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After reading this
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will be able to:

� List the diagnostic
criteria for acute and
chronic pulmonary
embolism at CT pul-
monary angiography.

� Describe the causes
of misdiagnosis of
pulmonary embolism
at CT pulmonary
angiography.

� Discuss the causes
of indeterminate CT
pulmonary angiogra-
phy.
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Computed tomographic (CT) pulmonary angiography is becoming the
standard of care at many institutions for the evaluation of patients with
suspected pulmonary embolism. This pathologic condition, whether
acute or chronic, causes both partial and complete intraluminal filling
defects, which should have a sharp interface with intravascular contrast
material. In acute pulmonary embolism that manifests as complete ar-
terial occlusion, the affected artery may be enlarged. Partial filling de-
fects due to acute pulmonary embolism are often centrally located, but
when eccentrically located they form acute angles with the vessel wall.
Chronic pulmonary embolism can manifest as complete occlusive dis-
ease in vessels that are smaller than adjacent patent vessels. Other CT
pulmonary angiographic findings in chronic pulmonary embolism in-
clude evidence of recanalization, webs or flaps, and partial filling de-
fects that form obtuse angles with the vessel wall. Factors that cause
misdiagnosis of pulmonary embolism may be patient related, technical,
anatomic, or pathologic. The radiologist needs to determine the quality
of a CT pulmonary angiographic study and whether pulmonary embo-
lism is present. If the quality of the study is poor, the radiologist should
identify which pulmonary arteries have been rendered indeterminate
and whether additional imaging is necessary.
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Introduction
Pulmonary embolism is the third most common
acute cardiovascular disease after myocardial in-
farction and stroke and results in thousands of
deaths each year because it often goes undetected
(1,2). Diagnostic tests for thromboembolic dis-
ease include (a) the D-dimer assay, which has a
high sensitivity but poor specificity in this setting
(3), (b) ventilation-perfusion scintigraphy, which
has a high sensitivity but very poor specificity (4),
and (c) lower limb ultrasonography, which has a
high specificity but low sensitivity (5). Computed
tomographic (CT) pulmonary angiography has
been evaluated with meta-analysis and has dem-
onstrated sensitivities of 53%–100% and speci-
ficities of 83%–100% (6), wide ranges that are
explained in part by technologic improvements
over time. Pulmonary angiography, the diagnostic
standard of reference for confirming or refuting a
diagnosis of pulmonary embolism, remains under-
used (7,8). Although pulmonary angiography has
lower mortality and morbidity rates (�1% and
5%, respectively) than anticoagulation therapy
(1%–2% and 5%–25%), it has not gained wide-
spread acceptance and is not universally available
(9–11). In a study evaluating trends in the use
of inpatient thoracic radiology at an academic
medical center over a 10-year period, Wittram
et al (12) showed that the use of CT in patients
with suspected thromboembolic disease has in-
creased significantly (Figs 1–3) (12).

In this article, we describe the technique of CT
pulmonary angiography, diagnostic criteria for
acute and chronic pulmonary embolism, and
causes of misdiagnosis of pulmonary embolism.

The latter group includes patient-related factors
(respiratory motion artifact, image noise, pulmo-
nary artery catheter, flow-related artifact), techni-
cal factors (window settings, streak artifact, lung
algorithm artifact, partial volume artifact, stair
step artifact), anatomic factors (partial volume
averaging effect in lymph nodes, vascular bifurca-
tion, misidentification of veins), and pathologic
factors (mucus plug, perivascular edema, local-
ized increase in vascular resistance, pulmonary
artery stump in situ thrombosis, primary pulmo-
nary artery sarcoma, tumor emboli).

CT Technique
Lightspeed 16-section CT scanners (GE Medical
Systems, Milwaukee, Wis) are used to acquire
images of the thorax in a caudocranial direction.
For intravenous access, introduction of an 18- or
20-gauge catheter into an antecubital vein is pre-
ferred. The chest field of view is the widest rib-to-
rib distance acquired during breath hold after in-
spiration. Images are acquired with a standard
algorithm and viewed with IMPAX version 4.1
software (AGFA, Teterboro, NJ). Our CT tech-
niques are shown in the Table. Images are dis-
played with three different gray scales for inter-
pretation of lung window (window width/level
[HU] � 1500/600), mediastinal window (400/
40), and pulmonary embolism–specific (700/100)
settings. Multiplanar reformatted images through
the longitudinal axis of a vessel are sometimes
used to overcome various difficulties encountered
with axial sections of obliquely or axially oriented
arteries (13). Reformatted images can help differ-
entiate between true pulmonary embolism and a
variety of patient-related, technical, anatomic,
and pathologic factors that can mimic pulmonary
embolism.

Protocol for 16-Section CT of Pulmonary Embolism

Parameter Normal-sized Patients Large Patients (�250 lb)

Detector width (mm) 1.25 2.5
Reconstruction interval (mm) 0.625 1.25
Table movement (mm per rotation) 13.75 6.88
Pitch 1.375:1 0.562:1
Peak voltage (kVp) 120 140
Tube current (mAs) Maximum Maximum
Rotation time (sec) 0.5 0.5
Contrast material injection

Volume (mL) 135 135
Rate (mL/sec) 4 4

Scanning delay* Variable Variable

*Scanning delay is determined by dividing the acquisition time for lung imaging by 2 and subtracting the result
from the total injection time (34 seconds). Thus, for example, with an acquisition time of 10 seconds, the scan-
ning delay will be 34 seconds � 5 seconds, or 29 seconds. No timing bolus is necessary unless the patient has a
known history of heart disease.
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Contrast material–enhanced spiral CT of the
veins of the lower extremities is performed with
the same contrast material bolus that is used for
chest CT. Images of the iliac, femoral, and poplit-
eal veins are obtained 4 minutes after the onset of
enhancement from the initial contrast material
injection. Multisection CT venography is simple
and accurate, and when combined with lung im-
aging it allows fast and comprehensive evaluation
for thromboembolic disease (14).

Diagnostic Criteria
for Pulmonary Embolism

For each lung, the main, lobar, segmental, and
subsegmental arteries are examined for pulmo-
nary embolism. Both acute and chronic pulmo-
nary embolism cause intraluminal filling defects
that should have a sharp interface with the intra-
vascular contrast material. The vessels are seen as

either normal, containing acute pulmonary embo-
lism, containing chronic pulmonary embolism, or
indeterminate. The reason for indeterminacy is
reported, along with the extent of normalcy. For
example, vessels may appear normal to the level
of the segmental arteries; however, the presence
of pulmonary embolism in subsegmental arteries
may remain indeterminate depending on the
quality of the study.

Acute Pulmonary Embolism
The diagnostic criteria for acute pulmonary em-
bolism include the following:

1. Arterial occlusion with failure to enhance
the entire lumen due to a large filling defect; the
artery may be enlarged compared with adjacent
patent vessels (Fig 4).

2. A partial filling defect surrounded by con-
trast material, producing the “polo mint” sign on
images acquired perpendicular to the long axis of
a vessel (Fig 5) and the “railway track” sign on
longitudinal images of the vessel (Fig 6).

3. A peripheral intraluminal filling defect that
forms acute angles with the arterial wall (Fig 7)
(15–17).

Peripheral wedge-shaped areas of hyperattenu-
ation that may represent infarcts, along with lin-
ear bands, have been demonstrated to be statisti-
cally significant ancillary findings associated with

Figures 1–3. (1) Graph illustrates that the number of pulmonary angiographic studies performed per inpatient
with suspected thromboembolic disease decreased significantly between 1992 and 2001 (P � .02). (2) Graph illus-
trates that the number of ventilation-perfusion scans performed per inpatient with suspected thromboembolic disease
decreased significantly between 1992 and 2001 (P � .0003). (3) Graph illustrates that the number of CT studies per-
formed for pulmonary embolism per inpatient increased significantly between 1992 and 2001 (P � .006). Figures
1–3 demonstrate the timing of changes that occur when a new technology replaces an old one; in this case, a down-
turn in the use of pulmonary angiography and ventilation-perfusion scintigraphy almost exactly coincides with a steep
increase in CT pulmonary angiography usage. (Fig 1 modified and Figs 1–3 reprinted, with permission, from refer-
ence 12.)
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Figures 4–6. (4) Acute occlusive pulmonary embolism in a 32-year-old woman who pre-
sented with chest pain. CT scan shows a pulmonary embolus within the posterobasal seg-
ment of the right lower lobe artery (arrow). The artery is enlarged compared with adjacent
patent vessels. (5) Acute pulmonary embolism in a 45-year-old woman who presented with
chest pain. (a) CT scan shows a pulmonary embolus that affects the segmental artery of the
laterobasal segment of the right lower lobe. This partial filling defect surrounded by contrast
material produces the polo mint sign (arrow). (b) CT scan shows acute emboli that affect
subsegmental arteries of the laterobasal segment (arrows). (6) Acute pulmonary embolism in
a 66-year-old man who presented with chest pain and dyspnea. CT scan shows an acute pul-
monary embolus that causes a partial filling defect surrounded by contrast material (railway
track sign) (arrow). Another acute pulmonary embolus affects the left main pulmonary ar-
tery (arrowhead).

Figure 7. Acute pulmonary embolism in
a 58-year-old woman who presented with
chest pain and dyspnea. CT scan demon-
strates a pulmonary embolus that results in
an eccentrically positioned partial filling
defect, which is surrounded by contrast
material and forms acute angles with the
arterial wall (arrows).
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acute pulmonary embolism (Fig 8) (18). How-
ever, these radiologic features are not specific for
pulmonary embolism. If findings in the pulmo-
nary arteries are indeterminate and the lungs are
clear, ventilation-perfusion scintigraphy may be
performed. Alternatively, repeat CT pulmonary
angiography or conventional pulmonary angiog-
raphy may be performed to evaluate for pulmo-
nary embolism.

After experiencing an initial embolic event, a
patient may be at risk for circulatory collapse sec-
ondary to right-sided heart failure, and a subse-
quent embolism may be fatal. Early detection of
acute right ventricular failure allows implementa-
tion of the most appropriate therapeutic strategy.
Right ventricular strain or failure is optimally
monitored with echocardiography. However,
some morphologic abnormalities that suggest

right ventricular failure can be quantified with CT
pulmonary angiography. These CT findings in-
clude (a) right ventricular dilatation (in which the
right ventricular cavity is wider than the left ven-
tricular cavity in the short axis) (Fig 9) (19), with
or without contrast material reflux into the he-
patic veins; (b) deviation of the interventricular
septum toward the left ventricle (Fig 9) (19); or
(c) a pulmonary embolism index greater than
60% (20).

Pulmonary emboli have been identified on
1.5% of contrast-enhanced CT scans obtained for
reasons other than evaluation for pulmonary em-
bolism (21). In addition, a centrally located, hy-
perattenuating filling defect is occasionally identi-
fied at unenhanced CT, a finding that indicates
acute central pulmonary embolism (Fig 10) (22).

Figure 8. Acute pulmonary embolism in a 58-year-
old woman who presented with chest pain and dyspnea.
CT scan shows an acute pulmonary embolus with an-
cillary findings of a peripheral wedge-shaped area of
hyperattenuation in the lung (arrow), a finding that may
represent an infarct, as well as a linear band (arrowhead).

Figure 9. Acute pulmonary embolism in a 42-year-
old man who presented with chest pain and severe dys-
pnea. CT scan reveals that the short axis of the right
ventricle (dashed line) is wider than that of the left ven-
tricle (solid line), a situation that was caused by acute
pulmonary embolism and created right ventricular strain.

Figure 10. Acute central pulmonary embolism in an asymptomatic 87-year-old woman. (a) Unenhanced CT scan
demonstrates subtle regions of hyperattenuation (arrow). (b) Confirmatory CT pulmonary angiogram demonstrates
acute pulmonary embolism within the right main and left interlobar pulmonary arteries.
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These are important observations because acute
pulmonary embolism may be identified even if it
is not suspected clinically. Such detection can
help determine further imaging needs and allow
the timely initiation of appropriate therapy.

CT pulmonary angiography can help identify
diseases that have symptoms similar to those of
acute pulmonary embolism. The more common
diseases that can be detected with CT include
pericarditis, which may manifest as pericardial
thickening or fluid; acute myocardial infarction,
which may manifest as a filling defect within a

coronary artery or as a perfusion defect of the
myocardium; and aortic dissection. Esophagitis
and, rarely, esophageal rupture may also be iden-
tified, as well as pneumonia, lung cancer, and
pleural disease, including pneumothorax and
pleuritis. Chest wall abnormalities such as rib
fractures and metastatic deposits may also mimic
pulmonary embolism.

Chronic Pulmonary Embolism
The diagnostic criteria for chronic pulmonary
embolism include (a) complete occlusion of a
vessel that is smaller than adjacent patent vessels
(Fig 11); (b) a peripheral, crescent-shaped in-
traluminal defect that forms obtuse angles with

Figures 11–14. (11) Chronic pulmonary embolism in a 27-year-old man with dyspnea. CT scan shows complete
occlusion of vessels in the left lung (arrowheads) that are smaller than adjacent patent vessels. Note the collateral
blood supply from a branch of the right hemidiaphragmatic artery (arrow). (12) Chronic pulmonary embolism in a
62-year-old man with dyspnea. CT scan shows an eccentrically located thrombus that forms obtuse angles with the
vessel wall (arrows). Note the dilated collateral bronchial artery (arrowhead). (13) Chronic pulmonary embolism in
the same patient as in Figure 11. CT scan reveals a small, recanalized pulmonary artery with contrast material in the
central lumen (arrow). (14) Chronic pulmonary embolism in a 56-year-old man with dyspnea. CT scan shows a flap
(arrow) within a small right interlobar pulmonary artery. Collateral bronchial artery dilatation is also noted (arrow-
head).
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the vessel wall (Fig 12); (c) contrast material
flowing through thickened, often smaller arteries
due to recanalization (Fig 13); (d) a web or flap
within a contrast material–filled artery (Fig 14);
and (e) secondary signs, including extensive
bronchial or other systemic collateral vessels (Figs
11, 12, 14, 15), an accompanying mosaic perfu-
sion pattern (Fig 16), or calcification within ec-
centric vessel thickening (Fig 17) (15,17).

Ancillary findings in chronic pulmonary embo-
lism may include CT changes caused by pulmo-
nary arterial hypertension: a pulmonary artery
diameter greater than 33 mm (Fig 18) (23) and
pericardial fluid (Fig 19) (24).

Figures 15–17. (15) Chronic pulmonary embolism in the same patient as in Figure 12. CT scan shows a large
chronic pulmonary embolus in the main and left main pulmonary arteries (arrowhead). Arrows indicate collateral
bronchial arteries. (16) Chronic pulmonary embolism in a 60-year-old woman with dyspnea. CT scan demonstrates
a mosaic perfusion pattern. The dark regions of underperfused lung are seen to contain vessels (arrows) that are
smaller than the adjacent patent vessels in the normally perfused lung. (17) Chronic pulmonary embolism in a 62-
year-old man with dyspnea. CT scan shows pulmonary arterial wall calcification (arrows), a secondary sign of chronic
pulmonary embolism.

RG f Volume 24 ● Number 5 Wittram et al 1225

R
a
d
io

G
ra

p
h
ic

s

~ ~ ' . . 

0 \\ 
-+\ 

I) 0 ' .. ... \ 
' ~.f\ I 

'-15. 17. 

16. 



Figures 18, 19. (18) Pulmonary arterial hypertension secondary to chronic pulmonary embolism in the same pa-
tient as in Figure 12. On a CT scan, the pulmonary artery measures 41 mm in diameter (black line), a finding that
indicates hypertension. (19) Chronic pulmonary embolism in the same patient as in Figure 12. CT scan demon-
strates pericardial fluid (arrows) associated with pulmonary arterial hypertension secondary to chronic pulmonary
embolism.

Figure 20. Respiratory motion artifact in a 61-year-old man with dyspnea. (a) CT scan (lung window) shows com-
posite images of vessels (seagull sign) (arrows). (b) CT scan (mediastinal window) demonstrates a low-attenuation
abnormality caused by partial volume averaging of vessel and adjacent lung (arrow), a finding that can simulate pul-
monary embolism.

Figure 21. Image noise in scans of a 39-year-old woman
with chest pain. CT scan clearly depicts image noise pixels
within the contrast material–filled heart chambers, a con-
fluence of which could be misinterpreted as pulmonary
embolism (arrow). Unlike true emboli, however, these
apparent abnormalities are not well-defined filling defects.
Small pulmonary emboli could be obscured by a large
amount of image noise.
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Causes of Misdiagnosis
of Pulmonary Embolism

Patient-related Factors
Respiratory Motion Artifact.—Respiratory
motion artifacts are the most common cause of
indeterminate CT pulmonary angiography and
can cause misdiagnosis of pulmonary embolism.
These artifacts are best seen with lung window
settings and can create the “seagull” sign (Fig
20a). Rapid change in the position of vessels on
contiguous images also confirms motion artifact.
The low-attenuation abnormality due to partial
volume averaging of vessel and lung can simulate
pulmonary embolism (Fig 20b). Motion artifact
renders the diagnosis of pulmonary embolism at
this anatomic level indeterminate. Respiratory
motion artifact will diminish as higher-order mul-
tisection CT, which requires a shorter breath
hold, becomes more widely used.

Image Noise.—Images obtained in large pa-
tients have more quantum mottle. Image noise

makes the evaluation of segmental and subseg-
mental vessels difficult and can cause indetermi-
nate CT pulmonary angiography and misdiagno-
sis of pulmonary embolism (Fig 21). Therefore,
for patients weighing more than 250 pounds, we
modify our protocol by increasing detector width
to 2.5 mm, thereby decreasing image noise and
improving scan quality. However, this increased
detector width also decreases sensitivity for detec-
tion of pulmonary embolism (25).

Pulmonary Artery Catheter.—A pulmonary
artery catheter that is being used for invasive he-
modynamic monitoring of critically ill patients
can cause beam-hardening artifacts or may itself
mimic pulmonary embolism (Fig 22) (26). Iden-
tification of the catheter with bone window set-
tings (Fig 22) or on contiguous images or the
scout image will demonstrate the true nature of
this pitfall.

Flow-related Artifact.—Bilateral lower lobe
flow-related artifacts due to poor mixture of
blood and contrast material can cause transient
interruption of contrast enhancement (Fig 23),
which can in turn lead to indeterminate CT

Figure 22. Beam-hardening artifact in a 63-year-old man with respiratory failure. (a) On a CT scan, a pulmonary
artery catheter causes adjacent beam-hardening artifacts within the main and right pulmonary arteries that mimic
pulmonary embolism (arrows). Small pulmonary emboli are noted in the left pulmonary artery. (b) CT scan pro-
duced with bone window settings clearly depicts the pulmonary artery catheter. Adjacent beam-hardening artifacts
are also seen.

Figure 23. Flow-related artifact in a 60-year-old woman
with pleuritic chest pain. Coronal reformatted image of
the right interlobar artery and the posterobasal segment of
the pulmonary artery demonstrates dense contrast mate-
rial superior and inferior to a region of poorly enhanced
blood (arrow).
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pulmonary angiography and misdiagnosis of pul-
monary embolism. Transient interruption of con-
trast enhancement is likely related to inspiration
and to unenhanced blood entering the right
atrium, right ventricle, and pulmonary arteries
from the inferior vena cava just prior to image
acquisition (27). A flow-related artifact can be
confidently diagnosed by identifying its ill-defined
margins and by demonstrating an attenuation
level above 78 HU (28). However, further imag-
ing may be necessary to exclude thrombus hidden
in poorly enhanced vessels (Fig 24). As CT scan-
ners become faster, delaying initial image acquisi-
tion until approximately 5 seconds after inspira-
tion should allow the transient interruption in
contrast material to pass through the pulmonary
circulation (27).

Technical Factors

Window Settings.—The appropriate window
width and level settings are important for identify-

ing small emboli, webs, or flaps. Very bright ves-
sel contrast can obscure small pulmonary emboli.
Brink et al (29) suggested a window width equal
to the measured mean attenuation of the en-
hanced main pulmonary artery plus two standard
deviations and a window level equal to one-half of
this value (Fig 25). We use pulmonary embolism–
specific settings with a window width and level of
700 and 100 HU, respectively (Fig 25c). This
approach helps differentiate between a sharply
marginated embolus and an ill-defined artifact.
However, these modified window settings can
also increase the conspicuity of artifacts caused by
image noise and flow.

Streak Artifact.—Beam-hardening streak arti-
facts from dense contrast material within the su-
perior vena cava are commonly seen and can
overlie the right pulmonary and upper lobe arter-
ies. This artifact can be distinguished from pul-
monary embolism by recognizing its nonana-
tomic, poorly defined, radiating nature (Fig 26)
and can be reduced by flushing the superior vena
cava with saline solution using dual chamber in-
jectors.

Figure 24. Flow-related artifact in a 73-year-old woman with chest pain. (a) CT scan shows poor enhancement of
the interlobar and middle lobe pulmonary arteries due to flow-related artifact. More distally, the pulmonary arteries
were well enhanced. Note also the fluid-filled, dilated esophagus. (b) Repeat CT pulmonary angiogram demonstrates
segmental pulmonary emboli within the medial and lateral segmental branches of the middle lobe artery (arrows).
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Figure 25. Acute pulmonary embolism in a 59-year-old
man. (a) CT scan (window width � 400 HU, window
level � 40 HU) demonstrates thrombus within the right
interlobar artery (arrow). (b) CT scan (window width �
552 HU, window level � 276 HU) shows acute pulmo-
nary embolism within the medial segment of the middle
lobe artery (arrow) that was missed on the image in a. The
window width is equal to the mean attenuation of the
main pulmonary artery plus two standard deviations, and
the window level equals one-half of this value (29). (c) CT
scan (window width � 700 HU, window level � 100 HU)
demonstrates thrombus within the right interlobar artery
and the medial segment of the middle lobe artery. Figure
25 illustrates the effect of different window settings on de-
tection of pulmonary embolism.

Figure 26. Streak artifact in a 35-year-old woman with
chest pain. CT scan shows streak artifact from dense con-
trast material within the superior vena cava (arrows). The
artifact can be recognized by its nonanatomic, radiating
nature.
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Lung Algorithm Artifact.—The lung algorithm
is a high-spatial-frequency reconstruction convo-
lution kernel used to improve the quality of im-
ages of the pulmonary vessels, bronchi, and inter-
stitium. This algorithm can create image artifacts
that appear similar to pulmonary emboli. How-
ever, these artifacts can be removed with a stan-
dard algorithm (Fig 27) (30).

Partial Volume Artifact.—Partial volume arti-
fact is the result of axial imaging of an axially ori-
ented vessel. An apparent filling defect that mim-
ics acute pulmonary embolism may be identified.
However, contiguous images will not demonstrate
more apparent filling defects, and the margins are
often not sharp. In addition, one of the contigu-
ous images often demonstrates adjacent lung or
bronchus (Fig 28). Partial volume artifact will
become less of an issue with routine use of narrow
detector widths.

Stair Step Artifact.—Stair step artifact consists
of low-attenuation lines seen traversing a vessel
on coronal and sagittal reformatted images (Fig
29) and is accentuated by cardiac and respiratory
motion. This artifact can be eliminated or re-
duced by reconstructing the raw data with a 50%

overlap prior to three-dimensional image recon-
struction. For example, when acquiring images
with a 1.25-mm detector width, a set of images
with an overlap of 0.625 mm should be retrospec-
tively generated. However, when this artifact is
due to cardiac or respiratory motion, overlapping
reconstruction will not completely eradicate it.

Anatomic Factors

Partial Volume Averaging Effect in Lymph
Nodes.—Hilar lymph nodes in the lungs can be
conveniently divided into upper lobe, interlobe,
middle lobe (lingular), and lower lobe groups
(31,32). Knowledge of hilar lymph node anatomy
assists in differentiating lymph nodes from pul-
monary embolism. The most common locations
of hilar lymphatic tissue are demonstrated in Fig-
ure 30. However, the location of lymph nodes
and their relationship to bronchi and vessels var-
ies among patients (32). A detector width of 5
mm may result in partial volume averaging of
lymph nodes and vessel that simulates pulmonary
embolism. With a 1.25-mm detector width, nor-
mal or enlarged lymphatic tissue can be more eas-
ily distinguished from acute or chronic pulmonary
embolism because lymphatic tissue is extramural
and the normal smooth contour of the contrast
material–filled vessel is preserved (Fig 30). The
review of sagittal and coronal reformatted images
can help in difficult cases.

Figure 27. Lung algorithm artifact in a 70-year-old woman with dyspnea. (a) CT scan obtained with an edge-en-
hancing algorithm shows a lung algorithm artifact that mimics acute pulmonary embolism (arrows). This finding is
seen when viewed with mediastinal or pulmonary embolism–specific windows and manifests as a bright ring around
pulmonary arteries, particularly if associated with a flow artifact. (b) CT scan obtained with the standard algorithm
does not demonstrate this artifact. No embolism was present.
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Figure 28. Partial volume artifact in a
52-year-old woman with dyspnea. (a) On
a 3.75-mm-thick CT scan, partial volume
averaging of vessel and lung creates an ar-
tifact that mimics pulmonary embolism
within the anterior segment of the left up-
per lobe pulmonary artery (arrow). The
apparent pulmonary embolism is ill de-
fined. (b) Contiguous CT scan obtained
inferior to a demonstrates normal lung ad-
jacent to the left upper lobe pulmonary
artery. (c) Contiguous CT scan obtained
immediately superior to a demonstrates a
contrast material–filled pulmonary artery,
a finding that confirms that the low attenu-
ation seen in a was due to partial volume
artifact.

Figure 29. Stair step artifact in an 84-
year-old man with dyspnea and chest pain.
CT scan shows low-attenuation lines that
traverse a vessel on coronal reformatted
images (arrows). This artifact can be rec-
ognized by its nonanatomic nature and is
easily distinguished from pulmonary em-
bolism.
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Vascular Bifurcation.—On axial images, vascu-
lar bifurcations may simulate linear filling defects
(Fig 31). Sagittal and coronal reformatted images
can help identify these normal anatomic struc-
tures (17).

Misidentification of Veins.—False filling de-
fects may be demonstrated within the pulmonary
veins. These entities are caused by poor mixture
of unenhanced blood and contrast material or if
CT is performed too soon after the start of con-
trast material injection (Fig 32). This pitfall can
be avoided by observing veins to the level of the
right atrium on contiguous images (33). Gener-
ally, arteries course adjacent to the corresponding

Figure 30. CT scans demonstrate normal hilar lymph nodes in both upper lobes (arrows in a), adjacent to the right
and left interlobar arteries (arrows in b), in the middle lobe and lingula (arrows in c), and in both lower lobes (arrows
in d).
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bronchi, with the exception of the apical-posterior
segment of the left upper lobe and the lingular
arteries, which may course independently for a
short distance before rejoining the bronchi (34).

Pathologic Factors

Mucus Plug.—A mucus plug within a bronchus,
which may also demonstrate peripheral wall en-
hancement related to inflammation, can mimic
acute pulmonary embolism (Fig 33). The nor-
mal-appearing contrast material–filled accompa-
nying pulmonary artery should provide a clue re-
garding this artifact. In addition, viewing the
bronchus on contiguous images will demonstrate
the true nature of the artifact.

Perivascular Edema.—Edema caused by raised
left atrial pressure can produce peribronchovascu-
lar interstitial thickening, which mimics chronic
pulmonary embolism at CT pulmonary angiogra-
phy. Accompanying CT findings in heart failure
include diffuse ground-glass attenuation, inter-
lobular septal thickening and diffuse peribroncho-
vascular interstitial thickening, and bilateral pleu-
ral effusions (Fig 34).

Figure 31. CT scan shows the vascular bi-
furcation between the left lower lobe and lin-
gular arteries as a curved line surrounded by
contrast material (arrow). Contiguous images
demonstrated the true nature of this finding. Figure 32. CT scan shows unenhanced pulmonary

veins (arrows), which can mimic complete occlusive
pulmonary embolism. However, this pitfall can be rec-
ognized by observing veins on contiguous images to the
level of the right atrium.

Figure 33. Mucus plugs in an 83-year-old
woman with dyspnea. CT scan shows mucus
plugs (arrows), which can mimic acute pul-
monary embolism. The posterobasal segment
of the right lower lobe bronchus is dilated as
well as mucus filled. Identification of the nor-
mal accompanying pulmonary arteries (ar-
rowheads) allows the correct interpretation of
this finding.
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Localized Increase in Vascular Resistance.
—A focal increase in vascular resistance can result
from lung consolidation or atelectasis, is a cause
of indeterminate CT pulmonary angiography,
and can cause misdiagnosis of pulmonary embo-
lism (Fig 35) (35). The unenhanced or poorly
enhanced blood within the affected vessel may
mimic pulmonary embolism. Recognition of this
phenomenon is important because the unen-
hanced vessel may be normal or the poor contrast
enhancement may obscure thrombus. A region-
of-interest measurement may be helpful if the at-
tenuation is greater than 78 HU (28). Further
imaging may be necessary, consisting of either
repeat CT pulmonary angiography with an in-
creased delay or pulmonary angiography.

Pulmonary Artery Stump In Situ Thrombo-
sis.—Virchow (36) postulated that thrombus for-
mation is caused by vessel injury, disturbance of
blood flow, and hypercoagulability. All three fac-
tors are present in patients who have undergone
resection for lung cancer. On occasion, intravas-
cular thrombosis is identified in a pulmonary ar-
tery stump. The criteria for in situ thrombus in-
clude (a) thrombus at the surgical site only (Fig
36) and (b) the absence of other pulmonary artery
thrombi remote from the stump site (37).

Primary Pulmonary Artery Sarcoma.—A
primary pulmonary artery sarcoma is an uncom-
mon cause of an intraluminal arterial filling de-
fect. These intravascular tumors manifest as uni-
lateral, lobulated, heterogeneously enhancing
masses at CT (38,39). They may demonstrate
vascular distention and local extravascular spread

Figure 34. Left-sided heart failure in a 56-year-old woman with dyspnea. (a) CT scan shows peribronchovascular
interstitial thickening caused by perivascular edema (arrow), a finding that can mimic chronic pulmonary embolism.
(b) CT scan (lung window) demonstrates the accompanying findings of diffuse peribronchovascular thickening,
ground-glass attenuation, smooth interlobular septal thickening (arrows), and bilateral pleural effusions. These find-
ings indicate the true nature of the patient’s condition.

Figure 36. Pulmonary artery stump in situ thrombo-
sis in a 69-year-old man who had undergone right
pneumonectomy for lung cancer. CT scan demon-
strates pulmonary artery stump in situ thrombosis that
affects the right pulmonary artery (arrow).
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Figure 35. Localized increase in vascular resis-
tance in a 65-year-old man with dyspnea. (a) CT
scan shows a flow artifact caused by a localized
increase in vascular resistance (arrow), a finding
that can mimic acute pulmonary embolism. Note
also the medium-sized left pleural effusion and
atelectasis. (b, c) CT scans obtained immedi-
ately superior (b) and inferior (c) to a demon-
strate an apparent ill-defined filling defect (ar-
row) that is too high in attenuation to represent
pulmonary embolism. (d) Subsequent angio-
gram demonstrates slight distortion of the pos-
terobasal segment of the left lower lobe pulmo-
nary artery (arrow) but no evidence of pulmo-
nary embolism. (e) More oblique angiogram of
the left pulmonary artery also demonstrates no
evidence of pulmonary embolism (arrow).
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(40). Unlike acute pulmonary embolism, both
pulmonary artery sarcoma and chronic pulmo-
nary embolism demonstrate enhancement (Fig
37) (28,38,39); however, pulmonary artery sar-
coma is lobulated and forms acute angles with the
vessel wall (Fig 37), whereas chronic pulmonary
embolism forms obtuse angles (Fig 12).

Tumor Emboli.—Intravascular tumor emboli
can manifest as large, acute pulmonary emboli
that produce acute pulmonary hypertension by
occluding main, lobar, or segmental pulmonary
arteries. More commonly, tumor emboli are small
and occlude subsegmental arteries and arterioles,
leading to progressive dyspnea and subacute pul-
monary hypertension (41). Tumor emboli are
often associated with recent and organizing
thrombi (41,42). Large tumor emboli, a rare
cause of intravascular filling defects, result from
direct invasion of the inferior vena cava or its ma-
jor branches by hepatoma, renal cell carcinoma,
or choriocarcinoma (42). In a review of micro-
scopic pulmonary tumor emboli associated with
dyspnea, Kane et al (41) found that carcinomas
of the prostate gland and breast were the most
common causes, followed by hepatoma, then
carcinomas of the stomach and pancreas (41).
Manifestations of tumor emboli at CT include
(a) large emboli in the main, lobar, and segmen-
tal pulmonary arteries that cause filling defects
that mimic acute pulmonary thromboembolism
(Fig 38), (b) small tumor emboli that affect sub-
segmental arteries and produce vascular dilatation
and beading that increases in size over time (Fig
39) (43), and (c) small tumor emboli that affect
secondary pulmonary lobule arterioles and have a
tree-in-bud appearance (Fig 40) (44,45).

Conclusions
The radiologist needs to determine the quality of
a CT pulmonary angiographic study and whether
pulmonary embolism is present. If the quality of
the study is poor, the radiologist should identify
which pulmonary arteries are rendered indetermi-
nate and whether additional imaging is necessary.
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