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Introduction

Pulmonary embolism, a medical emergency for pulmo-
nary physicians, is defined as a blockage of the main artery
of the lung or one of its branches by embolism, from many
sources, such as thrombus, air, amniotic fluid, tumor, or
fat.1 A good clinician, especially a pulmonary or critical
care physician, should consider the possible diagnosis of
pulmonary embolism in a highly suspected patient, since
prompt diagnosis and treatment can dramatically reduce
the morbidity and mortality of this disease. Because of the
nonspecific signs and symptoms of pulmonary embolism,
imaging is the key to diagnosis. Computed tomography
pulmonary angiography (CTPA) has high sensitivity and
specificity for pulmonary embolism and is the accepted
standard in pulmonary embolism diagnosis.2,3 Combined
application of CTPA and ventilation-perfusion (V̇/Q̇) lung
scan provides a definite diagnosis in 90–99% of suspected
patients.1 However, some CTPA findings can lead to a
false-positive diagnosis of pulmonary embolism.4 We re-
port a patient who was misdiagnosed with pulmonary em-
bolism after radiofrequency-catheter ablation for atrial fi-
brillation. Both CTPA and V̇/Q̇ scan indicated a filling
defect in the left main pulmonary artery, which was inter-
preted as a massive pulmonary embolism, but pulmonary
angiography revealed that the true diagnosis was pulmo-
nary-vein stenosis.

Case Summary

A 65-year-old female presented with hemoptysis,
8 months after radiofrequency-catheter ablation for atrial
fibrillation. The hemoptysis was about 10 mL of bright red
blood per day. She had slight fatigue and shortness of
breath on exertion, but no chest pain, syncope, fever, or
yellow sputum expectoration. Physical examination found
oral temperature 36.8°C, blood pressure 125/85 mm Hg,
heart rate 80 beats/min, respiratory rate 16 breaths/min,
and SpO2

98% on room air. Lung auscultation revealed
normal breath sounds and no crackles or rhonchi. Her
heart rate was normal with a regular rhythm, normal S1
and S2 heart sounds, and no murmurs, rubs, or gallops.

Laboratory analyses included complete blood count, dis-
seminated intravascular coagulation, D-dimer, liver, and
renal function tests, and basic metabolic panel, which were
all within normal range. Bacterial and fungal culture of
sputum and blood samples were negative. CTPA showed
left-pulmonary-vein stenosis and filling defect in the left
main pulmonary artery (Fig. 1). V̇/Q̇ scan also showed, on
several views, a severe reduction in perfusion to the left
lobe, and slight reduction in ventilation, without obvious
defects (Fig. 2). The V̇/Q̇ mismatch on V̇/Q̇ scan and the
filling defect on CTPA highly suggested massive left-lung
pulmonary embolism to the pulmonary physicians, cardi-
ologists, and radiologists who examined the images. In-
terestingly, the patient had no pulmonary-embolism risk
factors and had been on anticoagulation therapy after the
radiofrequency ablation, so pulmonary angiography was
then done, which showed the left and right pulmonary
arteries and their branches clearly without any filling de-
fects (Fig. 3).

Discussion

Pulmonary embolism is a common, emergency, and po-
tentially lethal condition, and massive pulmonary embo-
lism accounts for about 4% of pulmonary embolism cases.5,6

Combined CTPA and V̇/Q̇ scan has a high sensitivity for
detecting pulmonary embolism,1 and CTPA is the accepted
standard for pulmonary embolism diagnosis.7,8 However,
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reliance on CTPA and V̇/Q̇ scan alone can lead to a false-
positive diagnosis of pulmonary embolism.4 This teaching
case is an example in point.

Differentiating between severe pulmonary-vein stenosis
and pulmonary embolism is complicated and may confuse
inexperienced pulmonary physicians and radiologists. Pul-
monary-vein stenosis and pulmonary embolism share sim-
ilar nonspecific symptoms, and these patients range from
asymptomatic to highly symptomatic, with cough, short-
ness of breath, chest pain, fatigue, and/or hemoptysis.7,9

Also, V̇/Q̇ mismatch or perfusion defect of a certain lobe
on V̇/Q̇ scan occurs in 80% of pulmonary-vein-stenosis
patients, and a higher percentage in pulmonary-embolism
patients.10-14 Thus, it is hard to distinguish between pul-
monary-vein stenosis and pulmonary embolism based on
symptoms and V̇/Q̇ scan. CTPA is more sensitive for dif-
ferentiation because it shows the positions of vein stenosis
and pulmonary embolus separately.2-4,13 However, with
our patient the massive filling defect on CTPA misled the
clinicians and radiologists to the misdiagnosis of pulmo-
nary embolism. Actually, pulmonary-vein stenosis triggers
pulmonary congestion, increases the capillary wedge pres-
sure, and ultimately slows the pulmonary arterial flow.
Post-capillary obstruction decreases or prevents the circu-
lation of radio-labeled particles and contrast to the affected
lung regions and results in V̇/Q̇ mismatch on V̇/Q̇ scan and
filling defect on PTCA. Thus, this is not a true filling
defect from an embolus, but a slow filling of the contrast.

Lack of experience in recognizing the typical morphol-
ogy of a pulmonary embolus is another cause of misdiag-
nosis. The diagnosis of pulmonary embolism on CTPA is
based on finding filling defects within the contrast-en-
hanced lumens of the pulmonary arteries or direct obser-
vation of an intra-luminal clot.15,16 Typical manifestations
of embolus on CT include the “lifesaver” sign perpendic-
ular to the long axis of the vessel, the “railway track” sign
on longitudinal images of the vessel, and the Westermark
sign, which refers to peripheral wedge-shaped regions of
ground-glass opacity or consolidation.17-19 However, in
our patient the sharp artery cutoff on CTPA (arrow in
Fig. 1A) was not typical of an acute pulmonary embolus.
Also, there was a vague opacity in the left lung on the

Fig. 2. Radionuclide ventilation-perfusion scintigraphy imagesshow
a severe reduction in perfusion to the left lobe, and slight reduction in
ventilation, without obvious defects. The ventilation-perfusion mis-
match highly suggested pulmonary embolism in the left lung.

Fig. 3. Angiogram shows (A) complete filling of the pulmonary
artery system, without defects, and (B) severe stenosis in the left
pulmonary vein.

Fig. 1. Spiral computed tomography pulmonary angiogram
8 months after radiofrequency ablation. A: Filling defect in left
pulmonary artery (arrow). B: Vague opacity in the lung window of
the same section as A, which should be the manifestation of ve-
nous congestion; however, there might also have been infection
following blood congestion. C: Multiplanar rendering of the com-
puted tomogram does not show the left pulmonary vein or its
branches. D: Multiplanar rendering of the computed tomogram
does not show the left pulmonary vein or artery (arrow).
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CTPA lung window, and that should be the manifestation
of venous congestion (see Fig. 1B). If the patient had
massive pulmonary embolism, the CTPA lung window
should have shown ischemia manifestations such as oli-
gemia or decrease in vessel diameter and reduction of flow
rate, but no evidence of venous congestion. Therefore,
CTPA suggested that the occlusion was not in the pulmo-
nary artery where the filling defect was located, but in the
post-capillary pulmonary vein. Pulmonary-vein stenosis
might also present with chest-radiograph findings of pleu-
ral effusion and diffuse interlobular septal thickening.20

Further, the patient had no severe symptoms such as short-
ness of breath at rest, low oxygen saturation, or shock. All
these details support the finding that this massive filling
defect indicated slow flow but not an embolus.

The complications of radiofrequency-catheter ablation,
which is widely used to treat atrial fibrillation, include
thromboembolism and pulmonary-vein stenosis.13,21 Com-
plete pulmonary-vein occlusion may lead to pulmonary-
vein thrombosis or even infarction, with substantial ve-
nous congestion in the affected lobe.22 Symptoms of
pulmonary-vein thrombosis usually arise several months
after radiofrequency-catheter ablation, and are less acute
than those of pulmonary-artery embolism. Characteristic
CT manifestations of pulmonary-vein thrombosis include
venous congestion and alveolar hemorrhage, which are
similar to the manifestations of pulmonary-vein stenosis.
There have been no reports of pulmonary-vein stenosis or
pulmonary-vein thrombosis accompanied by pulmonary-
artery embolism following radiofrequency-catheter abla-
tion, so more consideration and evidence of arterial em-
bolus should be present before making a diagnosis of
pulmonary-vein stenosis accompanied by pulmonary em-
bolism.

In addition to pulmonary-vein stenosis (as in our pa-
tient), there are other possibilities for false-positive filling
defect on CTPA and V̇/Q̇ scan that can lead to an incorrect
diagnosis of pulmonary embolism.23 Extra-luminal com-
pression of the pulmonary vasculature from bronchogenic
carcinoma, mediastinal mass, aortic aneurysm, sickle cell
disease, and idiopathic pulmonary fibrosis are the most
common possibilities.24-28 Intraluminal obstruction of the
pulmonary vasculature by a primary tumor, vasculitis, or a
congenital vascular abnormality can also lead to a misdi-
agnosis.29 Some of the above causes are related to the
slowing of pulmonary circulation, whereas others directly
mimic in-site embolus of pulmonary circulation.

Teaching Points

This teaching case demonstrates the risk of misinterpre-
tation of filling defect on CTPA and V̇/Q̇ scan in a patient
with severe pulmonary-vein stenosis after radiofrequency
ablation. The CTPA and V̇/Q̇ scan findings mimicked mas-

sive pulmonary embolism. Slow flow, luminal compres-
sion by soft tissues, and intraluminal obstructions all con-
tribute to the filling defects on CTPA, so extreme caution
is warranted when interpreting filling defects on spiral CT
and V̇/Q̇ scan in patients with such conditions. Other im-
aging findings that suggest venous congestion (eg, vague
opacity on CT lung window, interlobular septal thicken-
ing, and pleural effusion on radiograph), and detailed med-
ical history and careful physical examination can yield
clues to the right diagnosis.
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