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ABSTRACT: Pulmonary embolism (PE) is more often diagnosed post mortem by
pathologists than in vivo by clinicians. The identification of practical diagnostic
algorithms could reduce the rate of diagnoses first made at autopsy.
The literature was reviewed for evidence-based approaches to PE diagnosis. Since the

PE mortality rate greatly exceeds that of deep vein thrombosis (DVT), more emphasis
was given to reports specifically dealing with PE diagnosis by objective pulmonary
vascular imaging techniques than to those aimed at DVT detection.
Several studies have shown that standardized clinical estimates can be effectively

used to give a pretest probability to calculate, after appropriate objective testing, the
post-test probability of PE. A prospective trial has shown that perfusion scanning,
rather than ventilation/perfusion scanning, should be the imaging technique of first
choice for the management of patients suspected of having PE. The clinical usefulness
of spiral computed tomography has not as yet been firmly established. However,
ongoing technological developments would probably render the technique accurate
enough to replace conventional angiography.
The authors propose a noninvasive diagnostic algorithm with high predictive accuracy

(positive predictive value 96%; negative predictive value 98%) starting with a stand-
ardized assessment of clinical likelihood, followed by a perfusion scan and, eventually,
spiral computed tomography in only a minority of patients (v20%) with discordant
clinical and scintigraphic findings.
Eur Respir J 2002; 19: Suppl. 35, 28s–39s.

*Respiratory Medicine Unit, Dept
of Critical Care, University of Flo-
rence, Florence and #Pulmonary Unit,
National Research Council, Institute
of Clinical Physiology, Pisa, Italy.

Correspondence: M. Pistolesi, Dept
of Critical Care, Respiratory Medicine
Unit, University of Florence, Viale
Morgagni, 85, 50134 Firenze, Italy.
Fax: 39 055 4223202
E-mail: massimo@unifi.it

Keywords: Chest computerized
tomography
chest radiography
echocardiography
lower limb ultrasonography
lung scanning
pulmonary embolism

Received: August 10 2001
Accepted August 31 2001

A general consensus regarding the diagnostic
procedures for pulmonary embolism (PE) has not as
yet been developed. Different specialists emphasize
different approaches to the diagnosis of this very
common and life-threatening disease, and, therefore,
different and often contrasting opinions are continu-
ously reported in the extensive international literature
on the subject. This is a peculiarity of PE, which, after
acute myocardial infarction and stroke, is the third
commonest acute cardiovascular emergency. Myo-
cardial infarction and stroke are diagnosed accord-
ing to widely accepted guidelines. In explaining this
discrepancy, it should be borne in mind that, on the
one hand, PE has a more elusive clinical presentation
and, on the other, most hospitals do not have clinical
units dedicated to the diagnosis of PE. The diag-
nosis of PE is thus more dependent on the opinions
and disparate competencies of the specialist who is
occasionally confronted with this clinical problem
than on standardized and evidence-based approaches
likely to confirm or exclude the disease with high
predictive accuracy.

These considerations may help explain why PE is
more often diagnosed post mortem by pathologists
than in vivo by clinicians [1–4]. It has been shown
thaty70% of the major (either fatal or contributing
to death) pulmonary embolic events diagnosed at

autopsy have been overlooked by the attending clini-
cians [5]. Standardization of the diagnostic work-up
with the multidisciplinary integration of different
competencies is the only means of reducing the
number of diagnoses first made at autopsy.

No diagnostic work-up would even start without
awareness of the high incidence of the disease in the
general population [5–7]. Accuracy of clinical evalua-
tion (based on the presence of predisposing risk
factors, symptoms, signs and a few readily available
instrumental examinations) is the first fundamental
and mandatory step in raising clinical suspicion of
the disease and setting-up diagnostic strategies. The
number of clinically undetected major episodes of
PE can only be significantly reduced by means of
diagnostic approaches aimed at diagnosing the disease
across its entire broad spectrum of clinical present-
ation. Minimizing the percentage of patients in
whom the disease is revealed only once the syndrome
of haemodynamic instability and hypotension has
already developed can prevent death from PE. In
other words, both the overall number of diagnoses
and the percentage of patients who are diagnosed at
an early stage must increase.

In the present article, a diagnostic algorithm based
on standardized clinical evaluation combined with
objective pulmonary vascular imaging tests, whose
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predictive accuracy has been prospectively assessed
by comparison with pulmonary angiography, is pre-
sented. The general principles of the algorithm, which
are more fully described in the appropriate sections,
are as follows: 1) each patient clinically suspected
of having PE should undergo accurate clinical
evaluation to establish a clinical likelihood of the
disease prior to further objective testing; and 2) each
patient should undergo imaging of the pulmonary
circulation for definitive confirmation or exclusion
of the disease and, with a few noticeable exceptions,
the diagnostic work-up of the patients should not
be terminated after a positive lower limb ultrasound
examination, a negative D-dimer test or a negative
echocardiogram. These general principles rely on the
tenet that pretest clinical probability is the cornerstone
of any objective and effective diagnostic process [8],
the accuracy of a diagnostic technique can be firmly
established only by comparing it with a standard
reference technique rather than by performing out-
come clinical studies [9], and the risk of early death
after diagnosis is much higher in patients with PE
compared to those with isolated deep vein thrombosis
(DVT) [10].

Pretest clinical probability of pulmonary embolism

Clinical suspicion of pulmonary embolism

The clinical diagnosis of PE is thought to be
unreliable because symptoms, signs and laboratory
data are often nonspecific [11, 12]. However, it has
long been recognized that clinical findings such as
unexplained dyspnoea or chest pain, either or both
of which are observed in 97% of patients with pro-
ven PE, may be useful in raising suspicion of PE
and selecting patients for further diagnostic testing
[13–16]. However, the aforementioned symptoms
are not specific to PE inasmuch as they are
encountered, with nearly equal frequency, in a variety
of acute cardiopulmonary disorders including myo-
cardial infarction, lung oedema, aortic dissection,
pneumonia and pneumothorax. Therefore, it is
necessary to complement the information obtained
by clinical history taking and physical examination
with additional data derived from a few readily
available laboratory tests such as chest radiography,
electrocardiography and arterial blood gas analysis.
Interpretation of these additional data may either
strengthen the clinical suspicion of PE or suggest
alternative diagnoses. For example, radiographic
evidence of pulmonary oedema or pneumothorax
makes the diagnosis of PE less likely. Conversely,
enlargement of the descending pulmonary artery with
signs of abrupt vascular cut-off [17], focal areas of
reduced density with loss of vascular markings (focal
oligaemia) [18] and parenchymal areas of pleurally
based consolidation suggestive of infarction [19] are
radiographic findings compatible with PE. Likewise,
electrocardiographic signs of acute right ventricle
strain [20, 21] and arterial hypoxaemia with respira-
tory alkalosis [22] may contribute, in the appropriate
clinical setting, to reinforce the suspicion of PE.

Although the process of integrating clinical and
instrumental data is somewhat empirical, it is surpris-
ingly accurate. The results of two broad prospective
studies on the diagnosis of PE [23, 24] indicate that: 1)
physicians9 estimates of the clinical likelihood of PE
do have predictive value; and 2) clinical likelihood
can be used as a pretest probability to calculate the
post-test probability of PE after appropriate objective
testing. Furthermore, three recent articles [25–27]
have shown that well-characterized clinical estimates
of pretest probability of PE can be used for the safe
management of patients suspected of having the
disease. The results of the PISA-PED trial [26],
because it is the only study in which the performance
of the clinical diagnostic algorithm was objectively
and prospectively evaluated using pulmonary angio-
graphy as reference diagnostic standard, are summa-
rized here. The prevalence of the clinical features
observed in the Prospective Investigative Study of
Acute Pulmonary Embolism Diagnosis (PISA-PED)
[26] is compared with that obtained in the Prospec-
tive Investigation of Pulmonary Embolism Diagnosis
(PIOPED) study [23], the only other large-scale trial
in which the diagnosis or exclusion of PE was based
on the results of pulmonary angiography.

Clinical history

On interviewing patients with suspected PE, it is
important to elicit a detailed clinical history in order
to identify predisposing risk factors and pertinent
clinical symptoms. The most relevant findings in a
population of 500 consecutive patients with clinical
suspicion of PE are reported in table 1 [26].

Risk factors. Prolonged immobilization, recent sur-
gery or trauma, a history of thrombophlebitis and
cancer are considered to be associated with a
significantly higher risk of PE [28]. In the PISAPED
study [26], at least one of these risk factors was
present in w80% of patients with established PE
and in nearly 70% of those without. The high pre-
valence of risk factors in patients in whom PE was
subsequently excluded does not permit the use of this
information for assessing with certainty the clinical
likelihood of PE. These results are at variance with
those obtained in two other prospective studies in
which the assignment of a clinical probability was
weighted on the presence or absence of risk factors
[25, 27].

Symptoms. In the PIOPED study [14–16], unexplained
dyspnoea and pleuritic chest pain were by far the
most frequent symptoms reported by patients with
confirmed PE, and tachypnoea and tachycardia the
most frequent clinical signs. However, the prevalence
of these symptoms and signs was not significantly
different from that observed in patients who turned out
not to have PE [14–16]. In the PISAPED study [26],
sudden-onset dyspnoea, chest pain (either pleuritic or
substernal) and fainting were present, either singly or
in combination, in 96% of patients with a PE and in
59% of those without. Because of their high sensitivity,

29sIMAGING TECHNIQUES IN PE DIAGNOSIS



the absence of these symptoms had a 94% negative
predictive value for PE. However, due to their low
specificity (41%), the presence of these symptoms
in various combinations had a positive predictive value
of only 53% [26]. Thus, by relying on the presence or
absence of these symptoms alone, a correct diagnosis
or exclusion of PE would have been made in no more
than 60% of patients [26].

Physical signs. As can be seen from table 1, signs
revealed on physical examination were not of great

help in differentiating patients with proven PE from
those without. The only two physical signs prevailing
in patients with confirmed PE were neck vein disten-
sion and unilateral leg swelling (table 1). However,
these findings had too low a prevalence to be of value
among patients suspected of having PE in differ-
entiating those affected from the disease from those
unaffected. Further information, which can be derived
from simple and readily available laboratory tests
such as electrocardiography, chest radiography and
measurement of arterial blood gas levels, is, therefore,
required.

Instrumental examination

Electrocardiography. Electrocardiographic results were
abnormal in 70% of patients with PE with no prior
cardiopulmonary disease who were enrolled in the
PIOPED study [15]. Nonspecific changes in the ST
segment and T-wave were the most frequent abnor-
malities, occurring in some 50% of patients with
established PE [15]. In the PISAPED study [26],
electrocardiographic signs of acute right ventricular
overload were found in 50% of patients with proven PE
(table 1). Electrocardiographic abnormalities sugges-
tive of right ventricular overload included T-wave
inversion in the right precordial leads (23%), S1Q3/
S1Q3T3 (19%), transient right bundle branch block
(9%), pseudoinfarction (6%) and S1S2S3 (3%). These
abnormalities turned out to be fairly specific for PE
because they were observed in only 12% of patients
in whom the disease had been excluded [26].

Chest radiography. Contrary to widespread belief, a
normal chest radiograph is seldom observed in patients
with PE. In the PIOPED study, only 12% of the chest
radiographs from 383 patients with PE were rated as
normal [29]. The most frequent radiographic abnor-
malities were atelectasis and pulmonary parenchymal
consolidation, either or both of which occurred in
69% of patients with PE and 58% of those without
[29]. Oligaemia, prominent central pulmonary artery,
pleurally based opacities and an elevated diaphragm
were found to be poor predictors of the disease.
It was concluded, therefore, that the main value
of chest radiography is in excluding conditions that
may mimic the clinical presentation of PE [29]. In
the PISAPED study [26], only 14% of patients with
PE had normal chest radiography results. Oligaemia,
amputation of the hilar artery and pulmonary conso-
lidations compatible with infarction were present in
45, 36 and 15% of patients, respectively (table 1). Even
though the sensitivity of each of these radiographic
abnormalities was low, at least one of them was present
in nearly 75% of patients with proven PE. By way of
contrast, these three radiographic abnormalities were
observed in only 1% of patients without PE. Thus,
it appears that the chest radiograph is useful in not only
excluding PE but also, due to the high specificity
of some findings, strengthening the suspicion of the
disease when interpreted in conjunction with other
clinical information [26].

Table 1. – Risk factors, symptoms, physical signs and
routine instrumental findings in 500 consecutive patients
suspected of pulmonary embolism (PE)

PE
present

PE
absent

p-value

Subjects n 202 298
Risk factors
Immobilizationw3 days* 119 (59) 138 (46) 0.007
Surgery* 81 (40) 116 (39) 0.72
Thrombophlebitis (ever) 69 (34) 57 (19) 0.0002
Cardiovascular diseases 53 (26) 96 (32) 0.18
Bone fractures (lower limb)* 46 (23) 36 (12) 0.002
Neoplastic diseases# 36 (18) 43 (14) 0.37
Symptoms
Dyspnoea
Sudden onset 158 (78) 87 (29) v 0.0001
Gradual onset 12 (6) 59 (20) 0.0002

Chest pain
Pleuritic 89 (44) 89 (30) 0.002
Substernal 33 (16) 29 (10) 0.04

Fainting 53 (26) 38 (13) 0.0002
Haemoptysis 19 (9) 16 (5) 0.12
Cough 22 (11) 45 (15) 0.22
Palpitation 36 (18) 46 (15) 0.56
Signs
Tachycardiaw100 beats?min-1 48 (24) 69 (23) 0.96
Cyanosis 33 (16) 44 (15) 0.73
Neck vein distension 25 (12) 28 (9) 0.009
Leg swelling (unilateral) 35 (17) 27 (9) 0.009
Crackles 37 (18) 76 (26) 0.08
Routine instrumental findings
Electrocardiography
Signs of right ventricular
overload

100 (50) 35 (12) v 0.00001

Chest radiography
Right heart enlargement 77 (38) 43 (14) v 0.00001
Amputation of hilar artery 72 (36) 3 (1) v 0.00001
Oligaemia 91 (45) 3 (1) v 0.00001
Pleurally based
consolidation

31 (15) 2 (1) v 0.00001

Platelike atelectasis 65 (32) 70 (23) 0.04
Unilateral elevated
diaphragm

86 (43) 89 (30) 0.005

Bilateral elevated
diaphragm

39 (19) 57 (19) 0.95

Pleural effusion 91 (45) 104 (35) 0.02
Gas tensions
Pa,O2 mmHg 65¡13 68¡18 0.02
Pa,CO2 mmHg 32¡4 34¡5 0.0001

*: within 4 weeks of study entry; #: clinically active malig-
nancy with pathological diagnosis within 3 months of study
entry. Data are presented as n (%) or mean¡SD. Pa,O2:
arterial oxygen tension; Pa,CO2: arterial carbon dioxide
tension. 1 mmHg=0.133 kPa.
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Arterial blood gas abnormalities. Arterial hypoxaemia
with respiratory alkalosis is a common feature of
acute PE. In the PIOPED study [15], the arterial
oxygen tension (Pa,O2) while breathing room air was
v10.6 kPa in 81% of patients with PE. Similarly, in
the PISAPED study, as many as 90% of patients
with PE had a Pa,O2 of v10.9 kPa and an arterial
carbon dioxide tension (Pa,CO2) of v4.9 kPa [26]. It
should be recognized, however, that significant arterial
hypoxaemia and hypocapnia may occur in clinical
conditions other than PE. In the PISAPED study, 75%
of patients in whom PE was excluded had a Pa,O2

of v10.0 kPa and a Pa,CO2 of v4.9 kPa [26]. Thus,
physicians should not be led astray by the finding
of arterial hypoxaemia with respiratory alkalosis if
other important elements supporting the diagnosis
of PE are absent, or if clinical, electrocardiographic
and radiographic findings suggest an alternative diag-
nosis. These results have been confirmed by a recent
survey showing that arterial blood gas levels are not
predictive in confirming or excluding the diagnosis
in patients suspected of having PE [30]. Arterial blood
gas abnormalities remain, however, of great clinical
value in the process of raising the suspicion of the
disease and in the determination of gas exchange
impairment in patients with established PE, during
both the acute phase and follow-up after therapy.

Diagnostic algorithm for assessing the pretest clinical
probability of pulmonary embolism

The present authors have developed a clinical
diagnostic algorithm that includes the identification
of three symptoms (sudden-onset dyspnoea, chest
pain and fainting) with high sensitivity and nega-
tive predictive value and their association with
electrocardiographic (acute right ventricular overload)
and radiographic (oligaemia, amputation of hilar
artery and consolidations compatible with infarction)
abnormalities with high specificity and positive pre-
dictive value [26]. These symptoms (singly or in
combination) were associated with at least one of
the aforementioned electrocardiographic and radio-
graphic abnormalities in 164 of 202 (81%) patients
with PE, and in only 22 of 298 (7%) patients without
[26]. In a validation group of 250 consecutive patients
with clinical suspicion of the disease, the sensitivity
and specificity of the clinical diagnostic algorithm
were 84 and 95%, respectively [26].

Although the diagnostic algorithm turned out to be
fairly accurate, it failed to identifyy20% of patients
with PE on angiography. In those patients in whom
the algorithm was falsely negative, the severity of the
disease, in terms of the unperfused vascular bed, was
significantly less than in those who were correctly
classified as having PE. Furthermore, whenever the
three symptoms included in the diagnostic algorithm
were not associated with the electrocardiographic or
radiographic abnormalities described previously or
were associated only with electrocardiographic signs
of acute right ventricular overload, the positive
predictive value for PE was notw50% [26]. It appears,
therefore, that PE cannot be diagnosed or excluded
with certainty by clinical assessment alone. However,
on the basis of the diagnostic algorithm, it was
possible to categorize the pretest clinical probability
of the disease as low, intermediate or high (table 2)
[26]. In 583 consecutive patients with an abnormal
lung scan in whom pulmonary angiography was used
as reference diagnostic standard, PE was present in as
many as 227 of 234 (97%) patients with a high clinical
probability, 67 of 145 (46%) with an intermediate
clinical probability and only 12 of 204 (6%) with a
low clinical probability [26]. Because of their high
predictive accuracy, the standardized clinical esti-
mates of PE reported in the PISA-PED trial can be
used as a pretest probability to calculate, after further
objective testing, the post-test probability of PE.

In the PIOPED study [23], experienced physicians
rated the clinical probability of PE as low (0–19%),
intermediate (20–79%) or high (80–100%). No stan-
dardized clinical diagnostic algorithm was used. PE
was diagnosed in 68% of patients with a high clinical
probability, and in only 9% of those who were
assigned a low clinical probability [22]. In those
patients who had been rated as having an intermediate
clinical probability (64% of the entire cohort), the
prevalence of PE was 30% [23].

In a Canadian multicentre prospective study, the
clinical probability of PE was categorized as low,
intermediate or high according to a standardized
clinical model which included assessment of pre-
senting symptoms and signs, risk factors for venous
thromboembolism, and presence or absence of an
alternative diagnosis at least as likely as PE [25]. The
prevalence of PE in the low, intermediate and high
pretest probability categories was 3, 28 and 78%,
respectively.

More recently, WICKI et al. [27] proposed a

Table 2. – Standardized criteria for establishing a pretest clinical probability of pulmonary embolism

Probability Criteria

High Presence of at least one of three symptoms (sudden-onset dyspnoea, chest pain and fainting)
not otherwise explained and associated with at least one of three radiographic findings
(amputation of the hilar artery, oligaemia and pleurally based consolidation)

Intermediate Presence of at least one of three symptoms (sudden-onset dysnoea, chest pain and fainting)
not otherwise explained but not associated with the aforementioned electrocardiographic
and radiographic abnormalities, or associated only with electrocardiographic signs of
acute right ventricular overload

Low Absence of the aforementioned symptoms or identification of an alternative diagnosis that
may account for their presence
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standardized probability score based on the evalua-
tion of several variables: age, risk factors, hypocapnia,
hypoxaemia, tachycardia and radiographic findings
(band atelectasis and monolateral elevation of a
hemidiaphragm). PE was diagnosed in 10% of patients
classified as having a low probability, 38% of those
with an intermediate probability and 81% of those
with a high probability [27]. However, using this
score, only 6% (63 of 986) of patients were classified
as having a high probability, whereas low and
intermediate probabilities were assigned to 49 and
44% of patients, respectively. Thus, the proposed
score seems more appropriate for identifying those
patients with a low clinical probability to be studied
less aggressively than for use in the classification of the
whole population of patients suspected of having PE.

Pulmonary vascular imaging techniques

Among the many diagnostic techniques that have
found an application in patients with a clinical
suspicion of PE, imaging of the pulmonary circula-
tion still retains the most relevant role. The addition
of spiral computed tomographic angiography [31] to
the previously introduced lung scanning and con-
ventional pulmonary angiography has opened a still
ongoing debate among imaging specialists as to the
relative role of this new application of computed
tomography (CT) with respect to older techniques
[32–36]. A specific role for magnetic resonance
imaging of the chest in the diagnosis of PE has also
been advocated [37]; however, the predictive accuracy
of this technique has not as yet been prospectively
evaluated in large-scale clinical trials. Lung scanning,
spiral computed tomographic angiography and con-
ventional pulmonary angiography (alone or in com-
bination) are, at the present time, the most commonly
employed pulmonary vascular imaging techniques for
establishing the presence or absence of PE. Conven-
tional pulmonary angiography is still the reference
standard against which other diagnostic imaging and
nonimaging diagnostic approaches should be vali-
dated before being introduced into clinical practice.

Lung scanning

The continuous search for new diagnostic strategies
probably stems from the unsuccessful application to
the diagnosis of PE of ventilation/perfusion lung
scanning (V9/Q9 scan). Ventilation was added to
perfusion lung scanning (Q9 scan) with the aim of
increasing the specificity of the procedure. This
technique, which continues to be widely used, is
based on the false premise that ventilation should be
normal in lung regions with embolic vascular obstruc-
tion. This assumption is at variance with the
pathophysiological notion that dead space ventilation
is not invariably increased in patients with PE [38] and
the observation that the increase in wasted ventilation
in lung regions with embolic vascular obstruction,
when present, is not as prominent as the reduction in
pulmonary perfusion [22]. As the late J.H. Comroe Jr

anticipated, in 1966, before the introduction of V9/Q9
scanning into clinical practice, "the decrease in wasted
ventilation helps the patients but hinders the physician
in the diagnosis" [38]. The definitive proof that the
V9/Q9 scan is of limited diagnostic value comes from
the results of the PIOPED trial, which showed that
the high-probability V9/Q9 scan (i.e. perfusion defects
with matching normal ventilation) fails to detect the
disease in some 60% of patients with angiographically
proven PE (sensitivity 41% and specificity 97%) [23].
Further analysis of the PIOPED data has shown that
in a large proportion of the lung regions with pulmo-
nary vascular obstruction on angiography there is
radiographic evidence of atelectasis or consolidation
[29]. It is obvious that the ventilation scan cannot
be normal in those lung regions. Hence, according to
the recommendations of the PIOPED trial, definitive
diagnosis of PE in most patients relies on pulmonary
angiography [23].

The more recent PISA-PED trial [24] was aimed at
assessing prospectively by comparison with pulmo-
nary angiography the predictive accuracy of the Q9
scan in patients suspected of PE. In this study, the
ventilation scan was omitted and the Q9 scan images
were classified according to the shape of the perfusion
defects, regardless of their number and size, and the
presence of matching radiographic abnormalities.
Table 3 reports the criteria used in the PISA-PED
trial for Q9 scan interpretation. At variance with the
PIOPED study, in which the V9/Q9 scan is classified in
terms of probability, the interpretation of the abnor-
mal Q9 scan in the PISA-PED study is dichotomous,
either suggestive or not suggestive of PE. The
sensitivity and specificity of the abnormal Q9 scan
compatible with PE, when corrected for the selection
bias in referring patients for angiography, were 86 and
93%, respectively [24].

According to these results, the Q9 scan rather than
the V9/Q9 scan can be considered the imaging
technique of first choice after initial clinical evaluation
in the development of diagnostic strategies likely to
confirm or exclude the presence of PE. This opinion is
based on the following considerations: 1) a normal
or near-normal Q9 scan excludes PE [39–41]; 2) an
abnormal Q9 scan can be interpreted dichotomously
as suggestive or not suggestive of PE with high
predictive accuracy [24]; 3) a two-fold increase in
the sensitivity of the scintigraphic procedure was

Table 3. – Perfusion scan categories and interpretation
criteria

Category Criteria

Normal No perfusion detects
Near normal Impressions caused by enlarged

heart, hila or mediastinum are
seen on an otherwise-normal scan

Abnormal,
suggestive of PE

Single or multiple wedge-shaped
perfusion defects

Abnormal, not
suggestive of PE

Single or multiple perfusion defects
other than wedge-shaped

PE: pulmonary embolism.
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demonstrated when the lung scans of the PIOPED
study were read using only the perfusion images
without the ventilation scan [24]; 4) the Q9 scan is the
least expensive of the pulmonary imaging techniques
[42], is easy to perform and has virtually no contra-
indications; 5) the perfusion defects revealed by the
Q9 scan could be a useful guide for angiographic
techniques (either conventional or spiral CT), possibly
increasing their sensitivity and specificity [26]; and 6)
the Q9 scan is the most practical means in the follow-
up of patients with PE to evaluate the progression of
the disease and the effect of anticoagulant treatment.

Spiral computed tomographic angiography

Unlike lung scanning (either V9/Q9 or Q9), whose
accuracy, assessed by comparison with pulmonary
angiography in large-scale prospective trials [23, 24],
will not change significantly in the future, the clinical
usefulness of spiral computed tomographic angio-
graphy in the diagnostic work-up of PE has not as
yet been firmly established. With the ongoing techno-
logical advancements leading to improvements in data
acquisition, particularly the use of thinner section
collimation and multidetector CT, both the accuracy
and clinical utilization of spiral computed tomo-
graphic angiography are likely to increase.

Many reports since 1999 have shown that spiral
computed tomographic angiography has such a high
negative predictive value in ruling out a diagnosis
of PE as to be proposed as an alternative to lung
scanning and even to conventional pulmonary angio-
graphy [43–56]. Furthermore, spiral CT is, reportedly,
able to provide additional ancillary information
suggesting or confirming alternative diagnoses in
patients with a clinical suspicion of PE. However,
the positive results of these studies are mitigated by
several considerations regarding the methodology
applied to obtain the reported data. With only one
exception [49], the results of spiral CT were not
prospectively evaluated in comparison with pulmo-
nary angiography; clinical outcome without anti-
coagulation, together with other nondefinitive tests
for the objective assessment of PE status, was instead
used in most studies as the reference standard. The
accuracy of clinical follow-up in reliably assessing the
value of a diagnostic test for PE has been questioned
[9]. Moreover, assuming that patients with negative
spiral CT results might be affected by more minor
forms of the disease, the low recurrence and death
rates from PE observed by withholding anticoagulant
treatment for a short follow-up period cannot be
taken as definitive proof of the high negative
predictive value of the test. Patients with nonsevere
forms of PE could have a favourable outcome even
if left untreated [57].

Given the poor predictive accuracy of the V9/Q9
scan and the high rate of nondiagnostic results for
subsequent objective clinical management, it is not
surprising that spiral CT has been proved to be more
useful than lung scanning in the diagnostic work-up
of patients suspected of PE. However, none of the
referred studies has made comparisons in terms of

accuracy between the results obtained by spiral CT
and those by Q9 scan, either alone or in combination
with the pretest clinical likelihood of PE. The proposal
of omitting the lung scan altogether is questionable
for at least three main reasons: 1) a normal Q9 scan
rules out with an accuracy greater than that of spiral
CT clinically significant PE and renders unnecessary
further diagnostic testing; 2) the perfusion defects on
the Q9 scan could possibly be used to guide a targeted
computed tomographic reconstruction in those lung
regions with the greatest abnormalities; and 3) once
the diagnosis of PE has been established by whatever
approach, it would be inappropriate to follow the
progression of the disease using spiral computed
tomographic angiography instead of the Q9 scan.

Further limitations of spiral computed tomographic
examination are the generally observed high rate
(y10% or even higher) of suboptimal or inconclusive
results, the experience- and training-dependent inter-
observer variability and the observation that alter-
native diagnostic findings on CT are of limited value
in differentiating between patients with PE and those
without, since additional findings are almost equally
present in both conditions [58].

Four meta-analyses on the role of spiral CT in
the diagnosis of PE published in 2000 and 2001 clearly
indicated the lack of prospective controlled studies
and that the technique is not sensitive enough to
detect subsegmental clots [59–62]. A prospective study
in unselected consecutive outpatients has demon-
strated too low a negative predictive value (82%) to
allow PE to be ruled out without further testing
[63].

The reported sensitivity and specificity of spiral
computed tomographic angiography range 53–100%
and 81–100%, respectively [59]. It is difficult to obtain
a meaningful assessment of mean sensitivity and
specificity given the small size, and broad spectrum
of the different clinical characteristics, of the pub-
lished series of patients. However, considering the
weighted means for the sensitivity and specificity of
spiral CT reported in the meta-analysis by RATHBUN

et al. [59] for patients with pulmonary angiography,
mean values of 85 and 92%, respectively, were
computed by the present authors. These mean values
for sensitivity and specificity were derived from the
results of papers dealing with embolic events at the
lobar and segmental and subsegmental vessel level.
It is conceivable that these estimates are conservative
figures as the reported meta-analysis [59] was based
on studies performed 1992–1999 with instrumentation
that is now becoming obsolete. Incessant techno-
logical advances in this technique will probably soon
lead to increases in both sensitivity and specificity
that will render spiral computed tomographic angio-
graphy accurate enough to replace conventional
pulmonary angiography.

Other instrumental evaluation

Instrumental evaluation not allowing imaging of
the pulmonary circulation is often used in the
noninvasive diagnostic approach to patients with a
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clinical suspicion of PE. These tests are not specifically
aimed at revealing embolic obstruction of the pulmo-
nary vascular bed but at detecting: 1) circulating
substances indicating the presence of venous thrombo-
embolism (D-dimer); 2) the presence of DVT (lower
limb compression ultrasonography); or 3) the acute
right ventricular dysfunction resulting from PE
(echocardiography). As such they have specific limita-
tions in the definitive confirmation or exclusion of the
pulmonary vascular embolic process.

D-dimer test

During the 1990s, there has been growing interest
in the exploitation of newer laboratory tests in the
noninvasive diagnostic work-up of patients suspected
of having PE. Among them, measurement of the
plasma concentration of D-dimer has been extensively
investigated. D-dimer is a specific breakdown pro-
duct released into the systemic circulation by endo-
genous fibrinolysis of cross-linked fibrin clots. Plasma
D-dimer concentrations above a given cut-off level
(usually 0.5 mg?L-1) have a high sensitivity (w95%)
but a low specificity (v50%) for venous thrombo-
embolism [64]. Because of the high sensitivity of the
test, D-dimer concentrations of v0.5 mg?L-1 have a
strong negative predictive value for venous thrombo-
embolism (w95% in most studies). However, due to
the poor specificity of the test, D-dimer concentrations
ofw0.5 mg?L-1 are not useful to confirm a diagnosis
of venous thromboembolism (positive predictive value
v60% in most reports). Other clinical conditions
such as myocardial infarction, stroke, sepsis, malig-
nancy, liver disease, recent surgery or trauma may
be associated with elevated plasma concentrations of
D-dimer [64]. The reported sensitivity and specificity
of the test are in relation to quantitative assays, such
as the enzyme-linked immunosorbent assay (ELISA),
lower sensitivity, precluding the utilization of the test
as a screening method for the exclusion of venous
thromboembolism without integrating it with clinical
probability or further objective testing, has been
found for more rapid and practical D-dimer deter-
minations [65, 66]. Furthermore, excessive prescrip-
tion of the test and poor compliance of physicians
in adhering to published guidelines reduce its cost-
effectiveness in the normal clinical setting [67].

Lower limb compression ultrasonography

This procedure has gained widespread acceptance
as a noninvasive means for diagnosing DVT. From
direct comparisons with contrast venography, ultra-
sonography shows w97% sensitivity and specificity
for proximal DVT in symptomatic patients, but is
relatively insensitive in detecting isolated calf vein
thrombosis [68] or proximal DVT in asymptomatic
patients [69]. The test is somewhat complementary to
the determination of D-dimer because it is clinically
useful only when positive. Reportedly, DVT is
diagnosed by noninvasive venous studies in v50%
of patients with proven PE [70]. Therefore, a single

negative ultrasonography result does not permit, in
itself, the exclusion of PE, especially if this entity is
strongly suspected on clinical grounds. To overcome
this limitation, serial leg testing over a 2-week period
has been implemented with the aim of detecting
eventual thrombotic extension from the distal to
the proximal venous segment [25]. Whether such
an approach is cost-effective remains to be firmly
established. A recent retrospective study has shown
that, in patients with a high clinical likelihood of
PE and a low-probability V9/Q9 scan, it is not safe
to terminate the diagnostic work-up after a negative
lower extremity venous ultrasound examination [71].
Furthermore, another study, based on the prospec-
tive evaluation of the clinical utility of lower limb
compression ultrasonography in patients with a
nondiagnostic V9/Q9 scan, has shown that the post-
test probability of PE after a single negative bilateral
leg vein study is too high (12%) to preclude thera-
peutic decisions without further diagnostic studies
[72]. Conversely, a diagnostic strategy based on serial
leg testing may be impractical in many clinical
settings.

Echocardiography

The contribution of transthoracic echocardiogra-
phy to the diagnosis of PE is based on the possible
detection of emboli in the right heart cavities and
central pulmonary arteries, and in its ability to reveal
acute dysfunction of the right ventricle secondary
to PE. Additionally, echocardiography could help to
identify other cardiovascular conditions, such as acute
myocardial infarction, dissection of the aorta and
pericardial tamponade, which may clinically mimic
PE. However, the direct visualization of emboli
"in transit" within the right heart chambers or the
proximal pulmonary circulation can be considered
an almost exceptional event, and abnormalities of
the right ventricle can be detected in clinical studies
in onlyy50% of cases of PE [73, 74].

Only a few studies have addressed prospectively the
diagnostic accuracy of echocardiography in patients
with suspected PE [75–77]. These studies have yielded
conflicting results with broad sensitivity (51–93%) and
specificity (82–94%) ranges. This may result from
differences in clinical setting, patient selection criteria,
severity of PE and criteria adopted for confirming the
disease.

A study aimed at determining prospectively by
comparison with pulmonary angiography the sensi-
tivity and specificity of thransthoracic echocardio-
graphy in unselected consecutive patients suspected
of having PE gave a sensitivity and specificity of 56
and 90%, respectively [78]. Echocardiographic find-
ings of right ventricle dysfunction had a positive
predictive value of 100% for PE when coupled with
a high or intermediate pretest clinical probability.
Conversely a negative echocardiogram associated
with a low clinical pretest probability gave a negative
predictive value of 98% [78]. When echocardiographic
results and clinical probability were discordant, the
post-test probability of PE was neither sufficiently
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high nor sufficiently low to confirm or exclude the
disease with any certainty [78]. In the latter group
of patients (a third of the cohort), the prevalence of
PE was 51%. Patients with true positive transthoracic
echocardiography results had, on average, a signifi-
cantly higher number of unperfused lung segments on
Q9 scan than those with a false negative examination
(8.8 versus 5.7, pv0.0001) [78].

It appears, therefore, that a negative echo-
cardiographic study does not rule out PE, especially
when the disease has a high clinical pretest pro-
bability. Detection of right ventricular dysfunction in
patients with PE is, conversely, of great clinical value
in assessing the severity of disease and long-term
prognosis [74, 77, 79–81].

Clinical probability combined with further objective
testing

Although the diagnostic yield of individual clinical
symptoms and signs and common laboratory test
results is limited, combination of these variables, by
either empirical assessment [23, 24, 82] or a predic-
tion rule [25–27], can be used to express a clinical
probability of PE. The latter may serve as a pretest
probability for predicting the probability of PE after
further objective testing (post-test probability).

In the PIOPED study, a high clinical probability
combined with a high probability V9/Q9 scan had a
96% positive predictive value, whereas a low clinical
probability paired with a normal/near-normal or low-
probability V9/Q9 scan had a 97% negative predictive
value [23]. Unfortunately, some 75% of patients
in the PIOPED study did not fit into these categories
[23]. Other combinations of clinical and lung scan
findings were of little diagnostic value [23].

The study protocol of WELLS et al. [25] included a
standardized clinical probability of PE, V9/Q9 scan
and serial ultrasonographic leg testing for DVT.
Pulmonary angiography or lower limb venography
were restricted to those patients in whom the
noninvasive diagnostic protocol yielded inconclusive
results. The overall prevalence of PE was 217 of 1,239
or 17% [25]. In the 665 patients in whom PE was
excluded on the basis of a low/intermediate clinical
probability, non-high-probability V9/Q9 scan and
normal serial leg ultrasound test results, the 3-month
thromboembolic risk was 0.5%. This rate did not
differ from that observed in patients with normal scan
results (0.6%) [25]. The strategy outlined, resulted in
only 46 of 1,239 (4%) patients requiring venography
or pulmonary angiography for a definitive diagnosis
[25].

In a companion paper [65], the Canadian investi-
gators assessed the sensitivity and specificity of a rapid
whole-blood D-dimer assay in 1,177 patients with
suspected PE, and in subgroups of patients with
low-clinical-probability or nondiagnostic V9/Q9 scans.
In 703 patients who had been rated as having a low
pretest probability, the likelihood ratio of a nega-
tive D-dimer test was 0.27, resulting in a post-test
probability of PE of 1% [65]. Similarly, in 698 patients
with nondiagnostic V9/Q9 scan results, the likelihood

ratio of a negative D-dimer test was 0.36, resulting in
a post-test probability of 2.8%. None of the patients
in whom PE was deemed absent on the basis of the
noninvasive diagnostic protocol died of thrombo-
embolic events during a 3-month follow-up [65]. It was
concluded that anticoagulant therapy can be safely
withheld in those patients with suspected PE in whom
a negative D-dimer assay is associated with a low
pretest probability or a nondiagnostic V9/Q9 scan [65].

The results of the aforementioned two studies
should be interpreted with caution because: 1) the
prevalence of PE was remarkably lower than that of
other prospective studies [23, 24]; 2) the diagnostic
yield of serial ultrasound studies was extremely low
(conversion in 14 of 679 patients, or 2%), thereby
making this strategy unlikely to be cost-effective; and
3) the sensitivity of the whole-blood D-dimer assay
(85%) was lower than that of ELISA methods [64].

Recently, a prospective outcome study was carried
out to validate a diagnostic protocol for suspected
venous thromboembolism (DVT or PE) combining
assessment of clinical probability, rapid D-dimer
ELISA, single ultrasound venous study and V9/Q9
scan [82]. Venous thromboembolism was excluded by
a negative D-dimer test in 286 of 918 (31%) patients,
whereas it was confirmed by lower limb ultrasono-
graphy in 157 (17%). Venous thromboembolism was
also deemed absent in patients with a low clinical
probability of DVT and negative ultrasound result
(26%), and in patients with a low clinical probability
of PE and nondiagnostic V9/Q9 scan results (12%).
The lung scan was diagnostic in 80 of the remaining
patients (normal in 37, high probability in 43). Hence,
a noninvasive diagnosis or exclusion of venous
thromboembolism was possible in 866 (94%) patients
of the entire cohort [82]. In patients who did not
receive anticoagulants, based on the results of the
diagnostic protocol, the 3-month thromboembolic
risk was 1.8% [82].

Even though the results of this study are impressive,
it should be remembered that the proposed diagnostic
strategy applies only to outpatients presenting in the
accident and emergency department with suspected
venous thromboembolism. In hospitalized patients,
however, as demonstrated by the same group of
investigators, both the D-dimer and the ultrasound
test are much less effective [83]. Furthermore, in
these studies [25, 65, 82], DVT was considered, for
diagnostic purposes, equivalent to PE. This may have
potentially harmful consequences in prognostic terms.
As already mentioned, the results of a population-
based longitudinal study [10] indicate that: 1) the
survival rate after venous thromboembolism (and
particularly after PE) is significantly less than the
expected survival of individuals of comparable age
and sex; and 2) compared with DVT alone, PE, with
or without DVT, after adjusting for comorbid
conditions, is a significant and independent predictor
of reduced survival until 3 months after diagnosis.
Furthermore, the risk of early death (within 1 week)
in patients with proven PE is y18-fold higher than
that of patients with DVT alone. Every effort should,
therefore, be made to diagnose or exclude PE in
patients in whom this entity is suspected.
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The PISA-PED study was designed to determine
the sensitivity and specificity of the perfusion lung
scan (without ventilation imaging) in patients with
suspected PE and to develop a standardized diagnos-
tic algorithm to assess the pretest clinical probability
of PE prior to further objective testing [24, 26]. In
583 patients in whom pulmonary angiography was
used as reference diagnostic standard, a high or inter-
mediate clinical probability combined with a perfu-
sion scan compatible with PE gave a 98% positive
predictive value [26]. Conversely, a low pretest pro-
bability paired with an abnormal scan not compatible
with PE had a 99% negative predictive value [26]. In
those patients in whom clinical probability and lung
scan findings were discordant (119 of 583, or 20%), the
prevalence of PE ranged 10–71% [26].

It appears, therefore, that a noninvasive strategy
based on combining the standardized assessment of
clinical probability with the perfusion lung scan would
help restrict the need for angiography to a minority
of patients suspected of having PE. By adopting this
strategy, the proportion of patients requiring pulmo-
nary angiography for a definitive diagnosis would
undoubtedly be higher than that reported in the
prospective studies quoted previously [25, 65, 82].
However, the following should be borne in mind. 1)
The PISA-PED study was aimed at validating a
noninvasive strategy for diagnosing PE and not
venous thromboembolism. 2) The prevalence of PE
in the PISA-PED study (39%) was substantially higher
than that of the other studies. 3) Most (w80%) patients
were hospitalized at the time of study entry. 4) Nearly
half of the patients had undergone recent surgery or
trauma, nearly 25% had prior cardiovascular disease
(including ischaemic heart disease and stroke) and
some 20% had active malignancies. Thus, for reasons
already given, the D-dimer test and lower limb
ultrasonography would probably be much less effec-
tive than reported in outpatients [25, 65, 82]. 5) The
predictive accuracy of both the Q9 scan [24] and
clinical evaluation [26] were prospectively assessed
in comparison with conventional pulmonary arterio-
grams obtained at the same time.

A noninvasive algorithm based on clinical probability
and pulmonary vascular imaging techniques

The application of a diagnostic strategy based on
clinical evaluation and chest imaging techniques for
the noninvasive diagnosis or exclusion of PE in the
750 consecutive patients enrolled in the PISA-PED
trial [26] is summarized in figure 1. Confirmation or
exclusion of PE and, hence, the predictive accuracy of
the algorithm was based on the results of pulmonary
angiography in the 583 patients with abnormal Q9
scan results. PE was excluded on the basis of a normal
or near normal Q9 scan in the remaining 167 patients.

Pretest clinical probability of PE was assigned
according to the standardized clinical model of
table 2. Q9 scan interpretation was performed accord-
ing to the scintigraphic criteria reported in table 3.
For the computation of the predictive accuracy of
spiral computed tomographic angiography in the last

step of the diagnostic algorithm, a sensitivity of 85%
and a specificity of 92% were assumed [59].

In the first step of the algorithm, the cohort of
patients suspected of having PE could be almost
equally divided into patients with a high or inter-
mediate pretest clinical probability (53%) and those
with a low pretest probability (47%) of the disease.

Normal/near-normal perfusion scan results were
found in approximately a quarter (22%) of the
patients. In these patients, the diagnostic work-up
can be terminated. The vast majority of patients with
normal/near-normal Q9 scan results (88%) had a low
pretest clinical probability. Most patients (94%) with
a Q9 scan suggestive of PE were among those with
a high or intermediate clinical probability. This asso-
ciation of clinical and Q9 scan findings, found in
37% of patients, had a 98% positive predictive value
for PE and allowed anticoagulant treatment to be
started immediately. Conversely, the majority of
patients (65%) with a Q9 scan not suggestive of PE
were among those with a low clinical probability. This
association of clinical and Q9 scan findings, found in
25% of patients, had a 99% negative predictive value
for PE and allowed anticoagulant treatment to be
withheld. Thus, after pretest clinical evaluation and
Q9 scan, clinical decision making was complete in 631
of 750 (84%) patients, those with normal/near-normal
scan results and those with concordant clinical and Q9
scan findings.

High/intermediate
(n=399)

Pretest clinical probability
of PE (n=750) Low

(n=351)

Perfusion
scan

Perfusion
scan

Normal/
near-normal

(n=20)

Normal/
near-normal
(n=147)

PE+
(TP 271, FP 6)

PE-
(TN 79, FN 23)

PE-
(TN 185, FN 2)

PE+
(TP 10, FP 7)

(TN 167, FN 0)
Anticoagulant

treatment
(TP 299, FP 13)

No treatment  (TN 431, FN 7)

Positive
(TP 28, FP 7)

Negative
(TN 79, FN 5)

Spiral computed tomographic angiography
(119/750)

Fig. 1. –Noninvasive diagnostic algorithm based on clinical evalua-
tion, perfusion scan and spiral computed tomographic angiogra-
phy applied to 750 patients enrolled in the PISA-PED study [26].
Pretest clinical probability was assessed according to table 2 [26].
Perfusion scans were read according to the criteria reported in
table 3 [24]. The predictive accuracy of the perfusion scan in terms
of true positive (TP), false positive (FP), true negative (TN) and
false negative (FN) was assessed by conventional pulmonary
angiography [24, 26]. The sensitivity (85%) and specificity (92%)
of the spiral computed tomographic angiography were computed
from the meta-analysis of RATHBUN et al. [59]. PEz: perfusion
scan suggestive of pulmonary embolism (PE); PE-: perfusion scan
not suggestive of PE.
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Among the remaining 119 (16% of the cohort)
patients with discordant clinical and Q9 scan findings,
the post-test probability of PE was neither sufficiently
high nor sufficiently low to permit therapeutic deci-
sions to be made without further testing. Most (86%)
of these patients had a high or intermediate pretest
clinical probability and an abnormal Q9 scan result
not suggestive of PE. Among patients with a low
pretest clinical probability, the diagnostic work-up
was concluded after the perfusion scan in 334 of 351
(95%). Only 12 of 351 (3%) patients with low pretest
clinical probability were found to have PE. Hence, a
low pretest clinical probability has, of itself, a very
high negative predictive value (97%).

Execution of spiral computed tomographic angio-
graphy would be the last step of the proposed
diagnostic algorithm in the 119 patients with discord-
ant clinical and Q9 scan findings. On angiography,
33 (28%) of these patients were found to have PE.
Assuming 84% sensitivity and 92% specificity, CT
would have been positive for PE in 35 patients and
negative in 84. The positive and negative predictive
values of this noninvasive diagnostic algorithm are
96 and 98%, respectively. The overall predictive
accuracy is 97%. It should be borne in mind that it is
assumed that all spiral computed tomographic angio-
graphic examinations will yield conclusive results. In
the presence of nondefinitive results, as may occur in
y10% of cases, the diagnostic work-up should be
terminated by pulmonary angiography. Conversely,
with the expected increase in the predictive accuracy
of spiral computed tomographic angiography with
thinner slice collimation and multiple detection, it
is conceivable that this diagnostic algorithm could
possibly yield further improvements in performance.

Bearing in mind that an effective diagnostic strategy
should be as flexible as possible in order to be applied
in every clinical setting, a list of evidence-based
criteria for the safe confirmation or exclusion of
pulmonary embolism are proposed in table 4. These
criteria can be implemented in the diagnostic algo-
rithm of figure 1 in relation to the experience of
the attending physician, degree of severity of the
patient9s clinical condition, the availability of diag-
nostic equipment and specific logistics.
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