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CHEST

Multislice CT imaging

of pulmonary embolism

Abstract In recent years CT has
been established as the method of
choice for the diagnosis of central
pulmonary embolism (PE) to the
level of the segmental arteries. The
key advantage of CT over compet-
ing modalities is the reliable detec-
tion of relevant alternative or addi-
tional disease causing the patient’s
symptoms. Although the clinical
relevance of isolated peripheral em-
boli remains unclear, the alleged
poor sensitivity of CT for the detec-
tion of such small clots has to date
prevented the acceptance of CT as
the gold standard for diagnosing PE.
With the advent of multislice CT we
can now cover the entire chest of a
patient with 1-mm slices within one
breath-hold. In comparison with
thicker sections, the detection rate
of subsegmental emboli can be sig-
nificantly increased with 1-mm slic-
es. In addition, the interobserver
correlation which can be achieved
with 1-mm sections by far exceeds
the reproducibility of competing
modalities. Meanwhile use of multi-

slice CT for a combined diagnosis of
PE and deep venous thrombosis
with the same modality appears to
be clinically accepted. In the vast
majority of patients who receive a
combined thoracic and venous mul-
tislice CT examination the scan ei-
ther confirms the suspected diagno-
sis or reveals relevant alternative or
additional disease. The therapeutic
regimen is usually chosen based on
the functional effect of embolic vas-
cular occlusion. With the advent of
fast CT scanning techniques, also
functional parameters of lung per-
fusion can be non-invasively as-
sessed by CT imaging. These advan-
tages let multislice CT appear as an
attractive modality for a non-inva-
sive, fast, accurate, and comprehen-
sive diagnosis of PE, its causes, ef-
fects, and differential diagnoses.
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Introduction

Recent years have seen an increasing importance of CT
in the diagnosis of pulmonary embolism (PE), mainly
brought about by the advent of fast CT image acquisi-
tion techniques [1, 2, 3, 4]. Competing imaging modali-
ties are on the decline: nuclear scanning, once the first
line of defense in the diagnostic algorithm of PE, is
withdrawing to diagnostic niches due to limited avail-

ability [5], poor inter-observer correlation [6], and no-
torious lack of specificity [7]. Pulmonary angiography,
the one-time gold standard for the diagnosis of PE, is
becoming increasingly tarnished [8, 9]. Magnetic reso-
nance imaging may be a promising tool for the diagnosis
of PE [10, 11] in the future but to date has not found
widespread use in emergency medicine due mainly to its
long examination times and difficulties in patient moni-
toring. In contrast, CT has become established as a
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widely available [5], safe, cost-effective [12], and accu-
rate modality for the quick and comprehensive [13] di-
agnosis of the pulmonary circulation and the deep ve-
nous system [14]. The evident advantages of CT for the
diagnosis of PE have become further enhanced by the
introduction of multislice CT technology [14, 15, 16, 17].
It is now feasible to acquire a 1-mm scan of the entire
thorax within one breath-hold. Perceived limitations of
CT for the depiction of peripheral emboli are thus
overcome. Herein we discuss the clinical impact of
multislice CT on the diagnostic algorithm of suspected
PE.

Diagnosis of pulmonary embolism with CT:
general considerations

The most important advantage of CT over competing
imaging modalities is that the mediastinal and paren-
chymal structures can be evaluated [4]. This allows di-
rectly visualizing the embolus and the distension of the
right cardiac cavities which is a measure of the right
heart load of the patient [18]. Moreover, it has been
shown that up to two-thirds of patients with initially
suspected PE receive other diagnoses [19]. With CT
potentially life-threatening alternative causes of the
clinical signs and symptoms in a patient with chest pain
and a normal radiograph, such as aortic dissection, can
be reliably identified [20]. In addition, it seems to be
largely unknown that CT also appears to be the diag-
nostic modality of choice in pregnant patients with sus-
pected PE. Even with high-dose scanner settings, the
average fetal radiation dose with CT is significantly less
than nuclear perfusion lung scanning so that CT for
suspected PE may be acceptable in pregnancy [21].
Despite these eminent advantages, a case has fre-
quently been made against CT imaging of PE, based on
its alleged lack of accuracy for peripheral emboli. The
significance of such small emboli in the periphery of the
lung is uncertain and is discussed later. Computed to-
mography meanwhile has demonstrated its high accu-
racy for the detection of PE down to the segmental ar-
terial level [22]. Its ability to detect subsegmental em-
boli rivals that of invasive pulmonary arteriography: In
recent analyses the inter-observer agreement for detec-
tion of subsegmental emboli with pulmonary angiogra-
phy ranged between 45 and 66 % [8, 9]. With CT similar
accuracy for the detection of subsegmental emboli
could be achieved back in 1995 with a first-generation
spiral scanner without subsecond image acquisition ca-
pability [22]; thus, there is no clinical advantage of sub-
jecting a patient to invasive pulmonary angiography for
mere diagnostic purposes, a procedure which carries a
small but definite risk [23]. Also, missing small periph-
eral emboli with either CT or nuclear scanning does not
seem to seriously affect patient outcome. The frequency

of clinical diagnoses of PE after a negative CT scan is
low (1%), and lower than that after a negative or low-
probability V-Q scan (3 %) [24]; thus, even single-slice
spiral CT is a reliable imaging tool for excluding clini-
cally relevant PE so that anticoagulation can be safely
withheld when the CT scan is normal [24].

Computed tomography is little observer-dependent
[25] and clearly outperforms scintigraphy in terms of
inter-observer correlation. In a recent study inter-ob-
server agreement for the diagnosis of PE was excellent
for spiral-CT angiography (= 0.72) and only moderate
for ventilation—perfusion radionuclide lung scanning
(= 0.22) [6]. In addition, CT proved to be the most cost-
effective modality in the diagnostic algorithm of PE
[12], which is becoming of increasing importance in the
present socio-economic environments.

Diagnosis of PE with multislice CT
Multislice CT for imaging acute PE

The introduction of multislice technology is the single
most important development in the field of CT imaging
after the advent of spiral CT [26]. In the current scanner
generation the single detector bank of conventional
spiral scanners has been replaced by multiple detector
banks, which can be combined during readout to ac-
quire four slices simultaneously. The most prominent
feature of this technology is increased speed. Compared
with conventional 1-s rotation single-slice CT, the same
volume can be covered up to eight times faster with
identical section thickness [14]. Another option is to use
narrower collimation in order to increase spatial reso-
lution and reduce partial-volume averaging. The gain in
image acquisition speed will further increase in the near
future with the introduction of more advanced genera-
tions of multislice CT scanners with added detector rows
and new concepts of image acquisition and data trans-
port.

For imaging of suspected PE where both speed and
attention to detail are of crucial importance, we make
use of this increased image acquisition speed in a variety
of ways. In the emergency situation, in dyspneic or un-
cooperative patients the presence of central emboli (i.e.,
including segmental pulmonary arteries) must be veri-
fied or ruled out within a few seconds. To this end, we
use a multislice CT (Somatom VolumeZoom, Siemens,
Forchheim, Germany) protocol that comprises 500-ms
rotation, pitch of 6, and 4 x 2.5-mm collimation. With
this protocol the entire thorax (25 cm) can be covered
within 8 s. This unprecedented speed results in optimal
image quality even in the most dyspneic or uncoopera-
tive individuals and represents an invaluable gain in our
ability to care for critically ill patients (Fig. 1). If only
the pulmonary vessels are to be evaluated, the amount
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Fig.1 Acute pulmonary embolism (PE). A central embolus ex-
tends into the right main pulmonary artery. Multislice CT scan
protocol: 2.5-mm collimation; pitch 6; total scan time 8 s. (Siemens,
Forchheim, Germany) volume rendering seen from above

of contrast material can be substantially reduced; the
latter is an important advantage in the elderly popula-
tion with impaired cardiac and renal function in whom
excessive volume load caused by large quantities of hy-
perosmolar contrast media must be avoided.

Multislice CT for imaging peripheral pulmonary arteries

The clinical significance of small peripheral emboli in
segmental and subsegmental pulmonary arteries in the
absence of central emboli is uncertain. It has been
shown that 6% [7] to 30% [27] of patients with docu-
mented PE present with clots only in subsegmental and
smaller arteries. It is assumed that one important func-
tion of the lung is to prevent small emboli from entering
the arterial circulation [28]. Such emboli are thought to
form even in healthy individuals, although this notion
has never been substantiated [29]. Controversy also ex-
ists as to whether the treatment of small emboli, once
detected, may result in a better clinical outcome for pa-
tients [24, 27, 28, 30, 31]. In the overwhelming majority
of cases missing small peripheral emboli does not seem
to adversely affect patient outcome [24]. There seems to
be agreement, however, that the presence of peripheral
emboli may be an indicator for current deep vein
thrombosis thus potentially heralding more severe em-
bolic events [19, 27, 32]. A burden of small peripheral
emboli may also have prognostic relevance in individu-
als with cardio-pulmonary restrictions [24, 27, 28] and
for the development of chronic pulmonary hypertension
in patients with thromboembolic disease [27]. Before
the argument over the clinical significance of small clots
is finally settled and as long as the accuracy of CT for
detecting peripheral emboli is being questioned, the

quest to improve the diagnostic quality of CT pulmo-
nary angiography appears to be justified.

It could be shown that superior visualization of seg-
mental and subsegmental pulmonary arteries can be
achieved with 2- vs 3-mm collimation [33, 34], probably
due to reduced volume averaging and improved analysis
of small-sized vessels with progressively thinner slices.
However, using conventional single-slice CT the range,
which can be covered with thin collimation within one
breath-hold, is limited even if high pitch factors are used
[3, 33]. Use of 2-mm collimation single-slice CT with a
pitch of 2 (5.3-mm table feed/s) which was proposed as
the optimized acquisition protocol [33] covers a volume
from the aortic arch to the base of the heart (10-12 cm)
within 19 to 23 s.

In addition, in many instances the 0.75-s slice acqui-
sition time of conventional single-slice CT is still too
long to effectively reduce cardiac pulsation artifacts in
the vicinity of the heart [35]. Segmental and subseg-
mental arteries in paracardiac lung segments thus tend
to be blurred, so that definitive exclusion of isolated
emboli in these vessels is not always feasible [3].

The advent of multislice CT allows covering exten-
sive volumes with thin collimation within a single
breath-hold. A 1-mm collimation multislice CT acquisi-
tion with 500-ms gantry rotation time and a pitch of 6
(12-mm table feed/s) covers a range from the aortic arch
to the base of the heart in 8-10 s. Inclusion of the entire
chest in the multislice CT examination enhances the di-
agnostic value of the study, since alternative disease in
the periphery of the lung can also be detected; there-
fore, if a meticulous analysis of peripheral pulmonary
arteries for the exclusion of small clots is required, e.g.,
in patients with poor cardio-respiratory reserve, we
cover the entire chest (25 cm) with 1-mm collimation
and pitch of 6 within 20 s. Thus, despite of the use of
thinner, 1-mm collimation, the acquisition speed can be
significantly increased with multislice CT. At the same
time, the high spatial resolution of 1-mm sections, if
read from a monitor, significantly increases the detec-
tion rate of segmental and subsegmental pulmonary
emboli compared with thicker sections [36]. This in-
crease in the rate of detection likely is directly related to
the accurate depiction, without volume averaging, of
progressively thinner vessels by use of thinner sections.
The improved visualization with 1-mm multislice CT is
most striking in peripheral arteries with an anatomic
course parallel to the scan plane. Such vessels tend to be
most affected by volume averaging if thicker slices are
used. The high spatial resolution along the scan axis of a
1-mm multislice CT data set, however, allows an accu-
rate evaluation of the full course of such vessels (Fig. 2).
The interobserver correlation for confident detection of
subsegmental emboli with 1-mm multislice CT by far
exceeds the reproducibility of competing modalities,
i.e., invasive pulmonary angiography [36]. Thus, tradi-
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Fig.2 A 70-year-old man. Three-millimeter (left) and 2-mm
(middle) axial reconstructions of a contrast-enhanced multislice
CT data set suggest the presence of thrombus in a segmental artery
supplying the posterior segment of the left upper lobe of the lung
(arrows). Only 1-mm reconstruction (right) of the data set allows
following the entire course of the segmental artery and unanimous
visualization of the filling defect within the posterior subsegmental
branch

tional limitations of CT for the diagnosis of small pe-
ripheral emboli appear to be overcome with the advent
of multislice CT.

While multislice CT increases our diagnostic capa-
bilities, the massive amount of data which is generated
by this technique puts significant strain on any image
analysis and archiving system. A 1-mm multislice CT
study in a patient with suspected pulmonary embolism
routinely results in 200-300 individual axial images.
Reading of such a study is only feasible by use of digital
workstations that allow viewing in “scroll-through” or
“cine” mode. Also, extensive PACS storage capacities
are an essential need for successful routine performance
of multislice CT in a busy clinical environment. Adapt-
ing this environment to the new demands which are
generated by the introduction of ever-faster scanning
techniques is not a trivial task. New modalities for data
transfer, data archiving, and image interpretation will
have to be devised in order to make full use of the vast
potential of MSCT imaging.

Multislice CT for evaluating pulmonary hypertension

Pulmonary hypertension (PH) of the precapillary pul-
monary circulation is a diagnostic challenge. The host of
potential underlying disorders includes idiopathic dis-
ease, recurrent embolism, and structural lung changes
among other more readily identifiable causes [37].
Computed tomography has traditionally been an im-
portant tool in the diagnostic algorithm of PH allowing
for an accurate assessment of both, pathogenesis and
extent of the disease. High-resolution CT (HRCT) is the
gold standard to evaluate a patient with suspected PH
for structural lung changes that may cause increased

pre- or postcapillary pressure within the lung vessels.
Mosaic attenuation on HRCT (Fig. 3), combined with
distal pruning of pulmonary arteries, is a tell-tale sign of
impaired pulmonary perfusion due to recurrent periph-
eral embolism as the underlying cause. Contrast-en-
hanced spiral CT allows for direct visualization of more
centrally located chronic thromboemboli and helps to
determine if the disease is amenable to surgical
thrombendarterectomy (Fig.3). If neither structural
lung changes nor signs of thromboembolism are found
in the absence of other identifiable etiologies for PH,
such as congenital heart disease or tumor embolism, a
diagnosis of primary pulmonary hypertension (PPH) is
usually considered. Since the differential diagnosis of
PH includes diseases with both focal and diffuse char-
acter, the entire pathology frequently cannot be appre-
ciated with a single CT technique. Conventional thick-
collimation spiral CT may not suffice to assess intersti-
tial changes. If only HRCT is performed, focal patholo-
gy, such as thromboembolism, is easily missed due to the
high-frequency reconstruction algorithms and because
scans are acquired at only every 10-20 mm. In patients
with suspected PH it is therefore often necessary to
perform both spiral CT and HRCT for a comprehensive
assessment of the underlying pathology. Now a single,
breath-held, 1-mm collimation multislice CT acquisition
generates a set of raw data that provides all options for
image reconstruction, allowing addressing multiple di-
agnostic problems by performing a single contrast-en-
hanced scan (Fig. 3). In patients with suspected PH we
routinely perform a 1-mm reconstruction of the entire
chest which, if read from a monitor, allows a highly sen-
sitive detection of small peripheral thrombotic changes.
In addition, from the same set of raw data 5-mm con-
tiguous lung sections and 1-mm HRCT sections at every
1 cm are routinely performed (Fig. 3b); thus, from a
single set of raw data a comprehensive analysis of gross
and diffuse lung changes and of thromboembolic dis-
ease becomes feasible.

Functional multislice CT imaging of lung perfusion

To date, CT has not permitted the functional evaluation
of pulmonary microcirculation during pulmonary em-
bolism. The choice of the adequate therapeutic regi-
men, however, critically hinges on an accurate evalua-
tion of the functional effect of thromboemboli on lung
perfusion. If large percentages of the lung parenchyma
are affected by embolic occlusion, imminent right heart
failure warrants a more aggressive regimen, such as
thrombolysis, which carries a small but definite risk [38,
39]; thus, the quantitative assessment of the effect of PE
on tissue perfusion may bear more important informa-
tion for patient management than the direct visualiza-
tion of emboli by CT angiography alone. It has been
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shown that with the advent of fast CT scanning tech-
niques functional parameters of lung perfusion can be
non-invasively assessed by means of CT imaging (Ta-
ble 1) [4, 40, 41, 42]. Based on these experiences dedi-
cated image-processing tools are being developed for
use with high-resolution multislice CT. We pursue dif-

\
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Fig.3a—c Contrast-enhanced multislice CT data set in a patient
with pulmonary hypertension secondary to chronic thromboem-
bolism. Thrombotic wall thickening (arrows in a and b) is seen on a
the 1-mm axial source images and on b the coronal maximum in-
tensity projection view which facilitates planning of thrombendar-
terectomy in this patient. ¢ From the same data set 1-mm sections
are reconstructed with a 10-mm reconstruction increment and a
high-resolution kernel. High-resolution reconstructions display
mosaic perfusion of the lung parenchyma in the left upper lobe of
the patient due to recurrent peripheral embolism

ferent approaches for visualization of lung perfusion on
a prototype of a specially designed software platform
(LungCare, Siemens). “Perfusion-weighted display”
(Fig. 4), for instance, allows color-encoded display of
lung parenchyma enhancement based on routine high-
resolution multislice CT data which is contrast en-

Table 1 Multislice CT imaging parameters. DVT deep venous thrombosis

Collimation Table feed Gantry Pitch kV mAs Contrast  Flow Delay Reconstruc-
(mm) (mm/s) rotation volume (ml/s) (s) tion/increment
(s) (ml) (mm)
Pulmonary arteries
high speed 4x25 30 0.5 6 120 120 80 4 18 2.5/2 5/5 (lung)
Pulmonary arteries 4 x 1 12 0.5 6 120 120 120 4 18 1.25/15/5
high resolution (lung)
Pulmonary hyper- 4 x1 8 0.75 6 120 120 120 4 20 1.25/1 5/5
tension (lung); 1.25/10
(high resolu-
tion)
Veins in suspected 4 x 5 mm 70 0.5 7 120 120 Noaddi- - 150 s total ~ 5/5
PE and DVT tional delay

contrast
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Fig.4a, b A 58-year-old man with PE in the right middle lobe.
a Perfusion-weighted color-coded display of a transaxial, contrast-
enhanced multislice CT data set enables delineation of the result-
ing perfusion defect in the dependent parenchyma. Perfusion-
weighted display allows estimating the percentage of lung paren-
chyma that is functionally affected by thromboembolism. Super-
imposing functional data on the morphological scan aids spatial
orientation. b Reconstruction of functional image data in the sag-
ittal imaging plane is made feasible by the isotropic nature of a
high-resolution multislice CT data set and further aids localization
and visualization of perfusion defects. In addition, on reformats in
arbitrary image orientations gravity-dependent distribution of lung
perfusion can be more accurately assessed and better differentiat-
ed from embolic perfusion deficits compared with transaxial scans
alone

hanced with a sharp bolus of low-viscosity contrast ma-
terial (Accupaque 300, Nycomed-Amersham, Oslo,
Norway). In a first step, the individual axial slices of
such a multislice CT study provide the usual structural
information with direct visualization of emboli. For
functional information the lung parenchyma is then ex-
tracted from the individual axial images using thresh-
old-based contour-finding algorithms. Dedicated filters
are applied to the resulting images in order to optimally
display differences in enhancement on spectral color-
coded maps. Additional overlay of the parenchymal
color map onto the original CT image is used to enhance
visualization of spatial relationships (Fig. 4a). Due to
the isotropic nature of a 1-mm multislice CT data set,
color-coded images can be viewed in arbitrary imaging
planes (Fig. 4b). In each case the findings of functional
multislice CT imaging must also be correlated to the
structural information provided by the individual axial
slices on which the functional study is based. This way,
since input from both structural and functional scanning
is used for a comprehensive diagnosis, altered perfusion

parameters based on structural lung changes can be
recognized as such and therefore should not impair the
utility of functional multislice CT. We anticipate this
method to evolve into a valuable adjunct to CT pulmo-
nary angiography by providing both structural and
functional information using the same modality. The
well-established accuracy of CT for the depiction of
emboli and thoracic anatomy is thus supplemented by
an effective means to quantitatively assess the func-
tional effect of thromboemboli on lung perfusion. This
way, a comprehensive diagnosis is feasible within a few
minutes, without having to subject a patient to multiple
expensive and time-consuming tests requiring transpor-
tation and advanced logistics.

Multislice CT for imaging deep venous thrombosis

Combined multislice CT venography and pulmonary
angiography is a diagnostic test that screens for pulmo-
nary embolism and deep venous thrombosis (DVT) us-
ing a single contrast medium infusion. This technique
has been proposed as a cost-effective means for exclud-
ing lower-extremity venous thrombosis in patients un-
dergoing CT pulmonary angiography [43]. Key advan-
tages allow that no additional contrast media needs to
be injected to evaluate both the pulmonary vessels and
the deep venous system. Meanwhile, use of CT for this
purpose seems to be clinically established [44, 45, 46,
48]. We use the volume covering capabilities, which
have become available with multislice CT for a com-
prehensive diagnosis of PE and DVT in patients without
known source of emboli. In this setting, we administer a
full dose of 120 cc of contrast material while scanning
the pulmonary arteries and then cover the entire sub-
phrenic venous system during venous enhancement



2284

Fig.6 Incidentally found T1 peripheral adenocarcinoma (arrow)
in the right upper lobe of a patient with central PE. Volume-ren-
dered display of a contrast-enhanced high-resolution multislice CT
pulmonary angiogram. Direct visualization of emboli and of rele-
vant alternative or additional disease is the key advantage of CT
over competing modalities for the diagnosis of PE

Fig.5a—c Examples of deep venous thrombosis diagnosed by
combined multislice CT pulmonary angiography and venography.
A thrombus in the inferior vena cava is clearly visualized close to
the right atrium of the heart (arrow in a). Residual thrombi are
delineated as filling defects in the left femoral vein (arrow in b) and
in the small saphenous vein of the right calf of a patient (arrow in
¢). Multislice CT venography allows an accurate evaluation for
thrombotic changes in patients with suspected PE even in areas
that are difficult to assess with competing modalities

without any additional contrast material. Using 500-ms
rotation, 4 x 5S-mm collimation and pitch 7, a 100-cm
volume can be covered in approximately 20 s. Scanning
for deep venous thrombosis in patients with suspected
pulmonary embolism is the only vascular indication
where a collimation of 4 x 5 mm is used at our institute
in order to achieve a maximum of volume coverage with
a minimum of radiation exposure. In a patient with
acute PE who is bound for the intensive care unit, a
comprehensive diagnosis of the extent of thromboem-
bolic disease, the source of emboli, and potential resid-
ual thrombosis can be diagnosed in a single session by
using this approach. Computed tomography may even
be advantageous over Doppler sonography and con-
ventional venography since extensive residual throm-
bosis in the abdominal and pelvic venous system may be
better visualized by use of CT (Fig. 5a). Thrombosis in
calf veins may be less accurately depicted with CT
(Fig. 5¢) but usually does not represent a life-threaten-
ing condition. In the vast majority of patients who re-
ceive a combined thoracic and venous multislice CT
examination, the scan either confirms the suspected di-
agnosis or reveals relevant alternative or additional dis-
ease (Fig. 6). Experience has also taught us that repeat-
ed referrals for suspected malignancy as the underlying
cause for PE are markedly reduced by performing
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combined pulmonary multislice CT angiography and
venography as an initial examination for suspected
acute PE; thus, using this approach time-consuming and
expensive additional examinations in critically ill pa-
tients can be avoided.

In conclusion, multislice CT in our experience rep-
resents an attractive means for a safe, cost-effective,
highly accurate, and comprehensive diagnosis of PE, its
extent, causes, differential diagnoses, and functional ef-
fects. With the advent of this technology perceived lim-

itations of CT for the diagnosis of PE should be over-
come. The gain in image acquisition speed will further
increase in the near future with the introduction of more
advanced generations of multislice CT scanners with
added detector rows and new concepts of image acqui-
sition and data transport. The advantages of this mo-
dality that became evident with the current generation
of multislice CT scanners will thus be further enhanced
to the benefit of our patients.
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