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Note from the Editor in Chief: For the past 2 years, the
Evidence-Based Emergency Medicine (EBEM) series has
been published in Annals of Emergency Medicine. Our goal
has been to introduce readers to a more formalized
approach to information analysis. Such analysis is obvi-
ously important because, as physicians, we must carefully
consider the tremendous amount of information accessi-
ble given today’s technology. Valid and relevant informa-
tion is the critical construct in our decisions regarding
patients and their care.

The process of EBEM, including the essential elements,
has been well described in Annals.1 Furthermore, the
application of this process is evident in each of the dis-
cussions on relevant topics subsequently published.
Certainly, by applying this approach, we can improve our
critical thinking. However, no approach, like no human,
is without flaw. In the following Feedback article, Dr.
Jerome Hoffman constructively critiques the process of
EBEM, as well as its application. Annals has chosen to fos-
ter this discussion because it is our responsibility to pre-
sent a balanced assessment of the benefits and liabilities
of any information published in the journal, especially
when so critical to patient care.

Annals will continue to publish the EBEM series; the
approach is solid and the outcome is beneficial when
carefully considered. Any process that helps us, as clini-
cians, approach 100% assurance is obviously desirable.
However, only one thing in medicine is certain—there is
no certainty. Caveats exist for any analytical approach,
and EBEM is no exception. Information obtained through
this approach is most useful when it is considered along
with our knowledge base, experience, and gestalt regard-
ing the patient. In the end, though, the ultimate test is if
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you or your loved one is the patient. Statistical analysis
based on the population as a whole becomes relatively
meaningless. It becomes very personal; the N is 1. Only
100% certainty is acceptable. Approaching this level
requires all of our knowledge, skills, and instincts, and
EBEM is another tool for us to use properly.
1. Rowe BH, Klassen T, Wyer PC. One is the only number that you’ll ever need! Ann Emerg
Med. 2000;36:520-523.

[Hoffman JR. Computed tomography for subarachnoid
hemorrhage: what should we make of the “evidence”? Ann
Emerg Med. March 2001;37:345-349.]

Long before it acquired the unimpeachable name of “evi-
dence-based medicine” (EBM), the discipline generally
referred to as “clinical epidemiology” offered practition-
ers important tools to help understand the analysis and
application of information in the decisionmaking process.
Sophistication about prior probability, criterion standards,
likelihood ratios, Bayes’ theorem, or treatment thresholds
could help a clinician with all sorts of clinical decisions,
ranging from whether a new drug is better than an older
one, to when to order a CBC count or a computed tomo-
graphic (CT) scan, to how to narrow a differential diagno-
sis. With the advent of the “information revolution,”
allowing for rapid access to all manner of published data,
these important tools and concepts have developed and
transformed somewhat into the EBM movement, which
also appropriately emphasizes the pitfalls associated with
making judgments in the absence of real evidence.

Although the value of proper application of knowledge
derived from research seems straightforward and self-
evident, the issues become less clearcut when we try to
define both what constitutes “evidence,” and the method-
ology for applying it to individual patients, as several arti-
cles in Annals have made clear. Rowe et al1 nicely presented
the need for an EBM construct in clinical medicine, and
some of the reasons why old-fashioned reliance on experts,
or anecdote, or personal experience, can be terribly mis-
leading. They stress the notion of “best evidence,” with
the randomized controlled trial at the top of a “hierarchy
of evidence.” But as Schriger2 noted in his counterpoint,
the idea that “evidence” is binary—either 100% grade A
true, or 0% useless—makes no sense, and any system that
treats it as such is doomed to failure.

Without revisiting their discussion of EBM in detail,
“evidence” from (even excellent) research can be quite
misleading, and anecdote, experience, expertise, and
judgment, for all their imperfections, must always play a
fundamental role in clinical reasoning. Furthermore,
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although the principles of EBM can help us be better clini-
cians, its limitations are most obvious when we try to use
it as a path to the “truth,” replete with precise mathemati-
cal calculations. Yet this is exactly what the series of exer-
cises in Annals called “Evidence-Based Emergency Medi-
cine,” with literature searches to hunt down sensitivity
and specificity, and instructions on “how to” calculate
posterior probability, is all about. The November 2000
article by Edlow and Wyer3 was a wonderful example,
because it is about as good an attempt to make sense of
this process as is possible, and yet the accuracy of its cal-
culations can and should be challenged at multiple points
along the way.

Edlow and Wyer3 began by suggesting that their hypo-
thetical patient has a prior probability of subarachnoid
hemorrhage (SAH) of 15%. They base this claim on the
selective citation of 2 (out of many) published case series—
although nonsystematic use of the literature is itself a vio-
lation of one of the core principles of EBM. The authors
are forced to do this, because there is in fact no good way
to know the truth. The many and various reports (includ-
ing the 2 cited) are easily challenged on methodologic
bases, and the numbers they provide vary widely, even
including a prior probability of 68% in 1 of the 4 articles
ultimately chosen by Edlow and Wyer for analysis of CT
accuracy.4 If we change the prior probability of SAH in the
hypothetical patient to 5%, or conversely to 25%, all sub-
sequent calculations are dramatically altered.

Next, Edlow and Wyer3 tell us that the patient wishes
to set a threshold of less than 1% for ruling out SAH. The
concept of diagnostic and treatment thresholds is critical,
but extremely difficult for most of us (no less most laypeo-
ple) to understand. How many patients know what a 1%
chance really means? Would a patient reach a different
conclusion if we framed the issue differently (“You have a
99% likelihood that everything’s fine”)? Should we change
our approach if a different patient said, “All I want is a bet-
ter than even chance that I’m OK”? And what if a patient
insisted on the impossible threshold of “certainty” (0%
chance of SAH)?

Edlow and Wyer3 then go on to gather the “evidence,”
but reject almost all the articles that they find. They give
us good reasons why the rejected articles do not meet
their a priori criteria, but does that mean there is nothing
we can learn from the many other articles published on
this topic? Or from the numerous small case series of
missed SAH after a false-negative CT scan report (or one
initially interpreted as negative, only to be reinterpreted
as “actually showing a small amount of blood” once the
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SAH, it is surely not 100% (especially in the hands of gen-
eral radiologists); if we use a specificity of 90%, our calcu-
lations, once again, are very different.

Another major threat to the accuracy of the studies cited
is verification bias, or the uncertainty that all the negative
CT scan findings were actually true-negatives. The gold
standard in Morgenstern et al5 was the lumbar puncture
(LP), and Edlow and Wyer3 make a reasonable case for
why this is appropriate, because there are essentially no
false-negative results of LPs for SAH. But the definition of
a “negative” LP result in Morgenstern et al is not a com-
pletely normal LP result, but rather one that failed to meet
arbitrary and unproven cutoffs for total and relative RBC
counts. There were 20 patients with a negative CT scan
interpretation and an LP result that was not normal, but
did not meet the threshold considered to represent SAH;
if even 1 or 2 of these patients actually had a warning leak,
and thus a false-negative CT scan finding, the calculations
become much worse.

Finally, there is the matter of spectrum bias, the nature of
which Edlow and Wyer3 address very well, but the critical
implications of which, regarding the attempt to apply evi-
dence from research to individual patients, in a precise
mathematical manner, they overlook. One of the funda-
mental principles of EBM is that sensitivity and specificity
(unlike predictive values) are independent of the patient
population to whom a test is applied. This is an important
concept, theoretically—but unfortunately, it is not quite
true. The sensitivity of a test may be stable in the entire
universe of patients with the disease in question, but it
changes greatly as the test is applied to subsets of patients
along the spectrum of disease. Thus, a test that detects
most patients with an advanced disease or condition usu-
ally performs far less well in a group with early disease.
(Similarly, specificity changes if the “spectrum” of
“nondiseased” subjects changes in the control group—
more controls “without appendicitis” will have a high
WBC count if the controls are emergency department
patients with acute abdominal pain than if they are a sam-
ple of healthy patients donating blood.)

A serum human chorionic gonadotropin (hCG) test
(one of the most accurate in all of medicine) is about 100%
sensitive for identifying a 4-month normal gestation, but
it is about 0% sensitive at the moment of fertilization. If a
patient came to the ED complaining of 3 missed periods,
morning sickness, and abdominal distention, we would
assign her a fairly high prior probability of a viable intra-
uterine pregnancy. If her hCG test result is negative,
however, we would have to reconsider—because the

terrible rebleeding occurred)? Or from the many similar
anecdotal cases in clinical practice, with at least one of
which most readers are personally aware?

Edlow and Wyer3 do a wonderful job of highlighting
the problems with the extremely limited evidence on
which they do rely (ultimately limited to a single article),
but sometimes proceed to ignore their own cautions.
They discuss the fact that their hypothetical patient may
be different from those included in the cited studies,
although a great deal of their screening of the literature
was an attempt to make the match as close as possible.
Nevertheless, after acknowledging that almost half of
Morgenstern et al’s5 patients had meningismus (but ig-
noring that 40% also had altered mental status—another
factor that makes them extremely different from the hypo-
thetical patient to whom the “evidence” is being applied),
they forge ahead as if this does not matter. The truth is, it
matters greatly, because of spectrum bias.

Edlow and Wyer3 do basically the same thing regard-
ing the important observation that CT scan interpretation
is operator-dependent. First, they note that the cited
studies used faculty neuroradiologists, whose accuracy in
diagnosing SAH is almost certainly far better than that of
most typical community general radiologists. But then,
they ignore the impact this undoubtedly has, in doing
their calculations. (Edlow and Wyer do not acknowledge
other related biases, such as that the authors all set out
with the explicit intent to “prove” how well CT scanning
performs, or that in the other study on which they some-
what rely,4 a CT scan result was defined as true-positive if
any 1 of 3 neuroradiologists identified the SAH. What this
means is that if 2 of 3 neuroradiologists did not detect a
hemorrhage, the authors still counted that as a case where
CT scanning worked.)

Regarding Edlow and Wyer’s3 calculations, they ask
the reader to assume that the CT scan is 100% specific,
because it makes the calculations easier, and because that
is how we are likely to interpret a positive CT scan finding
in actual practice. Given the complex nature of what they
have asked us to do, anything that makes the process eas-
ier is welcome. But because the entire rationale for this
exercise is to calculate a precise mathematical (posterior)
probability of disease, such a glib sacrifice of accuracy
seems strange indeed. It may be reasonable in clinical
practice to act as if all positive CT scan findings are truly
positive, but that does not mean we can pretend that there
are no false-positive CT scan results when we are doing
these calculations. Although there is no available evi-
dence regarding the actual specificity of CT scanning for
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hCG test is so extremely accurate for a (normal) second-
trimester pregnancy that the posterior probability is now
virtually zero. Conversely, if another woman came to the
ED and said she had just had unprotected intercourse 10
minutes ago and was concerned about being pregnant, we
would assign a low prior probability, but a negative hCG
test result would not rule out early pregnancy—in fact, it
would not change the prior probability at all—given the
complete insensitivity of the (very same) test at that stage
in the process.

We do not need “evidence” to know that this is true.
Although there is no evidence about the impact of spec-
trum bias on the sensitivity of CT scanning in SAH, CT
scanning must be far better at detecting lots of subarach-
noid blood than it is at detecting a few milliliters. A lot of
blood causes significant clinical effects, which leads us to
assign a high prior probability of SAH. Consider, for
example, a patient brought to the ED comatose and hemi-
paretic after having suddenly clutched his head, cried out
in pain, vomited, and collapsed. A negative CT scan find-
ing in this patient would be persuasive, because hemor-
rhage would not cause such a severe presentation unless
there were a lot of blood—and CT scanning does not miss
a lot of blood. Conversely, we appropriately assign a low
prior probability of SAH to someone who is awake and
alert, without focal findings, and with only a sudden-
onset headache. Nevertheless, if that patient has an SAH,
it is almost certainly a small one, and not surprisingly it is
precisely in such patients that all the false-negative CT
scan findings are concentrated—a negative CT scan result
in this patient may lower the prior probability hardly at
all. Thus, applying a “sensitivity” of CT scanning based on
how it performed in patients further along the spectrum
of disease severity (with meningismus or altered mental
status) to patients with just a headache must lead to a
drastic overestimate of the use and meaning of a negative
test result. And if that is true, then all the calculations in
this exercise lose their meaning.

Given the many demands on our time, we must ask
how much benefit we derive from any given undertaking.
Slawson et al6 suggested that “usefulness” is equivalent to
the relevance and validity of an activity, divided by the
effort it takes to perform. Readers must surely have been
struck by the massive effort that went into Edlow and
Wyer’s3 analysis, and the fact that it would be suicide for
any of us to try to accomplish this, while working in an
ED, for any single patient. We understand, of course, that
they do not really mean for us to go through the process
while in the ED, or for each of the endless clinical deci-
sions we face. Their real goal, I suspect, is to help us
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understand the process that is involved and reach a rea-
sonable conclusion about the clinical question being
addressed. Both of these are worthy goals, but in each
case, my interpretation is a bit different than theirs.

As to the process, it is clear that “the best available evi-
dence” is flimsy, and the little that exists is not very good.
While waiting for better evidence, an EBM literature
search such as this can be valuable in teaching us about
the clinical topic, and identifying what remains unknown.
The erudite discussion by Edlow and Wyer3 also high-
lighted the tremendous limitations of “the evidence” and
“the literature.” Together, these should convince us of the
folly of trying to do a precise mathematical calculation,
applying largely speculative numbers to a questionable
classic Bayesian formulation, in either the hypothetical
case in their article, or any such case in our own practice.

Absent definitive evidence of the “truth” regarding the
evaluation of sudden-onset headache, what should we do
about CT scanning and LP the next time we see such a
patient? It is clear that CT scanning is not extremely sensi-
tive for SAH overall, and is almost certainly far less sensi-
tive for small SAH—even with the latest scanners, and
even with neuroradiologists as readers, and even in the
context of the controlled environment of a clinical study,
and even with inadequate follow-up and nonuniversal
gold standard tests distorting (favorably) the measured
results, and even with publication bias and proponent
authors trying to prove a point.

So, how should we counsel patients? First, we should
not pretend to know that after a negative CT scan result
“she still has a roughly 2%…chance of having a SAH…
[and] the actual figure could be as high as 4%,” based on
“evidence-based” calculations that are unreliable and
almost certainly inaccurate. We should instead admit that
we cannot provide her with any precise estimates. Then,
based on the really best information we currently have,
we should tell her the following: the only way we could
provide any real assurance that she does not have SAH, a
condition that could soon maim or kill her if we fail to
find it, but which with identification and treatment has an
excellent prognosis, is by doing an LP.

People sometimes argue that any information (evidence)
is better than none at all, but they are wrong, if the infor-
mation misleads us. Similarly, “a little knowledge can be a
dangerous thing,” especially if we pretend it is a lot of knowl-
edge.
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