) ,vith the risk 
of stroke or other adverse outcomes from 
surgery. Using the European Carotid Sur­
gery Trial database,41 investigators have 
developed a preliminary version of just 
such a model.41 However, our enthusi­
asm for applying this clinical predic­
tion gUide should be tempered until it 
has been prospectively validated in a dif­
ferent group of patients (and preferably 
with clifferent clinicians) 39 

Third, clinicians could derive an es­
timate of their patient's baseline risk 
from published articles (preferably 
population-based cohort st1.1dies)+J that 
describe the prognosis of similar (un­
treated) patients. For example, analy­
sis of the Malmo SU'oke Registry dem­
onstrated that in the 3 years after a 
stroke, patients have a 6% risk of re-

current nonfatal stroke and a 43% risk 
of death; these risks were higher in older 
patients or those with diabetes melli­
tus or cardiac disease. ++ 

Analogous to the estimation of pa­
tient-specific baseline risk, clinicians 
can use these same sources of informa­
tion to determine an individua l pa­
tient's likelihood of harm from treat­
ment. For example, a systematic review 
of 36 studies relating the risk of peri­
operative complications from carotid 
endarterectomy to various preopera­
tive clinical characteristics revealed that 
women were at higher risk than men 
(OR, 1.44; 95% 0 , 1.14 to 1.83; abso­
lute rate, 5.2%).+5 

The final step in generating a patient­
specific NNT (or NNH) involves the for­
mula: NNT = 1/(PEER X RRR) (where 
PEER is the patient's estimated eventrate 
or baseline risk) .21 Given the 3-yearrisk 
of recurrent disabling stroke in dia­
betic patients from the Malmo Stroke 
Regisuy (8.4%) ++ and the 49% RRR ex­
pected with carotid endarterectomy,+ the 
patient-specific NNT in a 65-year-old pa­
tient with diabetes, ipsilateral carotid ste­
nosis, and a minor stroke would be cal­
culated as NNT = 1/(0.084 X 0.49) = 24. 
Clinicians who know a patient's base­
line risk and RRR can also use a nomo­
gram to calculate the NNT.46 

Approach 2: Clinical Judgment 

Altemately, the clinician can use the 
NNT and NNH directly from a study 
to generate patient-specific estimates. 
This method involves only 2 steps and 
is less time-consuming than the previ­
ous method (because, depending on the 
experience of the clinician, it may not 
require a detailed literature review) . 

First, the clinician estimates the pa­
tient's risk of the outcome event rela­
tive to that of the average control pa­
tient in the study and converts this risk 
to a decimal fraction (labeled j. , "for 
treatment").47 Patients judged to be at 
less risk than those in the trials will be 
assigned an I. less than 1 and those 
thought to be at greater risk will be as­
Signed an j. greater than 1. There are 
several sources that a clinician can use 
to obtain a value for j.. The best esti.-

mate would come from a systematic re­
view of all available data about the prog­
nosis of similar patients; individual 
studies abou t prognosis would pro­
vide the next best estimates. Alterna­
tively , the clinician could use clinical 
expertise in assigning a value to j,. While 
this may appear to be overly subjec­
tive , preliminary c1ata suggestlhat ex­
perienced clinicians may be accurate tn 
estimating relative dtrferences in base­
Hne risk (ie,J.) between patients (rar ex­
ceeding our abilities to judge absolute 
risks).4~ 

Second, the clinician calculates the 
patient-speciJic NNT by dividing the av­
erage NNT by j.. Thus, if the clinician 
felt that patient A was at one fifth ~= ,2) 

the risk or the average patient in the trial 
(based on the reduced baseline risk for 
women demonstrated in the subgroup 
analyses reported by the investiga­
tors) ,4 her patient-specific NNT for the 
prevention of 1 clisabling stroke would 
be 100 (2010.2) . 

In addition to considering the ben­
efits from therapy, the clinician needs 
to consider a patient's risk of adverse 
events from any intervention. Patients 
A and B need to be informed that ca­
rotid endarterectomy does carry with it 
a risk of perioperative death. To indi­
vidualize your patient's lisk of death, you 
can use the I method just described (la­
beled j;" "for 11ann"). For example, pa­
tient A may be assumed to be at t",rice 
the risk (j,,= 2) of perioperative death as 
patients in the conu'ol group of the study 
because of her gender, hypertension, and 
the fact that she has left-sided carotid ar­
tery stenosis.4.+5 You can adjust the NNH 
usingj;" assuming the RR increase is con­
stant across the spectrum of suscepti­
bilities (an assumption that, as we've 
noted fOT RRR, mayor may not hold 
depending on the particular therapy 
being considered). Thus , patient A's 
NNH is estimated to be approximately 
32 (63/2). 

INCORPORATING PATIENT 
VALUES AND PREFERENCES 

We have determined the risks or ben­
efit and hann for the individual, but we 
must still incorporate patient values into 
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the decision-making process. As out­
lined in a previous Users' Guide,9 sys­
tematically constructed decision analy­
ses and practice gUidelines that include 
an explicit statement of values can be 
used to integrate the evidence on ben­
efit or harm \'lith patient values to reach 
treatment recommendations or estab­
lish threshold NNTsY·+9 Although this 
situation would be ideal, such evi­
dence is often not available (we could 
not, for instance, identify a relevant de­
cision analysis for our scenario) . More­
over, as there is often substantial varia­
tion in values between individuals,50.52 
decision analyses that rely on group av­
erages for values may not always be ap­
plicable to a particular patient , al­
though close examination of the utility 
sensitivity analyses of a decision analy­
sis may provide some guidance.53.55 

While active patient involvement in 
decision making can improve out­
comes and reported quality of life and 
possibly reduce health care expendi­
tures,56.62 the initial step in this pro­
cess is to determine the extent to which 
your patient wants to be involved in de­
cision making (recognizing that this 
may vary \'lith each clinical decision). 

How Much Do Patients 
Want to Participate? 

There are 3 main elements to clinical 
decision making: the disclosure of in­
formation (about the risks and ben­
efits of therapeutic alternatives); the ex­
ploration of the patient's values about 
both the therapy and the potential 
health outcomes; and the actual deci­
sion. Each patient varies in desired level 
of involvement in these steps, and cli­
nicians may not accurately gauge the 
degree to which an individual patient 
wants to be involved 63·

68 Some pa­
tients may want all available informa­
tion provided to them and may want to 
make the decision themselves, \'lith the 
clinician's role being that of informa­
tion provider. Other patients may want 
all the information provided but may 
want the clinician to make the final de­
cision. Still others may want to collabo­
rate with their clinician in the entire pro­
cess. These differences emphasize the 

USERS' GUIDES TO THE MEDICAL LITERATURE 

need for clinicians to accurately assess 
patient preferences for infornlation, dis­
cussion, and decision making and tai­
lor their approach to the individual. 

Regardless of whether the clinician, 
the patient, or both in partnership will 
make the decision, clinicians must ex­
plore patients' values about the therapy 
and the potential health outcomes. You 
can elicit your patient's values in in­
formal ways during exploratory discus­
sions or by more formal (and time­
consuming) methods such as the time 
trade-off, standard gamble, or rating 
scale techniques.69 

Decision Aids 

H your patient's goal is shared deci­
sion making, there are several models 
available for providing shared decision­
making support. First, formal clinical 
decision analYSiS, incorporating the pa­
tient's likelihood of the outcome events 
with his or her own values for each 
health state, could be used to gUide the 
decision. Performing a clinical deci­
sion analysis for each patient would be 
too time-consuming for the busy cli­
nician, and this approach therefore cur­
rently relies on finding an existing de­
cision analysis. To be able to use the 
existing decision analysis, either our pa­
tient's values must approximate those 
in the analYSiS, or the decision analy­
sis must provide infornlation about the 
impact of variation in patient values on 
the results of the decision analysis. 
Computer models available at the bed­
side may broaden the scope of deci­
sion analysis applicability and permit 
wider use with individual patients -'O 

Second, investigators have devel­
oped numerical methods of present­
ing information to patients that incor­
porate calculated patient values.+o.71 

However, these methods have not been 
fully tested and are not yet feasible for 
widespread use. Here too, computer 
models may be useful in the future . 
Third , clinicians can use "decision aids" 
that present descriptive and probabi­
listic information about the disease, 
treatment options, and potential out­
comes.72-75 Most commonly, these de­
cision aids present the outcome data in 

terms of the percentage of people with 
a certain condition who do well \-vith­
out intervention compared with the per­
centage who do well with interven­
tion. While each of these methods has 
considerable merit, they sometimes fall 
short in terms of comprehensibility, 
applicability, and efficiency for use in 
busy clinical services. Making well­
validated decision aids available on the 
Internet could improve their clinical 
usefulness. 

The Likelihood of Being 
Helped or Harmed 

Although the NNT and NNH are use­
ful for clinicians to describe the ben­
efits and harms of therapy, they may be 
less informative for individual pa­
tients who want to know their unique 
risk of these events. One recently de­
veloped method of expressing infor­
mation to patients that incorporates pa­
tient values, can be applied to any 
clinical decision , and that preliminary 
evidence suggests may be useful in busy 
clinical services is the likelihood 0 f be­
ing helped vs harmed. (5.£.5. , unpub­
lished data, 2000). The first step in this 
method is the exploration of patient val­
ues about receiving the treatment (vs 
not receiving it) and the severity of ad­
verse events that might be caused by the 
treatment (vs the severity of the target 
event that we hope to avoid \'lith the 
treatment). To answer these ques­
tions, patients are provided with brief 
descriptions of both the target event to 
be prevented and the potential ad­
verse event from the treatment (Box). 

Following review of the description 
of the target event, the clinician pre­
sents the patient with a rating scale (an­
chored at 0 [death] and 1 [full health]) 
and asks him or her to mark the value 
of the target event. 

During your discussions with pa­
tient A, you discover that she is a 
fiercely independent newspaper jour­
nalist who lives alone and preViously 
cared for her father after he suffered a 
disabling stroke. She believes thal a dis­
abling stroke is as bad as immediate 
death and assigns it a value of o. Simi­
larly, you give your patient the descrip-
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Sample Descriptions 
of Stroke and Death 

A stroke can result in weakness and loss 
of function in one side of your body. 
With a disabling stroke, you are ad­
mitted to a hospital for initial treat­
ment (which would include some 
rehabilitation therapy) and then trans­
ferred to a rehabilitation hospital for at 
least 2 months of intense rehabilita­
tion. You regain some movement in 
your ann and leg but are left with a 
permanent weakness in that side of 
your body and require assistance with 
activities of daily living such as get­
ting dressed, taking a bath, cooking, 
eating, and using a toilet. You have 
trouble getting the words out when you 
speak. 

A surgical procedure called carotid 
endarterectomy can decrease the risk 
of disabling stroke but. can result in 
death. This surgery involves repairing 
one of the major blood vessels in your 
neck that supplies blood to your brain. 
Tt must be perf0rt11ed by a surgeon with 
experience in this procedure. Death is 
most likely to occur ill the first 30 days 
after this surgical procedure. 

tion of the adverse event that could re­
sult from the therapy (death within 30 
days of surgery) and ask her to assess 
this using the rating scale (she as­
Signed a value of 0.25 since death may 
not necessarily be immediate). Using 
the 2 ratings, you infer that she be­
lieves a disabling stroke to be 1.3 times 
worse than death within the next month 
[(1-0)/1-0.25)]. This exercise should be 
repeated on another occasion to con­
firm that her values are stable. 

In contrast, during your conversa­
tion with patient B, you find that he is 
a former truck driver who recently re­
tired to the counu'y with his wife so that 
he could be near his daughter and 
grandson. When you explore his val­
ues , he decides that death is 5 times 
worse than having a disabling stroke. 

How can you now incorporate your 
individual patients' values into the de­
scription of therapy? The average pa­
tient with a hemispheric stroke and ip­
silateral moderate carotid stenosis has 

a 10.3% chance of having a disabling 
stroke over 5 years, but this can be de­
creased to 5.3% with carotid endarter­
ectomy.4 The average NNT for such pa­
tients is 20. The absolute risk increase 
for death for patients having carotid end­
arterectomy is 1.6%,19 which translates 
to an average NNH of 63 (110.02). You 
work in a hospital where the vascular 
surgeons have a perioperative mortal­
ity rate of 2%, and therefore you can ap­
ply this study NNH to your patients. 

To calculate the likelihood of being 
he lped vs harmed (LHH) , I/NNT (ab­
solute risk reduction [ARR]) and 
lINNH (absolute risk increase [AR1]) 
are combined into an aggregate ratio. 
(Note that although we use IINNT and 
IINNH here, alternatively we could use 
ARR and ART in these calculations. In 
a pilot study, we found that physi­
cians made fewer errors in calculation 
when using NNTINNH vs ARRI ARI, 
and many of the errors were in deci­
mal placement.) For both patients, the 
first approximation of the LHH is LHH = 
(lINNT): (lINNH) = (1120) : (1/63)= 
3 to 1 in favor of surgery. As a !lrst ap­
proximation, both patients can be told 
that "carotid endarterectomy is 3 times 
as likely to help you as harm you. " 

However, this first approximation ig­
nores both patients' individual risks of, 
and values relating to, stroke and periop­
erative death. You can particularize the 
LHH for each patient using the j fac­
tors we described previously. As dis­
cussed above, women have a lower risk 
of stroke and the ft for patient A can be 
estimated at approximately 0.2.4 This 
study (and a systematic review of other 
studies45

) found that women, patients 
with left-sided carotid disease , and pa­
tients with a history of hypertension 
have increased risks of perioperative 
deaths (RRs, 1.4-2.3). Thus, patient A 
is at an increased risk of death from sur­
gery (fJ,=2). Her risk-adjusted LHH is: 
LHHA = [(lINNT) Xft: [(lINNH) Xjd = 
[(1/20) X 0.2] : [(1163) X 2] =3 to 1 in 
favor of medical therapy. Similarly, the 
LHH for patient B can be individual­
ized [or his unique risks . Men had a 
greater risk of stroke in the triali

,4 and 
you can estimate from the reported sub-

group analyses that patient B's ft is ap­
proximately 1.25. Patient B also has left­
sided carotid disease, suggesting that his 
risk of perioperative death is increased 
(j,,=2). His risk-adjusted LHH is : 
LHHB= [(1/20) X 1.25] : [(1/63) X 2] = 
2 to 1 in favor of surgery. 

These risk-adjusted LHHs still ig­
nore each patient's values. Pati ent A 
ranked a disabling stroke as 1.3 times 
worse than death, and this number (the 
s or severity factor) can be used to 
adjust the LHH as follows: LHH A = 
[(l/NNT) x j, X s]: [(l/NNH) X j,,= 
[(1/20) XO.2 XU]: [(1/63) X 2] =2 to 
1 in favor of medical therapy. Thus , in­
corporating patient A's values and 
unique risks of benefit and harm, she 
is twice as likely to be helped as harmed 
by medical therapy. On the other hand, 
patient B stated that death was 5 times 
worse than a stroke and incorporating 
this into his LHH you calculate: LHHu= 
[(1/20) X 1.25]: [(1/63) X 2 X 5] =3 to 

1 in favor of medical therapy. 
These 2 cases illustrate how to incor­

porate your patient's values into the 
decision-making process. At present, 
this process is time-consuming and 
inexact, and we don't know how much 
difference it makes to patients or their 
clinical outcomes. Thus , this approach 
is best considered as a logical and fea­
sible, but untested, model. Computer­
ized versions of this approach should 
make it more clinically useful. If you 
are unsure of your patient'sf or if there 
is some uncertainty around your 
patient's estimate of values, you could 
do a sensitivity analysis (inserting dif­
ferent values for these variables into the 
above equation to see how this is 
reOected in the LHH). We've described 
a simple formulation for the LHH (ig­
noring other outcomes from carotid 
endarterectomy and the risks of the 
diagnostic workup),76 but this could be 
modified for more complex situations. 

RESOLUTION 
OF THE SCENARIO 

Before making a final decision with your 
patient, you need to detennine what the 
perioperative complication rate is in 
your own practice setting. If we as-
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sume that local surgical expertise is suf­
ficient to apply the study results and use 
our patients' individual risks of ben­
efit and harm from surgery, adjusted for 
their unique values, medical therapy ap­
pears to be the favored management 
strategy for both patients. 
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Sit down before fact as a little child. be prepared to 
give up every preconceived notion. follow humbly 
wherever and to whatsoever abysses Nature leads. or 
you shall learn nothing. 

-Thomas Huxley (1825-1895) 
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CLINICAL SCENARIO 
You are a general internist reviewing the 
condition of a 55-year-old woman ,vith 
type 2 diabetes mellitus and hyperten­
sion. Her glycemic control is excellent 
with metformin, and she has no his­
tory of complications. To manage her 
hypertension, she takes a small daily 
dose of a thiazide diuretic. During the 
examination, you note that her weight 
is stable, she has no evidence of periph­
eral neuropathy, and her blood pres­
sure is 155/88 mm Hg. After arranging 
for glycosylated hemoglobin, choles­
terol, and microalbumin assessments, 
yo u reassure you r patient that she is 
doing well and ask her to return in 3 
months. After she has left, you notice 
that her blood pressure over the past 6 
months has been about the same as it 
was today. You wonderifshe would ben­
efit from more aggressive blood pres­
sure control. Specifically, in this pa­
tient with diabetes mellitus, would 
tighter blood pressure control improve 
survival or delay the onset of complica­
tions? You decide to find if the medical 
literature can help resolve the issue. 

Practicing evidence-based medicine 
involves integrating individual clinical 
expertise with the best available evi­
dence from systematic research. l The 

necessary skills include formulating a 
concise question that addresses uncer­
tainties in patient management and 
quickly identifying the highest-quality 
relevantinfonnation from the medical lit­
erature. The previous articles in this series 
have provided gUides for the steps that 
follow identification of the best evi­
dence-systematically assessing its valid­
ity and applicability. In this Users' Guide, 
we present an approach to chOOSing and 
subsequently searching the most effi­
cient electronic resource for finding the 
best evidence. We have focused primar­
ily on electronic resources as these are 
generally easier to search and more cur­
rent than many print sources.1 How­
ever, with the relatively recent appear­
ance of many of the resources we 
recommend, little research specifically 
addresses their relative m erits. The 
approaches we desctibe reflect our expe­
riences and those of our colleagues work­
ing individually or 'vith medical train­
ees and encompass a wide range of 
learning levels. 

THE CLINICAL QUESTION 

The first step in the search for evidence 
is to identify uncertainties in patient care 
and formulate these into questions. Spe­
ci[ic questions can arise when we are not 
sure about the benefits and risks associ­
ated with different therapeutic ap­
proaches for a well-ddined group of pa­
tients or are unaware of the value of a 
diagnostic test or prognosis of a disease 
condition] More general questions deal 
with broader topics. What therapeutic 

©2000 American ]"'[edical Association. All rights reserved. 

approaches are available for a given con­
dition? What complicatio ns can de­
velop in people who have a certai n dis­
ease? While a properly defined clinical 
study could answer a focused clinical 
question, general clinical questions are 
too broad to be answered by a single 
study or meta-analysis. 

Matching Your Question to the 
Best Medical Information Resource 

The optimal medical infomrntion resource 
depends, to a large extent, on the type of 
question that you have and time you have 
available. 4 To answer focused clinical 
questions, the most efficient approach is 
to begin with a "pre filtered" evidence­
based medicine resource such as Best Evi­
dence, the Cochrane Library, or Clinical 
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Evidence that are updated with method­
ologically sound and clinically important 
studies on a regular basis and have been 
designed to make searching easy. To find 
answers to more general medical ques­
tions, electronic versions of medical text­
books are often more helpful. Up ToDate 
and Scientific American Medicine provide 
background information on many top­
ics, in addition to answers to more spe­
cific questions. MEDLlNE, the biblio­
graphic database maintained by the US 
National Library of Medicine, can be used 
to find answers to both focused and back­
ground medical questions. The size and 
complex ity of this database, however, 
makes searching somewhat more diffi­
cultandt.i meconsuming. We review the 
databases suitable for answering a spe­
cific clinical question and illustrate their 
usewith the example of the optimal blood 
pressure target level in diabetic patients 
(TABLE). 

Using Prefiltered Evidence-Based 
Medicine Resources to Answer 
Focused Clinical Questions 

Best Evidence. A good place to start look­
ing for answers to focused clinical ques­
tions is Best Evidence. Available in CD-

ROM fonnat, this is the electronic version 
of 2 paper-based abstract journals: ACP 
Journal Club and Evidence-Based Medi­
cine. (These journals were combined into 
1 journal, ACP Journal Club, in North 
and South America inJanuary 2000. Evi­
dence-Based Medicille is still available 
outside the Amelicas.) For these publi­
cations, 150 medical journals are sys­
tematically searched on a regular basis 
to identify studies that are both meth­
odologically sound and clinically rel­
evant. By "methodologically sound" we 
mean that studies meet validity criteria 
familiar to readers of this Users' Guides 
series: for example, the treatment sec­
tion includes only randomized tTials with 
80% follow-up and the diagnosis sec­
tion only studies that make an indepen­
dent, blind comparison of a test with a 
gold diagnostic standard. 

ACP Journal Club and Evidel1ce-Based 
Medicil1e present strucntred abstracts of 
studies that meet these criteria, along 
with an accompanying commentary by 
an expert who puts the study findings 
into clinical perspective. Clinicians can 
find other studies that meet method­
ological criteria, but have been judged 
less relevant, in a section of Best Evi-

Table. M edical Information Resource Contact Information 

Resource Internet Address 

dena entitled "Other Articles Noted. " 
Best Evidence is updated annually and 
now includes more than 1600 ab­
stracted articles related to general inter­
nall1ledicine dating back to 1991. After 
5 years, the editors review each article 
to make sure that it has not become out­
dated in light of more recent evidence. 
In addition to general internal med i­
cin e, Best Evidence includes a broader 
range of articles pubHshed since 1995 en­
compassing obstetrics and gynecology, 
family medicine , pediatrics, psychiatry, 
and surgery. 

Because Best Evidence contains on ly 
methodologically sound articles, it is sub­
stantially smaller than many other medi­
cal Hterature databases and thus easier 
to search. To locate information on blood 
pressure control in people with type 2 
diabetes, we used the search option in 
Best Evidence 3. W e entered the tenns hy­
pertension, diabetes, and mortality, re­
sulting in a list of 90 articles. Many of 
these citations, however, dealt with the 
prognosis of patients with diabetes and 
were not directly relevant for our ques­
tion. We therefore retumed to the search 
option, entered the same terms, but 
clicked on the Therapeutics and Prevel1-

Annual Cost, $ 

Best Evidence http://www.acponline.org/catalogielectronic/best_evidence.lltm 11 0 (CD-ROM) 

Cochrane Library 

UpToDate 

MEDLINE 
PubMED 

Internet Grateful Med 

Other sources 

Scientific American Medicine 

Clinical Evidence 

Harrison's Online 

eMedicine 

Medical Matrix 

ScHARR Netting the Evidence 

Medical World Search 

Journal list ings 

Clinical practice guidelines 

MD Consult 

EBMR Reviews (OVID) 

http://www.updateusa.com/cochrane.htm 

http://www.uptodate.com 

http://www.ncbi.nlm.nih.gov/PubMed 

http://igm.nlm.nih.gov 

http://www .medmatrix.org/info/medlinetable.asp 

http://www.samed.com 

http://www.evidence.org/index-welcome.htm 

http://www.harrisonsonline.com 

http://www.emedicine.com 

http://www.medmatrix.org/reg/login.asp 

http://www.shef.ac.ukluni/academic/R-Zlscharr/ir/netting.iltml 

http ://www.mwsearch.com 

http://www.nthames-health .tpmde.ac.uklconnecVjournals.htm 
http://www.pslgroup.com/dg/medjournals.htm 

http://www.guidelines.gov 
http://www.cma.ca/cpgs 

http://www.mdconsult.com 

http://www.ovid.com/productslcip/ebmr.cfm 

225 

495 (CD-ROM) 

Free 

Free 

Free 

245 (print and online versions) 
(159 for online access only) 

To be announced 
(115 in print) 

89 
Free 

Free 

Free 

Free 

Free 
Free 

Free 
Free 

199.95 

1275 (inst itutional price 
for 1 user) 
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tiol1 option before asking Best Evidence 
to complete the search. This yielded a 
shorter list of 19 articles, all pertaining 
to therapy. An article entitled "Diuret­
ics Reduced Cardiovascular Disease 
Events in Diabetic and Nondiabetic Pa­
tients"S looked promising. Double­
clicking on this title produced a struc­
tured abstract indicating that diabetic 
participants in the Systolic Hyperten­
sion in the Elderly Program trial had a 
Significant reduction in cardiovascular 
events with diuretic therapy. This inter­
esting study did not, however, answer the 
question of the optimal blood pressure 
goal for people with diabetes. 

As in this case, searching Best Evi­
del1Ce will not always be successful. This 
may be because high-quality evidence is 
notavailable. Alternatively, a relevant n-ial 
may have been published after the most 
recent edition of Best Evidence was 
released or before 1991. Well-done stud­
ies published since 1991 also may not 
appear in Best Evidence if the topic was 
felt to pertain more to subspecialty care 
than to general internal medicine. Despite 
these limitations, searching Best Evi­
dence will often be rewarding. 

Cochrane Library. The Cochrane 
Collaboration, an international orga­
nization that prepares, maintains, and 
disseminates systematic reviews of 
health care interventions, offers an­
other electronic resource for locating 
high-quality information quickly . The 
Cochrane Library focuses primarily on 
systematic reviews of controlled trials 
of therapeutic interventions and thus 
provides little help in addressing other 
aspects of medical care, such as the 
value of a new diagnostic test or a pa­
ti.ent's prognosis . 

Updated quarterly, tlle Cochrane Li­
brary is available in CD-ROM fornlat or 
over the Internet and contains 3 main 
sections. The first of these, the Coch­
rane Database of Systematic Reviews 
(CDSR) , includes the complete reports 
for all of the systematic reviews that have 
been prepared by members of the Coch­
rane Collaboration (663 reviews in the 
fourth issue for 1999) and the proto­
cols for Cochrane systematic reviews tllat 
are under way. A second part of the 

Cochrane Library, the Database of Re­
views of Effectiveness (DARE) includes 
systematic reviews that have been pub­
lished outside the collaboration: the 
fourth issue for 1999 included 2470 such 
reviews . The third section of the li­
brary, the Cochrane Controlled Trials 
Registry (CCTR), contains a growing 
list of more than 250000 references 
to trials that Cochrane investigators 
have found by searching a wide range 
of sources. The sources include the 
MEDLINE and EMBASE (Excel-pta 
Medica) bibliographic databases, hand 
searches, and the reference lists of po­
tentially relevant original stuclies and re­
views. While most citations refer to ran­
domized trials, the database also includes 
a small number of observational stud­
ies. In addition to the 3 main sections, 
the Cochrane Library also includes in­
fonnation about the Cochrane Collabo­
ration and information on how to con­
duct a systematic review. 

To search the Cochrane Library, you 
can simply enter ternlS in the first screen 
that appears after selecting search. Al­
ternatively, if you have access to the CD­
ROM version , you can create more com­
plex search strategies that include 
Medical Subject Heading (MeSH) tenns 
and logical operators (see the section on 
MEDLINE, for an introduction to MeSH 
tenns and logical operators) . To find in­
fornmtion about blood pressure control 
in people "vith diabetes, we entered the 
search tenns diabetes, hypertension, and 
mortality using tlle 1999 version of the 
Cochrane Library (issue 4). This yielded 
35 reports in the CDSR, 3 citations in the 
DARE, and 112 citations in the CCTR. 
A Cochrane review entitled "Antihyper­
tensive Therapy in Diabetes Mellitus"6 
appeared promising. Double-clicking on 
this item, we found an entire Cochrane 
Collaboration systematic review, includ­
ing information on the methods, inclu­
sion and exclusion criteria, results, and 
a discussion . The results presented the 
findings in both textual and graphical 
fonns. As was the case with the article 
found in Best Evidwce, however, this re­
view did not help resolve ule issue of tlle 
optimal blood pressure goal for people 
with diabetes mellitus. 

©2000 American Medical Association. All rights reserved . 

Tuming to the CCTR (we double 
clicked on the CCTR option to make the 
citation titles appear) , we found an ar­
ticle entitled "Effects ofIntensive. Blood­
Pre.ssure. Lowering and Low-Dose As­
pirin in Patients With Hypertension: 
Principal Results of the Hypertension 
Optimal Treatment (HOT) Ran­
domised Trial"7 and another entitled 
"Tight Blood Pressure Control and Risk 
of Macrovascular and Microvascular 
Complications in Type 2 Diabetes : 
UKPDS 38."8 These were both within the 
first 20 citalions listed in the CCTR [or 
oUT search. Selecting the first of these 
yielded an abstract of the Hypertension 
Optimal Treatment (HOT) study/ a ran­
domized con trolled trial that com­
pared 3 different blood pressure man­
agement strategies in persons with 
hypertension. Selecting tlle second ci­
tation produced an abstract for th e 
UKPDS 38 study, a randomized trial en­
rolling persons with type 2 diabetes and 
hypertension and evaluating the effect 
of aiming for a blood pressure of less 
than 150/85 or 180/105 mm Hg. After 
an average of 8.4 years of follow-up , the 
tight blood pressure control arm had a 
32% reduction in the risk of death re­
lated to diabetes (95% confidence inter­
val, 6%-51 %; P= .02). 

UpToDate . One electronic text­
book, UpToDate , is carefully updated 
evelY 4 months and is very well refer­
enced. While UpToDate, unlike Best 
Evidence and the CDSR, does not have 
a set of explicit methodological qual­
ity criteria that must be met for ar­
ticles to be included, it does reference 
many high-quality studies. To locate in­
formation on blood pressure control in 
people with type 2 diabetes , we. en­
tered the term diabetes in tlle search 
window. We found a list of 20 options 
and selected diabetes mellitus, type 2. 
This yielded 49 titles, including 1 en­
titled "Treatment of Hypertension in 
Diabetes." The chapter reviewed the 
pathogenesis and treatment of hyper­
tension in people with diabetes. It also 
had a section on the "goal of blood pres­
sure reduction" ; including a detail ed 
description of the 2 large randomized 
trials7.8 that we found in the Cochrane 
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Library specifically addressing the clini­
cal outcomes associated with more ag­
gressive compared with less aggres­
sive blood pressure management 
su·ategies. The text summalized the de­
sign and findings of these 2 studies, and 
we could reuieve the study abstracts by 
simply clicking on the references. Cur­
rently, UpToDate is available only on 
CD-ROM , but an Internet version is 
planned for late 2000 . 

MEDLINE. If a search of Up To Date, 
Best Evidence, and the Cochrane Li­
brary does not provide a satisfactory an­
swer to a focused clinical question, it may 
be time to turn to MEDLINE. The US Na­
tional Library of Medicine maintains this 
impressive bibliographic database that in­
cludes more than 9 million citations to 
both clinical and preclinical studies. A 
com plementary database known as Pre­
MEDLINE includes citations and ab­
stracts for st11dies that have been pub­
lished recently and have not yet been 
indexed. MEDLINE is an attractive da­
tabase for finding medical information 
because of its relatively comprehensive 
coverage of medical joumals and ready 
accesSibility. Anyone with Intemet ac­
cess can search MEDLINE free of charge 
using PubMed or Intemet Grateful Med, 
and most health sciences or hospitalli­
braries provide access to MEDLINE. 

These positive features are balanced 
with a disadvantage that relates to MED­
LlNE's size and the range of publications 
it encompasses. Searching MEDLlNE ef­
fectively requires careful thought and a 
thorough knowledge of how the database 
is stmctured and publications are indexed. 
Understanding how to use MeSH terms, 
textword searching and exploding, and 
the I ogical operators AND and OR to com­
bine different search results is essentiaL 
If you are unfamiliar with MEDLlNE 
searching techniques, anartide by Green­
halgh9 presents a good introduction. Read­
ers who suspect that they may have gaps 
in their searching skills should also 
strongly consider spending some time 
with an experienced medical librarian or 
taking a course on MEDLINE searching. 
Another potential source of information 
on searching techniques is to visit an In­
ternet Website designed to inu'oduce the 

topic. A listing of tutorials designed to as­
sist users of different MEDLlNE systems 
and at different oq)elience levels is avail­
able at http://www.docnet.org.uk/drfelix! 
medtuLhunL More detailed infonnation 
on searching MEDLlNE and a number of 
other large bibliographic databases, in­
cluding EMBASE (Excerpta Medica), is also 
available in a recently released reference 
book 10 In this article, we present only the 
most crucial and basic MEDLlNE search­
ing advice. 

MEDLINE indexers choose MeSH 
terms for each article. These headings 
proVide one strategy for searching. It is 
important to note, however, that in­
dexers reference articles under the most 
specific subject heading available (for 
example, ventricular dysfunction, left, 
rather than the more general term ven­
tricular dysfunction). The implication of 
this for searching is that using a more 
general heading (ventricular dysfunc­
tion) risks missing many articles of in­
terest. A command known as explode 
can be used to address this. Using the 
explode command identifies all ar­
ticles that have been indexed using a 
given MeSH term as well as articles in­
dexed using more specific terms. 

Another fundamental search strat­
egy substitutes reliance on the deci­
sions made by MEDLINE indexers with 
the choices of study authors regarding 
terminology. Using text word searching 
makes it possible to identify all articles 
in which either the study title or ab­
stract includes a certain term. Experi­
ence with MEDLINE allows clinicians to 
develop their preferred search strate­
gies. Comprehensive searches wtil usu­
aUy use both MeSH tenns and text words. 

To search for information pertain­
ing to blood pressure control targets in 
people with type 2 diabetes, we used the 
National Library of Medicine's new 
PubMed MEDLINE searching system. 
We began by entering the term diabetes 
mellitus and clicking the Go button. This 
yielded a total of 139223 citations dat­
ing back to 1966. Notice that before 
searching MEDLINE and PreMEDLINE, 
the PubMed system processed our re­
quest. Rather than simply completing a 
textword search, PubMed developed a 

more comprehensive strategy that also 
included the most appropriate MeSH 
tenn. To further increase the yield of ci­
tations, PubMed also automatically ex­
ploded the MeSH term . PubMed 
searched MEDLINE and PreMED LINE 
using the strategy: diabetes mellitus (tex­
tword) OR explode diabetes lIleUitlls 
(MeSH term) 

The OR in the strategy is called a logi­
cal operator. I tasks MEDLINE to com­
bine the publications found using ei­
ther the first search term or the second 
search term to make a more compre­
hensive list of publications in which dia­
betes is a topic of discussion. 

We then searched using the term hy­
pertension (175063 references) and the 
term mortality (305978 references) . To 
combine these 3 searches , we initially 
clicked on the History button , which 
showed us a summary. By entering the 
term #1 AND #2 AND #3 in the search 
window, we were able to ask PubMed 
to locate those citations in which dia­
betes mellitus, hypertenSion, and mor­
tality were all addressed. 

Unfortunately, the list of publications 
that MEDLINE identified included 1838 
references, prompting us to take advan­
tage of another searching technique de­
Signed to help identify particular types of 
clinical studies. Search hedges are system­
atically tested search strategies that help 
identify methodologically sound studies 
pertaining to questions of therapy, diag­
nosis, prognosis, or harm. A complete list­
ing of the strategies is available, along with 
the sensitivities and specificities for each 
different approach. lI

·
n While the strate­

gies tend to be complex, many MEDLlNE 
searching systems now have them auto­
matically available for use. The PubMed 
system even has a special section with 
these strategies entitled Clini.cal Queries. 
As an alternative to the hedges, clinicians 
can usesillglebest terms for findinghigher 
quality studies. These terms include clini­
cal trial (publication type) for treatmenL; 
sensitivity (text word) for diagnosis; ex­
plode cohort studies (MESH tem1) for prog­
nosis; and lish (text word) for harm. 

Combining our previous strategy 
with the term clinical trial (publica­
tion type) yielded a list of 108 publi-
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cations. Once again, we found refer­
ences to the UKPDS trial8 and the HOT 
triaF in the citation list. 

Finding Answers to More 
General Questions: 
Textbooks and the Internet 

Clinicians sometimes have general ques­
tions that are unlikely to have been 
answered by a single study or meta­
analysis. This often occurs if they en­
counter a patient problem they have not 
seen recently and need to review the dif­
ferential diagnosis, complications, or the 
range of therapeutic options. In these 
situations, prefiltered evidence-based 
medicine resources such as Best Evi­
dence and the Cochrane Library are un­
likely to be helpful. Referring to a text­
book that is well referenced and updated 
frequently is likely to be [aster and more 
rewarding. We have already referred to 
UpToDate. Scie ntific American Medi­
cine is also updated regularly and sup­
plies references for many statements so 
that you can assess how current the ma­
terial is and even read the original ar­
ticles. Other textbooks available in elec­
tronic formats , such as Harrison's 
Principles of Internal Medicine, can also 
provide valuable general background in­
formation . Additionally, new tex t­
books that are entirely Internet-based, 
such as eMedicine, are now appearing. 

This brings us to the World Wide 
Web, which is rapidly becoming an im­
portant source of medical information. 
A vast number of resources can now be 
accessed using the Internet-some for 
a fee, some free-of-charge. To make these 
resources more accessible, certain Web 
sites have been specifically designed to 
provide links to medical information lo­
ca tions or to facilitate searching for 
medical information on the Internet. Ex­
amples of such Web sites include Medi­
cal Matrix, ScHARR, and Medi.cal World 
Search (Table). The Internet can also be 
used to access medical journals as well 
as clinical practice gUidelines. We must, 
however, issue a "user beware" caveat: 
some of these gUidelines may fail to meet 
Use rs' Guides criteria for evidence­
based guidelinesu .H An example of a site 
that provides access to man y re-

sources, including journals, textbooks, 
and guidelines, albeit for a fee, is MD 
Consult. lastly, Web sites produced and 
maintained by reputable organizations 
such as the American Cancer Society 
(http://www.cancer.org) or the Ameri­
can Diabetes Association ( http:// 
www.diabetes.org) provide another ap­
proach for finding infonnation. 

RESOLUTION OF THE 
SCENARIO 

Finding tlle articles that addressed your 
clinical question required 5 to 30 min­
utes , depending on the resource used. 4 

A full assessment of the validit}' and ap­
plicability required an additional half 
hour. The UKPDS study8 is the closest 
match to your patient and her clinical 
situation. The study shows a clear re­
duction of diabetes-related mortality 
with tight blood pressure control in 
persons with type 2 diabetes melli tus 
and hypertension . You decide to ini­
tiate trea tment with an angiotensin­
converting enzyme inhibitor at her next 
appointment with the goal of lower­
ing her blood pressure. 

CONCLUSION 

The health sciences literature is enor­
mous and continues to expand rapidly. 
To the extent that this reflects ongoing 
research and identification of potential 
improvements for patient care, this ex­
pansion is velY promising. At the same 
time, however, it makes the task of lo­
cating the best and most current therapy 
or diagnostic test more challenging. The 
emergence of new information prod­
ucts specifically deSigned to provide 
ready access to high-quality, clinically 
relevant, and up-to-date information is 
thus timely and encouraging. An addi­
tional electronic product we are look­
ing forward to in 2000 is Clinical Evi­
dence, produced by ilie BMJ Publishing 
Group and American College o[Physi­
cians-American Society of Internal 
Medicine. It is a growing compendium 
of evidence pertaining to treatments of 
specific conditions. Also, elew'onic re­
sources that facilitate simultaneous 
searching of MEDLINE, Best Evidence, 
and ilie Cochrane library are now avail-

©2000 American ]'\'[eclical Association. AU righls reserved. 

able through services such as OVID 
Technology'S Evidence-Based Medi­
cine Reviews. Many health sciences li­
braries subscribe to this service and in­
dividual subscriplions can be started. 
Active research and development con­
tinues for integrated products. Among 
the challenges for staying up-to-date, cli­
nicians can therefore acid the task of 
keeping current their knowledge of op­
timal search sU'ategies ancl resources . 
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Working Group 

CLINICAL SCENARIO 
You are the medical director of a busy 
inn er-city emergency department. 
Faced with a limited budget and pres­
sure to improve efficiency, you have 
conducted an audit of radiological pro­
cedures ordered for minor trauma and 
found a high rate of x-rays ordered for 
ankle and knee trauma. You are aware 
of the Ottawa ankle rules (FIGURE 1) 
that identify patients for whom ankle 
radiographs can be omitted without ad­
verse consequences. In addition, you are 
aware that a small number of faculty 
and residents cunently rely on these 
models to make quick frontline deci­
sions in the emergency department. 

You are interested in knowing the ac­
curacy of the rules, whether they are ap­
plicable to your patient population, and 
whether you should be implementing 
the rules in your own practice. Further­
more, you wonder if implementing the 
rules can change clinical behavior and 
reduce costs without compromising 
quality care. You decide to consult the 
original medical literature and to as­
sess the evidence for yourselL 

THE SEARCH 

Cunently, decision rules have no sepa­
rate medical subject heading (MeSH) 
in the National Library of Medicine 
MEDUNE database. You therefore 

Clinical experience provides clinicians with an intuitive sense of which find­
ings on history, physical examination, and investigation are critical in mak­
ing an accurate diagnosis, or an accurate assessment of a patient's fate. A 
clinical decision rule (CDR) is a clinical tool that quantifies the individual 
contributions that various components of the history, physical examina­
tion, and basic laboratory results make toward the diagnOSiS, prognosis, or 
likely response to treatment in a patient. Clinical decision rules attempt to 
formally test, simplify, and increase the accuracy of clinicians' diagnostic and 
prognostic assessments. Existing CDRs guide clinicians, establish pretest prob­
ability, provide screening tests for common problems, and estimate risk. Three 
steps are involved in the development and testing of a CDR: creation of the 
rule, testing or validating the rule, and assessing the impact of the rule on 
clinical behavior. Clinicians evaluating CDRs for possible clinical use should 
assess the follOWing components: the method of derivation; the validation 
of the CDR to ensure that its repeated use leads to the same results; and its 
predictive power. We consider CDRs that have been validated in a new clini­
cal setting to be level 1 CDRs and most appropriate for implementation. Level 
1 CDRs have the potential to inform clinical judgment, to change clinical 
behavior, and to reduce unnecessary costs, while maintaining quality of care 
and patient satisfaction. 
lAMA 2000;284:79-84 

search PubMed under the MeSH head­
ing an/de fractures and add the text 
words rules and decision rul es. This 
search yields 5 citations, of which 3 deal 
directly with the Ottawa clinical deci­
sion rules for ankle fractures. 1-3 

In reviewing these articles and de­
ciding whether to implement changes 
in your emergency departmen t, you re­
quire criteria for determining the 
strength of the inference you can make 
about the accuracy and impact of the 
Ottawa ankle rules. This article \¥ill pro­
vide you with the tools to answer those 
questions. 

CLINICAL DECISION RULES 

Establishing patients' diagnosis and 
prognosis are closely linked activities 
central to every physician's practice. The 
diagnoses we make and our assess­
ment of patients' prognosis often de-

www.jama.com 

termine the recommendations we make 
to our patients. Clinical experience pro­
vides us with an intuitive sense of which 
findings on history, physical examina­
tion, and investigation are critica l in 
making an accurate diagnosis or an ac­
CLirate assessment of our patients' con-

Author Affiliations: The original list of members (with 
affi liations) appears in the first article of this series 
(lAMA. 1993;270:2093-2095). A list of new 
members appears in the 10th article of the series 
(lAMA . 1996;275:1435-1439). A full list of the EBM 
Working Group members, including institutional af­
fil iations and career awards, was presented in the In­
troduction to this series and in Users' Guide X. The 
following members contributed to this article: Debo­
rah Cook, MD, Roman Jaeschke, MD, Thomas 
Newman. MD, Jim Nishikawa, MD, Mark Wilson, MD. 
Corresponding Author: Thomas G. McGinn, MD, 
Adult Primary Care, Mount Sinai Medical Center, One 
Gustave Levy Place, New York, NY 10029-6574 
(e-mail: thomas.mcginn@mountsinai.org). 
Reprints: Gordon Guyatt. MD. Room 2C12. McMas­
ter University, Health Sciences Centre, 1200 Main St 
W, Hamilton, Ontario, Canada, L8N 3Z5. 
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Figure 1. Ottawa Ankle Rules 

Lateral View Medial View 

An ankle x-ray series is required only if 
there is any pain in the malleolar zone and any of these findings: 

1. Bone tenderness at A 
or 

2. Bone tenderness at B 
or 

3. Inability to bear weight both 
immediately and in 
emergency department 

Figure 2. Development of a Clinical Decision Rule 

Step 1. Derivation Step 2. Validation Step 3. Impact Analysis 

Identification of factors 
with predictive power 

Evidence of reproducible accuracy Evidence that rule changes 
physician behavior and 
improves patient outcomes 
and/or reduces costs 

Level of Evidence 

4 

Narrow Validation 

Application of fule in a 
similar clinical setting and 
population as in Step 1 

3 

dition. While often extraordinarily ac­
curate, this intuition may sometimes be 
misleading. 

A clinical decision rule (CDR) can be 
defined as a clinical tool that quanti­
fies the individual contributions that 
various components of the history, 
physical examination, and basic labo­
ratory resu lts make toward the diag­
nosis, prognosis, or likely response to 
treatment in an individual patient. 4 

Clinical decision rules attempt to for­
mally test, simplify, and increase the ac­
curacy of clinicians' diagnostic and 
prognostic assessments and are most 
likely to be useful in situations where 
decision making is complex, the clini­
cal stakes are high , or there are oppor­
tunities to achieve cost savings with­
out compromising patient care. 
Available CDRs include guides for 

Broad Validation 
Application of fule in 
multiple clinical settings 
with varying prevalence 
and outcomes of disease 

2 

whether to treat sore throats5 and for 
establishing a pretest probability of pul­
monary embolus 6 Other CDRs pro­
vide screening tests for common prob­
lems that frequently go undetec ted , 
including alcoholism7 and depres­
sionB Another category of CDRs help 
estimate risk, such as the risk of devel­
oping delirium in hospi talized pa­
tients9 or the risk of bleeding while re­
ceiving anticoagulation therapyW 

Developing and tes ting a CDR in­
volves 3 steps: creating or deriving the 
rule, testing or validating the rule, and 
assessing the impact of the rule on clini­
cal behavior (impact analysis). The vali­
dation process may require several stud­
ies to fully test the accuracy of the rule 
at different clinical sites (FIGURE 2) . 
Each step in the development of a CDR 
may be published separately by differ-

ent authors, or all 3 steps may be in­
cluded in a single article. TABLE 1 pre­
sents a hierarchy that ca n guide 
clinicians in assessing the full range of 
evidence supporting use of a CDR in 
their practice. 

We note that our hierarchy applies 
only to CDRs intended for application 
in clinical practice. Investigators may 
use identical methodology to generate 
equations that stratify patients in to dif­
ferent ri sk groups for nonchnical pur­
poses. For example, investigators can 
use such equations for statistical ad­
justment in studies involving large da­
tabases. These rules, which are not so 
clinical, do not involve application by 
fro nt-line practitioners, and thus re­
quire a somewhat different hierarchy or 
strength of evidence. 

We will now review the steps in the 
development and testing of a CDR. We 
will relate each stage of the process to 
the hierarchy presented in Table 1. Al­
though we will address issues of inter­
est to investigators engaged in de.vel­
oping CDRs, we do so only for the 
purpose of equipping our clinician read­
ers with the knowledge and tools they 
need to evaluate existing CDRs for ap­
plication to clinical practice. 

Developing a Clinical Decision Rule 

Our search found 3 articles related to 
the Ottawa ankle rules , the first of 
which desClibed the CDR derivation. l 

Investigators who develop a CDR be­
gin by constructing a list of potential 
predictors of the outcome of interest, 
in this case, radiological ankle frac­
tures. The list typically includes items 
from the history, physical examina­
tion, and basic laboratory tests. The i 11 -

ves tigators then examine a group of pa­
tients and determine if the candidate 
clinical predictors are preselll and the 
patient's status on the outcome of in­
terest, in this case, the result of the ankle 
radiograph. Statistical analysis reveals 
which predictors are most powerful and 
which preclictors can be omitted [rom 
the rul e without loss of predictive 
power. Typicall y, the statistical tech­
niques used in this process are based 
on logistic regression ; readers can find 
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a clinician-friendly description of these 
methods in another article.] I Other 
techniques that investigators some­
times use include discriminant analy­
sis ,12 which produces equations simi­
lar to regression analysis; recursive 
partitioning analysis, which builds a tree 
in which the patient populations are 
split in to smaller and smaller catego­
ries based on risk factorslJ; and neural 
networks.14 

Clinical decision rules that investi­
gators have derived, but not validated, 
should not be considered ready for 
clinical application (Table 1). Investi­
gators interested in performing the vali­
dation of a CDR, however, need crite­
ria to judge whether investigators have 
conducted a rigorous derivation pro­
cess and, thus, whether th e ru le is 
promising enough to move forward to 
the validation phase. A list of impor­
tant criteria for derivation is provided 
in TABLE 2. Interested readers can find 
a complete discussion on the deriva­
tion process and these criteria in an ar­
ticle by Laupacis et a1. 4 

Validation 

There are 3 reasons why even rigor­
ously derived CDRs are not ready for 
application in clinical practice with­
out further validation. First, CDRs may 
reflect associations between given pre­
dictors and outcomes that are due pri­
marily to chance. If that is so, a differ­
ent set of predictors will emerge in a 
different group of patients, even if the 
patients come from the same setting. 
Second, predictors may be idiosyn­
cratic to the population, to the clini­
cians using the ru le, or to other as­
pects of the design of individual studies. 
If that is so, the rule may fail in a new 
setting. Perhaps most important, clini­
cians may, because of problems in the 
feaSibility of rule application in the clini­
cal setting, fail to implement a rule com­
prehenSively or accurately. The result 
would be that a rule succeeds in theory 
but fails in practice. 

Statistical methods can deal with the 
first of these problems. For instance, in­
vestigators may split their population 
into 2 groups and use one to develop 

the rule and the other to test it. Alter­
natively, they may use more sophisti­
cated statistical methods built on the 
same logic. Conceptually, these ap­
proaches involve removing 1 patient 
from the sample, generating the rule us­
ing the remainder of the patients, and 
testing it on the patient who was re­
moved from the sample. This proce­
dure, sometimes referred to as a boot­
stTap technique, is repeated in sequence 
for every patient being studied. 

While statistical validation within the 
same setting or group of subjects re­
duces the likelihood that the rule re­
flects the play of chance rather than true 
associations, it fails to address the other 
2 threats to validity . The success of the 
CDR may be peculiar to the particular 
populations of patients and clin icians 
involved in the derivation study. Even 
if this is not so , clinicians may have dif­
ficulties using the rule in practice, dif­
ficulties that compromise its prediC­
tive power. Thus, to graduate from level 
4, studies must involve clinicians ac­
tually using the rule in practice. 

A CDR developed to predict serious 
outcomes (eg, heart failure and ven­
tricular arrhythmia) in syncope pa­
tients highlights the importance of vali­
dationY Investigators derived the rule 
using data from 252 patients who pre­
sented to the emergency department 
and then attempted to prospectively 
validate it in a sample of 374 patients. 
The CDR gave individuals a score from 
o to 4, depending on the number of 
clinical predictors present. The prob­
ability of poor outcomes correspond­
ing to almost every score in the deri­
vation set was approximately twice that 
of the validation. For example, in the 
derivation set the risk of a poor out­
come in a patient with a score on the 
CDR of 3 was estimated to be 52%; a 
patient with the same score in the va li­
dation set had a probability or a poor 
outcome of only 27%. This variation in 
results may have been caused by a dif­
ference in the severity of the syncope 
cases entered into the 2 studies or to 
different criteria for generating a score 
oD. Because of the risk that: it will pro­
vide misleading informati.on when ap-

©2000 American Ivledical Association. All rights reserved. 

Table 1. Hierarchy of Evidence for Clinical 
Decision Rules 

Level 1: Rules that can be used in a wide variety 
of settings with confidence that tlley can 
change clinician behavior and improve patient 
outcomes 

At least 1 prospective validation in a different 
population and 1 impact analysis, 
demonstrating change in clinician behavior 
witll beneficial consequences 

Level 2: Rules that can be used in various 
settings with confidence in their accuracy 

Demonstrated accuracy in either 1 large 
prospective study including a broad 
spectrum of patients and clinicians or 
validated in several smaller settings tllat 
differ from one another 

Level 3: Rules that clinicians may consider using 
with caution and only if patients in the study are 
similar to those in the clinician's clinical setting 

Validated in only 1 narrow prospective 
sample 

Level 4 : Rules that need further evaluation 
before they can be applied clinically 

Derived but not va lidated or validated only in 
split samples. large retrospective databases. 
or by statistical techniques 

'Adapted. with permission. from Mount Sinai Depart­
ment of Medicine Evidence-Based Medicine Home­
page (http://med.mssm.edu/ebm/). 

Table 2. Methodological Standards for 
Derivation of a Clinical Decision Rule 

1. Were all important predictors included in til e 
derivation process? 

2. Were all important predictors present in a 
Significant proportion of the study 
population? 

3. Were all tile outcoille evellts and predictors 
clearly defined? 

4. Were those assessing tile outcome event 
blinded to the presence of the predictors and 
tllose assessing the presence of predictors 
blinded to the outcome event? 

5. Was the saillple size adequate (including 
adequate nUlllber of outcome events)? 

6. Does the rule make clinica l sense? 

plied in a real-world clinical setting, we 
situate a CDR that has undergone de­
velopment without validation as level 
4 on our hierarchy (Table 1). 

Despite this major limitation , clini­
cians can still ex tract clinicall y 
relevant messages from an article de­
scribing the development of a CDR. 
They may wish to note the most impor­
tant predictors and consider them more 
carer ully in their own practice. They may 
also consider giving less importance to 
variables that fail ed to show predictive 
power. For instance, in developing a 
CDR to predict mortality from pneu­
monia, the investigators found that white 
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Table 3. Methodological Standards for 
Validation of a Clinical Decision Rule 

1. Were the patients cllosen in an unbiased 
fashion and do they represent a wide 
spectrum of severity of disease? 

2. Was there a blinded assessment of the 
criterion standard for all patients? 

3. Was there an explicit and accurate 
interpretation of the predictor variables and 
tile actual ru le without knowledge of the 
outcome? 

4. Was there 100% follow up of those enrolled? 

blood cell count had no bearing on sub­
sequent mortality. 16 This being the case, 
clinicians maywish to put less weight on 
white blood cell count when making de­
cisions about admitting pneumonia pa­
tients to the hospital. 

To move up the hierarchy, CDRs must 
provide additional evidence o[ validity. 
The second article found in our search 
described the refinement and prospec­
tive validation of the Ottawa ankle rules.2 

Validation of a CDR involves demon­
strating that its repeated application as 
part of the process of clinical care leads 
to the same results. Ideally, a valida­
tion entails the investigators applying the 
rule prospectively in a new population 
with a different prevalence and spec­
trum of disease from that of the pa­
tients in whom the rule was derived. One 
key issue is to be sure that the CDR per­
fonns Similarly in a variety of popula­
tions and in the hands of a variety of cli­
nicians working in a variety of 
institutions. A second issue is to be sure 
that the CDR works well when clini­
cians are applying it consciously as a 
rule, as opposed to a purely statistical 
vali.dation. 

If the setting in which the CDR was 
Originally developed was Iimj ted and its 
validation has been confined to this set­
ting, application by clinicians work­
ing in other settings is less secure. Vali­
dation in a similar setting can take a 
number o[ forms. Most simply, after de­
veloping the CDR, the investigators re­
turn to their population, draw a new 
sample of patients, and test the rule's 
performance. Thus, we classify rules 
that have been validated in the same, 
or very similar limited or narrow popu­
lations , to the sample used in the de­
velopment as level 3 on our hierarchy 

and recommend clinicians use the re­
sults cautiously (Table l). 

If investigators draw patients in the 
derivation phase from a sufficiently het­
erogeneous population across a vari­
ety of institutions, testing the rule in the 
same population provides strong vali­
dation. Validation in a new popula­
tion provides the clinician with strong 
inferences about the usefulness o[ the 
rule, corresponding to level 2 in our hi­
erarchy (Table 1). 

The Ottawa ankle rules were first de­
rived in 2 large univerSity-based emer­
gency departments in Ottawa I and were 
then prospectively validated in a large 
sample of patients from the same emer­
gency departments.2 At this stage, the 
rules would be classified as level 2 in 
our hierarchy because of the large num­
ber and djversity of patients and phy­
sicians involved in the study. Since that 
initial validation, the rules have been 
validated in several different clinical 
sites with relatively consistent re­
sultS.1 7'20 This evidence even further 
strengthens our inference about their 
predictive power. 

Many CDRs are derived and then 
validated in a small, narrowly selected 
group of patients (level 3). One such 
rule was derived to predict preserved 
left ventricular function after a myo­
cardial infarctionY The initial deriva­
tion relied on data from 314 patients 
admitted to 1 tertiary care center. The 
investigators derived the rule using data 
from 162 patients and then performed 
a validation in 152 patients in the same 
setting. Of those whom the CDR iden­
tified as having preserved ejection frac­
tion, 99% indeed had preserved left ven­
tricular function. At this stage, we 
would consider the ru le had met crite­
ria for level 3, and its use should be re­
stricted to settings similar to the vali­
dation study, ie, similar coronary care 
unit settings. 

Investigators further validated the 
CDR for preserved left ventricular func­
tion, in 2 larger trials , one that en­
rolled 213 patients21 from a single site 
and a larger trial that enrolled 1891 pa­
tients from several different institu­
tions2J In both studies , of those pa-

tien ts predicted to have preserved 
ventricular function (ejection fraction 
> 40%), 86% actually had preserved 
ventricular fUllction . This drop in pre­
dictive value changes the implications 
of applying the rule in clinical prac­
tice. At this point in development, the 
rule would be considered level 2, mean­
ing that the rule can used in clinical set­
tings with a high degree of confidence 
but with the adjusted values. The de­
velopment of this rule highlights the im­
pOl'tance of the validation of a rule in 
a diverse patient popula tion before 
broadly applying it in clinical settings . 

Whether or not investigators have 
conducted their validation study in a 
similar, narrow (level 3) population or 
a broad, heterogeneous Clevel 2) popu­
lation, their results allow stronger in­
ferences if they have adhered to the 
methodological standards lis ted in 
TABLE 3. First, were the patients cho­
sen in an unbiased fashion , and do they 
represent a wide spectmm of severity of 
disease? Second, was there a blinded as­
sessment of the criterion standard for all 
patients? Third, was there an e}'.'plicitand 
accurate interpretation of the predictor 
valiables and actual rule without knowl­
edge of the outcome? If those evaluat­
ing predictor status of study patients are 
aware of the outcome or if those assess­
ing the outcome are aware of patients' 
status with respect to the predictors , 
their assessments may be biased. For in­
stance, in a CDR developed to predict 
the presence of pneumonia in patients 
presenting with cough,24 the authors 
make no mention of blinding during ei­
ther the derivation or the validation pro­
cess. Knowledge of history or physical 
examination findings may havein[lu­
enced the judgements of the unblinded 
radiologists. Lastly, investigators should 
achieve close to 100% follow-up of those 
they enrolled. Interested readers can find 
a complete discussion of the validation 
process and these criteria in an article 
by Laupacis et a1. 4 

The investigators testing th e Ot­
tawa ankle rules enrolled consecutive 
patients, obtained radiographs [or all of 
them, and ensured that not only were 
the clinicians assessing the clinical pre-
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dictors unaware of the radiographic re­
sults but that the radiologists had no 
knowledge of the clinical data. 

Interpreting the Results 

Whatever the level of evidence associ­
ated with a CDR, its usefulness will de­
pend on its predictive power. Investi­
gators may report their results in a 
variety of ways. The ankle component 
of the Ottawa ankle rules states that an 
ankle x-ray series is only indicated for 
patients with pain near the malleoli and 
either inability to bear weight or local­
ized bone tenderness at the posterior 
edge or tip of either malleolus (Figure 
1). The developers calculated the sen­
sitivity and specificity of their rule as a 
diagnostic test using this criterion. In 
the development process, all patients 
with fracture had a positive result (sen­
sitivity oflOO%) , but only 40% of those 
without fractures had a negative re­
sult (specificity of 40%) . These results 
suggest that if clinicians order radio­
graphs only in those patients with a 
positive result they will not miss any 
fractures and will avoid the test in 40% 
of those without a fracture . 

The validation study confirmed these 
results; in particular , the test main­
tained a sensitivity of 100%. This is re­
assuring, and more so because the 
sample size was sufficiently large to re­
sult in a relatively narrow confidence 
interval (Cl) (95% CIs, 93%-100%). 
Thus, clinicians adopting the rule 
would miss very few, if any, fractures. 

Another way of reporting CDR re­
sults is in temlS of probability of the tar­
get condition being present given a par­
ticular CDR result. For example, a recent 
CDR (or pulmonary embolus derived by 
Wells and colleagues6 placed patients 
into low (3.4%; 95% CI, 2.2%-5%), in­
termediate (28%; 95% CI, 23.4%-
32.2%), or high probability (78%; 95% 
CI, 69.2%-86.0%) categories. When in­
vestigators report CDR resul ts in this 
fashion, they are impliCitly incorporat­
ing all clinical information. In doing so, 
they remove any need for clinicians to 
consider independent information in de­
ciding on the likelihood of the d iagno­
sis or a patient's prognosis. 

Finally, CDRs may also report their 
results as likelihood ratios (LRs) or as 
absolute or relative risks. For example 
the CAGE, a CDR for detecting alco­
holism, has been reported as LRs (eg, 
for CAGE scores of 0/4, LR=O.14; for 
114, LR= 1.5; for 2/4, LR=4.5; for 3/4, 
LR= 13; and for 4/4, LR= 100). In this 
example, the probability of disease , al­
coholism, depends on the combina­
tion of the prevalence of disease in the 
community and thE( score on the CAGE 
CDRl When investigators report their 
results as LRs, they are implicitly sug­
gesting that clinicians should use other, 
independent information to generate a 
pretest (or prerule) probability. They 
can then use the LRs generated by the 
rule to establish a posttest probability. 
Clinicians can find approaches to us­
ing LRs in clinical practice in a previ­
ous Users' Guide. 2s 

Impact Analysis 

Use of a CDR involves remembering pre­
dictor variables and often entails mak­
ing calculations to detennine a patient's 
probability of having the CDR's target 
outcome. Pocket cards and computer al­
gOrithms can facilitate the task of using 
complex CDRs. Nonetheless, CDRs de­
mand clinician time and energy, and their 
use is warranted only if they change phy­
sician behavior and if that behavior 
change results in improved patient out­
comes or reduced costs while maintain­
ing quality of care. If these conditions are 
not met, whatever the accuracy of a CDR, 
attempts to use it systematically will be 
a waste of time. 

There are a number of reasons why 
an accurate CDR may not produce a 
change in behavior or an improve­
ment in outcomes. First, cI inicians' in­
tuitive estimation of probabilities may 
be as good as , if not better than , the 
CDR. If this is so , CDR information will 
not improve their practice. Second, the 
calculations involved may be cumber­
some, and clinicians may, as a result, 
not use the rule. Finally, there may be 
practical barriers to acting on the re­
sults of the CDR. For instance, in the 
case of the Ottawa ankle rules, clini­
cians may be suffiCiently concerned 

©2000 American )v[edical Association. All rights reserved . 

about protecting themselves against liti­
gation that they order radiographs de­
spite a CDR result suggesting a negli­
gible probability of fracture. 

These are the considerations that lead 
us to classify a CDR with evidence of 
reproducible accuracy in diverse popu­
lations as level 2 and insist on a posi­
Live result [rom a study of impact before 
a CDR graduates to levell. 

TdeaUy, an impact study would 
randomize patients, or larger adminis­
trative units, to the application or non­
application of the CDR and follow up 
patients for all relevant outcomes (i.n­
cluding quality of life, morbidity, and 
resource utilization). Randomization of 
individual patients is unlikely to be 
appropriate because one would ex­
pect the participating clinicians LO in­
corporate the rule into the care of all 
their patients. A suitable alternative is 
to randomize institutions or practice 
settings and conduct analyses appro­
priate to these larger units of random­
ization. Another potential design is to 
look at a group before and after clini­
cians began to use the CDR and com­
pare that with a control group in which 
there has been no intervention. 

Investigators examining the impact 
of the Ottawa ankle rules randomized 
6 emergency departments to use or not 
use their CDR.3 Prior to initiating the 
study, 1 center dropped out, leaving a 
total of 5 emergency departments, 2 in 
the intervention group and 3 in the 
usual care group. The intervention con­
sisted of introducing the CDR at a gen­
eral meeting, distributing pocket cards 
summarizing the rules, posting the rule 
throughout the emergency depart­
ment, and applying preprinted data col­
lection forms to each chart. In the con­
trol group, the on ly intervention was 
the introduction of preprinted data col­
lection fonTIs without the Ottawa ankle 
rules attached to each chart. 

A total of 1911 eligible patients en­
tered the study: 1005 in the control 
group and 906 in the intervention group. 
There were 691 radiographs requested 
in the interventi.on group and 996 in the 
control group. Tn an analysis that fo­
cused on the ordering physician, the in-
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vestigators found that the mean propor­
tion of patients referred for radiography 
was 99.6% in the control group and 
78 .9% in the intervention group 
(P=.03). The investigators noted 3 
missed fractures in the intervention 
group, none of which led to adverse out­
comes. Thus, the investigators demon­
strated a positive resource utilization im­
pact of the Ottawa ankle rules (decreased 
test ordering) without increase in ad­
verse outcomes, moving the CDR to level 
1 in the hierarchy (Table 1). 

RESOLUTION OF THE 
SCENARIO 

You have found level 1 evidence sup­
porting the use of the Ottawa ankle 
rules in reducing unnecessary ankle ra­
diographs in patients presenting to the 
emergency department with ankle in­
juries. You therefore feel confident that 
you can productively use the rule in 
your own practice. However, another 
recent study makes you aware that 
changing the behavior of your col-
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lntemet for clinician llse (http://med 
.mssm.edu/ebm) . 
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Users' Guides to the Medical Literature 
XXIII. Qualitative Research in Health Care 
A. Are the Results of the Study Valid? 
Mita K. Giacomini, PhD 

Deborah J. Cook, MD, MSc 

for the Evidence-Based Medicine 
Working Group 

CLINICAL SCENARIO 
At a Monday morning meeting of your 
hospi tal's continuous quality improve­
ment committee, the last agenda item 
is an initiative to enhance patient­
clinician communication. The chair 
proposes that all medical charts in­
clude a form to record patient wishes 
about cardiopulmonary resuscitation 
and end-of-life care. The committee 
members agree in principle on the goals 
of enhanced communication and more 
accurate documentation of patient pref­
erences. However, you raise potential 
concerns about how these forms might 
change the nature of end-of-life deci­
sion making and even impair commu­
nication. As the meeting draws to a 
close, you pose a fundamental ques­
tion to the group for discussion the fol­
lowing week: Could life support pref­
erence forms unduly routinize and 
constrain dialogue between clinicians 
and patients or family members? 

THE SEARCH 

Emerging from the meeting, you re­
solve to learn more about the influence 
of institutional record keeping on "do 
not resuscitate" communication dur­
ing acute illness. Back in your office, you 
do a qUick search of MEDUNE using 
keywords resuscitation orders (508 hits) 
and patient -phYSician relations (5040 

Quantitative research is designed to test well-specified hypotheses, deter­
mine whether an intervention did more harm than good, and find out how 
much a risk factor predisposes persons to disease. Equally important, quali­
tative research offers insight into emotional and experiential phenomena in 
health care to determine what, how, and why. There are 4 essential aspects 
of qualitative analysis. First, the participant selection must be well rea­
soned and their inclusion must be relevant to the research question. Sec­
ond, the data collection methods must be appropriate for the research ob­
jectives and setting. Third, the data collection process, which includes field 
observation, interviews, and document analysiS, must be comprehensive 
enough to support rich and robust descriptions of the observed events. Fourth, 
the data must be appropriately analyzed and the findings adequately cor­
roborated by using multiple sources of information, more than 1 investiga­
tor to collect and analyze the raw data, member checking to establish whether 
the participants' viewpoints were adequately interpreted, or by comparison 
with existing social science theories. Qualitative studies offer an alterna­
tive when insight into the research is not well established or when conven­
tional theories seem inadequate. 
lAMA. 2000;284:357-362 

hits), and patient participation (1680 
hits). Of 11 citations, 1 publication is a 
cultural analysis that you pick up en 
route to clinic.! The objectives of this 
study were to examine the influence of 
a Limitations of Medical Care form on 
discussions about cardiopulmonary re­
suscitation and the meaning that un­
derlies this communication. 

INTRODUCTION 

Clinicians are trained to think mecha­
nistically and to draw conclusions us­
ing pathophysiologic rationale and de­
ductive reasoning. The biomedical 
literature reflects this orientation, and 
clinicians are therefore most familiar 
with deduc tive quantitative research. 
Quantitative studies (such as epidemio-
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logic investigations and clinical trials) 
aim to test well-specified hypotheses 
concerning some predetermined vari­
ables. These studies SUitably answer 
questions such as whether (eg, whether 
an intervention did more good than 
harm), or how much (eg, how strongly 
a risk factor predisposes patients to a 
disease). However, medicine is not only 
a mechanistic and quantitative science 
but also an interpretive art? 

Interpretive research asks questions 
about social interactions that can be ad­
dressed systematically through qualita­
tive methods.) Qualitative research of­
fers insight into social, emotional, and 
experiential phenomena in health care. 
Examples include inquiry about the 
meaning ofillness to patients, their loved 
ones, and their families or about the at­
titudes and behavior of patients and cli­
nicians. Qualitative research questions 
tend not to ask whether or how much 
but rather to explore what, how, and 
why. Qualitative studies may pursue a va­
liety of theory-generating aims, includ­
ing to explore and desclibe social phe­
nomena faithfully (including surveying 
diverse perspectives or by giving voice 
to those not usually heard4

), to identifY 
potentially important variables or con­
cepts, to recognize patterns and relation­
ships, and to generate coherent theo­
lies and hypotheses. Qualitative reports 
do not typically generate answers but 
rather generate narrative accounts, ex­
planations, typologies of phenomena, 
conceptual frameworks, and the like. For 
example, Ventres et all explore what pa­
tient-physician communication oc­
curred during discussions about resus­
citation and how the use of a standard 
form influences communication be­
tween physicians and families about do­
not-resuscitate orders. Another qualita­
tive study probes why family members 
select certain processes for discontinu­
ing life support.5 

Just as clinicians use complemen­
tary types of information to draw clini­
cal conclusions, complementary re­
search methods are often useful in 
examining different aspects of a health 
problem.6-9 Qualitative studies offer a 
rigorous alternative to armchair hy-

pothesizing in areas for which inSight 
may not be well established or for which 
conventional theories seem inad­
equate. Qualitative and quantitative 
studies each make useful co ntribu­
tions to knowledge in themselves. They 
may also be us ed in tandem­
qualitative investigation to generate 
theories and identify relevant vari­
ables and quantitative investigation to 
test the implied hypotheses about re­
lationships between those variables. Al­
ternatively, qualitative and quantita­
tive approaches can unfold concurrently 
within a research program, informing 
each other during the analysis and in­
terpretation phases, yielding findings 
that are broader in scope and richer in 
meaning than if only 1 approach were 
used. Deta ils about how to conduct 
qualitative research,lO-13 as well as the 
attributes and limitations of qualita­
tive vs quantitative research ap­
proaches have been published else­
where. 14-20 

THE GUIDES 

In this 2-part Users' Guide, we sug­
gest guides for understanding and criti­
cally appraising qualitative research ar­
ticles using the previously established 
Users' Guides framework: (1) Are the 
results of this study valid (or cred­
ible)? (2) What are the results? and (3) 
How can they help me care for my pa­
tients? In the first article of this pair, 
we focus on assessing the validity of 
qualitative research reports. 

Are the Results of the Study Valid? 

Clinical readers traditionally think of 
research validity as the truthful corre­
spondence of results with an objective 
reality. Qualitative research offers 
empirically based inSights about social 
or personal experiences, which neces­
sarily have a strongly subjective-but 
no less real-nature than biomedical 
phenom ena. To avoid confusion, 
qualitative researchers typically avoid 
the term valid in favor of alternatives 
such as credible.9 , Il(pp189-331) Even so, 
qualitative insights must emerge from 
systematic observations and compe­
tent interpretation, correspond well to 

the social reality experienced by the 
participants and also have meaning 
for tho se who will read and learn 
from the report . Clinical readers in 
particular need to judge the relevance 
of qualitative research reports to their 
own practice, interests, or patient care 
questions. 

To judge the methodologic rigor of 
qualitative research reports, readers need 
to appraise critically the study design and 
analysis. This appraisal should exam­
ine whether the study was deSigned to 
address its research question and objec­
tives appropriately and whether it was 
conducted rigorously enough to achieve 
its empirical aims. Ventres et aI1l1'1 34) 
clearly describe their objective: "to ex­
amine the use of the Limitations ofMedi­
cal Care form in the context of actual 
hospital practice, ... to evaluate inter­
active elements o[ the resuscitation de­
cision, ... [and] to explore what is said 
when discussing code status, how in­
fonnation is communicated among par­
ties involved, and the meaning that un­
derlies this communication." Consistent 
with typical aims of qualitative in­
quiry, the study focuses on social inter­
actions and their meaning. The objec­
tives describe the social phenomena to 
be explored and described, rather than 
specific hypotheses to be tested. 

The Methods section of a qualita­
tive study should describe several as­
pects of the research deSign, including 
(1) how study participants were se­
lected, (2) the methods used to gener­
ate data , (3) the comprehensiveness of 
data collection, and, (4) procedures for 
analyzing the data and corroborating 
the findings. As with any research , 
qualitative research involving human 
subjects must undergo ethics review 
and approval and this approval should 
be noted in the report. Special ethical 
dilemmas in qualitative resea rch21 

should be addressed in the ethics and 
peer review of the study protocol, but 
usually cannot be appraised from the 
published report alone. Following are 
some general guidelines to help read­
ers determine whether qualitative re­
search design and execution is appro­
priate for the research objectives. 
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Were Participants Relevant to 
the Research Question and Was 
Their Selection Well Reasoned? 
Qualitative studies discover and de­
scribe important variables, particularly 
in terms of the social dynamics and the 
subjective realities of those involved a 
given situation.3•12(pp70.91 ) The units of 
analysis in a given qualitative study 
therefore may include myriad social phe­
nomena, such as individuals, groups, 
documents, artifacts, interactions, dia­
logues, incidents, or settings. 

The ell.'Ploratory nature of qualitative 
research typically requires investiga­
tors not to prespecify a study popula­
tion in sU'ict terms, lest an important per­
son, variable, or unit of analysis be 
overlooked. In some studies (eg, con­
tent analyses of documents), the scope 
or data collection can be prespecified, but 
if so, the rationale should be sensible to 
the reader. The consecutive or random 
selection of participants that is com­
mon in quantitative research is re­
placed by purposive sampling in quali­
tative research. Sampling aims to cover 
a range of potentially relevant social phe­
nomena and perspectives from an ap­
propriate array of data sources. Selec­
tion criteria often evolve over the course 
of analysis, and investigators return re­
peatedly to the data to explore new cases 
or new angles. Purposive sampling might 
aim to represent any of the follOwing: 
typical cases, unusual cases, critical 
cases, politically important cases, or 
cases with connections to other cases (ie, 
snowball sampling). ' Least compelling is 
the pursuit of merely convenient cases 
that are most easily accessed. Neverthe­
less, many qualitative studies do rely on 
convenience sampling to some extent 
(eg, for pragmatic reasons, study par­
ticipants may only be those who speak 
the same language as the investigators, 
or only individuals who are willing to 
be interviewed). Readers of qualitative 
studies should look for sound reason­
ing for describing and justifying the par­
ticipan t selection strategies. 

In the report by VenU-es et ai, 1 the unit 
of analysis was not the patient but rather 

' References 12 (pp187-220), 73 (pp145-198). 
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the social interaction among several par­
ties: the patient, family members, nurses, 
social workers, clergy, and residents in­
volved in resuscitation discussions about 
a particular patient. From a potential 
sample of 8 patients, 3 cases were se­
lected for in-depth study. The criteria for 
selecting these particular 3 cases were 
not specified, leaving readers unable to 
judge their appropriateness and how 
comprehensively they illustrate com­
munication issues involving resuscita­
tion directives in the hospital. 

Were the Data Collection Methods 
Appropriate for the Research 
Objectives and Setting? 

The most common qualitative data col­
lection methods involve field observa­
tions, interviews, or document analy­
sis, separately or in combination. The 
collected data allow the researchers to 
observe, as clearly as possible, the social 
interactions or behavior that they seek 
to describe. 

Field Observation. The purpose of 
field observation is to record social phe­
nomena directly and prospectively. 
There are 2 basic approaches: direct ob­
servation by investigators themselves 
and indirect observation through au­
diotape or videotape recording. In di­
rect observation, investigators spend 
time in the social milieu that they are 
studying and record observations in the 
fonn of detailed field notes or journals. 
Observational techniques are catego­
rized according to the role of the inves­
tigator in the setting (ie, nonpartici­
pant or participant) observation. Field 
analysis techniques require investiga­
tors to consider explici tly how their pres­
ence might influence their findings. 

In nonparticipant observation, the re­
searcher stays relatively uninvolved in 
the social interactions he/she observes. 
The crucial question for critica l ap­
praisal is whether a "fly on the wall" ob­
server of a particular social setting will 
effectively be ignored by study partici­
pants or might instead inadvertently in­
Ouence participants' behavior. For ex­
ample, a researcher in crowded waiting 
room may go unnoticed and hence ob­
serve the natural unfolding or events. In 

contrast, in a clinic examining room, he/ 
she may be conspicuous, and signifi­
cantly change the social interactions he/ 
she is there to observe. Audiotape or 
videotape recordings are sometimes used 
as less intrusive methods of capturing 
data. However, they also have draw­
backs. First, recorders can occupy a so­
cial role and be experienced by partici­
pants as partaking in surveillance, thus 
influenCing participants' behavior. Sec­
ond, recorders' observational powers are 
limited by their range of operation: if the 
action is moving around or if visual cues 
are missing, important information may 
be lost. 

In participant-observation investi­
gations, the researcher is acknowl­
edged as a part of the social setting, ei­
ther as a researcher per se or as a more 
directly involved actor (eg, social 
worker, ethicist, committee member, 
etc). Again, the question for critical ap­
praisal is whether the dual observer­
participant role allows access to natu­
ral canelid social interactions among 
other participants in the setting. 

In both participant and nonpartici­
pant field observation, the effect of the 
researcher on the social setting can 
never be controlled for (a common goal 
of experimental study designs). Inter­
actions between researchers and those 
they study are somewhat paradOXi­
cally but necessarily regarded as both 
a useful source of data and a potential 
source of bias. 12(pp92- 109) More than 1 ob­
servational technique (eg, personal ob­
servations and audiotape recording dia­
logue) can sometimes be used to 
capture more detailed data anclto help 
analyze observer effects. 

Interviews. Qualitative studies may 
use several types of interviews. The most 
popular are semisu'uctured, in-depth, in­
dividual interviews and focus groups. 
Structured approaches, such as standard­
ized questionnaires, are usually inappro­
priate for qualitative research , because 
they presuppose too much of what re­
spondents might say and do not allow 
respondents to express themselves in 
their own tenns. These problems limit 
the opportunity to gain inSight into per­
sonal and social phenomena and can im-
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pose the investigators' preconceived no­
tions onto the data. 

The appropliate interview method de­
pends on the topic. Individual interviews 
tend to be more useful for evoking 
personal experiences and perspectives, 
particularly on sensitive topics. Group 
intenriews tend to be more useful for 
capturing interpersonal dynamics, lan­
guage, and culture. Focus groups can be 
appropriate for discussing emotionally 
sensitive topics if participants feel em­
powered to speak in the presence of 
peers; however, the public forum of a fo­
cus group can also inhibit candid disclo­
sure.12

.23 Critical readers should look for 
the rationale for choosing a particular 
approach and its appropriateness for the 
topics addressed. Using more than 1 in­
terview method may be helpful for cap­
turing a wider range of information. 

Document Analysis. Finally, docu­
ments such as charts,journals, cOlTespon­
dence, and other material artifacts can 
provide qualitative data. 24 These are es­
peciallyuseful in policy, historical, or or­
ganiza tional studies of health care. There 
are different approaches to the analysis 
of documents. One involves countingspe­
cihc content elements (eg, frequencies of 
particular words being used) while the 
other involves interpreting text as one 
would interpret any other foml of com­
munication (eg, seeking nuances of mean­
ing and considering context). The fonner 
approach, especially if used alone, rarely 
provides adequate infoffilation for a quali­
tative, interpretive analysis. 

Venu'es et all used 3 types of data col­
lection: participant observation, audio­
tapes of discussions , and semistruc­
tured intelviews. Details of the interview 
strategy appear in an appendix and pro­
vide additional information about the 
content of the interviews and tech­
niques used to elicit responses. Three 
types of questions were asked: open­
ended, semistructured, and contrast 
questions, to elicit opinions on contrast­
ing hypothetical patient situations. The 
lise of multiple data collection methods 
and sources adds rigor to th is study, be­
cause it allows investigators to examine 
discussions o[ the Limitations of Medi­
cal Care [Tom several angles and to cap-

ture information with one method that 
may be overlooked for another. 

Was the Data Collection 
Comprehensive Enough to Support 
Rich and Robust Descriptions 
of the Observed Events? 

Another critical appraisal question is 
whether the social setting or experi­
ence was observed thoroughly enough 
to support rich and robust descrip­
tions of the observed events. The ana­
lytic issue here is not one of sample size 
in the statistical sense. Rather than aim 
[or a speCific number of participants (or 
other units of analYSiS) , researchers 
should strive for adequately in-depth 
observations. A qualitative study in­
volving many participants but only cur­
sory interactions with each 1 may be 
less rigorous than a sUldy involving few 
participants but extensive observation 
of each . Data collection needs to be 
comprehensive enough in both breadth 
(types of observations) and depth (ex­
tent of observation of each type) to gen­
erate and support the interpretations. 
This criterion has a circular quality, that 
is, whether data are adequate depends 
to some extent on the nature of the find­
ings and vice versa. For this reason, 
qualitative data collection and analy­
sis steps usually iterate: data collec­
tion is followed by analYSiS, which in 
tum gives direction for new data col­
lection, and so forth . 

Several aspects of a qualitative re­
port indicate how extensively the in­
vestigators collected data: the number 
of observations, interviews, or docu­
ments; the duration of the observa­
tions; the duration of the study pe­
riod ; the diversity of units of analysis 
and data collection techniques; the 
number of investigators involved in col­
lecting and analyzing data; and, the de­
gree of investigators' involvement in 
data collection and analysis. 

Interpretive research is character­
ized by voluminous data , consisting of 
paper files (eg, field notes, transcripts, 
journals, analytic memos, photocop­
ied documents, etc) and elew·onie me­
dia (eg, word-processed transcripts, au­
diotapes, \rideotapes, etc). How these 

data are recorded and accessed affects 
the depth and quality of the findings. 
The goal of data collection is to pro­
duce detailed data as representative of 
the experience as possible and to leave 
a trail of data and analysis that an­
other investigator could potentially fol­
low. While qualitative research can­
not be replicated , it can be audited. Of 
course, outsiders to a study cannot ob­
serve exactly what the investigators ob­
served, and because auditors bring their 
own unique perspectives, they can le­
gitimately develop somewha t differ­
enti.nterpretations of the same data. 
Such alternative interpretations would 
not necessarily reveal an analysis as 
faulty, since there are multiple truth­
ful ways to depict social behavior. Nev­
ertheless, in principle, qualitative re­
searchers should organize and interpret 
their data in such a way that another 
investigator could follow what was done 
and could see a clear correspondence 
between the empirical data and the in­
terpreted findings. 

There are several conventions for 
taking field observations and interview 
notes.' Most emphasize thoroughness , 
the classification of observations, and 
self-consciousness of personal experi­
ences and biases. Taping and tran­
scribing interviews (or other dialogue) 
is desirable. Qualitative research tran­
scription is different from that used for 
medical dictation. For typical medical 
records , breathing , pauses , and 
changes in volume are ignored by the 
transcriptionist. For a qualitative 
research transcript , these behaviors 
can proVide valuable data that help 
elaborate the meaning of the spoken 
words; in ract, transcripts are seldom 
corrected for grammar or word 
choices. Qualitative investigators also 
often keep records of their personal 
thoughts and experiences to distin­
gUish them carefully rrom other obser­
vations. This helps to isolate personal 
biases, as well as to use personal expe­
riences as analytically useful infonna­
tion.1" 

' References 12 (pp250-288), 13 (pp199·276), 25, 26. 
tReferences 12 (pp250-288), 13 (pp199-276, 371· 
459), 25, 26. 
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Ventres et aP conducted their study 
over 4 months, during which family 
practice residents identified 8 hospi­
talized patients about whom they had 
discussions regarding resuscitation. Of 
these, investigators observed 3 discus­
sions among patients , their families, and 
their physicians; 2 of these 3 cases are 
reported in detail. Both before and af­
ter the discussions, intervi.ews were con­
ducted with the patients , family mem­
bers, nurses, social workers, clergy, and 
physicians regarding the decision­
making process. Ventres et al audio­
taped and transcribed intelviews as well 
as discussions among physicians, pa­
tients , and families. The transcription 
process is detailed in an appendix to the 
article. An observer also made written 
records of nonverbal communica­
tions, which are not well captured by 
aucliotape. Finally, the investigators also 
recorded secondary in terpretive data 
(ie, their personal interpretations of the 
discussions they observed). By collect­
ing data using several methods, these 
investigators enhanced their ability to 
capture important nuances in commu­
nication and to develop robust ac­
counts of the discussions. 

The inclusion of patients, family 
members, and several members of the 
health care team as participants in this 
study increases the number of per­
spectives from which the issue of 
resuscitation was considered. No key 
participant's perspectives seem to have 
been overlooked in the data collection. 
However, whether data collection was 
comprehensive for each participant is 
difficult to assess, given the different 
roles that each have in such decisions 
and the complexities of end-or-life 
dialogue. Examining only 3 cases in 
which resuscitation is discussed is 
unlikely to capture the diversity of 
perspectives, content, and styles found 
in such conversations and could 
produce a limited description. The 
authors themselves note that this 
small number of cases is a potential 
study limitation and that more vari­
ability may have yield ed further 
insight into other possible structures 
of resuscitation discussions. 

USERS' GUIDES TO THE MEDICAL LITERATURE 

Were the Data Appropriately 
Analyzed and the Findings 
Adequately Corroborated? 
Qualitative researchers begin with a 
general exploratory question and pre­
liminary concepts. They then collect rel­
evant data, observe patterns in the data, 
organize these into a conceptual frame­
work, and resume data collection to ex­
plore and challenge th is conceptual 
framework. This cycle may be re­
peated several times. The iteration be­
tween data collection, analYSiS, and 
theory development continues until a 
conceptual framework is well­
developed and further observations 
yield minimal or no new information 
to further challenge or elaborate the 
framework (a point variously referred 
to as theoretical sal'uration17 or informa­
tional redundancyll(pp22l-149»). This analy-
sis-stopping criterion is so basic to 
qualitative analysis that authors sel­
dom declare that they reached this point 
and assume this to be understood by the 
reader. 

In the course of analysis, key find­
ings are also triangulated, meaning that 
they are corroborated using multiple 
sources of information (the term tri­
angulation is a metaphor and does not 
mean literally that 3 or more sources 
are required). The appropriate num­
ber of sources will depend on the im­
portance of the findings, their impli­
cations for theory and the investigators' 
confidence in their validity. Because no 
2 qualitative data sources will gener­
ate exactly the same interpretation , 
much of the art of qualitative interpre­
tation involves explOring why and how 
different information sources yield 
slightly different results9.28 

Readers may encounter several use­
ful triangulation techniques for validat­
ing qualitative data and their interpre­
tation in analysis9.IlC189-331l.28 Investigator 
tTiangulation requires more than 1 in­
vestigator to collect and analyze the raw 
data , such that the findings emerge 
through consensus between investiga­
tors. This is best accomplished by an 
investigative team. Use of external in­
vestigators is controversial because 
their involvement in the case could be 

too superficial to yield deep understand­
ing.llCpp289-3 31 ).28 Team members repre-
senting different diSCiplines helps to pre­
vent the personal or disciplinary biases 
of a single researcher from exceSSively 
influencing the findings. Member check­
ing involves sharing draft study find­
ings with the participants to inquire 
whether their viewpoints were faith­
fully interpreted, whether there are gross 
errors of fact, and whether the account 
makes sense to participants with differ­
ent perspectives . Theory triangula­
tion ,29 is a process whereby emergent 
findings are corroborated with existing 
social science theories21 It is conven­
tional for authors to report how their 
qualitative findings relate to prevailing 
social theory, though it is controversial 
whether such theories should be used to 
guide the research design or analysis. 

Some qualitative research reports de­
scribe the use of qualitative analysis sol't­
ware packages. Readers should not 
equate the use of computers "vith ana­
lytic rigor. Such software is a data man­
agement tool offering efficient methods 
for stOling, organizing, and reuieving 
qualitative data. These programs do not 
perform analysis. Investigators them­
selves conduct the analysis as they cre­
ate the keywords, categories, and logi­
cal relationships used to organize and 
interpret elecu-onic data. The credibil­
ity of qualitative study findings depend 
on these investigator judgments that can­
not be programmed into software pack­
ages. More generally, credible qualita­
tive interpretation requires well­
trained and well-prepared investigators 
who approach their work with both dis­
cipline and creativityY 

We indicated earlier that qualitative 
clata collection must be comprehen­
Sive-adequate in its breadth and depth 
to yield a meaningful description. The 
closely related criterion for judging 
whether the data were analyzed appro­
priately is whether this comprehen­
siveness was determined in part by re­
search results themselves, with the aims 
of challenging, elaborating, and cor­
roborating the findings. This is most ap­
parent when researchers state that they 
alternated between data collection and 

©2000 American lVledical Association. All rights reserved. (Reprinted) JAMA, July 19, 2000-Vol 284, No. 3 361 

Downloaded from www.jama.com at SCELC - Western University of Hlth Sci on September 23, 2010 



USERS' GUIDES TO THE MEDICAL LITERATURE 

analysis, collected data \\lith the pur­
pose of elucidating the analysis-in­
progress, collected data until analytic 
saturation or redundancy was reached, 
or triangulated findings using any of the 
methods mentioned. 

Ventres et all(p14J) approached data 
coding using 3 broad preliminary 
concepts in patient-clinician commu­
nication: (1) control, (2) giving or 
withh olding information, and (3) 
attentiveness. Researchers commonly 
use sensible, broad conceptual catego­
ries such as these to begin making 
sense of their data, but the categories 
also are common ly revised in the 
course of analysis. These investigators 
noted that data collection and analysis 
proceeded iteratively, by reporting 
that, "data collected and analyzed on 
the first members of the sample influ­
enced the collection of information on 
subsequent members. " Several trian­
gulation techniques were u sed, 
including methodologic triangulation 
(using several data collection methods 
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Users' Guides to the Medical Literature 
XXIII. Qualitative Research in Health Care 
B. What Are the Results and How Do They 
Help Me Care for My Patients? 
Mita K Giacomini, PhD 

Deborah J. Cook, wID 

for the Evidence-Based 
Medicine Working Group 

I
N THE FIRST OF THIS 2-PART ARTICLE 

on using qualitative research 1 we de­
scribed a hospital's continuous qual­
ity improvement committee initia-

tive to introduc e a medical form 
deSigned to enhance patient-clinician 
communication about cardiopulmo­
nary resuscitation. The clinician in this 
scenario wondered whether the impact 
of introdUcing such a document had 
been evaluated with respect to its influ­
ence on patient-clinician communica­
tion. She found the study by Ventres et 
al2 and critically appraised its validity. 

The objective of the study was to ex­
amine how a limitation of medical care 
form affects resuscitation dialogue 
among patients, their families, and resi­
dent physicians. The investigators col­
lected data through participant obser­
vation, audiotapes of life support 
discussions, and semistmctured inter­
view. Participants included patients, 
family members , nurses, social work­
ers, clergy, and resident physicians. The 
article analyzes thoroughly the decision­
making discussions concerning 3 of 8 
patient cases studied. Analytic rigor is 
demonstrated by the corroboration (tri­
angulation) of findings among differ­
ent sources of data , multidiSciplinary 
investigators, and critiques of the analy­
sis by study participants. Although 
many perspectives were incorporated 

The second part of this 2-part series on how to interpret qualitative research 
addresses, "what are the results," and, "how do they help me care for my 
patients?" Qualitative analysis is a process of summarizing and interpret­
ing data to develop theoretical insights that describe and explain social phe­
nomena such as interactions, experiences, roles, perspectives, symbols, and 
organizations. Key results are often illustrated with excerpts from interview 
transcripts, field notes, or documents. The results of a qualitative research 
report are best understood as an empirically based contribution to ongoing 
dialogue and exploration. Empirically based theory evolves from a process 
of exploration, discovery, analYSiS, and synthesis. Each concept should be 
defined carefully in a way that is meaningful to the reader. Concepts should 
be adequately developed and illustrated when theoretical conclusions are 
drawn. Arguments should be explained and justified. The qualitative re­
search report ideally should address how the findings relate to other theo­
ries in the field. The qualitative study can provide a useful road map for un­
derstanding and navigating similar social settings interactions, or relationships. 
lAMA. 2000;284:478-482 

in this study and 3 cases were consid­
ered comprehensive, the breadth was 
probably too narrow to capture the di­
versity of communication and decision­
making styles concerning end-of-life 
treatment. In the second part of this Us­
ers' Guide on how to interpret quali­
tative research, we will address th e 
questions: What are tl1e results of this 
study? and , how do the results help me 
care for my patients? 
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ogy and Biostatistics (Drs Giacomini and Cook), Centre 
for Health Economics and Policy Analysis (Dr Giaco­
mini), Department of M edicine, Divisions of General 
Medicine and Critical Care for the Evidence-Based Medi­
cine Working Group (Dr Cook), McMaster University, 
Faculty of Health Sciences, Hamilton, Ontario. 
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pears in the 10th article of the series (lAMA . 
1996;275: 1435-1439). The follOWing members ofthe 
Evidence-Based Medicine Working Group contrib-
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WHAT ARE THE RESULTS 
OF THE STUDY? 
In summary, Ventres and co lleagues2 

found that use of the limitation of medi­
cal care form , which is intended to fa­
cilitate decision making, can routinize 
the clinician-patient dialogue to meet 
bureaucratic needs, narrowing rather 
than enhancing communication about 
resuscitation. After outlining the foun­
dation of the results of qualitative re-

uted to the article: Gordon H. Guyatt, MD, MSc, Daren 
Heyland, MD, Anne Holbrook, MD, MSc, Virginia 
Moyer, MD, MPH, Andrew D. Oxman, MD, MSc, and 
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search reports below, we describe the 
results of that study in more detail. 

The goal of qualitative research is to 
develop theoretical insights that de­
sClibe and explain social phenomena 
such as interactions, experiences, roles, 
perspectives, symbols, and organiza­
tions. Qualitative analysis is foremost 
a process of summarizing and inter­
preting data, "based on the value of try­
ing to represent faithfully and accu­
rately the social worlds or phenomena 
studied.") A good qualitative report will 
be received as robust and u·uthful across 
multiple perspectives (ie, those of study 
participants, authors, readers, col­
leagues). Broad endorsement does not 
make the findings infallible but helps 
to establish that the analysis offers a 
meaningful approximation to the truth 
of a social phenomenon. 

Qualitative results contain descrip­
tion and theory. Reports typically pre­
sent these in an integrated fashion, by 
describing key theoretical insights and 
illustrating them with deSCriptiOns from 
the data. Readers can judge the impor­
tance and usefulness of the findings by 
asking how evocative and thorough the 
descriptions are, as well as how com­
prehensive and relevant the theoreti­
cal inSights are . 

How Evocative and Thorough 
Is the Description? 

The product of a qualitative study is a 
narrative. It describes a social phenom­
enon and draws theoretical insights 
(and sometimes practical lessons) in 
conclusion. The "lriting style should be 
clear, accessible, and "tell the story" 
well. A good qualitative report pro­
vides enough descriptive detail to evoke 
a vivid picture of the social setting or 
interactions studied. To do this, au­
thors usually illustrate key findings with 
data excerpts from field notes, inter­
view transcripts, or documents. These 
data should clearly support the main 
poin ts and offer contextual detail. The 
use of examples and reference to 
sources gives the reader insight into the 
nature o[ the social phenomenon as well 
as the sensibility of how investigators 
interpreted it. Because of the impor-
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tance of detail in qualitative reports, 
some health research journals allow 
substantially longer page limits for 
qualitative studies. However, longer ar­
ticles are not necessarily superior. Un­
focused analyses, weighted too heavily 
with description, can obscure the 
study'S main focus At the other ex­
treme, theoretical treatises that do not 
include adequate support by provid­
ing illustrative data and empirical de­
scription may raise questions about the 
extent to which the findings were de­
rived from the evidence. 

In their results section, Ventres et al 
tell the story by recounting the case his­
tories of 2 patients and those involved 
in their care. These 2 scenarios are or­
ganized chronologically (rather than 
conceptually), which helps draw the 
reader into the events and discussions 
as they unfold . The narratives are lib­
erally illustrated with excerpts from in­
terviews and taped discussions, which 
give readers more intimate inSight into 
the situations studied. The excerpts also 
support the authors' interpretations of 
the structure of these life support dis­
cussions (ie, as involving characteris­
tic content, dyadic conversation, and 
pervasive ambiguity). Although the ex­
position is restricted to 2 cases and se­
lected excerpts, the information is rich 
and coherently organized. 

How Comprehensive 
and Relevant Are 
the Theoretical Conclusions? 

Qualitative inquiry aims to develop 
theoretical conclusions. Some system­
atic approaches to theory develop­
ment are describecl.~·7 However, there 
is no correct approach. Whatever the 
system, the investigators' training, per­
ceptiveness, creativity, and intellec­
tual discipline will also p laya role.H

•
9 

The critical analysis of social theory 
commands extensive attention in the 
humanities and social sciences, much 
of which is beyond the scope of this Us­
ers' Guide. BaSically, to be meaningful 
and useful, a theory should be ad­
equately comprehenSive and relevant. 

Comprehensiveness. Theoretical 
findings must be well reasoned and co-

herent. Elder and Miller10 suggest that 
coherent theory possesses the quali­
ties of parsimony (invokes a minimal 
number of assumptions) , consistency 
(accords with what is already known 
and inconsistencies are well explored 
and explained), clarity (expresses ideas 
evocatively and senSibly) , and fertility 
(suggests promising directions for fur­
ther investigation). On a concrete level, 
narrative arguments should be logical 
and plausible , metaphors should pro­
vide useful analogies, and illustrative 
frameworks such as diagrams should 
meaningfully label the elements and re­
lationships depicted. 

Readers could think of theory as hav­
i.ng a kind of anatomy and should ex­
amine each of its parts to understand 
its contribution to knowledge. Theory 
consists of concepts and their relation­
ships. Furthermore, empirically based 
theory evolves from a process of explo­
ration, discovery, analysis, and synthe­
sis. In its final form, empirically based 
theory relates clearly to the data and 
makes a contribution to theoretical 
knowledge in the field. Readers can ex­
amine these 5 aspects of theory by ask­
ing the following corresponding ques­
tions. 

What Major al1d Mil10r Concepts Does 
the Theory Entail, and How Well De­
fined Are They? Concepts are the basic 
building blocks o[ theory. Sometimes 
(but not necessarily) concepts will be 
organized hierarchically, with 1 over­
riding concept (perhaps a useful meta­
phor) , a few broad categories within it, 
and a series of subcategories within 
those. It is possible for qualitative con­
cepts to overlap or to be related in a 
non hierarchical sU·uclure such as a web 
of interrelationships. Taxonomies and 
domain descriptions are conceptual 
frameworks that commonly appear in 
the biomedical literature. Whatever 
their number and form, each concept 
should be defined carefully and in a way 
that is meaningful to the reader. 

What Are the Relationships Between 
the Conceptual Categories, Are These Dy­
namics Clearly Described, and Do Th ey 
Malle Sense? These questions focus on 
relationships between concepts. Such 
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dynamics may take a form similar to 
quantitative relationships betvveen vari­
ables (eg, changes in one variable caus­
ing an increase or decrease in another). 
Alternatively, categories may have 
qualitative effects on each other (eg, one 
phenomenon may frame the form that 
another may take). 

Are the Concepts Adequately Devel­
oped anil Illustrated? Several devices may 
be used to explain how the theoretical 
conclusions were drawn. For ex­
ample, a report may describe chrono­
logically the experience of entering the 
field and from there lead the reader 
through the key discovery experi­
ences that form the backbone of the au­
thor's findings (however th is ap­
proach is not appropriate for all studies, 
such as document analysis or the study 
of familiar settings) . Theory can also be 
explained and justified using other rhe­
torical devices, such as argument. Con­
ceptual frameworks are strongest when 
their categories or variables embrace a 
full range of empirical phenomena ob­
served. Illustrative data excerpts offer 
glimpses into the analytiC process, but 
these glimpses help demonstrate how 
the investigators interpreted the data. 
If the illustrative examples do not seem 
to fit well with the interpretive expla­
nation, the validity of the rest of the 
analysis comes into question. 

Where Does the Empirically Gener­
ated Theory Fit ill Relation to Existing 
Theory alld Beliefs in the Field? Read­
ers should look for whether the re­
sults of a qualitative research report ad­
dress how the findings relate to other 
theOlY in the field. Empirica lly devel­
oped inSights need not agree with ex­
isting beliefs. Whether they agree or not, 
the findings' relationship to prevailing 
theories and beliefs should be ad­
dressed in a critical manner. Qualita­
tive approaches vary with regard to the 
role that theoretical literature plays: 
some methods use existing literature to 
guide empirical work, whereas others 
do not address the literature until af­
ter empirical findings are estab­
Iished.5•11 In eithe r case, the report 
should indicate how the findings re­
late to scholarship in the field. 

Ventres et aP offer relatively prag­
matic theoretical conclusions about 
how an administrative form can re­
flect and reinforce mechanistic objec­
tive-oriented dialogue to the neglect of 
patient needs, values, and beliefs. In this 
study, the hospital's Limitation ofMedi­
cal Care form was used as both the 
foundation for dialogue and the ve­
hicle for expression of patient wishes . 
Ventres et al describe how the form, to­
gether with conventional physician 
communication styles, can have the ad­
verse effect of structuring conversa­
tions to obstruct candid conversation 
and obscure patient and family wishes. 
To help the clinician best, the study 
might have developed a more compre­
hensive model of communication about 
life support or of how administrative 
forms express (or suppress) meaning­
ful health directives. Venu'es et aF do 
not develop their theoretical conclu­
sions to this degree. Rich description 
with relatively light theorizing is typi­
cal of many ethnographic or naturalis­
tic studies, and this appraisal does not 
by any means indicate a scientific fail­
ing of the research. However, it may 
limit the usefulness of the research for 
the clinician's purposes. We should also 
note that this type of qualitative study 
does not feed directly into a hypothesis­
testing research program, because it 
does not put forth speCific variables or 
causal relationships to be tested. This 
limits neither the research's useful­
ness nor its scientific conu'ibution, and 
this study demonstrates well the value 
of qualitative studies for the purposes 
of enlightenment. Although the re­
port offers modest formal theOly,itdoes 
offer credible, evocative evidence of the 
sorts of dynamiCS that can occur dur­
ing life support discussions. The illus­
trative excerpts and interpretive de­
scriptions offer the clinical readers a 
vicarious experience and a unique van­
tage on interactions among patients, 
families, phYSicians, and medical fonns. 

The study'S findings allow the prac­
ticing clinician to stand back from the 
clinical encounter and view some com­
mon communication dynamicS from a 
more critical distance. Normally, cli-

nicians are directly involved in their dis­
cussions with patients and families , and 
cannot both participate actively in a 
conversation and analyze it objec­
tively. Clinicians reading the study by 
Venu'es et al may recognize in the sce­
narios something of themselves, the 
people they care for, and the adminis­
trative forms they use. It may be sur­
prising and affinning to see graphiC evi­
dence that inanimate medical forms can 
"participate" in discussions and con­
trol what can be said and heard. The 
theoretical inSight that such medical 
forms can play an active role in com­
munication may help clinicians recog­
nize this dynamic in other settings. This 
qualitative evidence prOVides a cau­
tionary tale of ho\" medical forms can 
do more than promote administrative 
efficiency. 

Relevance. The results of a qualita­
tive research report are understood best 
as an empirically based contribution to 
ongoing dialogue and exploration , 
rather than as documentation of an in­
variant fact. The dialogue affects the 
meanings of social experiences, and the 
results of a dialogue translate these ex­
periences for persons who might not 
otherwise understand each other's per­
spectives well. The relevance of the re­
sults of a qualitative article depends 
partly on its ability to communicate 
how well the investigators and the study 
participants communicated and how 
well the results of their communica­
tion is conveyed to the readers of the 
report. Each of these parties should be 
involved actively in making sense of the 
research results.1O 

The results of the study by VenU'es 
et aP translate the perspectives of par­
ticipants (patients , families , resident 
physicians, and clinicians involved in 
end-of-Iife decisions) and the readers 
of the research. For clinicians who are 
not routinely engaged in end-of-life de­
cisions, these results offer a window­
like view lhat provides insight into a 
clinical world many clinicians do not 
enter. For clinicians more involved in 
end-of-lire decisions, this study offers 
a view more analogous to a mirror that 
reflects familiar interacti.ons in a way 
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that allows clinicians to examine their 
own role, other participants' roles, and 
even the role of a medical form in de­
termining how end-of-life decision 
making unfolds. Operating either as 
window or mirror, valuable perspec­
tive can be gained from qualitative evi­
dence. The study highlights the poten­
tial tyranny of administrative forms 
when they are used to structure sensi­
tive personal discussions. 

HOW DO THE RESULTS 
OF THIS STUDY HELP ME 
CARE FOR PATIENTS? 

In their descriptive role, qualitative re­
search findings can enhance awareness 
of social dynamics in the clinical set­
ting. As illustrated by Ventres et a1,2 so­
cial dynamics can influence powerfully 
the process of care and consequently the 
outcomes. The more clinicians and pa­
tients are conscious of social factors at 
work in health care, the more construc­
tively they can use them or change them 
in the pursuit of health and healing. In 
their theory-generating role, qualita­
tive findings provide models for under­
standing. These models can be used to 
analyze similar situations and, similar to 
all models, help to simplify clinicians' 
understanding of complex phenom­
ena. Qualitative studies may give clini­
cians insight into the experiences of pa­
tients and their families. 

Does This Study Help Me 
to Understand the Context 
of My Practice? 

One criterion for the generalizability of 
a qualitative study is whether it pro­
vides a usdul road map for readers to 
understand and navigate similar so­
cia l settings themselves. The North 
American cultural value of autonomy 
was encoded in 1991 by Congress in the 
Patient Self-Determination Act. Since 
then many health care systems have cre­
ated documents such as advance direc­
tives and other decision-making tools 
to systematize conversations about end­
of-life care. 

The article by Ventres et aF invites 
us to contemplate this policy trend criti­
cally. Readers may renect on how busi-
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ness metaphors have infiltrated clini­
cal practice, and how these types of 
resuscitation documents symbolically 
contractualize health care at the end of 
life, especially when patients are re­
ferred to as "clients," and health care 
workers as "providers. " In this study, 
discussions about resuscitation were in­
tervention specific, focusing on a se­
ries of basic and advanced life support 
technologies, in part due to the task­
oriented prompts of the limitation of 
medical care form. One family mem­
ber of a patient who was unable to speak 
for himself explained that "resuscita­
tion was not appropriate in Indian cul­
ture. "2(p139) The resident continued to 
describe the technical details of resus­
citation even after the family had made 
it clear that it was not desired, which 
made this family member feel as though 
the physician did not really trust the 
family's decision (or implicitly, their 
portrayal of his wishes, were he able to 
speak for himselO. 

Does This Study Help Me 
Understand My Relationships 
With My Patients and Their 
Families? 

Interpretive research offers clinicians an 
und.erstanding of roles and relation­
ships. Many qualitative studies of inter­
est to clinicians focus on communica­
tion among patients , families and 
caregivers. Other studies describe be­
haviors of these groups, either in isola­
tion or during interactions with others. 

In the study by Ventres et at,2 the acu­
ity and sevelity of the patients' illness 
meant that dialogue typically occurred 
between resident physicians and family 
members instead of patients them­
selves. The small number of patients and 
resident physicians studied in a univer­
sity hospital limits the range of discus­
sion styles that were identified. Some cli­
nicians may be more likely to have prior 
long-term relationships with patients 
than those developed among family prac­
tice residents involved in this st1.1dy, al­
lowing for such conversations to occur 
in the relative comfort of the out­
patient setting rather than during an 
acute illness episode. Regardless of 

whether readers work "vith resident phy­
sicians (or are resident physicians them­
selves), a report such as this affords an 
opportunity for all readers to ask them­
selves frankly how they broach end-of­
life discussions with hospitalized pa­
tients, whether they can relate to the 
communication styles described in the 
study, and if they can , what implica­
tions this has for their practice. 

Some clinicians may tend to focus on 
the overall goals of care in ways that are 
cu lturally meaningful for patients , 
rather than consider discrete interven­
tions, as were reported in this study. 
Some clinicians may revisit goals of 
health care periodically and not nec­
essarily cOincidentally with hospital ad­
missions. The study by Ventres et all 
can increase our self-consciousness 
about how well we listen to patients and 
families , what language we use when 
explaining resuscitation to them, hmv 
well we try to understand their values 
and preferences (especially when pa­
tients and surrogate decision makers 
give discordant messages), 12,13 and how 
clinicians may umvittingly influence pa­
tient wishes even as they try to dis­
cern those wishes. 

SCENARIO RESOLUTION 

Reflecting on the article by Ven tres et a1,2 
you cast your mind back to the continu­
ous quality improvement committee 
meeting you attended this morning 
about patient-clinician communica­
tion. Thinking about your hospital's pro­
posal for a similar Limitations of Medi­
cal Care fonn you are concerned. You 
wonder to what extent inu·oduction of 
this form might shi[t your own discus­
sions with patients away [rom eliciting 
illness experiences and understanding 
values to a more stilted dialogue wi.th pa­
ti ents or next of kin about technologi­
cal aspects of basic and advanced life 
support. 

You decide that at the next meeting 
you will share the evidence you found 
about routinizing conversations be­
tween clinicians and patients, should 
such a Limitation of Medical Care form 
be introduced. You plan to circulate the 
Ventres et aF article before the next 
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meeting and recommend that the com­
mittee use it to help outline the poten­
tial advantages and disadvantages of in-
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A scientist is one who, when he does not know the 
answer, is rigorously diSciplined to speak up and say 
so unashamedly; which is the essential feature by which 
modern science is disti.nguished from primitive su­
perstition, which knew all the answers except how to 
say, "} do not know." 

-Homer W. Smith (1895-1962) 
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XXIV. How to Use an Article 
on the Clinical Manifestations of Disease 
W. Seott Ri ehardson, MD 

Nl31·k C. Wilson, Nill, MPH 

John W. \Villiams, Jr, WID, MHS 

Virginia A. Moyer, MD, MPH 

C. David Naylor, MD, DPhil 

for the Evidenee-Based Medieine 
Working Group 

CLINICAL SCENARIO 
You are a general internist working in 
a teaching hospital paged to the emer­
gency department to evaluate a 58-year­
old man with new-onset pain in his 
chest and back. On the way to the emer­
gency department, you think of myo­
cardial ischemia as your leading hy­
pothesis and you wonder whether aortic 
dissection should be actively consid­
ered in this patient. 

In the emergency department, the 
patient describes to you the sudden 
onset of severe pain in the center of 
his chest radiating to his neck and mid 
back. He has long-standing hyperten­
sion , for which he takes a diuretic. 
You find a nomlal thoracic wall, clear 
lungs, equal pulses, a diastolic mur­
mur of aortic regurgitation, and dias­
tolic hypotension with blood pressure 
of 162/56 mm Hg. The electrocardjo­
gram shows left ventricular hypertro­
phy but no signs of ischemia or infarc­
tion. The first set of cardiac enzyme 
levels is normal. The portable chest 
radiograph shows widening of the 
mediastinum . An arterial blood gas 
evaluation shows mild respiratory 
alkalosis and normal oxygenation. By 

Clinicians rely on knowledge about the clinical manifestations of disease to 
make clinical diagnoses. Before using research on the frequency of clinical 
features found in patients with a disease, clinicians should appraise the evi­
dence for its validity, results, and applicability. For validity, 4 issues are im­
portant-how the diagnoses were verified, how the study sample relates to 
all patients with the disease, how the clinical findings were sought, and how 
the clinical findings were characterized. Ideally, investigators will verify the 
presence of disease in study patients using credible criteria that are inde­
pendent of the clinical manifestations under study. Also, ideally the study 
patients will represent the full spectrum of the disease, undergo a thorough 
and consistent search for clinical findings, and these findings will be well 
characterized in nature and timing. 

The main results of these studies are expressed as the number and per­
centages of patients with each manifestation. Confidence intervals can de­
scribe the precision of these frequencies. Most clinical findings occur with 
only intermediate frequency, and since these frequencies are equivalent to 
diagnostic sensitivities, this means that the absence of a single finding is 
rarely powerful enough to exclude the disease. Before acting on the evi­
dence, clinicians should consider whether it applies to their own patients 
and whether it has been superseded by new developments. Detailed knowl­
edge of the clinical manifestations of disease should increase clinicians' abil­
ity to raise diagnostic hypotheses, select differential diagnoses, and verify 
final diagnoses. 
lAMA. 2000;284:869-875 

now, your suspicion of acute aortic 
dissection has grown, so you arrange 
definitive testing for this diagnosis and 
consult with the cardiothoracic surgi-

Author Affiliations: Departments of Ambulatory Care 
and Research, South Texas Veterans Health Care Sys­
tem and Medicine, University of Texas Health Sciences 
Center at San Antonio, San Antonio (Drs Richardson and 
Williams); Department of M edicine, Wake-Forest Uni­
versity School of Medicine, Winston-Salem, NC (DrWiI­
son); Departments of Pediatrics and Internal Medicine 
and the Center for Evidence-Based Medicine and Popu­
lation Health , the University of Texas Health Sciences 
Center at Houston (Dr Moyer); and Department of Medi­
cine and Office of the Dean, Faculty of Medicine, Uni­
versity ofT oronto, Ontario (Dr Naylor) . The original list 
of members (with affiliations) appears in the first article 
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cal team, after explaining the situation 
to the patient and family. 

While you wait for the test results, the 
resident in the emergency department 

of the 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 mem­
bers of the Evidence·Based Working Group contri b­
uted to this article: Eric Bass, MD, MPH, Gordon H. Guy­
at!, MD, MSc, Les Irwig, MBBCh, PhD, and Hui Lee, 
MD, MSc. 
Reprints: Gordon H. Guyat!, MD, MSc, Department 
of Clinical Epidemiology and Biostatistics. Room 2C12, 
1200 Main St W , McMaster University Faculty of 
Health Sciences, Hamilton, Ontario, Canada L8N 3Z5. 
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Drummond Rennie, MD, Deputy Editor. 
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asks you about this patient and whether 
aortic dissection really needs to be ac­
tively considered. Together, you review 
the findings found useful in deternlin­
ing whether a patient is having a myo­
cardial infarction 1 and then discuss the 
clinical findings seen ,vith aortic dissec­
tion. The resident asks whether the nor­
mal pulses and equal blood pressures in 
the arms can rule out dissection with­
out further testing. You reply, "I don't 
know. If we knew the frequencies of the 
clinical fll1dings in aortic dissection, we 
could better interpret our examination 
and select his differential diagnosis. 
Rather than guess, why don't we look this 
up while we wait for his test results?" 

THE SEARCH 

You begin by articulating your knowledge 
gap asa question: "In patients with con­
firmed acute aortic dissection, how fre­
quently would a detailed and careful 
evaluation yield each of several clinical 
findings , such as pain radiating to the 
back, pulse asymmetry, diastolic hypo­
tension, or diastolic murmur?" You tum 
to a networked computer in the emer­
gency department that gives you full ac­
cess to MEDLlNE from the hospital's li­
brary, which you search using strategies 
reviewed elsewhere.2•3 In the MEDLlNE 
file since 1966, you combine medical sub­
ject headings anewysm, dissecting (5027 
citations) and aortic anewysm, thoracic 
(1699 citations) with aortic dissection as 
a text word (2330 citations) to yield a set 
of641Ocitations. Next, you use the float­
ingsubheadings di for diagnosis (applied 
to articles that include clinical findings 
from patient examination) and co for com­
plications (indicates conditions that co­
exist or follow the specified disease 
process). Combining these sets yields 86 
citations, which drops to 33 when you 
limit to aclult patients and to the English 
language. Scrolling through these titles, 
you find a relevant citation by Spittell et 
al4 that is linked to the full text online in 
your library. 

UNDERSTANDING CLINICAL 
MANIFESTATIONS 

I n busy clinical practice, diagnosis is our 
daily bread. As we see sick persons, we 

claSSify their illnesses as instances or 
cases of disease,s.lI to serve them by us­
ing the available knowledge about what 
is "vrang, what it may mean, and what 
might be done to maximize their well­
being.9.1l To categOlize illnesses, we use 
a classification system, or taxonomy of 
disease, with diseases representing the 
classes into which illnesses are 
grouped.s.7 These taxonomic catego­
ries are generally defined by similari­
ties in the illnesses of afflicted persons, 
including similarities of clinical fea­
tures, anatomic abnormalities, physi­
ologiC derangements, causative micro­
organisms, or genetic and molecular 
lesions. 

If we are to claSSify our patients' ill­
nesses into diseases, we need to know 
tlle features by which different diseases 
are recognized and discriminated. In 
other words, we need to know the clini­
cal manifestations of each disease that 
we expect to diagnose. vVe use the terms 
clinical findings and clinical manifesta­
tions interchangeably to mean findings 
that the clinician can gather directly from 
the patient, during the medical inter­
view or the physical examination (we 
find less useful a rigid distinction be­
tween symptoms and signs) 6 

How speCifically can we use knowl­
edge of the clinical manifestations of dis­
ease for clinical diagnosis? First, when 
initially evaluating a patient's illness , 
Single findings or clusters of findings can 
cue us to raise diagnostic hypotheses. In 
the clinical scenario, the sudden (rather 
than crescendo) onset of pain and the ra­
diation of the pain to the back triggered 
the hypothesiS of aortic dissection. Thus, 
when we recognize that a patient's ill­
ness includes features seen in a given dis­
ease, we "activate" that diagnostic pos­
sibility for further inquiry. Without such 
knowledge, the clinical features will not 
cue hypotheses, so we may fail to con­
sider the correct diagnosis. 

Second, knowing the clinical mani­
festations of disease can help us when 
selecting a patient-specific differential di­
agnosis and when deciding whether to 
use further testing to actively exclude a 
disorder. In the clinical scenario, while 
some of the patient's features (chest pain 

and risk factors for coronary atheroscle­
rosis) suggest myocardial ischemia, other 
features (pain onset and radiation) sug­
gest aortic dissection, so you plan to pur­
sue testing for both. Thus , while aortic 
dissection is less common than myocar­
dial ischemia, it is serious and treat­
able, so the presence of some of its fea­
tures in this patient has led you to place 
dissection on your short list of aCLive al­
ternatives to be exclucledn In general, 
when considering an uncommon dis­
ease, experienced clinicians use the pres­
ence of 1 or more of its clinicalmani­
festations, combined with knowledge of 
disease probability, prognosis, and re­
sponsiveness to tTeatment, to help Lhem 
decide whether to actively consider this 
condition along with more common dis­
eases. With incomplete or inaccurate 
knowledge of the clinical manifesta­
tions of diseases, we risk selecting flawed 
differential diagnoses. 

Third, after diagnostic testing is com­
pleted and interpreted , we can use the 
clinical manifestations of disease in veli­
fying a patient's final diagnosis. l3 Be­
fore concluding that a diagnosis is cor­
rect, we (often implicitly) test how well 
it explains the patient's illness, C0111-
pared with the alternative possibilities. 
As shown more explicitly in TABLE 1, 
veIifying a patient's final diagnOSiS de­
pends heavily on detailed knowledge of 
the clinical manifestations of disease. 
While ideally a final diagnosis should ex­
plain that all the patient's findings should 
be coherent with the patient's observed 
pathophysiologic state , the best fit 
among the alternatives, the simplest ex­
planation overall , the only possibility not 
yet disproved, and the 1 hypotheSiS that 
best predicts the paLient's course, in ac­
tual practice, we often accept diag­
noses that meet only some of these con­
s iderations. If our knowledge of the 
clinical manifestations of disease is in­
accurate, we risk prematurely accept­
ing an incorrect diagnosis or pursuing 
further testing despite good verifica­
tion of the correct diagnosis. 

What lessons can we learn from the 
frequencies of clinical manifestations or 
disease? First, textbook descriptions of 
disease may emphaSize the presence or 
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classic findings that are hallmarks of the 
diagnosis. Yet when studied systemati­
cally, such manifestations may be un­
common, and if we were to rely on their 
presence to diagnose the disorder, we 
would miss many cases. For example, 
hemoptysis has been described as a hall­
mark of acute pulmonary embolism, yet 
when 327 patients with angiographi­
cally proven pulmonary emboli were ex­
amined, only 30% were found to have 
hemoptysis. I; Second, the reverse les­
son can be learned, because some mani­
festations may be more common than 
usually believed. For instance, the mur­
mur of aortic regurgitation was found 
in 40 of 124 patients with confirmed aor­
tic dissection, suggesting that clini­
cians should purposefully seek this find­
ingin suspected cases.1S Similar to these 
examples, most findings occur with in­
tennediate frequencies. Since these fre­
quencies are equivalent to diagnostic 
sensitivities, these intermediate values 
mean that individually, most findings 
cannot rule out disease. Since specifiCi­
ties or likelihood ratios cannot be ob­
tained from studies of the clinicalmani­
festations of disease , we are unable to 

revise our estimates of disease probabil­
ity using these hndings alone. The third 
lesson represents the exception to this 
general rule. A few manifestations of dis­
ease might be so common that they oc­
cur in virtually all diseased patients. As 
the proportion of diseased patients with 
a similar finding nears 100%, the ab­
sence of this finding becomes powerful 
for excluding the disease. This is be­
cause as the sensitivity goes to 100%, the 
false-negative rate approaches 0, effec­
tively ruling out the disorder. 16·18 

How does the knowledge about clini­
cal manifestations of diseases fit with 
other knowledge for use in diagnostic 
thinki ng? Expert diagnosticians that we 
have known or have read about appear 
to have detailed knowledge of 4 kinds: 
(1) remembered cases of real patients 
they have cared for; (2) knowledge of 
clinical problems, including which dis­
eases cause them and how likely those 
are; (3) knowledge of the accuracy and 
precision of test results; and (4) knowl­
edge of the clinical manifestations of dis-
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eases. 19.20 They can draw on this exten­
sive knowledge as they proceed through 
the diagnostic steps of raising diagnos­
tic possibilities, selecting a patient­
specific differential diagnosis, choos­
ing and interpreting diagnostic tests, and 
verifying a patient's final diagnosis. These 
4 fonns of knowledge complement each 
other, and no Single form can replace the 
others for their intended uses. Knowl­
edge of the probability of diseases that 
cause a clinical problem is particularly 
useful for selecting a patient's differen­
tial diagnOSiS and estimating pretest 
probability.1 2.Is Knowledge of the like­
lihood ratios of test results is most use­
ful for chOOSing and interpreting diag­
nostic tests and estimating posttest 
probabihty.16.18 Knowledge of the clini­
cal manifestations of disease is useful for 
raising diagnostic possibilities, select­
ing differential diagnoses, and verify­
ing a patient's final diagnosis. In an ar­
chery analogy, if pretest probability is 
how we aim our arrows and the power 
of diagnostic tests is the strength of our 
bow, our disease taxonomy (based on 
clinical manifestations) contains the tar­
gets we shoot toward. 

Where can we find knowledge about 
the frequencies of the clinical manifes­
tations of disease? One source is from 
clinical experience, either our own or of 
others1 9

.
21 Here, we focus on the other 

major source of this knowledge , the 
medical literature, eg, the article about 
aortic dissection retrieved by the search.; 
This Users' Guide will help you under­
stand articles about the clinical mani­
festations of disease, judge their valid­
ity, and decide whether to use them in 
refining your disease taxonomy for clini­
cal diagnoses (TABLE 2). 

Before doing that, it is important to 
be clear about what these articles can­
not do. First, studies of the clinical 
manifestations of a disorder generally 
include patients only if they are known 
to have that specific disorder and ex­
clude patients with other diseases. This 
means that such studies cannot pro­
vide evidence about how well the clini­
cal findings discriminate between dis­
eases, such as through likelihood ratios 
for these findings. 16.1B Second, since the 

Table 1. Explicit Tests for Verifying a 
Patient's Diagnosis 

Adequacy 
• Does this diagnostic hypothesis adequately 

explain all the pat ient's clinical findings? 
• If not. does it explain the patient's important 

findings? 
Coherence 
• Does this d iagnost ic hypothesis fi t the 

pathophysiologic state observed and/or 
inferred in this patient? 

• Thus, is this hypothesis pathophysiologically 
coherent? 

Primacy 
• Does this diagnostic hypothesis provide the 

best fit to the pattern of the patient' s illness? 
• Is there no hypothesis that fits the patient's 

illness better? 
Parsimony 
• Is this diagnost ic hypothesis the simplest 

explanation of this patient 's illness? 
• Is there no hypothesis that is simpler? 
Robustness 
• Is this diagnost ic hypotheSiS robust to 

attempts to falsify it? 
• Has it escaped disproof? 
Prediction 
• Does this diagnost ic hypothesis best 

predict the subsequent course of tile 
patient's illness? 

• Is there no hypothesis that predicts the 
patient's course better? 

Table 2. Users' Guides for Articles on the 
Clinical Manifestations of Disease 

Are the results of the study valid? 
Primary guides: 
• Was the presence of disease verified using 

credible criteria that are independent of the 
clinical manifestations under study? 

• Did the patient sample represent the full 
spectrum of those with this disorder? 

Additional guides: 
• Were clinical manifestations sought 

thoroughly, carefully, and conSistently? 
• Were the clinical manifestations classified by 

when and how they occurred? 
What were the results? 
• How frequent were the clinical manifestations 

of disease? 
• How precise were the estimates of 

frequency? 
• When and how did these clinical 

manifestations occur in the course of 
disease? 

Will these results help me in caring for my 
patients? 
• Are the study patients similar to my own? 
• Is it unlikely that the disease manifestations 

have changed since this evidence was 
gathered? 

study sample includes patients with 
only 1 disorder, studies of the clinical 
manifestations of disease cannot pro­
vide evidence about the probability of 
different diseases in patients with a 
given clinical problem. 12 Third , stud­
ies of the clinical manifestations of dis­
ease generally do not provide informa-
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tion about how reliably clinicians gather 
these findings. 22.23 

THE GUIDES 

Are the Results Valid? 

Was the Presence of Disease Verified 
Using Credible Criteria That Are In­
dependent of the Clinical Manifesta­
tions Under Study? This question ad­
dresses 2 closely linked issues. First, 
how sure are investigators that the study 
patients really did have this particular 
disease to el\:plain their illnesses and not 
other diseases? While clinicians often 
encounter tentative diagnoses in prac­
tice, in a research study such diagnos­
tic uncertainty could introduce bias, be­
cause the patient sample might include 
not only patients with this disease but 
also other diseases. To minimize this 
bias , investigators can use a set of ex­
plicit diagnostic criteria and include in 
the study sample only patients who 
meet these criteria. Ideally, for every dis­
ease there would be a set of widely ac­
cepted diagnostic criteria, including 1 
or more well-established reference stan­
dard tests that can be applied repro­
ducibly in a blinded fashion. Refer­
ence standards can be anatomic, 
phYSiologic, radiographic, or genetic, 
to name a few. To judge how the pres­
ence of disease was verified, look for 
which standards were used, how they 
were used, and whether the standards 
are clinically credible. 

Second, are the diagnostic criteria in­
dependent of the clinical manifesta­
tions under study? When no reference 
standards exist, investigators' degree of 
diagnostic certainty is much lower. In 
these situations, known sometimes as 
syndrome di.agnosis,5 diagnostic criteria 
still can be made and used. They usu­
ally comprise a list of clinical features 
that must be present for the diagnosis 
to be made. For instance, the defini­
tion of chronic fatigue syndrome uses 
an explicit set of clinical features as di­
agnostic criteria. 24 Such explicit crite­
ria often represent an advance over an 
implicit haphazard approach and for a 
time may be the best available method 
for clinical diagnosiS. 

However, trouble can arise when in­
vestigators use clinical manifestations to 
make the syndrome diagnOSiS, select the 
patient sample, and then examine the fre­
quency of these same clinical findings in 
the study patients. This testing of mani­
festations that are incorporated into the 
definition creates circular reasoning that 
can bias upward the frequencies of these 
findings in the study sample, known as 
incorporation bias. For example, in a 
study of manifestations among 36 pa­
tients with relapsi.ng polychondritis, the 
investigators used diagnostic criteria 
based on several characteristic clinical 
findings. 25 Although this study may be 
the best available method [or clinical di­
agnosis, incorporation bias is inevitable 
and it limits the inferences we can draw 
about the frequency of manifestations. 
In judging the independence of verify­
ing criteria, compare the list of these cri­
teria with the list of clinical manifesta­
tions studied to examine for overlap. 

Spittell et al4 studied 235 patients 
whose aortic dissections were con­
firmed by surgical intervention 
(n=162), autopsy (n=27) , or radio­
graphic studies (n=47) . Thus , the di­
agnoses of study patients appear to have 
been verified using clinically credible 
means that are independent of the clini­
cal manifestations. 

Did the Patient Sample Represent 
the Full Spectrum of Those With This 
Disorder? By selecting a specific dis­
ease for research, the investigators de­
tennine the population from which the 
study patients should be selected. Ide­
ally, the study sample minors the whole 
population of those with the disease, so 
that the frequency of clinical manifes­
tations in the sample approximates that 
of the population. Such a patient sample 
is termed representative , and the more 
representative the sample is, the more 
accurate the resulting frequencies of 
clinical findings. Conversely, the less 
representative the study sample, the less 
confident we can be that the frequen­
cies of clinical manifestations found are 
accurate. 26 

To judge the representativeness of the 
study sample, we suggest 3 tactics. First, 
examine the setting from which sll.\dy pa-

tients come. Patients seen in refenal care 
settings might have higher proportions 
of unusual findings or illnesses difficult 
to diagnose, yielding different frequen­
cies of clinical manifestations than pa­
tients in community practice. I7 Second, 
examine the methods the investigators 
used to identify and include the study pa­
tients and exclude others. Were all the 
important demographic groups (age, sex, 
race, etc) included? Were any impor­
tant subgroups excluded that would 
threaten the validity of the results? Thi.rd, 
examine the description of the study pa­
tients' illnesses. Are patients with mild , 
moderate, and severe symptoms pres­
ent? If different clinical patterns of dis­
ease are known, does the sample in­
clude patients with each pattern? 

Combining these 3 considerations, 
you can judge whether the spectrum of 
included patients is full enough that the 
study can yield valid results about clini­
cal manifestations of this disease. For in­
stance, in a study of patients with thy­
rotoxic periodic paralysis , the 
investigators included in the sample only 
the 19 patients who were hospitalized 
during an episode of paralYSiS, exclud­
ing 11 patients who werediagnosecl dur­
ing the study period but who were not 
admitted.2s To the extent that hospital­
ized patients may have worse or differ­
ent clinical manifestations than those not 
admitted, such a restriction might intro­
duce bias into the study. 

Investigators may deliberately choose 
the task of describing the manifesta­
tions of a disease in a purposefully nar­
rowed target population, whether de­
mographic (eg, a study of the findings 
of myocardial infarction in the aged29

), 

prognostic (eg, a study of the clinical 
findings in patients with fatal pulmo­
nary embolism30), or by site of care (eg, 
a study of the findings in patients with 
ruptured abdominal aortic aneurysm 
who present to internists, no t emer­
gency departments3 1

). In such situa­
tions , you can look to see 'whether the 
study sample is representative of the lim­
ited target population. 

SpittelJ et al4 reported a study of pa­
ti ents treated at the Mayo Clinic, which 
proVides both community hospital care 
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and tertiary referral care. The study 
sample had patients with aortic dissec­
tion that was both acute «2 weeks) in 
158 patients (67%) and chronic (~2 
weeks) in 78 patients (33%) . In 60 pa­
tients, the initial clinical impression was 
a diagnosis other than aortic dissec­
tion. The sample included patients with 
sudden death, including 10 out-of­
hospital cardiac arrests and 5 in­
hospital cardiac arrests. I t also in­
cluded 11 patients without pain but with 
other symptoms, along with 33 pa­
tients without pain or other symptoms 
who had abnormal chest radiograph 
findings. Thus, the study patients had 
a wide an'ay of clinical presentations and 
may be sufficiently representative of the 
full spectrum of this disorder. 

Were Clinical Manifestations 
Sought Thoroughly, Carefully, and 
Consistently? This criterion addresses 
3 closely related issues. First, were study 
patients evaluated thoroughly enough to 
detect clinical findings if they were pres­
ent? Within reason, the more compre­
hensive the workup, the lower the 
chance of missing findings and draw­
ing invalid conclusions about their fre­
quency. Second, how did the investiga­
tors ensure that the information they 
gathered was correct and free of distor­
tion? Were symptoms inquired about in 
neutral nonjudgmental ways? Were pa­
tients examined by skilled examiners? 
The more carefully the data were gath­
ered, the more credible the resulting fre­
quencies will be. Third, how consis­
tently was the evaluation carried out? 
Inconsistent assessments might yield er­
roneous frequencies of disease manifes­
tations. 

You may find it relatively easy tojudge 
the thoroughness, ca re, and cons is­
tency of the search for manifestations 
when the patients were evaluated pro­
spectively using a standardized diagnos­
tic approach. It becomes harder to judge 
when patients were studied retrospec­
tively after their investigation was com­
plete or when the evaluation was not 
standardized. For example, in a retro­
spective analysis or disease manifesta­
tions in 68 patients with lumbar spinal 
stenosis , the investigators do not de-
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scribe the search for clinical findings in 
enough detail for us to judge how well 
they protected against biased ascertain­
ment. 32 Ordinarily, a prospective study 
of clinical manifestations of disease will 
provide more credible results than a ret­
rospective study. 

Spittell et al4 r etrospectively re­
viewed the charts of their patients after 
the clinical evaluations were com­
pleted. The diagnostic workup of these 
patients is not described el'qJ\icitly. The 
tables of results include much detail 
about the clinical examination, suggest­
ing a careful approach, but uncertainty 
remains about whether the investiga­
tors avoided bias during workup. 

Were the Clinical Manifestations 
Classified by When and How They 
Occurred? Clinical manifestations of 
disease can range from the permanent 
to the Oeeting. They can occur early, late, 
or throughout the course of the dis­
ease. The most complete information 
about the timing of disease manifesta­
tions might be obtained if the investi­
gators began collecting data the instant 
the disease starts in each patient and con­
tinued collecting through the end of the 
illness. Since knowing this "zero time" 
with certainty L<; impossible for most dis­
eases, investigators can use the next 
strongest approach, that of targeting all 
findings that occur from the onset of pa­
tients' first symptoms of this illness epi­
sode. Studies that do not start collect­
ing at the beginning of the episode, or 
that do not report the timing of evalu­
ation relative to symptom onset, may 
have inadvertently missed findings, and 
our confidence in their va lidity de­
creases. For instance, in a study of the 
clinical manifestations in 92 patients 
with fata l pulmonary embolism, inves­
tigators recorded finclings for just the 24 
hours before death, so they may have 
missed transient but important clues to 
the diagnosiS that occurred before then.30 

Studies of this type also can describe 
qualitative findings that are useful in 
clinical diagnosis, particularly when trig­
gering initial diagnosti.c hypotheses. For 
instance, the pain of aorti.c dissection is 
often described as a tearing or ripping 
sensation that is located in the center of 

the torso and reaches maximal inten­
sity quite qUickly. IS Just as with the tem­
poral aspects, these qualitative descrip­
tions are more credible if they were 
gathered deliberately and carefully. 

Spittel! et al4 describe the clinical 
manifestations of dissection at plTsen­
tation for patients "vi.th both acute and 
chronic aortic dissection. They also de­
scribe the location of pain in relation to 
the site of dissection, ule various clus­
ters of pain with other findings, along 
with unusual findings such as hoarse­
ness and dysphagia. Thus, despite the 
retrospective deSign, the investigators 
appear to have classifi ed the temporal 
and qualitative features accurate ly 
enough to provide valid results for pa­
tients with acute dissection. 'Ne may be 
less confident in the results for ch ronic 
dissection, since early findings might 
have been missed. 

What Were the Results? 

How Frequent Were the Clinical Mani­
festations of Disease? Studies of clini­
cal manifestations of disease often dis­
play the main results in a table listing 
the clinical findings, along with the num­
ber and percentages of patients with each 
of those manifestations. Since patients 
usually have more than 1 finding, these 
proportions are not mutually exclu­
sive. Some studies also report the num­
ber of patients "vith any of the findings , 
either in total or by particular group. 

Spittel! et al 4 report that 168 pa­
tients (74%) initially had acute onset of 
severe pain , 35 (15%) were asymptom­
atic but had abnormal ch est radio­
graph findings , and 15 (6 .3%) experi­
enced cardiac arrest or sudden death. Of 
the 235 patients, 217 (92.3%) had a car­
diac examination recorded; 22 (11%) 
had munnurs of aortic regurgitation de­
tected. Pulse deficits were uncommon , 
occurring in 14 (6%) patients. Thus, the 
diagnostic sensitivity of pulse deficit is 
only 6%, so that using pulse deficits to 
exclude dissection would lead to miss­
ing 94% of cases. 

How Precise Were These Esti­
mates of Frequency? Even when valid , 
these measured frequencies of findings 
are only estimates of the true frequen-
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cies. You can examine the precision of 
these estimates using their confidence 
intervals (CIs) . If the authors do not pro­
vide the CIs for you, you can calculate 
95% CIs with the following fommla: 

95% CI = P ± 1.96 X J(p [1 - p))/n 

Here p is the proportion of patients with 
the finding of interest, and 11 is the num­
ber of patients in the sample.33 This for­
mula becomes inaccurate when the 
number of cases is 5 or fewer, so ap­
proximations have been developed for 
this situation. 34 .35 

For instance, consider the clinical 
finding of pulse deficit, found in 14 of 
the 217 patients in whom it was sought 
by Spiuell et al. 4 Using the above for­
mula, we would start wi1h p=0.06, (1-
p)=0.94, and n=217; this yields a CI of 
0.06 +/- 0.03. Thus, the most likely fre­
quency of pulse deficit is 6%, and it may 
range between 3% and 9%. 

Whether you consider the CIs suf­
ficiently precise depends on how you 
expect to use the information. For ex­
ample, for a finding that occurs in 50% 
of cases, you might examine for it but 
not plan to use its absence to exclude 
the diagnosis. If the CI for this esti­
mate ranged from 30% to 70%, it would 
not change your expected use of the in­
formation , so the result may be pre­
cise enough. On the other hand, for a 
finding that occurs in 98% of patients, 
you might hope to use its absence to 
help you rule out the diagnosis. If the 
CI for this estimate ranged from 80% 
to 100% (half of the prior 40-point 
range), it could mean that using this 
finding to exclude the diagnosis might 
lead you to miss up to 20% of patients. 
Such a result would be too imprecise 
to rule out this disorder. 

When and How Did These Clinical 
Manifestations Occur in the Course of 
Disease? Research on the clinical mani­
festations of disease can yield addi­
tional inSights beyond the frequency of 
findings. Some studies will report on the 
temporal sequence of symptoms, char­
acterizing symptoms as presenting, 
prompted patients to seek care; COI1-

curring, did not prompt care but were 
present initially; or eventual, not pres-

ent initially, but found subsequently. 
For instance, in 100 patients with pan­
creatic cancer, investigators described 
weight loss and abdominal pain as pre­
senting manifestations in 75 and 72 pa­
tients, respectively, while jaundice, 
commonly taught as a key presenting 
sign, was found in only 24 patientsY' 
In addition to chronology, such stud­
ies can also describe the location, qual­
ity, intensity, aggravating and alleviat­
ing factors, situational context, and 
associated findings for important mani­
festations . 

Spittell et al4 describe in detail the 
symptoms at initial assessment, both as 
individual findings and in clusters (their 
Tables 3, 6, and 7). The authors also de­
scribe the location of pain and its as­
sociation with the site of dissection 
(their Tables 4 and 5). The delayed 
manifestations are not described in 
much detail. 

Will the Results Help Me 
in Caring My Patients? 
Are the Study Patients Similar to My 
Own? This question is about whether 
the clinical setting and patient charac­
teristics are similar enough to yours to 
allow you to extrapolate the results to 
your practice. The closer the match, the 
more confident you can be in apply­
ing the results. Ask yourself whether the 
setting or the patients are so different 
from yours that you cannot use the re­
sults.37 Do your patients come from a 
geographic, demographic, cultural, or 
clinical group that you would expect to 

differ importantly in the ways in which 
this particular disorder is expressed? 
For instance, the presenting symp­
toms of acute myocardial infarction 
were found to differ with advancing pa­
tient age, when studied in 777 elderly 
hospitalized patients; syncope, stroke, 
and acute confusion were more com­
mon and were sometimes the sole pre­
senting symptom.29 

Spittel! et al t studied patients who 
were seen at the Mayo Clinic with aor­
tic dissection. The referral filters through 
which pati ents arrived are not de­
scribed, although you know that Mayo 
provides community hospital care for 

Olmsted County residents along ,'lith re­
ferred care for others. Of the 235 pa­
tients, 158 (67%) were men , like your 
patient. The study patients ranged in age 
[rom 17 tu 94 years, with a mean age 
very close to your patient. The patients 
are not described with respect to comor­
bid conditions, socioeconomic status , 
race, or cultural background. Thus, 
while some uncertainty remains, these 
patients are suffiCiently similar to the pa­
tient in the scenario tl,at the results could 
be extrapolated. 

Is It Unlikely That the Disease Mani­
festations Have Changed Since This Evi­
dence Was Gathered? As time passes, 
evidence about the clinical manifesta­
tions of disease can become obsolete. 
New diseases can arise and old diseases 
can present in new ways. New disease 
taxonomies can be built, changing the 
borders between disease states. Such 
events can so alter the clinical manifes­
tations of disease that previously valid 
studies may no longer be applicable to 
current practice. For example , con­
sider how much the arrival of human im­
munodefiCiency virus disease has 
changed our concept of pneumonia 
caused by PnfLln10cystis carinii ]S,39 

Similar changes can occur as the re­
sult of progress in health science or 
medical practice. For instance, early de­
scriptions of Clostridium diffieile infec­
tion emphasized severe cases of life­
threatening colitis. As diagnostic testing 
improved and awareness of the infec­
tion widened, milder cases were docu­
mented and a broader variety of pre­
senting manifestations was recognized. to 

Treatment advances can change the 
course of cUsease so that previously com­
mon clinical manifestations might be­
come less fr equent. Also, n ew treat­
ments bring the chance of new iatrogenic 
disease, which may combine with un­
derlying diseases in new ways. 

The study by Spittel! et al4 was pub­
lished in 1993 and reports on patients 
seen from 1980 to 1990. You know of 
no new diseases arising since then that 
would change the clinical features of 
dissection. Both testing for suspected 
dissection and treatment for hyperten­
sion (major risk factor for dissection) 
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have changed during this peliod, but 
you expect they would not change the 
presenting clinical features of acute dis­
section. 

RESOLUTION OF 
THE SCENARIO 

Based on the evidence from Spittell et 
al,4you and the resident agree notto use 
the absence of pulse deficit to rule out 
aortic dissection. Given the presence of 
the aortietegurgitation murmur and the 
diastolic hypotension, along with the pa­
tient's known lisk and the absence of 
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CLINICAL SCENARIO 
A senior resident, a junior attending, a 
senior attending, and an emeritus pro­
fessor were discussing evidence-based 
medicine (EBM) over lunch in the hos­
pital cafeteria. 

"EBM," announced the resident "vith 
some passion, "is a revolutionary devel­
opment in medical practice." She went 
on to describe EBM's fundamental in­
novations in solving patient problems. 

"A comp elling expos ition," re­
marked the emeritus professor. 

"Wait a minute," the junior attend­
ing exclaimed, also with some heat, and 
presented an alternative position stat­
ing that EBM merely provided a set of 
additional too Is for traditional ap­
proaches to patient care. 

"You make a strong and cOllvincing 
case ," the emeritus professo r com­
mented. 

"Wait a minute," the senior attend­
ing exclaimed to her older colleague, 

See also Patient Page. 

This series provides clinicians with strategies and tools to interpret and in­
tegrate evidence from published research in their care of patients. The 2 key 
principles for applying all the articles in this series to patient care relate to 
the value-laden nature of clinical decisions and to the hierarchy of evidence 
postulated by evidence-based medicine. Clinicians need to be able to dis­
tinguish high from low quality in primary studies, systematic reviews, prac­
tice guidelines, and other integrative research focused on management rec­
ommendations. An evidence-based practitioner must also understand the 
patient's circumstances or predicament; identify knowledge gaps and frame 
questions to fill those gaps; conduct an efficient literature search; critically 
appraise the research evidence; and apply that evidence to patient care. How­
ever, treatment judgments often reflect clinician or societal values concern­
ing whether intervention benefits are worth the cost. Many unanswered ques­
tions concerning how to elicit preferences and how to incorporate them in 
clinical encounters constitute an enormously challenging frontier for evidence­
based medicine. Time limitation remains the biggest obstacle to evidence­
based practice but clinicians should seek evidence from as high in the ap­
propriate hierarchy of evidence as possible, and every clinical decision should 
be geared toward the particular circumstances of the patient. 
lAMA. 2000;284:1290·1296 

"their positions are diametrically op­
posed. They can't both be right. " 

The emeritus professor looked 
thoughtfully at the puzzled physician 
and, with the barest hint of a smile, re­
plied, "Come to think of it, you're right 
too ." 
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Cook) and Medicine (Drs Haynes and Jaeschke), 
M cMaster University, Hamilton, Ontario; Depart­
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Medicine, Wake-Forest University School of Medi­
cine, Winston-Salem, NC (Dr Wilson) ; and Depart­
ments of Ambu latory Care and Research, South 
Texas Veterans Health Care System and Medicine, 
Universi ty of Texas Health Sciences Center, San 
Antonio (Dr Richardson) . 
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INTRODUCTION 
Evidence-based medicine , the ap­
proach to clinical care that underlies the 
24 Users' Guides to the Medical Litera­
ture, whichJAMA has published dur­
ing the last 8 years,l is about solving 
clinical problems. The Users' Guides 

The original list of members with affiliations ap­
pears in the first article of the series (lAMA. 1993; 
270:2093-2095). A list of new members appears in 
the 10th art icle of the se ries (lAMA. 1996;275: 
1435-1439). The following member of the Evidence­
Based Medicine Working Group contributed to this 
article: Anne Holbrook, MD, MSc. 
Corresponding Author and Reprints: Gordon H. Guy­
att, MD, MSc, Department of Clinical Epidemiology 
and Biostatistics. Room 2C12 . 1200 Main St W, 
McMaster University Faculty of Health Sciences, Hamil­
ton, Ontario, Canada L8N 3Z5. 
Users' Guides to the Medical Literature Section Edi­
tor: Drummond Rennie, MD, Deputy Editor. 
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provide clinicians with strategies and 
tools to interpret and integrate evi­
dence from published research in their 
patient care. As we developed the Us­
ers' Guides, our understanding ofEBM 
has evolved. In this article, since we are 
addressing physicians, we use the term 
EBM but what we report applies to all 
clinical care provisions and the rubric 
"evidence-based health care" is equally 
appropriate. 

In 1992, in an article that provided 
a background to the Users' Guides, we 
described EBM as a shift in medica l 
paradigms 2 In contrast to the tradi­
tional paradigm, EBM acknowledges 
that intu ition , unsystematic clinical ex­
perience, and pathophysiologic ratio­
nale are insufficient grounds for clini­
cal decision making, and stresses the 
examination of evidence from clinical 
research. The philosophy underlying 
EBM suggests that a fonnal set of rules 
must complement medical training and 
common sense for clinicians to effec­
tively interpret the results of clinical re­
search. Finally, EBM places a lower 
value on authority than the traditional 
paradigm of medical practice. 

While we continue to find the para­
digm shift a valid way of conceptual­
izing EBM, as the scenalio suggests, the 
world is often complex enough to in­
vite more than 1 useful way of think­
ing about an idea or a phenomenon. In 
this article, we describe the 2 key prin­
ciples that clinicians must grasp to be 
effective practitioners of EBM. One of 
these relates to the value- laden nature 
of clinical decisions; the other to the hi­
erarchy of evidence postulated by EBM. 
We will also comment on additional 
ski lls necessary for optimal clinical 
practice and we conclude with a dis­
cussion of the challenges facing EBM 
in the new millennium. 

TWO FUNDAMENTAL 
PRINCIPLES OF EBM 

An evidence-based practitioner must be 
able to understand the patient's cir­
cumstances or predicament (includ­
ing issues such as social supports and 
financ ial resources); to identify knowl­
edge gaps, and frame questions to fill 
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those gaps; to conduct an efficient lit­
erature search; to ctiticaUy appraise the 
research evidence; and to apply that evi­
dence to patient care 3 The Users' 
Guides have dealt with the framing of 
the question in the scenarios, with 
searching the literature,4 with apprais­
ing the literature in the "Validity" sec­
tion, and with applying the evidence in 
the "Results" and "Applicability" sec­
tions. Underlying these steps are 2 fun­
damental principles. One, relating pri­
marily to the assessment of validity , 
posits a hierarchy of evidence to gUide 
clinical decision making. Another, re­
lating primarily to the application of evi­
dence, suggests that decision makers 
must always trade off the benefits and 
risks, inconveni.ence, and costs associ­
ated with alternative management strat­
egies, and in doing so consider the pa­
tient's values 5 In the sections that 
follow, we will discuss these 2 prin­
Ciples in detail. 

Clinical Decision Making: 
Evidence Is Never Enough 

Picture a patient with chronic pain due 
to terminal cancer who has come to 
terms with her condition, has re­
solved her affairs and said heT good­
byes, and wishes only palliative therapy. 
The patient develops pneumococcal 
pneumonia. The evidence that antibi­
otic therapy reduces morbidity and 
mortality due to pneumococcal pneu­
monia is strong. Almost all clinicians 
would agree that this strong evidence 
does not dictate that this patient re­
ceive antibiotics. Despite the fact that 
antibiotics might reduce symptoms and 
prolong the patient's life, her values are 
such that she would prefer a rapid and 
natural passing. 

Picture a second patient, an 85-year­
old severely demented man, inconti­
nent , contracted and mute, without 
family or friends, who spends his day 
in apparent discomfort. This man de­
velops pneumococcal pneumonia. 
While many clinicians would argue that 
those responsible for this patient's care 
should not admi nister antibiotic therapy 
because of his circumstances, others 
would suggest they should. Once again, 

evidence of treatment effectiveness does 
not automatically imply that treat­
ment be administered. The manage­
ment decision requires a judgment 
about the trade-off between risks and 
benefits, and because values or prefer­
ences differ, the best course of action 
will vary between patients and be­
tween clinicians. 

Picture a third patient, a healthy 30-
year-old mother of 2 children who de­
velops pneumococcal pneumonia. No 
clinician would have any doubt about 
the wisdom of administering antibi­
otic therapy to this patient. This does 
not mean that an underlying value judg­
ment has been unnecessary. RaUler, our 
values are suffiCiently concordant, and 
the benefits so overwhelm the risks that 
the underlying value judgment is un­
apparent. 

In current health care practice,judg­
ments often reOect clinician or soci­
etal values concerning whether inter­
vention benefits are worth the cost. 
Consider the decisions regarding ad­
ministration of tissue-type plasmino­
gen activator vs streptokinase to pa­
tients with acute myocardial infarction , 
or clopidogrel vs aspirin to patients with 
transient ischemic attack. In both cases, 
evidence from large randomized con­
trolled trials (RCTs) suggests the more 
expensive agents are , for many pa­
tients , more effective. In both cases , 
many authoritative bodies recom­
mend first-line treatment with the less 
effective drug, presumably because they 
believe society's resources would be bet­
ter used in other ways. Implicitly, they 
are making a value or preference judg­
ment about the trade-off between deaths 
and strokes prevented, and resources 
spent. 

By values and preferences, we mean 
the underlying processes we bring to 
bear in weighing what our patients and 
our society will gain or lose when we 
make a management decision. A num­
ber of the Users' Guides focus on how 
clinicians can use research results to 
clearly understand the magnitude of po­
tential benefits and risks associated WiUl 
alternative management strategies 6

-
10 

Three Users' Guides focused on the pro-
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Table 1. A Hierarchy of Strength 
of Evidence for Treatment Decisions 

N of 1 randomized trial 
Systematic reviews of randomized trials 
Single randomized trial 
Systematk; review of observational studies 

addressing patient-important outcomes 
Single observational study addressing 

patient-important outcomes 
Physiologic studies 
Unsystematic clinical observations 

cess of ba lancing those benefits and 
risks when using treatment recommen­
dations l1

·'2 and in making individual 
tTeatment decisions. 13 The explicit enu­
meration and balancing of benefits and 
risks brings the underlying value judg­
ments involved in making manage­
ment decisions into bold relief. 

Acknowledging that values playa role 
in every important patient care deci­
sion highlights our limited understand­
ing of eliciting and incorporating soci­
etal and individual values. Health 
economists have played a major role in 
developing a science of measuring pa­
tient preferences. 14.15 Some decision aids 
are based on the assumption that if pa­
tients truly understand the potential risks 
and benefits, their decisions will reHect 
their preferences. 16 These develop­
ments constitute a promising start. Nev­
ertheless, many unanswered questions 
conceming how to elicit preferences, and 
how to incorporate them in clinical en­
counters already subject to crushing time 
pressures, remain. Addressing these is­
sues constitutes an enormously chal­
lenging frontier for EBM. 

A Hierarchy of Evidence 

What is the nature of the evidence in 
EBM? We suggest a broad definition: 
any empirical observation about the ap­
parent relationship between events con­
stitutes potential evidence . Thus, the 
unsystematic observations of the indi­
vidual clinician constitute one source 
of evidence, and physiologic experi­
ments another. Unsystematic clinical 
observations are limited by small sample 
size and, more importantly, by limita­
tions in human processes of making in­
ferences. 17 Predictions about interven­
tion effects on clinically important 
outcomes from phYSiologic experi-

ments are usually right, but occasion­
ally disastrously wrong. Recent ex­
amples include an increase in mortality 
with administration of growth hor­
mone in critically ill patientsl8; of com­
bined vasodilators and inotropes ib­
opamine 19 and epoprostonoPO in 
patients with congestive heart failure 
(CHF); and of beta-carotene in pa­
tien ts with previous myocardial in­
farction, 21 as well as the mortality­
reducing effect of l3-blockers22 despite 
long-held beliefs that their negative ino­
tropic action would harm CHF pa­
tients. Observational studies are inevi­
tably limited by the possibility that 
apparent differences in treatment ef­
fect are really due to differences in pa­
tients' prognosis in the treatment and 
control groups. 

Given the limitations of unsystem­
atic clinical observations and physi­
ologic rationale, EBM suggests a hier­
archy of evidence. TABLE 1 presents a 
hierarchy of study designs for issues of 
treatment. Different hierarchies are nec­
essary for issues of diagnosis or prog­
nosis. Clinical research goes beyond un­
systematic clinical observation in 
providing strategies that avoid or at­
tenuate the spurious results. Because 
few, if any, interventions are effective 
in all patients , we would ideally test a 
treatment in the patient to whom we 
would like to apply it. Numerous fac­
tors can lead clinicians astray as they 
try to interpret the results of conven­
tional open trials of therapy, which in­
clude natural history, placebo effects , 
patient and health worker expecta­
tions , and the patient's desire to please. 

The same stTategies that minimize bias 
in conventional trials of therapy involv­
ing multiple patients can guard against 
misleading results in studies i.nvolving 
Single patientsB ln the N of 1 RCT, pa­
tients undertake pairs of treatment pe­
riods in which they receive a target tTeat­
ment in 1 period of each pair, and a 
placebo or alternative in the other. Pa­
tients and clinicians are blind to alloca­
tion, the order of the target and control 
are randomized, and patients make 
quantitative ratings of their symptoms 
during each period. The N of 1 RCT con-

tinues until both the patient and clini­
cian conclude that the patient is , or is 
not, obtaining benefit from the target in­
tervention. N of 1 RCTs are unsuitable 
for short-term problems; for therapies 
that cure (such as surgical proce­
dures); for therapies that act over long 
periods of time or prevent rare or unique 
events (such as stroke, myocardial in­
farction, or death); and are possible only 
when patients and clinicians have the in­
terestand time required. However, when 
the conditions are right, N of 1 RCTs are 
feasible ,24.25 can prOVide definitive evi­
dence of treatment effectiveness in 
individual patients, and may lead to 
long-term differences in tTeatment ad­
mi nistration. 26 

When considering any source of evi ­
dence about treatment other than N of 
1 RCTs, clinicians are generalizing from 
results in other people to their pa­
tients , inevitably weakening infer­
ences about treatment impact and in­
troducing complex issues of hmN trial 
results app ly to individuals. Infer­
ences may nevertheless be strong if re­
sults come from a systematic review of 
methodologically strong RCTs with 
consistent results and are generally 
somewhat weaker if we are dealing with 
only a single RCT unless it is large and 
has enrolled a diverse patient popula­
tion (Table 1). Because observational 
stuelies may underestimate or more 
typically overestimate treatment ef­
fects in an unpredictable fashion ,n.28 
their results are far less trustworthy than 
those ofRCTs. PhYSiologic studies and 
unsystematic clinical observations pro­
vide the weakest inferences about treat­
ment effects. The Users' Guides have 
summarized how clinicians can fully 
evaluate each of these types of stud­
ies. 29-31 

Th.is hierarchy is not absolute. If treat­
ment effects are suffiCiently large and 
consistent, for instance, observational 
studies may proVide more compelling 
evidence than most RCTs. Observa­
tional sLUdies have allowed extremely 
strong inferences about the efficacy of 
insulin in diabetic ketoacidosis or hip 
replacement in patients with debilitat­
ing hip osteoarthritis. At the same time, 
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instances in which RCT results contra­
dict consistent results from observa­
tional studies reinforce the need for cau­
tion. A recent striking example comes 
from a large, well-conducted RCT of 
honnone replacement therapy as sec­
ondary prevention of coronalY artery 
disease in postmenopausal women . 
While the dramatically positive re­
sults of a number of observational stud­
ies had suggested the investigators 
would find a large reduction in risk of 
coronalY events with honnone replace­
ment therapy, the treated patients did 
no better than the control group 3 2 De­
fining the extent to which clinicians 
should temper the strength of their in­
ferences when only observational stud­
ies are available remains one of the im­
portant challenges for EBM. The 
challenge is particularly important given 
that much of the evidence regarding the 
harmful effects of our therapies comes 
from observational studies. 

The hierarchy implies a clear course 
of action for physicians addressing pa­
tient problems-they should look for 
the highest available evidence from the 
hierarchy. The hierarchy makes it clear 
that any statement to the effect that 
there is no evidence addressing the ef­
fect of a particular treatment is a non 
sequitur. The evidence may be ex­
tremely weak-the unsystematic ob­
servation of a Single clinician, or gen­
eralization from only indirectly related 
physiologic studies-but there is al­
ways evidence. Having described the 
fundamental prinCiples of EBM, we will 
briefly comment on additional skills 
that clinicians must master for opti­
mal patient care, and their relation­
ship to EBM. 

CLINICAL SKILLS, HUMANISM, 
SOCIAL RESPONSIBILITY, 
AND EBM 

The evidence-based process of resolv­
ing a clinical question will be fruitful 
only if the problem is appropriately for­
mulated. One of us, a secondary care 
internist, developed a lesion on his lip 
shortly before an important presenta­
tion. He was quite concerned and, won­
dering if he should take acyclovir. He 
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immediately spent 2 hours searching for 
the highest-quality evidence and re­
viewing the available RCTs. When he 
began to discuss his remaining uncer­
tainty with his partner, an experi­
enced dentist, she quickly cut short the 
discussion by exclaiming, "But, my 
dear, that isn't herpes! " 

This story illustrates the necessity of 
obtaining the correct diagnosis before 
seeking and applying research evi­
dence in practice, the value of exten­
sive clinical experience, and the falli­
bility of clinical judgment. The essential 
skills of obtaining a history and con­
ducting a physical examination and the 
astute formulation of the clinical prob­
lem come only with thorough back­
ground training and clinical experi­
ence. The clinician makes use of 
evidence-based reasoning by applying 
the likelihood ratios associated with 
positive or negative physical findings 
to interpret the results of the history and 
physical examination.33 Clinical exper­
tise is further required to define the rel­
evant treatment options before exam­
ining the evidence regarding their 
expected benefits and risks. 

Finally, clinicians rely on their ex­
pertise to define features that affect the 
generalizability of the results to the in­
dividual patient. We have noted that, 
except when clinicians have con­
ducted N of 1 RCTs, they are attempt­
ing to generalize (or, one migh t say, par­
ticularize) results obtained in other 
patients to the individual before them. 
The clinician must judge the extent to 
which differences in the treatment (lo­
cal surgical expertise, or the possibil­
ity of patient noncompliance, for in­
stance), the availability of monitoring, 
or patient characteristics such as age, 
comorbidity, or concomitant treat­
ment may affect estimates of benefit and 
risk that come from the published lit­
erature. The clinician must further con­
sider if the available studies have mea­
sured all important outcomes, if patients 
were followed up for a sufficient length 
of time, and if experimental treatment 
was compared with the most compel­
ling alternatives. While our Users' 
Guide on treatment applicability will 

help clinicians define the general is­
sues that they need to consider when 
advising the individual patient,34 noth­
ing can substitute for clinical exper­
tise in determining the specific consid­
erations relevant to that person. 

Thus, knOwing the tools of evidence­
based practice is necessary but not suf­
ficient [or delivering the highes t­
quality patient care. In addition to 
clinical expertise, the clinician re­
quires compassion, sensitive listening 
skills, and broad perspectives from the 
humanities and social sciences. These at­
tributes allow understanding of pa­
tients' illnesses in the context of their ex­
perience, personalities, and cultures. 

The sensitive understanding of the 
patient links to evidence-based prac­
tice in a number of ways. For some pa­
tients, incorporation of patient values 
for major decisions will mean a full en u­
meration of the possible benefits, risks, 
and inconvenience associated with al­
temative management strategies that are 
relevant to the particular patient. For 
some of these patients and problems, 
this discussion should involve the pa­
tients' family. For other problems, such 
as the discussion of screening with pros­
tate-specific antigen in older male pa­
tients , attempts to involve other fam­
ily members might violate strong 
cultural norms. 

Many patients would be uncomfort­
able with an explicit discussion of ben­
efits and risks, and object to having 
what they experience as excessive re­
sponsibility for decision making placed 
on their shoulders.3; In such patients , 
who would tell us they want the phy­
sician to make the decision on their be­
haH, the physician's responsib ility is to 
develop inSight to ensure that choices 
will be consistent with patients' val­
ues and preferences. Understanding and 
implementing the sort o[ decision mak­
ing process patients desire and effec­
tively communicating the informa­
tion they need requires skills in 
understanding the patient's narrative, 
and the person behind that narra­
tive. 36.37 

Ideally, the technical skills and hu­
mane perspective of evidence-based 
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Table 2. A Hierarchy of Preprocessed 
Evidence 

Primary studies 
Preprocessing involves select ing only 

studies that are both highly relevant and 
with study designs that minimize bias 
and thus permit a high strength of 
inference 

Summaries 
Systematic reviews provide clinicians with 

an overview of all the evidence 
addressing a focused clinical question 

Synopses 
Synopses of individual studies or of 

systematic reviews encapsulate the key 
methodologic details and resul ts 
required to apply the evidence to 
indilAdual patient care 

Systems 
Practice guidelines, clinical pathways, or 

evidence-based textbook summaries of 
a clinical area provide the clinician with 
much of the information needed to guide 
the care of individual patients 

physicians will lead them to become ef­
fective advocates for their patients both 
in the direct context of the health sys­
tem in which they work and in broader 
health policy issues. This advocacy may 
involve changing the system to facili­
tate evidence-based practice; for ex­
ample, improving infrastructure for ac­
cess to high-quality information to 
guide clinicians at the bedside. A con­
tinuing challenge for EBM, and for 
medicine in general , wi.ll be to better 
integrate the new science of clinical 
medicine with the time-honored craft 
of caring for the sick. 

ADDITIONAL CHALLENGES 
FOR EBM 
In 1992, we identified skills necessary 
for evidence-based practice. These in­
cludedthe ability to precisely define a 
patient problem, and what information 
is required to resolve the problem, con­
duct an efficient search of the litera­
ture, select the best of the relevant stud­
ies, apply rules o[ evidence to detennine 
their validity, and to extract the clini­
cal message and apply it to the patient 
problem.! To these we would now add 
an understanding or how the patient's 
values affec t the balance between ad­
vantages and disadvantages of the avail­
able management options, and the abil­
ity to appropriately involve the patient 
in the decision. Studying the process of 
eliciting and understanding patient val-

ues, and the best ways of incorporating 
them in the clinical decision malting pro­
cess, constitutes 1 important challenge 
for EBM. 

Time limitation remains the biggest 
obstacle to evidence-based practice. For­
tunately, new resources to assist clini­
cians are available , and the pace of in­
novation is rapid. One can consider a 
classification of information sources that 
comes with the mnemonic 4S: (1) the 
individual study, (2) the systematic re­
view of all the available studies on a given 
problem, (3) a synopsis of that SUI1l­
maly, and (4) systems of information. 
By systems we mean sununaries that link 
a number of synopses related to the care 
of a panicular patient problem (acute up­
per gastrointestinal tract bleeding) or 
type of patient (the diabetic outpa­
tient) (TABLE 2) . 

Evidence-based selection and sum­
marization is becoming increasingly 
available at each level. Secondary jour­
nals such as ACP Journal Club and Evi­
dence-bas ed Med icine review a large 
number of primary journals and in­
clude only articles that are both rel­
evant and have passed a methodologi­
cal filter. Clinicians can therefore be 
confident that any data they gather from 
these sources is already high on the h i­
erarchy of evidence in Table 1. These 
secondary journals not only restrict 
themselves to studies of superior de­
sign , but present the information as 
structured abstracts that provide a syn­
opsis of the individual studies and sys­
tematic reviews from the primary jour­
nals. The structure of the abstract is 
crucial: evidence-based synopses pro­
vide critical information about a study 
that are necessary for determining va­
lidity and for applying results to incli­
vidual patients. While not always the 
case, these synopses orten provide most 
of the information clinicians need to in­
corporate the resul ts of a new study into 
their clinical practice. 

If there is any chance it may be avail­
able, clinicians whose priority is effi­
cient evidence-based practice should 
seek a high-quality systematic review 
rather than the primary studies address­
ing their clinical question . For issues 

of therapy, published systematic re­
views, including the Cochrane Col­
laboration database, provide a rapidly 
growing repositOlY of clinically useful 
summaries. 

Clinicians often seek answers to 
questions about a whole process of care 
rather than a focused clinical ques­
tion. Rather than "What is the impact 
of digoxin on my CHF patient's lon­
gevity?" the clinician may ask "Can I 
prolong my CHFpatient's life?" or even 
"How can I optimize the management 
of my CHF patient?" lncreasingly, cli­
nicians asking these so rt of questions 
ca n look to high -quality evidence­
based practice gu idelines or eli nical 
pathways to provide, in effect, a seri.es 
of synopses that summarize available 
evidence. The best systems use com­
puter technology to match the patient 
or problem characteristics with an evi­
dence-based knowledge repository and 
provide patient-specific recommenda­
tions. Evidence suggests that these com­
puterized decision support systems may 
change clinician behavior and im­
prove patient outcome38 At the same 
time, we must remember that recom­
mendations can be made only for av­
erage patients , and the circumstances 
and values of the patient before us may 
differ. One way of dealing with this 
might be to bring the tools of decision 
analysis to the bedside. Whatever the 
ultimate solution, this exploration re­
mains a frontier for EBM. 

These developments emphaSize that 
evidence-based practice involves not 
only being able to distinguish high from 
low quality in primary studies, but also 
in systematic reviews, practice guide­
lines, and other integrative research fo­
cused on management recommenda­
tio ns. That is th e reason the Users' 
Guides have included articles that show 
clinicians how to use systematic re­
views,26 decision analyses,;·39 practice 
gUidelines,S,-H) economic analyses,6.!O and 
any articles that make treatment rec­
ommendations.s The summary tables 
from each Users' Guide provide a 
checklist that clinicians can use to en­
sure that synopses of each type of study 
include the key information reqUired 
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to assess both validity and applicabil­
ity to their practice. 

The las t decade has seen publica­
tion of a plethora of high-quality sys­
tematic reviews and there is no slow­
ing in sight. Most practice guidelines, 
however, remain methodologically 
weak.41 Evidence-based systems have 
great potential, and are beginning to ap­
pear. Efficient production of evidence­
based systems of information , increas­
ingly user-friendly synopses, and 
further advances in easy electronic ac­
cess to all levels of evidence-based re­
sources should dramatically increase the 
feasibility of evidence-based practice in 
the next decade. 

This article , and indeed the Users' 
Guides as a whole, have dealt primar­
ily with decision making at the level of 
th e indi vidual patient. Evidence­
based approaches ca n also inform 
health policy making,41 day-to-day de­
cisions in public health, and systems 
level decisions such as those facing 
managers at the hospital level. In each 
of these arenas, EBM can support the 
appropriate goal of gaining the great­
est health benefit from limited re­
sources. On the other hand, evidence 
as an ideology, rather than a focus for 
reasoned debate , has been used as a jus­
tification for many agendas in health 
care, ranging from crude cost-cutting 
to the promotion of extremely expen­
sive technologies with minimal mar­
ginal returns. In the policy arena, deal­
ing with differing va lues poses even 
more challenges than in the arena of in­
dividual patient care. Should we re­
strict ourselves to alternative resource 
allocation within a fixed pool of health 
care resources, or be u-ading off health 
care servi.ces against, for instance, lower 
tax rates for individuals or lower healtll 
care costs for corporations? How should 
we deal with the large body of obser­
vational studies suggesting that social 
and economic factors may have a larger 
impact on the health of populations 
than health care delivery? How should 
we deal with the tension between what 
may be best for an individual, or for the 
society to which that individual be­
longs? The debate about such issues is 
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at the heart of evidence-based health 
policy making, but inevitably has im­
plications for decision making at the in­
dividual patient level. 

CONCLUSION 
The Users' Guides to the Medical lit­
erature provide clinicians with the tools 
to distinguish stronger from weaker evi­
dence, stronger from weaker synthe­
ses, and stronger from weaker recom­
mendations for moving from evidence 
to action. Much of the Users' Guides are 
devoted to helping clinicians under­
stand study results and enumerate the 
benefits, adverse effects, toxic effects, in­
convenience, and costs of tTeatment op­
tions, both for patients in general and 
for individual patients under their care. 
A clear understanding of the principles 
underlying evidence-based practice will 
aid clinicians in applying the Use rs' 
Guides to facilitate their patient care. 
Foremost among these principles are 
that value judgments underlie every 
clinical decision , that clinicians should 
seek evidence from as high in the ap­
propriate hierarchy as possible, and that 
every clinical decision demands atten­
tion to the particular circumstances of 
the patient. Clinicians facile in using the 
Users' Guides "vill complete a review of 
the evidence regarding a clinical prob­
lem "vith the best estimate of benefits and 
risks of management options and a good 
sense of the strength of inference con­
cerning those benefits and risks. This 
leaves clinicians in an excellent posi­
tion for the final-and s till inad­
equately explored-steps in providing 
evidence-based care , which is consid­
eration of the individual patient's cir­
cumstances and values. 
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There are trivial truths and the great truths. The op­
posite of a u'ivial truth is plainly false. The opposite 
of a great truth is also true. 

-Niels Bohr (1885-1962) 
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