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Background Acquired pulmonary vein stenosis (PVS) is an infrequent complication of atrial fibrillation ablation that is often mis-
diagnosed due to predominant respiratory symptoms. It can result in pulmonary venous hypertension, with varying
presentations, ranging from shortness of breath to haemoptysis.

...................................................................................................................................................................................................
Case summary We report two patients with a history of paroxysmal atrial fibrillation treated with radiofrequency ablation and pul-

monary vein (PV) isolation, who subsequently developed PVS. Case 1 initially presented with indolent symptoms of
shortness of breath and cough. He was initially diagnosed with and treated for pneumonia. In contrast, Case 2 pre-
sented with massive haemoptysis, requiring intubation and intensive care unit admission. Both patients were even-
tually diagnosed with PVS by computed tomography. They were treated with PV angioplasty and stenting.

...................................................................................................................................................................................................
Discussion While previously limited to the congenital heart disease population, PVS is occurring more frequently now in adult

patients as a complication of ablation procedures. It is most effectively treated with angioplasty and stent implant-
ation but has a high rate of recurrence.
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Introduction:

Pulmonary venous hypertension causes a myriad of pulmonary find-
ings such as pleural effusion formation, recurrent pneumonias, and
haemoptysis.1 Massive haemoptysis secondary to pulmonary vein
stenosis (PVS) is a rare, but life-threatening occurrence. Progressive
reduction in pulmonary vein (PV) cross-sectional area leads to an in-
crease in pulmonary venous pressure, venous congestion, and a de-
crease in pulmonary perfusion.2

Here, we describe two widely differing presentations of PVS sec-
ondary to radiofrequency ablation/PV isolation for atrial

Learning points
• Pulmonary vein stenosis is a rare complication of atrial

fibrillation ablation with varying clinical presentations, ranging
from recurrent pleural effusions and pulmonary infections to
life-threatening haemoptysis.

• Balloon angioplasty with pulmonary vein stenting is the most
effective treatment.
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tachyarrhythmia. It is crucial to consider PVS in the workup of pul-
monary symptoms in patients with a history of atrial fibrillation
ablation.3

Timeline

Case presentations

Case 1
A 33-year-old man with Ebstein anomaly and atrial septal defect (lat-
ter repaired at age 4) and paroxysmal atrial fibrillation presented to
the emergency room with 2 weeks cough and intermittent fever. The
patient underwent radiofrequency ablation with PV isolation
21 months prior. He had visited the emergency room with similar
symptoms several months previously and was treated for presumed
community-acquired pneumonia.

On presentation, the patient was febrile to 38.7˚C with otherwise
normal vitals. X-ray was significant for a large left-sided pleural effu-
sion with an opacity at the left lung base. He was again prescribed a

course of azithromycin and discharged home from the emergency
room.

At a subsequent outpatient visit, lung ultrasound demonstrated a
persistent pleural effusion for which he underwent a therapeutic
thoracentesis with the removal of 1.3 L serosanguinous fluid. His
symptoms of cough and shortness of breath returned within 1 week.
Therefore, a thoracoscopy with pleural biopsy and tunnelled pleural
catheter placement was performed. Biopsy revealed non-specific in-
flammation. Follow-up contrast-enhanced CT scan after the proced-
ure revealed a small loculated left pleural effusion, volume loss at the
periphery of the left lower lobe, and a new finding of marked narrow-
ing of the left PVs.

Given these findings, a cardiac catherization was performed. Intra-
procedural trans-oesophageal echocardiography revealed severe
stenosis of the common trunk of the left upper and lower PVs.
Balloon angioplasty of the stenotic ostium was performed with a dual
kissing balloon technique. Mean pre-procedural Doppler gradient on
echocardiography was 7 mmHg, which decreased to 3.8 mmHg post-
procedure (Figure 1). Following the procedure, he was started on as-
pirin, clopidogrel, and apixaban to maintain stent patency.

The patient’s recovery was complicated by recurrence of symp-
toms several weeks later. Repeat catheterization demonstrated re-
stenosis of the left pulmonary venous antrum. In the second
procedure, the lesion was pre-dilated, and a 10 mm diameter by
20 mm long bare-metal stent was placed from the PV ostium to the
point of bifurcation. The patient was continued on apixaban and clopi-
dogrel to maintain stent patency and for recurrent paroxysmal atrial
fibrillation. Over the following 5 years, he had two small-sized haem-
optysis episodes related to PV stent restenosis (Figure 2). Symptoms
were alleviated after repeat angioplasty. While the patient’s
CHA2DS2VASc Score was 0 and HASBLED Score was 2, he was con-
tinued on apixaban post-procedure to maintain stent patency.

Case 2
A 43-year-old male with prior history of pulmonary sarcoidosis, ob-
structive hypertrophic cardiomyopathy, and paroxysmal atrial fibrilla-
tion presented with haemoptysis. The patient was diagnosed with
obstructive hypertrophic cardiomyopathy 15 years prior, had a sin-
gle-chamber ICD placed for primary prevention, and underwent PV
isolation 2 years prior to presentation. He had recurrent syncopal
episodes from left ventricular outflow tract obstruction and under-
went septal myectomy, mitral valvuloplasty, left atrial appendage clip-
ping, and epicardial radiofrequency ablation 8 months prior to
presentation. Myectomy pathology revealed myocyte hypertrophy
and granulomas consistent with cardiac sarcoidosis.

The patient first began coughing up blood-tinged sputum 1 week
prior to admission but was thought to have bronchitis at two urgent
care encounters. Over the course of the week prior to admission, he
developed progressive shortness of breath and increased frequency
and quantity of blood in his sputum. On presentation, he was afebrile,
normotensive, with normal work of breathing. In the emergency
room, he had several episodes of massive haemoptysis, each over
100 mL, and was emergently intubated for airway protection.
Immediate bronchoscopy demonstrated active bleeding with large
clots in the left lower lobe. Prothrombin complex concentrate was
administered to mitigate the effect of rivaroxaban, which he had been

.................................................................................................

.................................................................................................

.................................................................................................

Case 1

Month 0 Patient underwent atrial fibrillation ablation with pul-

monary vein isolation

Month 18 Initial presentation with cough, fever, and shortness of

breath

Month 21 Second presentation with cough, fever, and shortness

of breath. Patient diagnosed with recurrent pneumo-

nia; pleural effusion identified on X-ray

Month 22 Outpatient thoracentesis

Month 22 Contrast-enhanced CT scan demonstrated pulmonary

vein stenosis

Month 23 Pulmonary vein angioplasty

Month 25 Pulmonary vein angioplasty with stenting

Case 2

Month 0 Patient underwent atrial fibrillation ablation with pul-

monary vein isolation

Month 17 Patient underwent surgery with septal myectomy, pul-

monary vein ablation, left atrial appendage clipping

Month 25

Day 1

Initial presentation with small volume hemoptysis

Month 25

Day 8

Repeat presentation with large volume hemoptysis.

Patient emergently intubated in emergency room

and admitted to ICU

Month 25

Day 9

Initial non-contrast-enhanced CT scan demonstrated

opacification in left lower lobe with unclear source

of bleeding

Month 25

Day 11

Patient transferred to our facility; pulmonary vein sten-

osis identified on contrast-enhanced CT scan

Month 25

Day 13

Pulmonary vein angioplasty with stenting

2 N. Talmor et al.
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taking prior to admission for atrial fibrillation (CHA2DS2VASc Score
3, HAS-BLED Score 2). Initial non-contrast CT and repeated bron-
choscopies suggested primarily left lung involvement without a clear
source of bleeding.

The patient was transferred to our institution after several days
with limited control of the haemoptysis. Repeat contrast-enhanced
CT angiography did not reveal active bleeding, but the left upper and
left lower PVs were poorly visualized, increasing clinical suspicion for

PVS as the underlying cause of haemoptysis (Figure 3). Cardiac cath-
eterization revealed complete obstruction of the left upper PV, with
evidence of collateralization to left lower PV circulation, suggesting
chronicity. Balloon angioplasty and stenting of the left lower PV was
performed with a 9 mm diameter by 26 mm long bare-metal stent,
reducing the PV mean pressure difference from 15 mmHg to
4 mmHg via cardiac catheterization measurements. The left upper PV
was inaccessible. He was started on heparin post-procedure to main-
tain stent patency.

He was eventually extubated 9 days post-procedure and safely
transitioned to apixaban prior to discharge. Repeated chest X-rays
have shown re-inflation of the left lung. Thirty-six weeks after dis-
charge, he is doing well without recurrence of haemoptysis.

Discussion

Until recently, PVS had been most commonly described in the paedi-
atric population. Congenital PVS is associated with anomalous PV
connection, atrial and ventricular septal defects, and complex hetero-
taxy syndromes.1 Acquired PVS is a rare complication of atrial fibrilla-
tion ablation with PV isolation that is often missed due to
predominant pulmonary symptoms.

Presentation includes shortness of breath, haemoptysis, recurrent
symptoms suggestive of pneumonia, and progression to right-sided
heart failure. Transcatheter balloon angioplasty and stent placement
is the mainstay treatment, though with high recurrence rates.4,5

Antiproliferative agents such as imatinib and bevacizumab are under
investigation.

The advent of new treatment modalities for atrial fibrillation has
led to an increase in the incidence of acquired PVS.3,6 A multi-centre

Figure 1: Case 1. Chest X-ray demonstrating pleural effusion at time of initial presentation, asterisk (A). Chest X-ray, following pulmonary vein
stenting procedure (B). Computed tomography angiography on which pulmonary vein stenosis diagnosed, arrow. Computed tomography also
notable for left pleural effusion and subsegmental atelectasis in left lower lobe. (C). Pulsed wave Doppler of pulmonary vein, mean gradient 7 mmHg
pre-procedure. Systolic and diastolic components marked on slide (D). Pulsed wave Doppler, mean gradient 3.8 mmHg post-procedure. Systolic and
diastolic components marked on slide (E).

Figure 2: Case 1. Computed tomography reconstruction, dem-
onstrating restenosis of left-sided pulmonary veins following initial
angioplasty.

Acquired pulmonary vein stenosis 3
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..trial conducted at 13 sites found mild or moderate PV stenosis in
8.2% of ablated PVs at 3 months post-procedure, though all patients
were asymptomatic.7 It is an infrequent complication of atrial fibrilla-
tion ablation procedures, previously estimated to occur following
0.3–3.4% of cases,8 though patients typically only undergo PV imaging
when symptomatic.7 Aetiology is attributed to adventitial inflamma-
tion and collagen deposition at the site of ablation.9,10

Pulmonary vein anatomy varies widely in the general population,
with up to 20% of people having three right-sided PVs, rather than
two.11 In up to 25% of patients, the left PVs drain into a common ost-
ium.11 Prior case studies have also demonstrated an association be-
tween severity of symptoms and number of PVs involved.1 This likely
occurs due to an increase in outflow obstruction of pulmonary ven-
ous flow, leading to an increase in pulmonary venous hypertension.
Having only one vein occluded can lead to compensatory collaterali-
zation,12 as was seen in Case 2, with increased pulmonary venous
pressures developing only when the other vessel becomes occluded
as well.

Imaging such as an echocardiogram, cardiac CT and magnetic res-
onance imaging (MRI), and ventilation-perfusion scans have previous-
ly been used as diagnostic modalities. Signs of congestion can be seen
on chest X-ray but are non-specific. While ventilation–perfusion
scans are superior in characterizing blood flow, CT, and MRI can be
used to evaluate the size and calibre of PVs, including the exact site
and length of stenosis.1,13 Trans-oesophageal echocardiography can
also be used to visualize PVs but often is not the initial test of choice,
unless there is high clinical suspicion.

Management of PVS typically involves angioplasty to increase the
calibre of the veins.14 However, the restenosis rate is high, and
patients may require additional interventions for recurrent symptoms
in the future.8 Stent implantation has been associated with better
outcomes than balloon angioplasty, with one study estimating a

relative risk reduction of 53%.5 In another study, the restenosis rate
following PVS intervention was 57% for balloon angioplasty alone
and 27% for balloon angioplasty with stenting.8 A different study
reported restenosis rates of 72% for balloon angioplasty alone and
33% for balloon angioplasty with stenting.14 However, stent implant-
ation also requires the initiation of antiplatelets or anticoagulants,
which lead to an increased bleeding risk. Careful risk/benefit analysis
is necessary. In some cases of massive haemoptysis that is not
relieved by PV angioplasty, partial pneumonectomy may be neces-
sary.15 Clinicians should maintain a high index of suspicion for PVS in
cases of recurrent, unexplained pulmonary symptoms, especially in
patients with a history of radiofrequency ablation procedures.3
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Figure 3: Case 2. Chest X-ray at time of presentation to our centre, demonstrating complete collapse of left lung, asterisk (A). Chest X-ray several
days after pulmonary vein stenting procedure (B). Computed tomography angiography on which pulmonary vein stenosis diagnosed, arrow (C).
Pulmonary vein angiography via trans-septal access, before stent was placed. Left upper pulmonary vein is occluded, arrow (D). Pulmonary vein angi-
ography via trans-septal access, post-stent placement. The branch veins are incompletely opacified due to brisk antegrade flow of contrast. Left upper
pulmonary vein is stented, arrow (E).

4 N. Talmor et al.
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