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The diagnosis of pulmonary embolism
A. Celi, L. Marconi, L. Villari, A. Palla

Pulmonary embolism (PE) is a common and
potentially life threatening disease. Studies carried
out in the US and in Europe have estimated the in-
cidence of PE at approximately 60-80 cas-
es/100,000 per year [1, 2]. We had previously esti-
mated the incidence of PE in the Pisa (Italy) area
at 100 new cases/100,000 per year [3].

Anticoagulation with heparin or heparin deriv-
atives, usually followed by oral vitamin K antago-
nists, represents an effective and relatively safe
therapeutic approach [4]. Indeed, the landmark re-
port by Barritt and Jordan had shown a clear ben-
efit in terms of survival with early anticoagulation
almost 50 years ago [5]. Nevertheless, bleeding
does occur in patients undergoing anticoagulant
therapy, and is potentially severe [6].

The importance of a prompt and accurate diag-
nosis of PE emerges clearly from the above con-
siderations, since underdiagnosis deprives the pa-
tients of a very effective, potentially life saving
therapy, while overdiagnosis exposes them to un-
justified risk of bleeding. Unfortunately, such goal
is still largely unmet. Data from autoptic series
have shown that a vast majority of PE are not di-
agnosed ante-mortem [7-9]. More recently, the is-
sue of potential overdiagnosis has also been raised,
following the development and widespread use of
sensitive, albeit less specific, diagnostic tools [10].

It has been recognized for a long time that
symptoms and signs of PE have low sensitivities

and specificities [11, 12]. This observation must
not be taken to imply that accurate history and
physical examination are not important, but rather
that they must be used in a rigorous approach, in
combination with laboratory findings and imaging
techniques, to maximize the accuracy of the diag-
nosis.

The suspicion of PE

Based on the obvious principle that a disease
cannot be recognized if it is not considered among
the diagnostic possibilities, raising the suspicion of
PE is the first step in the work-up of this disease
[13]. At this stage, ideally one would want to
achieve a very high sensitivity in order to include
all cases that might benefit from a prompt treat-
ment; only later would a more stringent analysis be
needed to avoid an excessive number of more cost-
ly (both from and economical and a biological
point of view) tests. Thus, any sign, symptom, or
result of a diagnostic test that has been shown to be
associated with PE should be used for the sole pur-
pose of raising the suspicion and enroll the patient
in a more rigorous work-up.

Combining data from numerous studies under-
taken to recognize clinical features suggestive of
PE, including our own [14], a recent meta-analysis
has provided a list of risk factors, signs and symp-

Keywords: Pulmonary embolism, Clinical probability, Lung scan, Computed tomography angiography.

Dipartimento Cardiotoracico e Vascolare, University of Pisa, Italy.

Correspondence: Prof. Antonio Palla, Dipartimento Cardiotoracico e Vascolare Azienda Ospedaliero-Universitaria Pisana Via
Paradisa, 56124 Pisa, Italy; e-mail: a.palla@med.unipi.it

ABSTRACT: The diagnosis of pulmonary embolism. 
A. Celi, L. Marconi, L. Villari, A. Palla.

The diagnosis of pulmonary embolism is challenging,
and autoptic series have demonstrated that a high percent-
age of cases are not recognized ante-mortem. A number of
predisposing factors, symptoms and signs associated with
pulmonary embolism have been recognized, and should be
used to raise the suspicion of the disease. These include im-
mobilization, recent surgery, active cancer, previous throm-
boembolism, syncope, dyspnoea, chest pain, haemoptysis,
signs of deep vein thrombosis, hypocarbic hypoxemia. Once
pulmonary embolism is suspected, the clinical probability
of the disease should be assessed; to this end, three clinical
rules have been proposed and validated (the revised Gene-
va score, the Wells score and the PISA-PED score) while
others await clinical validation. In case of low clinical prob-

ability, a negative a D-dimer test is sufficient to rule out the
diagnosis, while if the clinical probability is high, or the D-
dimer test is positive, further tests are necessary. Computer
tomography angiography or perfusion lung scan are the
imaging tests of choice, depending on local availability and
experience. If the clinical probability and the results of the
imaging test are concordant, a definitive diagnosis can be
obtained; if the results are discordant, further testing is nec-
essary. In particular, in the specific case of a small clot (i.e.
segmental or subsegmental) incidentally recognized at a
computer tomography obtained for other reasons in a pa-
tient without a clinical suspicion of pulmonary embolism,
an occurrence whose frequency is rapidly increasing in clin-
ical practice, a final diagnosis cannot be made without fur-
ther confirmatory testing.
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toms associated with PE [15]. Table 1 lists all the
features with likelihood ratios (LR) greater than 1,
i.e. more frequent in EP patients than in patients
without the disease. It is important to note than
some of the features have LR barely above 1 (e.g.
chest pain, LR 1.07; 95% CI 0.86-1.33) and that
the single symptom with the highest LR is syncope
with a LR of 2.38 (95% CI 1.54-3.69), thus con-
firming the relatively poor performance of clinical
data in the diagnostic process. Once again, these
features are nevertheless of utmost importance in
order to raise the suspicion of PE and submit the
patient to further diagnostic tests. Since respirato-
ry alkalosis with hypoxemia is a common, albeit
non specific, feature in PE [16, 17] an otherwise
unexplained, sudden hypocarbic hypoxemia can
also be used to raise the suspicion of the disease.

Finally, an increase in the circulating levels of
D-dimer, a fibrin degradation product whose role
in the diagnostic process of PE will be discussed in
greater detail later, has been proposed as a legiti-
mate reason to suspect PE in a young individual
with no apparent reasons for increased activation
of the coagulation cascade, such as recent surgery,
injury, trauma, or pregnancy [18]; however, rigor-
ous studies on this topic are not available at this
time.

The assessment of clinical probability

Once a disease has been suspected, and
therefore included in the differential diagnosis,
the typical further step would be to submit the

patient to a definitive diagnostic test, with an ac-
curacy deemed sufficient to confirm or rule out
the diagnosis. With the possible exception of
pulmonary arteriography, that would not be
available for the majority of patients due to its
biological and economic costs [19], such test
does not exist for PE. Rather, it has been repeat-
edly demonstrated that the best approach is to
combine an accurate assessment of the probabil-
ity of the disease estimated on the basis of clini-
cal features (the so called clinical or pre test
probability) with the results of further laboratory
or imaging tests [20, 21].

Numerous studies have addressed the issue of
what is the best way to calculate the clinical prob-
ability. While clinical experience and judgment are
irreplaceable, in this as is most medical fields, pre-
defined scores have been proposed in order to im-
prove the accuracy of the assessment, particularly
by less experienced physicians. Currently, three
such scores have been validated in a sufficient
number of patients to be of clear clinical utility:
the Canadian, or Wells, score [22] (table 2), the re-
vised Geneva score [23] (based on a previous,
more complex one [24]) (table 3), and the PISA-
PED score [20] (table 4). While showing impor-
tant differences, all three approaches divide pa-
tients into low, intermediate and high probability
of disease. Further simplifications of these rules
have been attempted, but at present are still await-
ing prospective evaluation [25, 26]. All these rules
have potential pitfalls, and none is currently con-
sidered clearly better than the others. This situa-
tion has brought a certain lack of confidence in the

Table 1. - Predisposing factors, signs and symptoms associated with PE (modified from [15])

Feature Likelihood ratio 95% confidence interval

Predisposing factors

Thrombophlebitis 2.20 0.44-3.29
Current deep vein thrombosis 2.05 1.12-3.73
Active cancer 1.74 1.17-2.59
Surgery 1.63 1.23-1.12
Past history of venous thromboembolism 1.47 1.11-1.96
Immobilization 1.41 1.20-1.60
Estrogen therapy 1.26 0.88-1.81

Symptoms

Syncope 2.38 1.54-3.69
Sudden dyspnoea 1.83 1.07-3.13
Haemoptysis 1.62 1.23-1.12
Leg pain 1.60 0.94-2.74
Dyspnoea 1.42 1.14-1.78
Chest pain 1.07 0.86-1.33

Signs

Shock 4.07 1.84-8.96
Leg swelling 2.11 1.59-2.79
Tachypnea 1.34 1.15-1.57
Cyanosis 1.34 0.69-2.63
Tachycardia 1.33 0.94-1.88
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application of this rigorous approach, likely limit-
ing its use in clinical practice. Furthermore, the
continuous attempts to modify, improve and sim-
plify these scores make it difficult to complete and
compare the prospective validation studies that are
much needed for a widespread diffusion of this ap-
proach.

D-dimer

Dimerization of D regions originating from
two fibrinogen molecules requires conversion of
fibrinogen into fibrin and subsequent polymeriza-
tion of fibrin; for D-dimers to be released into the
blood stream, the activation of the fibrinolytic
system is then required. Thus, the presence of cir-
culating D-dimers reflects the activation of the
coagulation and fibrinolytic cascades. Accord-
ingly, circulating D-dimer levels have been tested
as potential markers of thromboembolic disorders
[27]. Because numerous conditions can activate
the coagulation and fibrinolytic systems, it is not
surprising that D-dimer levels have shown a high
sensitivity and a low specificity in the diagnostic
work-up of suspected PE. Using an ELISA assay
in a series of outpatients with suspected PE, Per-
rier and coworkers have shown that a cut-off of
500 ng/mL discriminates PE from non PE pa-
tients with an overall sensitivity of 99.5% and a
specificity of 41% [28]. Based on these data, a
role for low levels of D-dimers in ruling out the
diagnosis of PE has been proposed and exten-
sively validated. The current positioning of D-
dimer testing will be discussed in greater detail in
the final paragraph; however, it is important to
notice that the performance of the test varies
greatly depending on the laboratory method used.
Less expensive and/or faster methods, suitable in
the setting of an emergency room for example,
are available but show a lower overall accuracy
compared to the standard ELISA assay [29]. It is
therefore of critical importance that physicians
that prescribe D-dimer testing in the work-up of
suspected PE are aware of the actual assay used
in the laboratory.

Table 2. - Clinical prediction rules for PE: the Wells 
score [22]

Variable Points

Previous deep vein thrombosis or PE 1.5

Recent surgery or immobilization 1.5

Cancer 1

Haemoptysis 1

Heart rate > 100 beats/min 1.5

Clinical signs of deep vein thro mbosis 3

Alternative diagnosis less likely than PE 3

Clinical Probability Total

Low 0-1

Intermediate 2-6

High > 7

Table 3. - Clinical prediction rules for PE: the revised
Geneva score [23]

Variable Points

Age > 65 years 1

Previous deep vein thrombosis or PE 3

Surgery or fracture within a month 2

Active malignancy 2

Unilateral lower limb pain 3

Haemoptysis 2

Heart rate 75-94 beats/min 3

Heart rate > 95 beats/min 5

Pain on lower limb deep vein at palpation 
and unilateral edema 4

Clinical Probability Total

Low 0-3

Intermediate 4-10

High > 11

Table 4. - Clinical prediction rules for PE: the PISA-PED score [20]

High probability:

presence of at least one of three symptoms (sudden onset dyspnoea, chest pain, or fainting) not explained otherwise and
associated with: (1) any two of the following abnormalities: electrocardiographic signs of RV overload, radiographic signs of
oligemia, amputation of hilar artery, or pulmonary consolidations compatible with infarction; (2) any one of the above three
radiographic abnormalities.

Intermediate probability:

presence of at least one of the above symptom s, not explained otherwise, but not associated with the above
electrocardiographic and radiographic abnormalities, or associated with electrocardiographic signs of right ventricular
overload only.

Low probability:

absence of the above three symptoms, or identification of an alternative diagnosis that may account for their presence (e.g.,
exacerbation of COPD, pneumonia, lung edema, myocardial infarction, pneumothorax, and others).
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Imaging: Lung scintigraphy

Ventilation/Perfusion (V/Q) lung scan has
been the mainstay of the diagnosis of PE for
decades [30]. In principle, the sensitivity of the
perfusion scan is very high, since any areas where
blood flow is arrested by an embolus would ap-
pear as perfusion defects. Accordingly, a normal
perfusion scan excludes PE with a negative pre-
dictive value close to 100% [31]. On the other
hand, because other conditions besides PE, in-
cluding tumors, pneumonic consolidations, areas
of disrupted pulmonary circulation due to emphy-
sema, etc., potentially cause perfusion defects, the
specificity of the perfusion scan is low. The addi-
tion of the ventilation scan was proposed in an at-
tempt to increase specificity, on the assumption
that areas with simultaneous reduction of perfu-
sion and ventilation (matching defects) would re-
flect the presence of primarily parenchymal con-
ditions, while only mismatching defects would be
characteristic of PE [30]. While this approach has
rapidly gained widespread diffusion, particularly
in the US, its limits have also become increasing-
ly clear. Sensitivity and specificity, based on the
simplified reading categories proposed by the so
called PIOPED II trial (“PE present”, “PE ab-
sent”, and “nondiagnostic”) are 78% and 98%, re-
spectively, after excluding nondiagnostic read-
ings; however, the latter are very frequent, repre-
senting 27% of total [32]. Also, the very patho-
physiological rationale of the V/Q scan has been
recently questioned on the basis of the existence
of physiological adaptation mechanisms whereby
ventilation is diverted from underperfused areas
to normally perfused areas to minimize ventila-
tion/perfusion inequality and therefore improve
gas exchange [33]. Furthermore, the reabsorption
of surfactant in unperfused regions leads to the
generation of areas of atelectasis that are also ex-
cluded from ventilation [33]. Such phenomena
would therefore greatly limit the utility of the dis-
tinction between matching and mismatching de-
fects. Based on the above considerations, many
centers, including our own [14], have favored the
use of perfusion scans without ventilation; chest
X-rays are used in order to recognize areas of
parenchymal involvement responsible for perfu-
sion defects. This approach has been best formal-
ized in the PISA-PED trial [34]. Besides its al-
leged theoretical advantages, avoiding ventilation
scans also reduces radiation burden, patients’ dis-
comfort, and costs. In a recent retrospective
analysis, data and images from the PIOPED II tri-
al were read using the PISA-PED criteria [35].
Perfusion scans combined with chest X-ray pro-
vided diagnostic accuracy similar to V/Q scans
and computed tomography (CT) angiography (see
below) with lower costs and radiation burdens. Of
particular interest, no perfusion scans were non-
diagnostic, compared to 6% CT angiographies
and 21% V/Q scans. These results prompted the
Authors to conclude that “ventilation scans are su-
perfluous in most patients” [35]. It is likely that
future studies on different diagnostic algorithms

for PE will incorporate perfusion scans in combi-
nation with chest X-ray rather than V/Q scans.

Imaging: Computed tomography

Spiral CT with i.v. injection of an iodinated
contrast material (CT angiography, CTA) [36] has
emerged as a very useful tool in the diagnostic
work-up of patients with suspected PE and has in
fact rapidly become the primary imaging test at
many institutions. Early concern about the low
sensitivity of single slice CTA [37] has been over-
come by the use of multi-detector scanners. Based
on data from the PIOPED II trial, obtained with 4,
8, or 16 row multi-detector scanners, the sensitivi-
ty and specificity of CTA were 83% and 96%, re-
spectively; 6% studies were inconclusive due to
poor image quality [38]. As mentioned before,
these figures are similar to those reported for per-
fusion lung scan combined with chest X-ray, ac-
cording to the PISA-PED criteria, in the same da-
ta set (sensitivity 80%; specificity 97%), although
no lung scans were considered inconclusive [35].
Of note, 22% of patients had contraindications to
CTA either due to elevated creatinine or to allergy
to iodinated contrast material. The sensitivity of
the test could be increased to 90% by adding the
venous phase imaging of the proximal leg veins
(CT venography, CTV), based on the notion that
PE and deep vein thrombosis represent manifesta-
tions of one pathologic process; addition of CTV,
however, also increased the proportion of incon-
clusive studies to 11% [38], as well as the radiation
burden to the patient (see below). It must be
stressed that this study clearly showed that the ac-
curacy of CTA, either alone on in combination
with CTV, depends heavily on the assessment of
clinical probability. While the positive predictive
value of a positive CTA in the presence of high
clinical probability (as assessed by the Canadian
rule) was 96%, it dropped to 58% (57% when CTV
was taken into account) in patients with low clini-
cal probability. Similarly, the negative predictive
value of a negative CTA went from 96% (97% in
combination with CTV) in the presence of low
clinical probability to 60% (82% in combination
with CTV) in patients with high clinical probabili-
ty. These figures clearly demonstrate that
CTA/CTV are of little value without an appropri-
ate estimate of the clinical probability.

As mentioned before, CTA has rapidly gained
widespread use, and available data on its diagnos-
tic accuracy certainly support its use. Furthermore,
when negative for PE, CTA has the advantage of
offering information on other conditions potential-
ly responsible for the patient’s symptoms, al-
though prospective studies aimed at assessing the
actual impact of this added value on the patients’
outcome are not available. Finally, it is likely that
the accuracy of CTA will increase with the devel-
opment of more sophisticated scanners. One con-
cern that has recently emerged, however, is the ra-
diation exposure associated with CTA/CTV. The
calculated effective whole-body dose for a CTA
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varies from 1.6 to 8.3 mSv, while CTV reportedly
causes an effective whole body dose of 5.7 mSv.
Thus, CTA/CTV would cause a radiation exposure
7 to 15-fold higher than a perfusion scan combined
with standard two-view chest X ray (0.9 mSv).
The absorbed dose to the female breast with CTA
has been calculated as 10-50 mGy, compared to
0.28 mGy with a perfusion lung scan; for compar-
ison, the absorbed dose to the breast with standard
two-view mammography is 3 mGy [39].

Diagnostic algorithms

Based on the sensitivity, specificity, positive
and negative predictive values, costs, potential
risks and local availability of the various diagnos-
tic tools, different diagnostic algorithms have been
proposed.

The diagnostic work-up begins with the suspi-
cion of PE, raised on the basis of the presence of
some of the signs, symptoms and risk factors asso-
ciated with the disease. Once PE has been consid-
ered in the differential diagnosis, the clinical prob-
ability should be formally assessed, using one of
the available rules. If the clinical probability, as as-
sessed by either the Canadian or the revised Gene-
va score, is low, a D-dimer test should be ordered.
It has been clearly demonstrated that in the pres-
ence of a “negative” D-dimer test (i.e. a value be-
low the defined threshold for the specific assay
method used) it is safe to withhold anticoagulation
[40-42]. The situation is more complicated when
the clinical probability is intermediate, since only
“high sensitivity”, quantitative D-dimer assay
methods are considered sensitive enough to rule
out the diagnosis of PE in intermediate probability
patients [43]. As mentioned before, physicians
should be aware of the actual assay method avail-
able in the laboratory. In patients with high clinical
probability, the D-dimer test should not be or-
dered, because no result, irrespective of the sensi-
tivity of the method, is deemed sufficient to safely
rule out the diagnosis [43]. No studies have inves-
tigated the role of D-dimer in combination with the
clinical probability as assessed by the PISA-PED
score.

Patients with a “positive” D-dimer test, irre-
spective of the clinical probability, or patients with
high probability (and intermediate probability
when a sensitive D-dimer test is not available)
should undergo further tests [44]. CTA (with or
without CTV) is commonly considered the imag-
ing test of choice. The performance of CTA in
terms of sensitivity and specificity has been re-
cently shown to be similar to that of the combina-
tion of perfusion lung scan and chest X-ray [35].
Of note, when first introduced, CTA was com-
pared to V/Q scan [45, 46] a test whose diagnostic
power is hampered by the high percentage of non
conclusive results. This, and the wide availability
of CTA in most emergency departments, probably
contribute to explain the success of this technique,
despite its inherently higher radiation burden and
potential risks. Perfusion lung scan represents the

first choice imaging technique in patients with
contraindications to CTA, such as high creatinine
levels and allergy to iodinated contrast material.
The hypothesis that lung scan is also preferable in
younger women, due the lower absorbed dose to
the breast, awaits formal testing. In practice, a neg-
ative multi-detector CTA is considered an ade-
quate criterion for excluding PE if the clinical
probability is low or intermediate. Patients with
high clinical probability and a negative CTA
should undergo perfusion lung scan based on the
insufficient negative predictive value of CTA in
this situation [38]. Conversely, a positive CTA is
adequate proof of PE in patients with high or in-
termediate clinical probability. In patients with
low clinical probability, the best approach depends
on the level of the clot visualized by the CTA. If
the clot is in the lobar or main pulmonary artery,
anticoagulation is warranted [44]; in patients with
low clinical probability and a segmental clot, a
perfusion lung scan should be obtained. One im-
portant practical implication of this last recom-
mendation is that if segmental or subsegmental
clots are incidentally recognized at a CT ordered
for other reasons in a patient with no clinical sus-
picion of PE, further tests must be obtained before
a final diagnosis is reached.

Where isotope lung scanning is readily avail-
able, a perfusion scan coupled with chest X-ray
can be used as the first-line imaging technique. If
the clinical and isotope scan results are concor-
dant, a definitive diagnosis is possible; otherwise,
CTA must be obtained [47].

The PISA-PED investigators have proposed
an alternative diagnostic algorithm that does not
rely on the D-dimer test, even in patients with low
clinical probability [20]. According to this ap-
proach, a perfusion lung scan is obtained in all pa-
tients. In case of high or intermediate clinical
probability, as assessed by the PISA-PED own
score, and a positive lung scan, the diagnosis of
PE is confirmed; in the presence of low clinical
probability and a negative scan the diagnosis is
ruled out; in case of discordant clinical/scinti-
graphic outcome, further testing is required. In the
original PISA-PED series, less than 20% patients
actually required further testing. This method ap-
pears particularly useful for inpatients, in which
the D-dimer test is usually abnormal and therefore
of little diagnostic value.

In conclusion, no diagnostic algorithm is clear-
ly superior to the others, and the choice reflects
personal experience and local availability of diag-
nostic tests; however, it is important to use the rig-
orous, standardized approaches described, in order
to minimize the risk of misdiagnosis.
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