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Abstract Multislice spiral CT is be-
coming an increasingly important
tool for diagnosing pulmonary em-
bolism. However, in many instances,
a chest radiograph is usually per-
formed as a first-line examination.
Many parenchymal, vascular, and
other ancillary findings may be ob-
served on both imaging modalities
with a highly detailed depiction of
abnormalities on multislice CT. 
A comprehensive review of chest 
radiograph findings is presented 
with side-by-side correlations of CT
images reformatted mainly in the
frontal plane.
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Pulmonary embolism findings 
on chest radiographs and multislice spiral CT

Introduction

A chest radiograph is usually the first imaging study
performed in patients with suspected pulmonary embo-
lism (PE). Chest radiographs have limited value in es-
tablishing or excluding the diagnosis of PE [1]. How-
ever, this imaging modality is helpful in excluding diag-
noses of diseases that may clinically mimic PE. Some
authors have reported several findings that were at-
tributed to the presence of PE [2–8] on plain chest ra-
diographs and later on computed tomography (CT) im-
ages [9–14]. Some correlations with autopsy and radio-

graphic findings [7] were made to understand better the
parenchymal and vascular abnormalities seen on chest
radiographs.

Over the past 10 years, spiral CT angiography has
reached a high accuracy in the evaluation of PE [15, 16]
and in the potential assessment of its severity [17, 18].
The use of multislice CT for the detection of PE allows
acquisition of the entire chest in one breath-hold using
thin slices, resulting in increased image quality [19]. At
present, radiologists have the opportunity to correlate the
different abnormalities seen on chest radiographs with
images obtained with mutlislice CT. In this pictorial es-
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Fig. 1a–c Acute PE in an 80-year-old man. a Frontal chest X-ray
is normal b Coronal reconstruction image obtained with multislice
CT (soft-tissue window settings, 1.3 mm collimation, 0.6 mm in-
terval reconstruction) reveals multiple emboli located in the left
inferior artery (arrowhead) and laterobasal artery (straight ar-

Fig. 2a, b A 72-year-old man with recurrent chest pain and dys-
pnea. This patient had previous thromboembolic disease treated
with anticoagulation and inferior cava filter placement. a Frontal
chest X-ray reveals cardiac enlargement with pacemaker. Well-de-
fined densities are present in the axillar portion of the right lung
(curved arrows) in a configuration compatible with pulmonary in-
farcts. b Axial view of thin-section multislice CT (soft-tissue win-
dow settings, 1.3 mm collimation, 0.6 mm interval reconstruction)
revealed the inferior pleural-based (minor fissure) wedge-shaped
opacity partially aerated in the right middle lobe (curved arrow).
The peripheral artery leading to it was thrombosed (straight 
arrow). The diagnosis of recurrent PE with pulmonary infarct was
established

rows). Note occlusion of the right inferior pulmonary artery by a
large clot (curved arrow). c Coronal reconstruction image ob-
tained with multislice CT (lung-tissue window settings, 1.3 mm
collimation, 0.6 mm interval reconstruction) did not show any pa-
renchymal abnormality
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say we present a comprehensive analysis of abnormali-
ties seen mainly on coronal reformatted images obtained
with multislice CT.

Chest radiographs and multislice CT

Chest radiographs were obtained by using a 150-cm
source–image distance (Thoramat, Siemens, Erlangen,
Germany). Most of the patients had an erect postero-an-
terior chest radiograph. All CT images were obtained
within 24 h on commercially available multislice CT
equipment (MX 8000, Philips Medical Systems, Cleve-
land, Ohio). The scanning parameters were as follows:
0.5 s scan time, 4×1 mm section thickness, pitch of
1.25, 120 Kv, and 144 mA s. All studies were performed
with 100–140 cc nonionic intravenous contrast medium
administered at 3 ml/s and a variable start-delay. All pa-
tients underwent craniocaudal scanning; the z-axis cov-
erage and the field of view were chosen to include the
entire thorax from the apex to the bases of the lung pa-
renchyma. Multiplanar reconstructions were performed
in frontal projections to provide the same view as that
represented by postero-anterior chest X-rays. The plane
of reconstruction was selected to represent better the ab-
normalities seen on the chest radiograph. PE was con-
sidered present on multislice CT when a filling defect
was seen in the pulmonary artery or in its branches of
division.

Acute pulmonary embolism

Normal chest radiograph

A chest X-ray is normal in a small number of patients
with acute PE (Fig. 1). Worsley et al. [6] reviewed the
chest radiograph findings of 1,063 patients with suspected

Fig. 3a–c An 82-year-old man with right iliac vein thrombosis. 
a Frontal chest X-ray shows ill-defined densities in the lower por-
tion of the right and left lungs (curved and straight arrows). b Co-
ronal reconstruction image obtained with multislice CT (soft-tis-
sue window settings, 1.3 mm collimation, 0.6 mm interval recon-
struction) revealed pleural-based wedge-shaped opacity in the ex-
ternal segment of the right middle lobe and laterobasal segment of
the left lower lobe. The peripheral artery leading to the laterobasal
segment of the left lower lobe was thrombosed (straight arrow).
Note the embolus located at the initial portion of the left lower 
artery (curved arrow) and at the origin of the lateral artery of the
right middle lobe (arrowhead). c Coronal reconstruction image
obtained with multislice CT (lung-tissue window settings, 1.3 mm
collimation, 0.6 mm interval reconstruction) revealed a partially
excavated opacity in the left lower lobe (arrows), consistent in this
context with semi-acute PE. The right opacity (curved arrow) was
surrounded by ground-glass opacities consistent with alveolar
hemorrhage as frequently encountered in acute PE
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Fig. 5a, b A 45-year-old man with right thoracic pain, dyspnea,
and hemoptysis. a Frontal chest X-ray does not reveal any paren-
chymal abnormalities. Right pleural effusion is present (curved 
arrow). The right upper lobe artery appears enlarged in its initial
portion (Fleischner’s sign) and then amputated (knuckle sign;
straight arrow). b Magnified view of the coronal reconstruction
image obtained at the level of the right upper lobe artery with mul-
tislice CT (soft-tissue window settings, 1.3 mm collimation,
0.6 mm interval reconstruction) reveals complete vascular occlu-
sion of the right upper lobe artery (straight arrows), just after its
origin

Pleural effusion was noted on the right side (curved arrow). b Coro-
nal reconstruction image obtained at the level of the carina with
multislice CT (lung-tissue window settings, 1.3 mm collimation,
0.6 mm interval reconstruction) reveals bilateral peripheral atelecta-
sis (straight arrows) with a minimal right pleural effusion (curved
arrow). c Coronal reconstruction image obtained at the level of 
the carina with multislice CT (soft-tissue window settings, 1.3 mm
collimation, 0.6 mm interval reconstruction) depicts the embolus
(straight arrow) occupying the peripheral segment of the right 
anterobasal artery. A clot is identified in the left inferior pulmonary
artery (curved arrow)

Fig. 4a–c A 36-year-old man with vague thoracic pain and mild
dyspnea. Treatment with antibiotics was unsuccessful. a Frontal
chest X-ray reveals linear densities in both lower lobes. The radio-
logical appearance was consistent with atelectasis (straight arrows).
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Fig. 6a–c A 69-year-old man admitted in emergency for mild dyspnea,
without evidence of deep venous thrombosis. D-Dimers were above
1,000 ng/ml. a Bedside chest X-ray reveals right upper lobe hyperlu-
cency (straight arrows; Westermark’s sign) without any other paren-

PE during the PIOPED study and found a normal chest 
radiograph in 12% of patients with PE confirmed by pul-
monary angiography. The international cooperative PE
registry [8] reported 24% normal chest radiographs in
2,452 consecutive patients who had received a diagnosis
of acute PE.

Pulmonary infarction

A pulmonary infarct usually resembles a truncated cone
(Hampton’s hump). It consists of homogeneous wedge-
shaped consolidation located in the lung periphery
[7–12] (Fig. 2). It may be surrounded by ground-glass
opacity (Fig. 3). The range of pulmonary infarcts seen on
chest radiographs for patients admitted with acute PE is
between 5 and 10%. Their relative frequency is influ-
enced by the time interval between the onset of symp-
toms, the performance of chest radiography, and the
severity of PE [8]. Cavitation may occur several weeks
after the acute event (Fig. 3) [7].

Parenchymal consolidation and volume loss

The most common chest radiographic finding in patients
with PE is atelectasis and/or parenchymal areas of in-
creased opacity [6–8] (Fig. 4). The consolidation may re-
sult from edema or hemorrhage with or without pulmo-
nary infarction [7, 11]. Nonwedge-shaped consolidation
and atelectasis occur in 19 and 35% of patients with PE,
respectively [10]. Elevation of the hemidiaphragm in re-
lationship with loss of lung volume may be observed in
50% of patients within 24 h of onset of symptoms and in
15% of patients with symptoms of longer duration [7].

Enlargement of pulmonary arteries and amputation 
of occluded vessels

A clot occupying a vessel enlarges its diameter at least in
its acute stage. Enlargement of central pulmonary arte-
ries is called Fleischner’s sign [7]. This enlargement is

chymal or pleural abnormalities. b Coronal reconstruction image ob-
tained at the level of the carina with multislice CT (lung-tissue window
settings, 1.3 mm collimation, 10 mm slice thickness reconstruction)
confirms the hyperlucency of the right lung (straight arrows) compared
to the opposite side. c Coronal reconstruction image obtained at the
level of the right and left main pulmonary arteries with multislice CT
(soft-tissue window settings, 1.3 mm collimation, 0.6 mm interval re-
construction) demonstrates the emboli (straight arrows) occluding the
right pulmonary artery and its branches. A large clot was also present
in the left inferior pulmonary artery (curved arrow)
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Fig. 7a–c A 75-year-old man with pulmonary hypertension. 
a Frontal chest X-ray reveals cardiomegaly with overinflated and
hyperlucent lung on the right side. The right pulmonary artery is
obviously enlarged. The left pulmonary artery is dilated (arrow-
heads) and partially masked by the calcified aortic arch (black
straight arrow). Note the extensive thickening of the pleura in the
left apical and axillary regions and right upper lobe scarring. 

caused directly by the clot itself rather than by the in-
duced pulmonary hypertension. The abrupt tapering of
the occluded vessel distally is known as the so-called
knuckle sign [3] (Fig. 5).

Focal oligemia

Massive pulmonary emboli may obstruct blood flow
through the main pulmonary artery, producing bilaterally
hyperlucent lungs, but fortunately, this is a rare occur-
rence. More localized areas of hyperlucency (Fig. 6)
called Westermark’s sign [2] may result from smaller
pulmonary emboli. These areas of hyperlucency may be
segmental, lobar, or involve an entire lung.

Pleural effusion

Pleural effusion is seen in 35–55% of patients who
have acute PE (Figs. 4, 5). It was shown that the side of
pleural effusion is not correlated with the side of PE
[10].

Chronic pulmonary embolism

Chronic PE is a rare but serious complication of acute
PE. Angiospiral CT is helpful for diagnosis, particular-
ly in proximal locations (Fig. 7) accessible to surgical
treatment by thomboendarterectomy. The classic radio-
graphic findings associated with pulmonary artery hy-
pertension and concomitant chronic PE include pulmo-
nary artery enlargement, right heart enlargement, areas
of decreased pulmonary vascularity, enlargement of the
azygos vein, pleural effusion and/or atelectasis, and
pleural thickening [13, 20, 21] (Fig. 7). Calcifications
have been reported to occur in long-standing pulmona-
ry arterial clots (Fig. 8). Mosaic perfusion related to re-
distribution of vascularization [14] has been described
on CT images but is not visible on standard chest radio-
graphs.

b Coronal reconstruction image obtained at the level of the proxi-
mal pulmonary arteries with multislice CT (soft-tissue window
settings, 1.3 mm collimation, 0.6 mm interval reconstruction) re-
vealed large excentric thrombi in proximal pulmonary arteries
consistent with chronic PE. Note the dilated left pulmonary artery
(arrowheads) adjacent to the aortic arch (black straight arrow) as
observed on the standard chest X-ray. c Coronal reconstruction
image obtained at the level of the right pulmonary artery with
multislice CT (lung-tissue window settings, 1.3 mm collimation,
0.6 mm interval reconstruction) reveals severe emphysema con-
tributing to the hyperlucency of the right lung



Conclusion

Acute and chronic PE may cause many different signs
on chest radiographs. Most of these signs are nonspe-
cific and others are subtle and difficult to recognize.
Thin-collimation multislice CT is a powerful imaging
technique for the detection of PE and for the depiction
of associated chest abnormalities. Side-by-side compar-
ison of chest radiographs and reformatted images ob-
tained with multislice CT helps the radiologist to un-
derstand and recognize these findings on chest radio-
graphs.
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Fig. 8a–c A 71-year-old woman with progressive dyspnea. a Fron-
tal chest X-ray reveals marked enlargement of the central pulmo-
nary arteries. b Unenhanced axial CT obtained at the level of the
left main pulmonary artery shows a large intravascular calcified
thrombus (curved arrow) not seen on the chest X-ray. The left pul-
monary artery was dilated measuring 44 mm in diameter. The api-
codorsal branch of the culminal artery (short arrow) appeared di-
lated. c Magnified view of enhanced axial CT obtained at the same
level as b shows the noncalcified portion of the large thrombus
consistent with long-standing chronic PE
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