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Pulmonary Vein Occlusion/Stenosis After Pulmonary Vein
Ablation for Atrial Fibrillation
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Editorial Comment

In this issue of the Journal. Ernst et al.1 report three cases
of total pulmonary vein (PV) occlusion in 239 patients who
underwent an ablation procedure for atrial fibrillation (AF).
Patients initially were evaluated by internists and pulmonolo-
gists and underwent extensive evaluation before the diagnosis
was finally made. Despite treatment with thrombolytics, gly-
coprotein IIb/IIIa inhibitors and anticoagulation, angioplasty,
and stenting, restenosis developed. Because imaging studies
after a PV ablation procedure were not routinely performed
in all patients, the true incidence of PV stenosis and occlusion
could not be determined.

PV stenosis may be one of the most serious complications
after a PV ablation procedure, as treatment options are lim-
ited and restenosis may recur after interventional procedures.
Depending on the PV ablation strategy used and whether or
not routine imaging studies were performed, the prevalence
of PV stenosis has been reported to vary from 0% to 8%.2,3

Ablation Technique

In their study, Ernst et al. used a variety of ablation tech-
niques, including substrate modification (right and/or left
atrial), focal ablation within a PV, and PV isolation with elec-
troanatomic guidance in different subsets of patients. How-
ever, the target temperature and maximum power were set
relatively high for radiofrequency energy delivery. Because
the risk of PV stenosis is higher when radiofrequency energy
is delivered at high temperature and power settings (partic-
ularly within a PV), the maximum power and target tem-
perature delivered with a standard, 4-mm-tip radiofrequency
ablation catheter have been limited to 30 to 35 W and 52◦C,
respectively, in some centers.2,4,5

Identification of Target Sites

In their study, Ernst et al. performed PV angiograms in
all left atrial procedures. In addition, with the guidance of an
electroanatomic mapping system, virtual tubes were created
to represent the PVs. Because the risk of stenosis is higher
when radiofrequency energy is delivered within a PV6 and
because arrhythmogenic foci within the ostial remnant may
cause recurrences of AF, accurate identification of the PV
ostia may be the most critical portion of a PV isolation pro-
cedure. However, because of the complex three-dimensional
relationship of the PVs and the left atrium, identification of
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the ostia may be difficult and may require integration of data
from a variety of different techniques.

A simple fluoroscopic landmark is the spine, because the
PV ostia usually are located on either side of vertebral bod-
ies in the anteroposterior view. Spiral computed tomogra-
phy or magnetic resonance imaging of the chest with three-
dimensional reconstruction of the PVs is very helpful in de-
lineating the ostial geometry and identifying anatomic vari-
ations such as a common ostium or a separate right middle
PV.6 Monoplane or biplane venograms can be performed by
either selective cannulation of each PV or left atrial injection
during adenosine-induced asystole.7 However, underfilling
or streaming of the contrast agent or selective injection into
a branch can be limiting. Another helpful technique is the
manual and visual feedback from manipulating a multipolar
ring catheter in and out of a vein. When available, real-time
impedance measurements usually are higher in the PV than
at the ostium or left atrium. Intracardiac echocardiography
also has been used to identify the PV ostia.8 However, the
accuracy of this technique may be suboptimal, given that PV
stenosis >50% still occurred 4 of 64 patients.8

Virtual tubes created with an electroanatomic system do
not accurately reflect the caliber or location of the ostia of the
PVs. A more accurate method of defining the PV ostia with
an electroanatomic mapping system is to create a virtual ring
over three points defined at the perimeter of the ostium either
with or without the guidance of a circular catheter.

In summary, accurate identification of the PV ostia may be
difficult in some patients and may require integration of data
from different techniques. Despite rigorous efforts, the ostia
may not be precisely identified due to catheter movement
distal into the PV or variations in anatomy, in which case PV
stenosis may occur.

Clinical Implications

This report by Ernst et al. has important clinical implica-
tions for patients undergoing PV isolation. First, this report
underscores the importance of limiting maximum power and
target temperature settings. Second, it is important to heighten
the awareness of primary care physicians, internists, pulmo-
nologists, and cardiologists to the symptoms and signs of
PV stenosis. It also is necessary for electrophysiologists to
provide long-term follow-up. Third, the cost efficiency of
routine imaging studies after a PV ablation procedure needs
to be determined. Perhaps imaging studies should be reserved
for patients who develop symptoms or signs suggestive of PV
stenosis.

Future Directions

PV stenoses have been reported after ablation only with ra-
diofrequency energy. Whether alternative sources of energy,
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such as ultrasound,9 cryoablation,10 or laser energy, carry
a similar risk of long-term PV stenosis without a decrease
in efficacy remains to be determined. Contact or noncon-
tact three-dimensional mapping systems that can incorporate
three-dimensional images obtained from spiral computed to-
mography or magnetic resonance imaging of the chest may
facilitate accurate identification of the PV ostia.

An ablation strategy that creates left atrial ablation lines
>1 cm from the PV ostia markedly reduces the risk of
PV stenosis.11 However, the long-term clinical efficacy and
safety of this approach in comparison to ostial segmental ab-
lation remain to be determined.

Finally, further studies are necessary to better understand
the mechanisms by which PV stenosis and restenosis occur
so that effective therapeutic strategies can be developed to
treat patients with PV stenosis.
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