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Pulmonary embolism is a serious and potentially life-
threatening condition. However, after a timely and accurate di-
agnosis and initiation of appropriate treatment, patients usu-
ally quickly recover and most will have an excellent prognosis.

The diagnosis of pulmonary embolism can be difficult be-
cause patients may present with nonspecific clinical manifes-
tations and typical signs and symptoms frequently are absent.1

In the past few decades, a rapid and reliable diagnosis of pul-
monary embolism has been
made easier with the avail-
ability of high-resolution
computed tomography (CT)

pulmonary angiography (PA). However, because many pa-
tients with clinically suspected pulmonary embolism have al-
ternative diagnoses, such as pulmonary infections, cardiac con-
ditions, pleural disease, or musculoskeletal problems, much
effort has been devoted to develop triage protocols to iden-
tify the right patients who need CTPA to avoid unnecessary
scanning, contrast-induced nephropathy, radiation expo-
sure, cost, and overdiagnosis of small subsegmental clots, of
which the clinical relevance is controversial.2,3 This is becom-
ing more important as the threshold of physicians to consider
the diagnosis of pulmonary embolism is currently much lower,
as illustrated by a decreasing pulmonary embolism preva-
lence in diagnostic management studies. In some studies, pul-
monary embolism was confirmed in less than 10% of patients
in whom the diagnosis was initially suspected.4,5

The absence of elevated levels of D-dimer, a blood test that
indicates clot formation and degradation, has been shown to
reliably exclude pulmonary embolism in patients with a low
probability of pulmonary embolism on clinical grounds. To op-
erationalize and standardize the assessment of clinical prob-
ability, simple and straightforward clinical decision rules have
been developed, using parameters such as age, heart rate, oxy-
gen saturation, recent trauma or surgery, cancer, signs of deep
vein thrombosis, or previous venous thromboembolism.6,7 For
example, the YEARS algorithm combines only 3 clinical param-
eters (clinical signs of deep vein thrombosis, hemoptysis, and
pulmonary embolism as the most likely diagnosis) and, de-
pending on the presence of one of those, a high (1000 μg/L)
or low (500 μg/L) cutoff value for D-dimer is applied.4 A pro-
spective validation cohort study involving 3465 patients con-
firmed that a negative YEARS rule safely excluded pulmo-
nary embolism without the need for CTPA in 46% of patients.8

In this issue of JAMA, Freund et al9 present a further re-
finement of these diagnostic algorithms for suspected pulmo-
nary embolism. In a cluster-randomized noninferiority trial,
the authors investigated a diagnostic strategy in which pa-
tients were first selected as at intermediate risk for pulmo-

nary embolism using a first subjective clinical impression
(“gestalt”) in combination with the pulmonary embolism rule-
out criteria (PERC) rule (which consist of age ≥50 years, pulse
rate of ≥100/min, arterial oxygen saturation of ≤94%, unilat-
eral leg swelling, hemoptysis, recent trauma or surgery, prior
pulmonary embolism or deep venous thrombosis, and exog-
enous estrogen use). Patients were then assessed using the
YEARS rule with an age-adjusted D-dimer threshold (rather
than a fixed normal value) among those without clinical items
(intervention group). This strategy was compared with a more
usual diagnostic workup, ie, D-dimer testing in all patients with
chest imaging for those with levels above an age-adjusted
threshold (control group). The primary end point was venous
thromboembolism at 3 months.

Among the 1414 patients enrolled at 18 emergency depart-
ments in France and Spain, including 1217 (86%) analyzed in the
per-protocol analysis, pulmonary embolism was diagnosed in
100 patients (7.1%). During 3-month follow-up, the failure rate
was very low in both the intervention group (1 patient; 0.15%)
and control group (5 patients; 0.80%) (adjusted difference,
0.64% [1-sided 97.5% CI, −� to 0.21%]), which met criteria for
noninferiority compared with the YEARS rule (according to a
predefined noninferiority margin of 1.35%). Chest imaging was
performed in a significantly lower proportion of patients of the
intervention group (30.4%) than in the control group (40.0%),
and emergency department length of stay was 1.6 hours shorter
in the intervention group than the control group.

The robust data from this methodologically sound trial un-
derscore the safety of both investigated approaches for the ex-
clusion of pulmonary embolism without imaging. It is helpful
that the diagnostic strategies were evaluated in a randomized
design with a control group (albeit based on cluster random-
ization and not individual patient randomization) instead of the
more common single-group management studies in the litera-
ture. The largest advantage of the new algorithm is probably a
reduction of 10% in chest imaging (defined as CT angiography
or ventilation/perfusion scanning) in the diagnostic workup (or
exclusion) of pulmonary embolism.

However, several factors should be considered in the in-
terpretation of the study findings. Although the algorithms
used in this study were not particularly complex, the multi-
step process presented in this trial could complicate the ap-
proach for evaluating suspected pulmonary embolism by busy
emergency department physicians who evaluate and treat pa-
tients with myriad clinical conditions. A diagnostic sequence
that requires a first clinical impression followed by calculat-
ing the PERC rule in patients judged to be at low risk, then an-
other scoring system (YEARS) for PERC-positive patients or
those judged to be at intermediate risk, which is ultimately
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combined with D-dimer testing using a differential thresh-
old, might not be the most practical and easy-to-remember
approach in a busy clinical setting. Moreover, the proposed ap-
proach was only studied in a cohort of patients with a subjec-
tive low or intermediate risk of pulmonary embolism, which
likely explains the rather low pulmonary embolism preva-
lence (about 7%) in this study. The safety of these diagnostic
workups for a group with an a priori higher suspicion of pul-
monary embolism was not validated in this study, but this
subtlety may be easily forgotten in routine clinical practice. It
could be argued that in clinical emergency medicine practice
a simpler approach might be preferred to avoid confusion or
even possible errors.

In addition, patients do not regularly present to the emer-
gency department just to establish or rule out a diagnosis of
pulmonary embolism. Instead, they present to the hospital be-
cause of chest symptoms (eg, pain), shortness of breath, or feel-
ing unwell. Pulmonary embolism is often just one of many pos-
sibilities in the differential diagnosis. While this study shows
that 10% fewer CTPAs were performed, it does not report all
other imaging modalities that might have been used in the pa-
tients to establish or rule out alternative diagnoses. Hence, from
a patient perspective, the benefit of this reduction in diagnos-
tic imaging may be more modest than reported in this study.

CT scans are particularly useful (and more sensitive than
chest x-rays) in the diagnosis of chest infections, pleural dis-
ease, pneumothorax, aortic dissection, and even some car-
diac conditions, such as pericarditis. Thus, a chest CT scan that
does not show a pulmonary embolism may still be highly valu-
able in the diagnostic workup of the patient’s presenting symp-
toms. The study by Freund et al9 (like many other studies that
have focused on the diagnostic workup of pulmonary embo-
lism) does not mention alternative diagnoses and the useful-
ness of CT scans and other imaging modalities in the overall

diagnostic approach to determine an explanation of a pa-
tient’s symptoms and signs.

Overburdening physicians with algorithms that drive clini-
cal decision-making is becoming more and more customary.
While algorithms can be helpful and may generate a more ob-
jective and standardized approach to clinical decisions, they
are also associated with potential disadvantages. Blindly ap-
plying algorithms to every patient may be less appropriate or
even undesirable in specific situations in which deviation from
the rules on clinical grounds is indicated. For example, re-
sults of the present study should not be applied to pregnant
or critically ill patients or those already using therapeutic anti-
coagulation as they were excluded. Hence, the use of algo-
rithms should never obscure (or even prohibit) the use of
common clinical sense and deviation from diagnostic rules in
specific clinical conditions.

Taken together, there is a role for efficient diagnostic al-
gorithms to decrease the use of CTPA in patients with clini-
cally suspected pulmonary embolism. The elegant study by
Freund et al9 shows that this can be achieved by a combina-
tion of clinician gestalt, PERC rule, clinical YEARS items, and
D-dimer testing with a differential threshold (age-adjusted or
fixed high cutoff). However, in the acute clinical setting of
emergency medicine, which is usually busy or even hectic, such
a rather complex approach toward triage for CTPA is not only
time consuming, but may also prove challenging. A simple di-
agnostic approach based on the YEARS algorithm combined
with age-adjusted D-dimer testing in all patients might have
been just as efficient and safe overall, while less burden-
some. Further, from a patient perspective, a negative diagnos-
tic algorithm for pulmonary embolism does not diminish the
physician’s obligation to consider other diagnoses that ex-
plain the symptoms, for which chest CT scans may still be
needed and helpful.
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