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KEY TEACHING POINTS

� For symptomatic pulmonary vein stenosis after
catheter ablation, stenting is preferred to balloon
angioplasty (BA) because it has a lower incidence of
restenosis than BA. However, the incidence of stent
restenosis is relatively high. Appropriate
antithrombotic therapy after stenting is unknown.

� We showed that repeat BA was associated with a
high incidence of restenosis; however, it can
maintain pulmonary vein patency to the extent that
it does not worsen clinical symptoms.
Introduction
Pulmonary vein stenosis (PVS) after pulmonary vein isola-
tion (PVI) for atrial fibrillation (AF) is a rare but serious
complication with significant morbidity.1 The optimal treat-
ment strategy for symptomatic PVS remains unknown.
Stenting is preferred to balloon angioplasty (BA) because
it has a lower incidence of restenosis than BA.2–5

However, the incidence of stent restenosis is reported to
be up to 25% during a 3-year follow-up.2 Moreover, appro-
priate antithrombotic therapy after stenting is unknown.
Hence, we positioned BA as the first-choice intervention
to relieve symptomatic PVS at our institution. In this case
series, we report the long-term follow-up of repeat BA for
symptomatic PVS after PVI.
� Repeat BA may be considered as a treatment option
for recurrent pulmonary vein stenosis.
Case report
This study included 5 consecutive patients (median age, 52
years [range, 44–52 years]; 4 were male) who underwent
BA for symptomatic PVS at the National Cerebral and Car-
diovascular Center (Osaka, Japan) between 2012 and 2023
(Table 1). PVS was defined as a reduction in PV luminal
diameter and was classified as mild (,50%), moderate
(50%–70%), or severe (.70%) (Figure 1A).6 All patients
had PVS-related symptoms, such as dyspnea on exertion
(DOE), hemoptysis, and cough. BA was conducted as fol-
lows (Figure 1B): (1) after insertion of steerable sheath (Agi-
lis NxT; Abbott Medical, St Paul, MN) into the left atrium,
angiography of the target pulmonary vein was performed un-
der rapid pacing from the right ventricle; (2) angioplasty wire
(Aguru� Peripheral Guidewire, Boston Scientific, Marlbor-
ough, MA) was advanced into the stenosed PV and used to
position a balloon; and (3) the PV was dilated by the balloon
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and checked by PV angiography. After the initial procedure,
a second procedure was performed at the physician’s
discretion when restenosis was observed or when patients
experienced symptom recurrence. The treatment details are
shown in Table 2.
Case 1
A 44-year-old woman with Takayasu disease presented with
severe symptomatic PVS in the right superior pulmonary
vein (RSPV) and right inferior pulmonary vein (RIPV) 3
months after PVI. She underwent 5 BAs for the recurrence
of severe PVS in the RSPV and RIPV associated with
DOE and hemoptysis for 29months. During the fifth BA, car-
diac tamponade occurred, however, the patient recovered
without experiencing any complications apart from pericar-
diocentesis. After the fifth BA, contrast-enhanced computed
tomography revealed 42% stenosis of the RSPV and 99% ste-
nosis of the RIPV. The patient remained asymptomatic and
free from hemoptysis for 72 months. During the follow-up
period, AF recurrence was not observed.
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Figure 1 A: Computed tomography image showing the pulmonary vein. The left, middle, and right columns show contrast-enhanced computed tomography
images before pulmonary vein isolation at the time of diagnosis of pulmonary vein stenosis (PVS) and at final follow-up, respectively. The red arrows indicate the
PVS sites. B: Pulmonary angiography of the representative case (case 4, second balloon angioplasty). The left, middle, and right columns show pulmonary angi-
ography during the procedure of balloon angioplasty before, during, and post balloon dilation, respectively. The red arrows indicate the PVS sites. LIPV5 left
inferior pulmonary vein; LSPV 5 left superior pulmonary vein; RIPV 5 right inferior pulmonary vein; RSPV 5 right superior pulmonary vein.
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Case 2
A 52-year-old man presented with severe symptomatic RIPV
stenosis 2 months after PVI. BA for the RIPV stenosis
relieved his symptoms. Follow-up contrast-enhanced
computed tomography performed 4 months after the initial
BA showed restenosis of the RIPV, despite the absence of
symptoms. Seven months after the initial BA, the patient un-
derwent a second BA, which improved the grade of stenosis
from severe to moderate. The patient remained asymptomatic
for 60 months after the first BA. During the follow-up period,
AF recurrence was not observed.
Case 3
A 55-year-old man underwent PVI for paroxysmal AF. Seven
months later, he underwent a second PVI for recurrent AF. He
presented with severe symptomatic stenosis of the left inferior
pulmonary vein (LIPV) 2months after PVI.BAwas performed
on the LIPV, which had been electrically isolated at the time of
the procedure. PVI on the right PV for recurrent AFwas simul-
taneously performed.Hehad undergone 3BAs for LIPV steno-
sis associatedwithDOEand left pleural effusion for 23months.
However, 11 months after the third procedure, the patient
experienced severe LIPV restenosis associated with DOE.



Figure 1 (continued).
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Case 4
A 45-year-old man presented with severe symptomatic ste-
nosis of the left superior pulmonary vein (LSPV) 4 months
after PVI. Although DOE completely resolved after the first
BA, the patient had recurrent AF associated with palpitation
92 months after the BA. Contrast-enhanced computed to-
mography performed prior to the ablation procedure re-
vealed moderate LSPV restenosis. The patient underwent
a second BA on the LSPV, which had been electrically iso-
lated at the time of the procedure. A second BA was per-
formed at the physician’s discretion. During the repeat
ablation procedure, this patient underwent catheter ablation,
including superior vena cava isolation and left atrial poste-
rior wall isolation. The patient did not experience palpita-
tions since the last procedure, and no change in the
exercise capacity was observed before and after the proced-
ure, suggesting that LSPV stenosis was clinically irrelevant.
Remarkably, he remained asymptomatic for 126 months
following the initial BA.
Case 5
A 52-year-old man presented with severe symptomatic LIPV
stenosis 3 months after PVI. After BA, LIPV stenosis
improved from severe to mild, and the patient remained
asymptomatic for 7 months. During the follow-up period,
no AF recurrence was observed.
Case summary
Thirteen BA procedures targeting 18 veins were performed
during 60 months (range, 34–101 months) of follow-up.
The details of the procedure are presented in Table 2. Three
patients had complete resolution of symptoms after the first
BA procedure. Four of the 5 patients had restenosis after
BA, all requiring additional BA. In 2 patients, this was for
symptom treatment and in the other 2 patients for asymptom-
atic restenosis, performed at operator’s discretion. Three pa-
tients (cases 1, 2, and 4) had residual moderate or severe PVS
after multiple procedures, but remained asymptomatic after
more than 5 years.
The ablation points during the first session are shown in
Supplemental Figure 1. The ablation site for the stenosed
veins were slightly inside, which might have caused PVS.
Discussion
This case series is the first to report long-term outcomes after
repeat BA for symptomatic severe PVS. The main finding of
this study was that BA for severe PVS was associated with a
high incidence of restenosis, which is in line with previous
reports; however, it was not necessarily associated with wors-
ening of clinical symptoms. Four of the 5 patients remained
asymptomatic after BA. This suggests that BA alone could
maintain PV patency to the extent that it does not worsen
clinical symptoms. Although stent-based approaches have
shown better outcomes compared with BA, repeat BA may
be considered as a treatment alternative for PVS in specific
situations when stent implantation is challenging due to
anatomically complex PVs or when the risk of stent-related
complications is high.

Stenting has recently become the preferred procedure in
patients with symptomatic PVS because it is associated with
a lower incidence of restenosis and reduced need for repeat
interventions compared with BA.4 However, the incidence
of restenosis is not negligible. Fender and colleagues7 re-
ported that the incidence of restenosis was similar between
stenting and BA for restenosed veins after PV angioplasty.
The optimal treatment strategy remains unknown for reste-
nosed veins. Moreover, PVS after PVI often occurs in
young patients.8,9 Thus, the benefits and risks of the lifelong
necessity of administering antithrombotic or antiprolifera-
tive agents after stenting should be counterbalanced.10

Schoene and colleagues11 investigated the natural PVS
course after radiofrequency ablation for AF. They revealed
that the number of patients with PVS-related symptoms
decreased from 32% to 13%, with a spontaneous reduction
in stenosis grade, over a 3.5-year follow-up. Our study re-
vealed that repeat BA could achieve long-term PV patency
to an extent that did not necessitate further interventions to
resolve symptoms, despite restenosis. The compensatory
process of the pulmonary circulation may also play a role
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in symptom improvement. Considering that the resolution
of PVS-related symptoms can be achieved spontaneously
or with BA alone, stenting might be considered when re-
fractory symptomatic PVS remains after BA. A recent study
showed that angioplasty with drug-coated balloons was
associated with a lower risk of restenosis compared with
BA without drug delivery.12 Further studies are needed to
investigate the impact of drug-coated balloons on recurrent
PVS. PVS has decreased due to the more proximal atrial
side of PVI13; however, some cases require performing in-
ner PV or carina ablation, which would pose a risk factor
for PVS. Accordingly, exploring appropriate treatment ap-
proaches for PVS is needed.
Conclusion
BA for PVS results in a high incidence of restenosis. Howev-
er, long-term symptom-free survival can be achieved with
BA alone, despite angiographic restenosis. Considering the
uncertainty of the optimal drug treatment and relatively
high incidence of restenosis after stenting, repeat BA may
be considered to treat recurrent PVS.
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Appendix
Supplementary data
Supplementary data associated with this article can be found
in the online version at https://doi.org/10.1016/j.hrcr.2024.1
0.026.
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