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In this issue of Annals, we present seemingly contrasting
information about the search to identify individuals with acute
pulmonary embolism. Our goal is to make sense of this
discordance and offer a pragmatic and patient-centered
approach.
The systematic review and meta-analysis of the pulmonary
embolism rule-out criteria (PERC) by Singh et al1 assesses
almost 14,000 patients from the 11 best-quality studies
performed in 6 countries. The authors observed that the
frequency of missed pulmonary embolism in patients meeting
all 8 PERC criteria was 0.3%. This 1 in 300 result is as close to
ideal as is possible in medicine, allowing us to identify patients
for whom D-dimer testing and imaging can be avoided
altogether.
Because some individuals have previously advocated D-dimer
testing for low-risk pulmonary embolism patients,2 this is an
important advance. Adding D-dimer testing can almost never
help detect a pulmonary embolism in PERC-negative patients,
it increases care time and resource use absent a benefit, and it
may add harm. Experts estimate that 1 radiation-induced cancer
will result from every 2,000 computed tomography (CT)
pulmonary angiograms, with half of such cancers ultimately
fatal.3 Similarly, 1 contrast-induced renal failure will occur for
every 200 such studies, with half of such events ultimately fatal.3
Simply put, pulmonary embolism testing in PERC-negative
patients will almost always lead to more harm than benefit.
Also in this issue, Hennessey et al4 reported a case of a 42year-old woman presenting to an emergency department (ED)
with chest pain, with apparently very low pulmonary embolism
risk, whether applying the Wells score, revised Geneva criteria,
PERC, or unstructured clinical judgment. An inadvertently
ordered D-dimer result was abnormal, and the subsequent CT
pulmonary angiography revealed a saddle embolus; the “needle
in the haystack” was found. So how do we resolve this paradox?
Is PERC effective or isn’t it? Can we avoid extensive testing
seeking pulmonary embolism in low-risk patients? This case
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report underscores how subtle and variable the manifestations of
pulmonary embolism can be. It also confirms that even the best
of us are doomed to periodically miss this diagnosis despite our
best efforts.
The understandable but misguided practice change based on
this case report would be to order more D-dimer tests and CT
pulmonary angiograms. Case reports often highlight anomalies
but should not alone necessarily change practice or thinking.
This patient’s innocuous course before arrival in the ED
underscores that clots— big and small—may not always present
classically, impair functioning, or cause immediate death.
Beyond that, we know that emboli frequently lyse
spontaneously without directed therapy.5 Like virtually all other
conditions, pulmonary embolism diagnosis is challenging in
some patients, and any approach will fail on occasion.
We think the right assimilation of these 2 disparate reports is
simple: Apply your best clinical judgment, with or without
validated bedside tools such as PERC, and then test only when
these guide you in that direction. The prevalence of pulmonary
embolism in Swiss and French patients from the current metaanalysis ranged from 21% to 25%.1 In contrast, the prevalence
of pulmonary embolism in US patients ranged from 2% to
12%,1 diluted because we tested so many more minimal-risk
patients. Yet overall mortality from pulmonary embolism is not
lower in the United States despite the testing.6
Why have US physicians tested much more often for
pulmonary embolism? We have been taught that all pulmonary
emboli are harmful and lurk, ready to incite death.5 Those
reports do not represent current conditions,3,6,7 yet the fear
lingers. Many pulmonary embolism patients have a low risk of
poor outcomes,3,5,7 yet we treat like we test: everyone gets the
full 6 to 12 months of potentially dangerous anticoagulation
despite widely variable risk/reward ratios. Future research
already planned may help us tailor therapy for pulmonary
embolism detected in patients with low-risk presentations or
smaller clot burdens.3,8
Our tort system encourages litigation after unexpected poor
outcomes, and fear of being sued leads us to overlook the
adverse consequences and costs of our “search in all despite the
low yield” approach.9 We overtest despite knowing that our
patients want us to act in their best interests and to make careful
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decisions for them such as we might make for ourselves. This
relentless search—“defensive medicine”—makes us treat our
patients differently than we would treat ourselves and order far
more tests for them.9,10 As observed earlier, this exposes many
patients to risk absent any benefit. One estimate is that the
current US model of testing might ultimately cause 6 times as
many deaths as lives saved.3
So how can emergency physicians make the paradigm shift to
testing substantially less for pulmonary embolism? Follow our
simple 7-step program.

SEVEN-STEP PROGRAM FOR REDUCING
TESTING FOR PULMONARY EMBOLISM
Step 1: Accept That You Cannot Identify All Pulmonary
Emboli
As amply displayed by the case report in this issue,4
emergency physicians must abandon any pretense that they can
identify all pulmonary emboli on a first visit. Each of us will
miss pulmonary emboli, and on rare occasions the outcome will
be poor despite the well appearance. Resign yourself to a more
pragmatic and utilitarian approach.
Step 2: Recognize That Any Strategy That Seeks to Detect
All Pulmonary Emboli Does More Harm Than Good
As discussed, aggressive testing is not beneficial overall but
simply shifts the net risks from the few patients with disease to
the many without.3,6
Step 3: Risk-Stratify and Reduce Your Testing
Identify low-risk patients and don’t initiate a diagnostic
evaluation for pulmonary embolism. PERC is a well-validated
tool for this purpose.1 PERC-negative patients aren’t just low
risk but also ultralow risk. Identifying true zero risk is not
achievable, even with testing.
Don’t like the validated decision aids? No problem. Because
PERC simply mimics unstructured clinical judgment, there is
every reason to believe that the gestalt of a skilled emergency
physician will similarly identify patients whose lower risk of
pulmonary embolism does not warrant the risks of a diagnostic
evaluation.11,12
Step 4: Try “Watchful Waiting”
In the ED, our mindset is to make correct diagnoses on the
spot, whereas most other physicians assess the likelihood of
disease longitudinally. Emergency physicians need to gain more
comfort delaying evaluations for pulmonary embolism and
other diagnoses, a strategy sometimes nicknamed “watchful
waiting”13 or “masterful inactivity.”14
To avoid unnecessary risks of testing, a feasible alternative for
“on-the-fence” patients might simply be a 24-hour recheck either in
the ED or with their regular physician. By then, the lack of disease
may have become obvious, and if the patient is unimproved you
can always test at this second visit. Patient satisfaction with
watchful waiting can be just as high as with immediate testing.13
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We currently do this safely in low-risk venous thrombosis, the
common pulmonary embolism companion.
Step 5: Document Your Medical Decisionmaking
The no-testing strategy can be readily documented on the
medical record: “Given the known potential harms of a
diagnostic evaluation for pulmonary embolism, my clinical
judgment for this patient is that those risks currently outweigh
the likely benefits.” If using watchful waiting, then add:
“Instead, I have asked the patient to be rechecked in 24 hours
(or earlier if worse) to reassess this risk, either in the ED or with
his or her regular physician.”
Step 6: Be Less Afraid of Litigation
Adverse malpractice verdicts occur commonly when
physicians fail to meet a reasonably well-defined standard of care
and when more than a single opportunity is lost. Our
recommendations resolve both of these directly. When that
standard is murky, when the diagnosis is inapparent, and when
the risks of testing are very real (as with pulmonary embolism),
those judging our care will likely understand and support the
physician who is attempting to act in the patient’s best interests.
Moreover, our patients will know we cared for them, especially
if we share our knowledge and concern for their immediate and
long-term safety and well-being.
Step 7: Spread the Word
Educate your trainees, partners, and colleagues about tailored
decisionmaking and the pitfalls of testing “at any cost.” Track
such testing in your continuous quality improvement programs.
Ensure that your local ED logistics effectively facilitate return
visits for watchful waiting.
So that’s the news, both bad and good. That we cannot
consistently diagnose this protean disease safely is bad news.
However, it is good news that the current scientific evidence
supports a strategy of using clinical judgment to substantially
reduce testing for pulmonary embolism. We will not always be
right with individual patients, but aggressive testing for all only
shifts who receives what bad event; it does not decrease harm
universally.
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