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ABSTRACT: Within the last several years, spiral computed tomography angiography
(SCTA) of the pulmonary arteries has emerged as a noninvasive angiographic modality
for the evaluation of patients with suspected pulmonary embolism (PE). SCTA is based
on continuous computed tomography (CT) data acquisition during patient transport
through the rotating X-ray tube and detector system, where scanning is performed in
the time period in which the injected contrast material passes through the pulmonary
arteries. Single detector spiral CT has a sensitivity of y85–90% and a specificity
between 88–95%. Sensitivity and specificity are very likely to increase with the use of
multidetector spiral CT scanners that allow scanning of large lung volumes with a scan
collimation as narrow as 1 mm.

Currently, SCTA is most commonly used as a primary imaging method in patients
with suspected PE, and as a second-line method in cases with inconclusive ventilation/
perfusion scintigraphy results. SCTA has proven to be cost-effective, especially in
combination with ultrasound of the lower extremities.

Limitations of the method include a decreased sensitivity for the detection of small
isolated clots in the peripheral pulmonary arterial bed, and a potentially reduced image
quality in patients with coexistent cardiopulmonary disorders.

Despite these limitations, several studies have now documented that, in patients with
suspected pulmonary embolism, it is safe to withhold anticoagulation therapy if a spiral
computed tomography exam of the pulmonary arteries is negative and no lower
extremity venous thrombosis is present. In the future, multislice computed tomography
scanning of the pulmonary arteries with multiplanar reformation and one-stop shopping,
i.e. scanning of the pulmonary arteries and the lower extremity veins in a single session,
will further enhance the role of computed tomography angiography in the examination
of patients with suspected pulmonary embolism.
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Pulmonary embolism (PE) is often encountered
both in the hospital setting and in private clinical
practice. Because untreated PE is associated with a
greatly increased mortality risk, accurate diagnosis of
PE is of critical importance [1, 2]. However, because
clinical findings, laboratory tests, and signs and symp-
toms at physical examination are often nonspecific,
imaging methods are a significant part of the diag-
nostic evaluation of patients with suspected PE.

Since PE is not an isolated disorder but, rather, a
symptom of the entire venous thromboembolism com-
plex, imaging studies of the lower extremities and the
pelvis, the most common source of pulmonary emboli,
are a fundamental requirement for the diagnostic
work-up of patients with suspected PE. Various
imaging modalities have been attempted in this evalu-
ation process within the last few decades. For many
years, ventilation/perfusion (V/Q) scintigraphy has
served as the noninvasive procedure of choice for
the assessment of patients with suspected PE. This is
because a normal or near normal V/Q scan rather
reliably excludes embolic disease [3], while a high
probability/abnormal result usually indicates PE in the
context of corresponding clinical symptoms [4, 5]. An

intermediate or low probability (inconclusive) result at
V/Q scanning requires further imaging work-up,
because the percentage of positive pulmonary angio-
grams has been shown to be as high as 33% for
intermediate probability results, and 16% for low
probability results, respectively [5].

Pulmonary angiography has been used as the gold
standard for the diagnosis of PE [4]. However, despite
excellent sensitivity and specificity, the method has not
gained widespread acceptance because it is invasive
and clinicians are unwilling to expose patients, who
often have unstable cardiovascular conditions, to a
potentially risky procedure. This explains the results
of a study in a large academic hospital which revealed
that 92% of patients with low probability V/Q scans
and 70% of patients with intermediate probability
scans were not further investigated, either with
pulmonary angiography or with any other imaging
modality [6]. Nevertheless, as this study showed, a
large number of patients were treated on the basis
of the best clinical guess method.

Within the last 10 yrs, technical advances in com-
puted tomography (CT) have established the basis for
the use of CT in the diagnosis of PE. Electron beam
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computed tomography and single slice and multislice
spiral CT angiography (SCTA) have revolutionized
the approach to the assessment of patients with
suspected PE. With spiral CT, imaging acquisition
times and total scan times are dramatically reduced
compared to conventional CT, and the pulmonary
vascular tree can be investigated in a single breath-
hold scan at peak contrast opacification. Thus,
modern CT imaging techniques provide direct visua-
lization of pulmonary emboli within the pulmonary
arteries [7, 8]. Since spiral CT is becoming more
readily available, this article will focus on SCTA and
discuss imaging technique, image interpretation, and
the role of SCTA in the diagnosis of PE.

Spiral computed tomography imaging technique

The choice of the optimal imaging approach for the
CT diagnosis of PE depends largely on the equipment
at hand, specifically on whether single or multislice
CT scanners are available. For each of these scanner
systems, imaging protocols for the assessment of the
pulmonary vasculature exist. In many institutions,
single-slice SCTA is performed as a single contrast
series through the thorax, if possible, using the single
breath-hold technique [9],y90% of patients evaluated
for suspected PE can successfully suspend respiration
for 25–30 s, allowing for a single breath-hold scan.
The y10% of patients who are unable to hold their
breath, are evaluated during shallow breathing. In
multislice CT scanning, data acquisition may take
f20 s using a scan protocol that uses the narrowest
possible collimation to provide the most detailed dis-
play of the pulmonary arteries. In dyspnoeic patients,
multislice scanning can be shortened to y10 s, based
on a fast data acquisition protocol.

It is important to emphasize that the scan range, i.e.
the lung volume scanned, should include the lung
sections in which the subsegmental vessels are located.
Practically, this means that CT scanning should cover
a range between the costophrenic angles and the top
of the aortic arch. Most institutions now prefer a
caudocranial scanning direction rather than a cranio-
caudal data acquisition, because breathing artifacts
are significantly less intensive in the upper portions of
the lung (compared to the lower portions) when the
patient breathes during the final phase of data
acquisition. Breathing artifacts can also be reduced
by shortening data acquisition through an increase in
collimation and table feed.

In single-slice CT, imaging is performed most often
using 120 kV, 210–250 mAs, a slice thickness of
3 mm, a table speed of 5 mm?s-1, (pitch 1.7), and
a reconstruction index of 2 mm. The advantage of
increased pitch is that larger volumes can be scanned
without loss of resolution [10]. Recently, the value of
narrowing the scan collimation to 2 mm for the
analysis of subsegmental vessels has been reported
[11]. Such narrow collimation, however, may be more
suited to a tailored approach using a predefined
volume rather than for scanning the entire thorax. In
multislice CT angiography, slice collimation can be
significantly reduced in patients who are able to hold

their breath. In these patients, scan protocols now
involve a slice collimation of 1 mm, a table increment
of 7 mm?rotation-1, and a reconstruction index of
1 mm. In dyspnoeic patients, slice collimation is set at
2.5 mm, table increment at 15 mm?rotation-1, and
reconstruction at 1.5 mm. Data acquisition takes 15 s
for a 20-cm scan length with the "high detail"
protocol, and 7 s for a 20-cm scan length with the
"high speed" protocol.

The time interval between the application of
contrast material and the start of data acquisition,
the scan delay, should be chosen according to the
patient9s clinical status. In patients who have no
history, signs or symptoms of pulmonary arterial
hypertension, right ventricular failure, or overall
cardiac failure, a scan delay of 15 s is sufficient to
allow for optimum vessel opacification. In patients
with signs or symptoms of any of the aforementioned
disorders, a scan delay between 15–30 s may be
necessary and should be determined by a test bolus
(15 mL) or the Smartprep technique, i.e. an auto-
matically triggered contrast media injection.

Contrast material should be administered using a
power injector. In most institutions, nonionic contrast
media are preferred, particularly when the high flow
technique is used. Although no optimum protocol has
been defined, there are two basic approaches to
contrast media injection in single-slice CT: the low
concentration/high flow approach, in which contrast
media with 150–200 mg iodine?mL-1 is injected with a
rate of 4–5 mL?s-1; and the high concentration/low
flow technique, in which contrast material with 300–
320 mg iodine?mL-1 is applied within 2–3 mL?s-1.
Good to excellent results have been reported for
both approaches [7, 9, 12, 13]. The low concentration
approach, however, has successfully reduced streak
artifacts, which result from the inflowing contrast
material in the superior vena cava and potentially
limit the diagnostic accuracy in the pulmonary trunk
and right pulmonary artery. Recently, some institu-
tions, including the author9s, have adopted a high
concentration/high flow approach, and the author9s
experience with this technique is excellent (fig. 1). In
multislice CT angiography, the volume of the injected
contrast material can be reduced to 80–90 mL because
of the shorter scanning times. Equally, the scan delay
may be increased to 20 s to ensure that the entire
pulmonary vascular bed is homogeneously opacified.

Image interpretation

Image interpretation is typically performed using
both soft tissue (mediastinum) and pulmonary paren-
chymal window settings. This side-by-side analysis of
images may help to differentiate pulmonary arteries
that accompany the bronchi from venous structures,
which, in the early phase of scanning, may be unen-
hanced [7]. In addition, cine-mode viewing provides a
dynamic impression of the pulmonary arteries and is
generally considered helpful in the evaluation of acute
PE. The use of two-dimensional multiplanar reforma-
tions may also aid in the diagnosis [14, 15].

Pulmonary emboli within the pulmonary arteries
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can be directly visualized with SCTA. Acute pulmo-
nary emboli can be seen as hypoattenuating filling
defects within the vessel, partly or completely sur-
rounded by opacified blood, or as a complete filling
defect that leaves the respective vessel totally unopa-
cified [7] (fig. 1). Spiral CT can also help detect
indirect signs of PE such as pleural-based densities,
linear densities, or plate-like atelectases, central or
peripheral dilatation of pulmonary arteries, and
pleural effusions [16] (fig. 2). Seen as a whole, these
ancillary parenchymal findings are detected in the
majority of patients with PE, but unfortunately also in
an equally large number of patients scanned for
clinically suspected PE, but with a different final
diagnosis. The only single parenchymal finding that is

significantly associated with PE is a subpleural wedge-
shaped density, commonly known as a Hampton9s
hump (fig. 2) [16].

Pitfalls in the interpretation of spiral CT arterio-
grams may be due to insufficient or heterogeneous
vascular opacification in patients with cardiovascular
and/or pulmonary comorbidity, breathing artifacts,
and prominent lymphoid tissue in close vicinity to
pulmonary arteries in the hilar area. Occasionally,
such perivascular tissue may be confused with intra-
vascular embolic material and thus mimic PE. In
unclear cases, the additional use of viewing and
image-rendering tools, such as cine-mode analysis,
maximum intensity projection and multiplanar and
three-dimensional image analysis, may be helpful to
avoid misinterpretation (fig. 3) [14, 15]. Another
potential pitfall that primarily affects untrained obser-
vers is the confusion between acute PE and chronic
thromboembolic disease. Eccentrically located, poten-
tially calcified masses within the pulmonary arteries,
contiguous to the vessel wall, abrupt cut-off of lobar
or segmental arteries, and irregularities of the vessel
diameter are considered findings suggestive of chronic
PE (fig. 4) [18].

How to use computed tomography angiography in the
evaluation of patients with suspected pulmonary

embolism

Within the last several years, SCTA has been incor-
porated into the standardized work-up of patients
with suspected PE in many institutions. Based on
the known advantages of the method and the data
documented in the literature, SCTA is most frequently
used as the primary imaging method, or as a second-
ary tool in cases of inconclusive V/Q scintigraphy.

In light of these developments, the advantages and
disadvantages of SCTA, the sensitivity and specificity

Fig. 2. – Ancillary parenchymal finding in pulmonary embolism
(PE). The lung window settings of this computed tomography
angiogram in a 54-yr-old male with PE in the left lower lobe
shows a pleural based density with a convex margin pointing
towards the hilum. This lesion (arrow) represents a peripheral
pulmonary infarct and is termed "Hampton9s hump". In addition,
a small left-sided pleural effusion is present.

Fig. 3. – Maximum intensity projection image of a multislice
computed tomography angiogram of the pulmonary arteries in a
patient with suspected pulmonary embolism (PE). Central peri-
pheral pulmonary arteries are shown with excellent detail. PE is
present in a left lower lobe segmental artery (arrow) characterized
by an abrupt vessel cut-off.

Fig. 1. – Spiral computed tomography (CT) angiogram in pulmo-
nary embolism. Spiral CT angiogram in a 43-yr-old female,
obtained with highly concentrated contrast material and high flow
technique shows multiple pulmonary emboli (arrows) in the right
and left pulmonary arterial system.
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of the test, and other criteria, such as cost-effective-
ness and outcome research, need to be discussed.
In the following, some of these parameters will be
revisited to elucidate the basis for current practice in
spiral CT imaging in suspected PE.

Accuracy of spiral computed tomography angiography
in suspected pulmonary embolism

Initial studies have reported sensitivities and speci-
ficities for single-slice spiral CT in the evaluation
of PE that approach 100%, compared to pulmonary
angiography [7, 8]. More recent studies, however,
have lowered and broadened the sensitivity and
specificity spectrum of SCTA, with sensitivities
reported from 53–89%, and specificities from 78–100%
[9, 12, 19–22]. The reasons for such differences
in reported accuracies include differences in study
design, heterogeneous investigator experience with
SCTA, and variations in the anatomical range of the
pulmonary vascular tree studied.

In principle, SCTA provides excellent results for the
detection of emboli located in the main, lobar, and
segmental pulmonary arteries. However, where emboli
are located in subsegmental and more peripheral
arteries only (fig. 5), the sensitivity of single detector
spiral CT seems to be limited [19, 21]. The substance
and significance of this limitation is not totally clear.
First, isolated small peripheral emboli are probably
rare in clinically symptomatic patients. In two
large prospective studies investigating patients with
suspected PE, isolated subsegmental emboli were
rare and occurred in 4–6% of patients [5, 23]. These
numbers seem to be more reliable than those from
studies with smaller and selected patient samples,
which report prevalences of isolated small sub-
segmental PEs of f30% [19, 24].

Second, the clinical relevance of isolated peripheral
subsegmental emboli is not well-defined. Very likely,
these small emboli are relatively common even in
healthy persons, and do not cause any significant

a)

b)

Fig. 4. – Multislice computed tomography angiogram in a patient
with chronic thromboembolic pulmonary hypertension. Coronal
image reformations demonstrate layers of thrombotic material,
excentrically located in the a) right and b) left main pulmonary
arteries and extending into the lower lobe vessels (arrows).
Reproduced with permission from [17].

Fig. 5. – Isolated subsegmental embolus. Single slice spiral com-
puted tomography angiogram in a 49-yr-old male shows an isolated
small embolus in a subsegmental branch of the posterior basal
segment of the right lower lobe (arrow). Note that the other pulmo-
nary arteries in this image demonstrate a normal appearance.
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problem in patients with no other concurrent medical,
and particularly, cardiovascular condition [25]. Con-
versely, in patients with limited cardiopulmonary
reserve, even small emboli with a diameter of a few
millimeters may cause pulmonary or cardiac pro-
blems, or even death. Nevertheless, overlooking a
small isolated peripheral clot at SCTA in a patient
with suspected PE very likely does not result in an
immediate medical problem, since the patient has
survived the acute event. In such a patient, however,
it is important to investigate the lower extremity
veins in order to discover or rule out the presence
of thrombotic material that could (re)embolize into
the lungs. For this purpose, both ultrasound and
contrast venography are suitable. Nevertheless, it is
most advantageous to use contrast venography since
it is the accepted gold standard, especially in the
analysis of the calf veins.

Initial experience with multislice CT indicates that
this method will further refine the diagnostic approach
to PE, particularly in the diagnosis of small subseg-
mental emboli (fig. 6). QUANADLI et al. [26] have
recently investigated the accuracy of dual-slice spiral
CT (a spiral CT scanner with two rows of detectors,
and consequently, better performance) for the analysis
of suspected PE. These investigators found, in a large
cohort of patients, a sensitivity for CT angiography of
90%, and a specificity of 94% [26]. As noted, it can
be expected that the use of scanners with 4, 8, or 16
detector rows will result in a further increase of the
accuracy of the method.

Another important consideration in the determina-
tion of the accuracy of SCTA is whether pulmonary
angiography should be the only gold standard against
which spiral CT is measured. A recent report in the
literature compared both SCTA and pulmonary
angiography against an independent gold standard
in a porcine model of the pulmonary arterial tree and
found no significant differences in sensitivity or
specificity in the diagnosis of PE [27]. In this study,
both SCTA with thin collimation and pulmonary
angiography had a sensitivity of 87% in the detection
of emboli. Such in vitro studies represent an excellent
basis for the independent evaluation of a new
modality. However, there are also indications from
clinical trials that SCTA may have a similar if not
better performance in comparison to pulmonary
angiography. In a retrospective analysis of cases
with discordant results between SCTA and pulmonary
angiography, an expert panel found the initial
diagnosis of SCTA to be correct more often than
the prospective diagnosis of pulmonary angiography
[28]. This notion further erodes the role of pulmonary
angiography as the sole and undisputed gold standard
in the diagnosis of PE and suggests that the accuracy
of SCTA may be higher than that reported to date.

Cost-effectiveness

SCTA seems to be a cost-effective method, as
reported in a study by VAN ERKEL et al. [29], who
investigated different combinations of tests to diag-
nose PE. The authors showed that among 15

combinations of six diagnostic tests the five most
effective strategies (with the lowest cost per life saved
and the least mortality) all included SCTA of the
pulmonary arteries, in combination with lower limb
ultrasonography.

There are a number of caveats that apply to the
interpretation of such studies. First, one must under-
stand that in the rather complex cost-effectiveness
models, the cost-effectiveness ratios and the strategies
recommended depend on numerous variables. If, for
example, in the VAN ERKEL et al. [29] model threshold

a)

b)

Fig. 6. – Multislice spiral computed tomography (CT) angiogram
in pulmonary embolism in a 63-yr-old male patient. a) This
multislice CT angiogram, acquired with 2.5-mm slice thickness
and a pitch of 6 shows emboli in the right lower lobe artery
(arrow) surrounded by contrast enhanced blood. b) Magnified
view of inset box, a small subsegmental embolus is also present in
the middle lobe (arrow head).
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sensitivity analysis was performed with mortality as
an outcome parameter, and the sensitivity of SCTA
was v85%, the cost-effectiveness ratio and, conse-
quently, the optimal imaging strategy, would change
to include V/Q scintigraphy, SCTA, and ultrasound of
the leg veins.

The notion that SCTA is a cost-effective test was
further supported by a subsequent study by VAN

ERKEL et al. [30], who analysed the cost-effectiveness
of SCTA in different countries and healthcare
systems. As expected, there were considerable differ-
ences in the costs for diagnosis and treatment of PE.
However, in all countries and systems, the combi-
nation of SCTA of the pulmonary arteries, and
ultrasound of the leg veins again yielded the best
cost-effectiveness ratio, i.e. the lowest costs at the
highest survival [30].

Clinical outcome

Because of the potential limitations of SCTA, and
the concerns arising with respect to its sensitivity for
demonstrating small clots, clinical outcome studies
were undertaken to analyse the clinical value of the
method. These studies suggest that clinical outcome
is favorable when SCTA does not show PE, and
anticoagulation is withheld. For example, FERRETTI

et al. [31] followed a group of 164 patients with clini-
cally suspected PE, intermediate probability at V/Q
scanning, and a negative result at SCTA. Of the 164
patients with negative SCTA and initially negative
results at Duplex ultrasound of the leg, three were
found to have clots in the calf veins at short-term
follow-up, and were categorized as initially false-
negative on spiral CT angiograms. The authors
concluded that in patients with negative spiral CT,
clinical outcome was comparable to that in patients
with negative V/Q scintigraphy or negative pulmonary
angiography. In the author9s institution, a retro-
spective study of patients who underwent SCTA for
suspected PE between 1993–1995 showed that in 260
cases with negative SCTA, where anticoagulation was
withheld, there was only one recurrent PE (0.4%) [32].
Recently, GOODMAN et al. [33] followed patients who
had negative imaging results and who were not
anticoagulated for 3 months. Subsequently, PE was
found in two (1%) of 198 patients with negative CT
scans (compared to none of the 188 patients with
negative V/Q scans). Finally, a yet unpublished study
by SWENSEN et al. [34] showed that SCTA was safe and
reliable for excluding clinically relevant PE. Inw1,000
patients with clinically suspected PE and a negative
spiral CT scan, where anticoagulation was withheld,
the negative predictive value of the negative exam was
99% [34]. Overall, currently available data suggest that
SCTA has a similar negative predictive value com-
pared to pulmonary angiography and V/Q scintigra-
phy, and that it is safe to withhold anticoagulation
in patients with suspected PE and a negative spiral
CT angiogram.

Alternative diagnoses

One of the great advantages of spiral CT over other
imaging methods is that spiral CT is not only an
angiographic method, but also a standard and
routinely used test in the evaluation of other disorders
and anatomic structures in the chest. In this context,
SCTA provides information not only on the pulmo-
nary arteries, but also on the lung parenchyma, the
hila, the mediastinum, and the heart. If it is considered
that clinical symptoms in suspected PE are rather
nonspecific, and many patients have diagnoses other
than PE, it is important to emphasize that SCTA may
help to identify alternative findings, and to establish
alternative diagnoses (fig. 7) such as aortic dissection
in a large number of patients. As KIM et al. [35]
demonstrated, SCTA provided additional information
and helped to establish alternative diagnoses inw60%
of patients. The spectrum of alternative diagnoses
included pulmonary disorders such as pneumonia or
fibrosis, pleural abnormalities, and cardiovascular
disease.

One-stop shopping

The one-stop-shopping philosophy characterizes a
diagnostic approach that exploits the possibility of
using a single test to answer different questions, and
thus, to solve (ideally) a series of problems. In this
sense, SCTA is an elegant method to identify, among
various clinical differential diagnoses, the one entity
potentially responsible for a patient9s symptoms, i.e.
PE or, as outlined earlier, an alternative disorder.
Clearly, similar information cannot be obtained with
V/Q scintigraphy, and is difficult to extract from
pulmonary angiography. This notion is supported in a

Fig. 7. – Alternative computed tomography (CT) diagnosis in a
renal transplant patient with left sided chest pain. A CT
angiogram was performed to investigate the presence of pulmo-
nary embolism (PE). Whereas PE was not found, a nodular lesion
was detected in the left lower lobe, surrounded by a halo
phenomenon (arrow). In addition, a left sided pleural effusion was
present. The lesion was biopsied and found to represent post
transplant lymphoproliferative disease.
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study by MAYO et al. [20], comparing SCTA and V/Q
scintigraphy in a series of patients with suspected PE.
In this study, in which pulmonary angiography was
used in all cases with inconclusive V/Q scans and in all
patients with contradictory results at SCTA and V/Q
scanning, SCTA had a sensitivity of 87%, compared to
65% for V/Q scanning [20]. The specificities of both
methods were similar. The authors of this study
conclude that their results supported the proposal that
SCTA could be used as the initial imaging modality in
the diagnosis of PE.

Another approach to one-stop-shopping is the
assessment of the pulmonary arterial system and the
venous system of the lower extremities in a single
imaging session. The pathophysiological background
of such a combined assessment is based on the fact
that PE and venous thrombosis are different aspects
of the same disorder. Combined SCTA and CT
venography exploit the contrast bolus given for the
assessment of the pulmonary arteries for the venous
phase CT evaluation of the lower extremity veins
(fig. 8). As suggested by LOUD et al. [36], a CT
venogram of the lower extremity veins should be
performed 3–4 min after the initial contrast bolus
for the lung study has been administered. The pelvic
and lower extremity veins are investigated using single-
section scans with 3–5 mm section thickness every
3–5 cm. In this trial, CT venography had a sensitivity
of 97% and a specificity of 100% in the detection
of venous thrombosis of the lower extremities [36].
The advantages of combining SCTA of the pulmonary
arteries and CT venography of the lower extremity
veins are clear. First, the diagnosis of venous throm-
boembolism can be made or excluded within a single
session; second, as a consequence, time to diagnosis
is shorter; and third, patients with a suspected venous
thromboembolism do not have to undergo several
time-consuming examinations. It may be argued that
the addition of CT venography would substantially
increase ionizing radiation; however, if a small
number of single thin sections are obtained rather
than a full spiral CT examination, the patient is
subjected to very little additional ionizing radiation.

Equipment availability

One issue that is chronically neglected in the
discussion of the role of imaging methods in the
evaluation of patients with suspected PE is equipment
availability. In contrast to the USA, where equipment
standards are relatively well-defined for primary,
secondary, and tertiary referral centres, the equipment
situation in European hospitals is more heteroge-
neous. This was demonstrated by BURKILL et al. [37] in
a survey regarding equipment availability and imaging
strategies used in British hospitals. Pulmonary angio-
graphy, one of the two imaging components of the
traditional imaging approach to PE, was available in
62% of hospitals [37]. On the other hand, spiral CT
services were provided by 52% of hospitals, and the
combination of V/Q scintigraphy and SCTA were
present in only 29% of hospitals. In another survey,
which examined the imaging equipment available for

the diagnosis of PE in Austrian hospitals, the present
authors group has demonstrated that in 1998, spiral
CT was available in 54%, angiography in 46%, and
V/Q scintigraphy in 22% of hospitals, respectively. It
is particularly remarkable that in hospitals withv150
beds, V/Q scintigraphy was available only in 5% of
institutions [38]. From these results, it can be deduced
that imaging in PE cannot rely on a single methodo-
logical approach, but rather on the use of the equip-
ment available and on exploiting the different imaging
possibilities at hand. Nevertheless, it seems that the
availability of SCTA is already exceeding that of V/Q
scintigraphy in some European countries or regions.

Limitations of spiral computed tomography
angiography

SCTA has advantages as well as limitations. As
outlined earlier, the sensitivity of this method in
the detection of isolated small peripheral emboli is
one well-known limitation of single-slice spiral CT.
This limitation may, however, be overcome by using
multislice SCTA with narrow collimation.

Another limitation of SCTA is its susceptibility to
breathing artifacts, when a patient is unable to hold
their breath during data acquisition. Yet in this case,
as well, multislice SCTA with short total scanning
times in the range of 10 s will eventually eliminate the
problem. Finally, an inconclusive examination due to
insufficient contrast opacification of the pulmonary
arteries may represent a problem in patients with
heart failure, pulmonary artery hypertension, right-to-
left shunts, and a number of other conditions. In
the literature, the number of inconclusive exams is
reported to range from 1% [9] to 12% (European
Society of Thoracic Imaging Prospective Investigation
of Pulmonary Embolism, Dept of Radiology, Uni-
versity of Vienna, Vienna, Austria). In principle,
patients with inconclusive exams at SCTA are also
those, who may, due to their comorbidity, have
inconclusive results at V/Q scanning or lower quality
pulmonary angiograms.

Role of spiral computed tomography in the evaluation
of pulmonary embolism

Because of the disadvantages of the traditional
diagnostic methods, and based on the evidence that
CT can depict pulmonary emboli with good sensitivity
and specificity, it seems reasonable to incorporate this
modality into clinical practice [39]. The question is
where SCTA should be placed in the numerous diag-
nostic algorithms which have been designed so far to
structure the imaging approach to the diagnosis of PE.

There are several arguments to be made for spiral
CT imaging used as the first noninvasive screening
procedure for PE, or as a secondary test follow-
ing inconclusive V/Q scanning. Numerous authors,
among them GOODMAN et al. [39], have proposed
SCTA as a primary screening procedure for PE and
hinted that SCTA could completely replace V/Q
scanning. The arguments for using SCTA and
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completely eliminating V/Q scanning include the
superior accuracy of spiral CT in comparison to V/Q
scanning as a single method, the superior interobser-
ver agreement of spiral CT [40] and the large number
of inconclusive V/Q scans [5]. Nevertheless, there
remains a reasonable indication for using V/Q
scintigraphy as a primary imaging modality in healthy
outpatients without known lung disease.

A discussion on whether spiral CT or pulmonary
angiography should be used as a secondary test
following inconclusive V/Q scans maybe rather
short. Too many publications have reported, and
too many institutions have experienced that pulmo-
nary angiography is clinically underused because of its
invasiveness and its rather low degree of acceptance
by clinicians. Furthermore, as documented by studies
on equipment availability [37, 38] the access to
pulmonary angiography is limited. Therefore, pul-
monary angiography will, in the future, be kept to
local or regional importance and will otherwise be
completly replaced by SCTA.

Considering the current knowledge about the
accuracy of different methods in the assessment of
PE, and the heterogeneity in method availability and
acceptance, it is clear that, for the near future, several
different diagnostic strategies and algorithms will
coexist. In addition, it seems that spiral CT will play
an increasingly important role. At this point, spiral
CT has already been incorporated into the clinical
routine in many institutions [41]. Spiral CT is already
used as a primary screening test for PE where radio-
nuclide lung imaging is unavailable, and in this context,
spiral CT can be regarded as sensitive and specific
enough to diagnose or rule out relevant PE. Spiral
CT, combined with radionuclide lung imaging, is
more acceptable to clinicians than a strategy involv-
ing pulmonary arteriography, and thus reduces the
potentially dangerous "best clinical guess" approach.

Spiral CT is feasible even for critically ill or
intubated patients, and spiral CT is now the first
imaging method of choice at the author9s institution
for intensive care patients with suspected PE. In
addition, spiral CT can be useful for monitoring
patients who undergo thrombolytic therapy [42, 43].
In these patients, CT allows the visualization of
embolic material without the need for a central venous
puncture.

Conclusion

Recent data support the concept that single and
multislice spiral computed tomography has funda-
mentally modified the diagnostic approach to the
evaluation of patients with suspected pulmonary
embolism. Although the definitive role of spiral
computed tomography in the diagnostic algorithm
has yet to be determined, it is clear that spiral
computed tomography has several advantages com-
pared to established techniques. Patients, as well as
physicians, may benefit from this novel approach,
which will have to be tailored to the specific needs of
individual diagnostic facilities, technical settings, and
individual patients.
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