
Introduction

The timely and accurate diagnosis of acute pul-
monary embolism (PE) is crucial to providing ap-
propriate patient care. Acute PE is a treatable con-
dition with a 3-month mortality rate greater than
15% [1]. Potential complications include cardio-
genic shock, hypotension, and myocardial infarc-
tion. PE is a relatively common condition, with an
estimated overall incidence of about 1 per 1,000
patients within the United States [2]. Of approxi-
mately 1,000 computed tomography (CT) studies
recently performed to assess for PE at our institu-
tion, roughly 10% were found to have PE. Unfortu-
nately, the presenting symptoms of acute PE are
relatively nonspecific and may be challenging for
the clinician. Symptoms include dyspnea, cough,
chest pain, and infrequently, hemoptysis. Chest ra-
diography, electrocardiography (ECG), arterial
blood gas measurements, and D-dimer assays all
have the potential to suggest PE, but they are non-
specific [3–9]. Radiological imaging plays a crucial
role in definitive diagnosis. Many modalities, in-
cluding pulmonary angiography, ventilation-per-
fusion scintigraphy (V/Q), compression Doppler
sonography, and CT have played important roles
in the diagnosis of acute PE.

Over the last 5 years, multidetector CT (MDCT)
pulmonary angiography has become the initial di-
agnostic test of choice in many institutions. Mean-
while, conventional angiography, V/Q scan, and
Doppler sonography have been relegated to ad-
junctive roles [10–12]. Many retrospective and
some prospective studies have been completed to
prove the accuracy of MDCT for detecting and ex-
cluding patients suspected of acute PE. Through
this research, there has been a transition from the
“gold standard” of pulmonary angiography and
V/Q scintigraphy to MDCT as the modality of
choice for excluding PE.

Advantages of MDCT

CT has many advantages when compared with
other available modalities in the detection of PE.
MDCT pulmonary angiography is a rapid test,
which can be obtained in a single 10-s breath hold
with a 16-slice CT system. CT also has the ability to
readily detect other abnormalities that may be
contributing to the patient’s clinical presentation,
including congestive heart failure, pneumonia, in-
terstitial lung disease, aortic dissection, malignan-
cy (Fig. 1), and pleural disease [13, 14].

Due to the relative frequency of PE, its high
mortality rate if not treated, and our ability to 
adequately treat it, the diagnosis of acute PE using
CT has been the subject of much research. Multiple
studies comparing MDCT with selective pul-
monary angiography have shown a negative pre-
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Fig. 1. A 53-year-old woman presented to the emergency depart-
ment with acute shortness of breath and left-lower-extremity
swelling. Multidetector computed tomography (MDCT) pulmonary
angiogram axial image demonstrated large pulmonary emboli
(green arrows) within the left and right main pulmonary arteries as
well as an incidentally found left perihilar lung cancer (purple arrow)
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dictive value greater than 96% for both single-slice
[15–21] and MDCT [22, 14, 23–27] in PE detection.
A large prospective study by Perrier et al. [28]
showed that patients with a negative D-dimer and
a negative MDCT pulmonary angiogram had test
less than a 1% chance of having a lower-extremity
deep venous thrombosis and a 3-month follow-up
thromboembolic risk of only about 1.5%. A meta-
analysis of 3,500 patients with a negative CT study
who did not receive anticoagulation showed a neg-

ative predictive value (NPV) of 99%, which com-
pares favorably with NPVs of conventional pul-
monary angiography and greatly exceeds that of
V/Q scintigraphy (76–88%) [15, 29–32]. These
studies suggest that a negative MDCT pulmonary
angiogram does not require any additional radio-
logic tests to help exclude the presence of acute PE.
Because of its high sensitivity and specificity,
MDCT can be both a screening and confirmatory
study. Use of CT would help decrease additional
and unnecessary imaging tests and limit the time
between clinical presentation and effective treat-
ment. More recently, the greater spatial resolution
of MDCT has permitted the detection of small
subsegmental emboli in sixth- and seventh-order
arterial branches with a high degree of interob-
server agreement [33–35]. Selective pulmonary
angiography has low interobserver agreement
rates, ranging from 45–66% [36, 37]. Similarly,V/Q
scintigraphy has not only poor interobserver
agreement rates but also poor specificity of low
probability studies (10%). Additionally, up to 73%
of V/Q scans are reported as intermediate proba-
bility [15, 30].

In addition to imaging the pulmonary arterial
system, CT venography (CTV) may be performed
to assess for venous thrombosis within the pelvis
and lower extremities. Delayed venous-phase im-
ages from the pelvis through the knees are ob-
tained 180 s following intravenous contrast injec-
tion. CTV is able to detect venous thrombosis in
the pelvis veins, which is typically not possible
during Doppler sonography due to overlying bow-
el gas (Fig. 2). Acute deep venous thrombosis
(DVT) on CTV is detected as a filling defect within
the vein (Fig. 3). Other signs include perivenous
stranding, mural enhancement, and vein enlarge-
ment [38]. A study by Cosmic et al. [39] showed
that up to 11% of patients with a negative chest CT

Fig. 2. A computed tomography venography (CTV) exam was per-
formed simultaneously with a CT pulmonary angiogram in a 68-
year-old woman with a history of ovarian cancer presenting with
dyspnea. Axial CTV image demonstrates a filling defect (arrow)
within the right common iliac artery consistent with thrombus. Im-
ages through the chest failed to demonstrate pulmonary embolism

Fig. 3a, b. Axial computed tomography venography (CTV) images in two different patients presenting for CT pulmonary angiography
demonstrate filling defects surrounded by intravenous contrast consistent with deep venous thrombosis (DVT) (arrows) in both the left
common femoral vein (a) and right superficial femoral vein (b)
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demonstrated venous thrombosis on CTV. Al-
though this study did not take into account 
D-dimer levels, it proved the efficacy of imaging
both the pelvis and lower-extremity venous struc-
tures following CT of the pulmonary arteries.

PE Findings Using MDCT

Most commonly, PE presents on CT as a filling de-
fect within a pulmonary artery surrounded by a
thin rim of contrast. These emboli often lodge at
bifurcation points, extending into peripheral arter-
ies (Fig. 4). When viewed in the transverse plane,
the emboli may be described as having a “polo-
mint” or “lifesaver” appearance (Fig. 5).When seen
longitudinally, these filling defects may present as
a “railway-track” sign, with the clot surrounded by
contrast material within the vessel lumen (Fig. 6).

Occasionally, an abrupt arterial cutoff may be en-
countered, with complete obstruction of the pul-
monary artery [40–43].

Secondary signs of acute PE are often present
and may clue the radiologist to the presence of an
embolus. On lung windows, small, wedge-shaped
and peripheral areas of consolidation or ground
glass opacity are seen in approximately 25% of pa-
tients [44]. These opacities mostly represent areas
of pulmonary hemorrhage that clear within 4–7
days, but some represent pulmonary infarcts
(Fig. 7). Pulmonary infarcts on CT appear as
wedge-shaped peripheral opacities often charac-
terized as a “Hampton hump” (Fig. 8). With larger
emboli, there may be regions of localized oligemia
and redistribution of blood flow (mosaic perfu-
sion) in the involved portions of lung (Fig. 9). Fre-
quent but nonspecific signs of PE include subseg-
mental atelectasis and small pleural effusions.

Fig. 4a-c. Sagittal multiplanar reformation (MPR) images (a)
from a multidetector computed tomography (MDCT) pulmonary
angiogram obtained in a patient with metastatic pancreatic cancer
and shortness of breath demonstrate a filling defect at a branching
point within the left lower lobe pulmonary artery, with extension
into the segmental arterial branches (arrow). Three-dimensional
(3-D) volume-rendered displays (b, c) help demonstrate the full ex-
tent of this embolus (arrows)
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Fig. 5a-c. Multidetector computed tomography (MDCT) images
of the “lifesaver” or “polo-mint” sign indicating pulmonary emboli
visualized in the transverse plane. Oblique multiplanar reformation
(MPR) images from an MDCT data set (a) demonstrate a filling de-
fect within a right lower lobe segmental pulmonary artery (arrow).
Axial MDCT images from a different patient, a 44-year-old woman
with tachypnea and tachycardia following a motor vehicle collision
(b), demonstrate a small subsegmental right lower lobe pulmonary
artery filling defect surrounded by atelectatic lung (arrow). Axial
images from higher in her chest (c) incidentally discovered throm-
bus in the right subclavian vein (arrow)

Fig. 6. Multidetector computed tomography (MDCT) images from
CT pulmonary angiography in the axial plane demonstrate throm-
bus tracking longitudinally through a right middle lobe pulmonary
artery feeding the lateral segment (arrow) with a characteristic
“railway-track” appearance
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Prognostic Value of CT in PE Patients

In addition to diagnosing emboli and other poten-
tial etiologies of dyspnea and chest pain, CT may
provide some insight into the prognosis of patients
with PE. There are cardiac findings on CT that may
portend a worse clinical prognosis or warrant
more emergent care in an intensive care unit and
possible catheter intervention, thrombolysis, or

surgical embolectomy, in addition to anticoagula-
tion. Poor prognostic factors relate to the degree of
right ventricular dysfunction and include the de-
gree of right ventricular enlargement (Fig. 10), pul-
monary artery thrombus load, enlargement of the
main pulmonary artery, reflux of contrast into the
hepatic veins (Fig. 11), and bowing of the ventricu-
lar septum toward the left ventricle.

Patients with a right ventricular diameter to

Fig. 7a-d. An 80-year-old woman presented with chest pain on the left with deep inspiration. Single-axial contrast-enhanced image (a)
demonstrates a large embolus within the left main pulmonary artery extending into the left lower lobe pulmonary artery (arrow). Axial slice
examined using lung windows (b) demonstrates a wedge-shaped region of ground-glass opacity in the periphery of the left lower lobe
consistent with hemorrhage. Coronal multiplanar reconstruction (MPR) image (c) shows thrombus extending into the area of hemorrhage
(arrow). Coronal three-dimensional (3-D) volume rendering (d) again demonstrates the large embolus and area of hemorrhage
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left ventricular diameter (RVD/LVD) ratio of
greater than 0.9 have a significant increase in mor-
tality and a much greater likelihood of major com-
plications [45–47]. One study showed a positive
predictive value for PE-related mortality of 10.1%
within the first 3 months after the diagnosis of PE
with right ventricular enlargement (RVD/LVD ra-
tio greater than 1.0). Perhaps more significantly, in
those patients with a RVD/LVD ratio less than 1.0,
there was a negative predictive value of 100% for
an uneventful course [48]. Therefore, those pa-
tients without right ventricular enlargement are
less unlikely to have an adverse outcome and are
more likely to survive. Therefore, signs of right
heart strain should be mentioned in the report and
discussed with the referring physician, as they rep-
resent important prognostic factors that could as-
sist in treatment planning and patient placement.

Studies have also shown a relationship between

the percentage of pulmonary vascular bed ob-
struction and 3-month mortality.A scoring system
based upon the number and degree of vascular ob-
structions was utilized. The highest possible score
of 40 indicates complete obstruction of the pul-
monary trunk [49]. Patients with a degree of vas-
cular obstruction of greater than 40% have an 11%
increased risk of dying from PE within the first 3
months. The negative predictive value in patients
with a less than 40% degree of obstruction was
99%; indicating a very low rate of PE-related mor-
tality [48, 50].

PE Protocol Using MDCT

Protocols employed for the detection of PE have
evolved with rapid advances in CT technology.
Current MDCT scanners are capable of providing

Fig. 8a-c. Axial image (a) from a computed tomographic (CT) pul-
monary angiogram demonstrates a segmental embolus within the
left upper lobe extending to a peripheral area of dense consolida-
tion (CT Hampton hump) (arrow). Axial image obtained using lung
windows (b) clearly defines the wedge-shaped region of infarcted
lung (arrow). Magnified axial view of the embolus (c) demonstrates
the “railway-track” appearance of the thrombus in the longitudinal
plane (arrow)
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image resolution of less than 1 mm. Patient respi-
ratory motion artifacts have decreased dramatical-
ly over the last few years as acquisition of the en-
tire thorax can be obtained in under 10 s using a
16-slice scanner and in less than 5 s with 64-slice
units.

The quality of enhancement of the pulmonary
arteries relies on several parameters: the amount
and concentration of contrast agent used, the in-
jection rate, and the delay between injection and
scanning. To ensure adequate opacification of the
pulmonary arteries, images are obtained 20 s fol-
lowing intravenous administration or, preferably,
by using bolus tracking software to determine
peak contrast delivery to the pulmonary arteries
(Table 1).

Scan delay is obtained by injecting 15 ml of
contrast material and placing a region of interest
over the main pulmonary artery. Using a high con-

centration contrast agent, such as Isovue-370, and
a rapid flow rate of up to 4 ml/s ensures ideal vas-
cular opacification. Injection of contrast media is
typically via an 18- or 20-gauge peripheral intra-
venous line, preferably through the antecubital
vein. A saline chaser may be used to decrease the
amount of beam-hardening artifact caused by
dense opacification of the superior vena cava and
to decrease the amount of iodinated contrast need-
ed to adequately opacify the pulmonary arteries
[51–53]. While shorter scan times decrease respi-
ratory motion and associated artifacts, timing the
delivery of contrast becomes very critical with 16-
and 64-slice protocols (Table 1).

In patients who are physically larger than aver-
age, 2.0–2.5 mm acquisitions can be used to de-
crease quantum mottle [43]. ECG gating has been
recently implemented in some institutions to elim-
inate cardiac pulsation artifacts seen in small ves-

Fig. 9a-d. Axial image from a multidetector computed tomography (MDCT) pulmonary angiogram (a) demonstrates bilateral pulmonary
emboli in a patient with acute shortness of breath and right lower extremity swelling (arrows). Axial image through the lower lobes using
lung windows (b) demonstrates oligemia in the left lower lobe (CT Westermark sign). Coronal multiplanar reconstruction (MPR) image (c)
again demonstrates the asymmetric hypovascularity in the left lower lobe. Three-dimensional (3-D) volume rendering in the coronal plane
(d) more clearly defines the region of oligemia
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Fig. 10a-d. Computed tomographic (CT) pulmonary angiogram performed in a 49-year-old woman with chest pain and shortness of
breath. Axial image through the pulmonary arteries (a) demonstrates large emboli within the left and right pulmonary arteries (arrows).
Coronal multiplanar reconstruction (MPR) image (b) more clearly demonstrates the extent of the emboli (arrows). Axial image through the
ventricular septum (c) reveals straightening of the septum and dilation of the right ventricle (arrow). Further evaluation with oblique MPR
(d) clearly shows a right ventricular diameter (red line) that is larger than the left ventricular (green line) diameter (RVD/LVD ratio >1) con-
sistent with right ventricular dysfunction
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Fig. 11a, b. Axial images (a, b) obtained during multidetector computed tomography (MDCT) pulmonary angiography in two different
patients show reflux of intravenous contrast into the hepatic veins, which is a sign of right ventricular dysfunction. The first image (a) also
demonstrates distention of the hepatic veins. Both patients had large pulmonary emboli

a b



130 MDCT: A Practical Approach

sels adjacent to the heart; however, this technique
requires a longer breath hold and increased radia-
tion exposure. When viewing the pulmonary arte-
rial system, window and level settings should be
placed around 700 and 1,000 Hounsfield units
(HU), respectively [43, 54].

Currently employed MDCT yields very large
numbers of axial images – up to 1,000 with some
newer systems. This can result in difficulties for
the interpreting radiologist due to the sheer num-
ber of images to review. Two potential solutions in-
clude display tools and computer-aided diagnosis
(CAD), which allow for rapid production of maxi-
mum intensity projection (MIP) images, multipla-
nar reconstructions (MPR), and three-dimension-
al (3-D) reformations. These reformations and re-
constructions of the source images allow improved
visualization of distal subsegmental pulmonary
arterial branches with reconstruction of fewer
overall images, without sacrificing PE detection
sensitivity. CAD tools are under development and
may be used as a second reader, potentially reduc-
ing study reading times. Preliminary experience in
a small study population showed CAD tools can
detect segmental emboli but are currently inaccu-
rate for subsegmental emboli [55].

Disadvantages to MDCT

Approximately 3% of the CT scans completed for
PE at our institution are inadequate for accurate
interpretation [56]. Most problems relate to tech-
nical factors, including poor bolus timing and
poor venous access. Correctly applied bolus track-
ing with density measurements over the pul-
monary artery provides scan-precise delay times
and optimal enhancement of the pulmonary arter-
ies. Beam-hardening artifacts from dense contrast
bolus within the superior vena cava may obscure
small emboli in adjacent vessels (Fig. 12), particu-
larly in the right main and right upper lobe pul-
monary arteries [43]. Saline bolus chasing follow-
ing initial contrast injection with a dual-head in-

jector can eliminate these artifacts completely.
Abrupt loss of pulmonary artery opacification
caused by the mixing of unopacified blood from
the inferior vena cava may occur. This pulmonary
artery flow artifact, also known as a “stripe sign,”
occurs during inspiration and results in loss of the
contrast column in the pulmonary arteries; thus
mimicking emboli [57, 58].

Patient factors that may hinder PE interpreta-
tion most often involve a large patient body habi-
tus, leading to increased quantum mottle or an in-
ability to breath hold for the desired length of
time, resulting in motion artifact. Additional diag-
nostic pitfalls include partial volume averaging
from hilar lymph nodes and mucous-filled
bronchi. By utilizing a combination of workstation
analysis, MIP, and MPR, both lymph nodes and
mucous-filled bronchi can be distinguished from
adjacent pulmonary arteries [59].

Radiation dose considerations with CT require
careful evaluation when developing protocols.
During a typical CT pulmonary angiogram, the ef-
fective patient dose ranges from 4-8 mSv, with an
absorbed breast dose of 21 mGy [60]. As a com-
parison, the absorbed breast dose during a screen-
ing mammogram is only 2.5 mGy [60]. However,
the risk-to-benefit ratio of using CT for diagnosing
PE typically weighs heavily in favor of performing
the study. CT pulmonary angiography using a sin-
gle-slice scanner utilizes a radiation dose five
times less than that of conventional angiography
[61]. Performing CT examinations in young or
pregnant women requires special considerations.
In a young woman with a negative chest radi-
ograph and low-to-moderate clinical suspicion, a
V/Q scan might be considered as a more appropri-
ate option. However, many patients undergo a sub-
sequent CT study, so additional radiation burden
to the female breast should be carefully evaluated.
In pregnant patients with suspected PE, CT is rec-
ommended over V/Q scintigraphy, as the absorbed
radiation dose to the fetus is 1–2 mGy for V/Q
scans versus 0.1-0.2 mGy for CT [62, 63].

Table 1. Computed tomography (CT) protocols: CT pulmonary angiography

Scanner type 4 slice 16 slice 64 slice
Collimation 16 × 0.75 64 × 0.6
Reconstruction (mm) 1.25 1.00 0.75
Rotation time (s) 0.8 0.5 0.33
Contrast volume (370 mgI/mL) 100 ml 100 ml 75–100 ml
Saline flush 50 ml 50 ml



III.3 • Pulmonary Embolism Imaging with MDCT 131

Role of D-Dimer

D-dimer enzyme-linked immunosorbent assays
(ELISA) play an important role in the workup for
possible PE. D-dimer is a highly sensitive test (97%)
with a negative predictive value of 99.6% [4]. This
inexpensive measurement is an effective screening
test in the outpatient setting for suspected PE. As a
result, further diagnostic tests would be unneces-
sary in patients with a negative D-dimer assay, as
there would be a very low likelihood of PE [64, 65].
Taking this one step further, Perrier et al. [28]
showed that patients have a very low likelihood of
having any adverse affects related to PE when there
is a negative CT angiogram and a negative D-dimer
assay. Therefore, these patients are not only unlike-
ly to have a PE, but they are also unlikely to suffer
any adverse events secondary to venous throm-
boembolism within 3 months of the negative diag-
nostic tests. Unfortunately, the D-dimer assay is
highly nonspecific and is of limited value within
the inpatient setting. Other etiologies resulting in
elevated D-dimer assays include cancer, myocardial
infarction, pneumonia, sepsis, and pregnancy.

Future of MDCT

With continued technological improvements, MD-
CT pulmonary angiography will continue to be the
test of choice for the diagnosis of PE. It is likely
that these advances will center not only on hard-
ware but also on the software used to reformat the
large amount of acquired data during the CT ex-
amination. With slice thickness under 1.00 mm,

there may be up to 1,000 axial images for the radi-
ologist to evaluate. Unfortunately, small pul-
monary emboli may be “overlooked” by having to
individually examine each acquired image. In ret-
rospect, these “perceptual errors” may be readily
detectable: 60% of missed diagnoses occur be-
cause the embolus was simply not seen on first ex-
amination [66, 67]. CAD for PE has shown poten-
tial for limiting these perceptual errors [68, 69].

Advancements in the software used to create 
2-D and 3-D reformations of the axial CT data will
continue to improve our ability to detect emboli in
obliquely oriented pulmonary arteries (Fig. 13)
[70]. One promising technique involves perform-
ing “paddle wheel” reformations of the pulmonary
arteries. A horizontal axis centered at the lung hila
is used as a pivot point to image the pulmonary ar-
teries. This type of multiplanar volume reforma-
tion helps prevent the “slicing” of pulmonary ar-
teries into small fragments that are seen on coro-
nal and sagittal reformations. Presumably, this will
not only improve visualization of the pulmonary
arterial tree but also decrease the overall number
of images for the radiologist to review to accurate-
ly diagnose PE [71, 72].

Studies are also underway to assess the possi-
bility of using a single, contrast-enhanced, ECG-
gated CT scan to assess patients with chest pain
for coronary artery disease, pulmonary disease,
and aortic disease [73]. Results of PIOPED II,
which prospectively compared V/Q scanning,
Doppler sonography for DVT, digital subtraction
pulmonary angiography, and contrast venography
with MDCT for the detection of venous throm-
boembolism [41], may provide practice guidelines.

Fig. 12a, b. A 76-year-old woman who was postoperatively day 1 from a bilateral salpingooophorectomy presented with decreased
breath sounds in the right lung base, decreased oxygen saturation, and increased A-a gradient. Subsequent axial images from a contrast-
enhanced multidetector computed tomography (MDCT) study (a, b) demonstrate beam-hardening artifact almost completely obscuring a
large thrombus within the right main pulmonary artery (arrows). A saline chaser following injection of the iodinated contrast would have
eliminated this artifact
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Conclusion

CT pulmonary angiography has become the imag-
ing modality of choice for the detection of acute
PE. MDCT has proven sensitivity and specificity
for detecting small pulmonary emboli in distal
subsegmental pulmonary arteries with high inter-
observer agreement and cost effectiveness. Addi-
tionally, CT allows for the detection of other eti-
ologies that may or may not be contributing to the
patient’s clinical presentation. When combined
with CT venography, MDCT now provides a stand-
alone test for excluding venous thromboembolism.
High-risk patients with right ventricular dysfunc-
tion are also readily identifiable with CT pul-
monary angiography, allowing for more appropri-
ate management. Furthermore, continued im-

provements in postacquisition reformations and
CAD will continue to enhance the ability to detect
pulmonary emboli with an accuracy far exceeding
that of other modalities.
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