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Abstract

One of the major complications of radiofrequency catheter ablation
(RFCA) for atrial fibrillation (AF) is pulmonary vein stenosis (PVS).
The natural history of PVS, especially when it involves more than one
vein, leads to severe and irreversible pulmonary hypertension with
end-stage right heart failure that can require, in extreme cases, even
heart-lung transplantation.

We report the case of a young patient who underwent RFCA for a
single lasting episode of AF and developed PVS years later. He was
treated with ballon venoplasty followed by stent implantation in left
pulmonary vein because of PVS relief. This reported case emphasizes
the need of an adequate indication for RFCA for AF, considering the
benefit-risk ratio especially in young patients with normal cardiac
function.

Introduction

Major complications of radiofrequency catheter ablation (RFCA) for
atrial fibrillation (AF) are reported in up to 4.5% of cases [1], including
death, cardiac tamponade, ischemic stroke and pulmonary vein
stenosis (PVS) defined as the reduction of >50% of pulmonary veins di-
ameter [2].

The prevalence of PVS is estimated in up to 0.29% of cases [1]. How-
ever, real incidence remains a controversial issue, probably underesti-
mated, because many patients are asymptomatic or quite symptomatic
and there is not a routine assessing protocol for this condition. Pa-
tients with PVS may present with a huge variety of signs and symptoms
like hemoptysis, dyspnea on exertion, chest pain, dry cough, fever, con-
ditions often simulating other common pulmonary diseases like bron-
chopneumonia, interstitial lung disease and lung infarction on radio-
logical and histopatological examination [3-4]. Since the clinical pic-
ture associated with PVS is extremely variable, a high index of suspi-
cion is required. The gold standard for diagnosing PVS is widely ac-
cepted pulmonary venography, as angio-TC scan is considered less spe-
cific and sensitive. Severity of vein narrowing is defined according to
the grade of luminal reduction in mild (<50%), moderate (50-70%) and
severe (>70%).

Currently there are not defined treatment strategies for PVS. Balloon
venoplasty alone or with stent implanting is the principal treatment of
pulmonary veins narrowing. It should be performed early, since late
restoration of venous patency may not determine adequate perfusion of
affected lungs segments, because of progressive periadventitial fi-
brosis and chronic vasoconstrinction of pulmonary vascular bed [5].
The rate of restenosis is quite high (up to 87%) with balloon venoplasty
alone, while is relatively lower after stenting (up to 57%) [5]. A novel
approach consists in implanting drug eluting stents with initial prom-
ising results obtained in a little number of patients [6]. Surgical treat-
ment is an option reserved for complicated PVS, especially with left
veins involvement.

Case Report

A 19-year-old apparently healthy man (a non-competitive basketball
player) was admitted to our cardiac tertiary center because of progres-
sive dyspnea on mild exertion and orthopnea. He denied chest pain and
dizziness and referred frequent occurrence of fast irregular palpita-
tions. Aged fifteen he underwent in a different hospital by an experi-
enced team a RFCA through encircling pulmonary veins using a 3D
electroanatomic mapping system for a single lasting episode of AF.
After RFCA he underwent, over the time, repeated emergency admis-
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sions for further fast episodes of AF requiring pharmacological or elec-
tric treatment, despite antiarrhythmic prophylactic therapy (Sotalol,
Flecainide or Propafenone). One year after the RFCA, he developed in-
termittent fever, with left sided chest pain, dry cough and dyspnea. A
chest XR, at that time, showed suspicious infiltrates in subclavian and
perihilar area of the left lung. His symptoms worsened over the years
despite antibiotics and steroids.

At admission in our Hospital, ECG showed sinus rhythm with
normal atrio-ventricular and intra-ventricular conduction and
transthoracic echocardiography revealed normal size and systolic
function of left and right ventricle, with a normal estimated pulmonary
artery pressure. Six-minutes walking test revealed moderate impair-
ment of functional capacity, with a 360 meters distance and a Borg
index rating 6. Chest XR showed patchy and small consolidations with
disventilatory lesions in the medium field of the left lung. A multide-
tector CT angiogram (MDCT) was performed showing almost complete
hypo-density of left pulmonary veins with severe stenosis of both
veins. The left lung showed multiple nodular lesions, ground glass
opacity area (GGO) and interstitial septal thickening (Figure 1). Con-
sidering the results of MDCT angiography, the previous history of
RFCA for AF with encircling PV, recurrent AF episodes despite antiar-
rhythmic therapy, young age, and apparently normal morpho-func-
tional echocardiographic findings, an iatrogenic pulmonary vein
stenosis was suspected. The patient underwent cardiac catheteriza-
tion under general anesthesia.

Right heart catheterization was performed through the right femoral
vein, showing moderate increase of the pulmonary artery pressure
(mean 20 mmHg) due to increased capillary vascular resistances. At
pulmonary angiography, complete exclusion of the left pulmonary vas-
cular tree was found, due to failure to drain of the left pulmonary veins.
Thus, the attempt of recanalization of the occluded left pulmonary
veins was planned. Following left atrial access was obtained by trans-
septal needle puncture (HeartSpan, Merit Medical Systems Inc.,
Malvern, PA, USA), a hand injection through a 4 Fr multipurpose
catheter imaged a stump of the superior pulmonary vein that was care-
fully probed using a chronic occlusion coronary guide-wire (Miracle-
Bros, Asahi Intecc, Aichi, Japan). After recanalization, the occluded
pulmonary vein was progressively dilated using non-compliant coro-
nary angioplasty balloons (NC Quantum Apex, Boston Scientific, Co.,
Marlborourgh, MA, USA) with good final result (Figure 2).

The clinical course was characterized by postoperative AF, treated
with a 150J biphasic electrical cardioversion (ECV). The patient was
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Figure 1. A) MDCT angiography showed almost complete hypodensity of left pulmonary veins with severe stenosis of both veins. Regular
opacification of right interlobar artery and upper right pulmonary vein. B) MDCT angiography (lung window): multiple nodular lesions,
GGO areas and linear parenchymal band in lingula and lower lobes. Interstitial septal thickening is prominent and also evident in sub-
pleural region of lingula. These CT finding in absence of sign or symptoms of infectious disease are suggestive of pulmonary venous
infarction related to venous stenosis. C) MDCT angiography, maximum intensity projection (MIP) 25 mm of thickness, coronal view:
superb evaluation of lack of enhancement of pulmonary veins system to left. Regular opacification of pulmonary artery and veins to right.

discharged on oral anticoagulant and Sotalol with a mild improvement
in his symptoms.

Ten weeks later, in a routine outpatient visit, he referred worsening
of his symptoms, with increasing dyspnea and reduced exercise ca-
pacity. He performed a further CT angiography showing absent visual-
ization of both upper and inferior left pulmonary veins. For this reason,
the patient was again admitted to our Division to perform a cardiac
catheterization. Pulmonary angiography revealed normal caliber and
course of pulmonary artery and absent visualization of left pulmonary
veins, with normal flow in right pulmonary veins. The pulmonary artery
pressure was 29/13 mmHg (mean 17 mmHg). A pre-mounted 26 mm
long peripheral stent (Lifestent Valeo, Bard Peripheral Vascular, Inc.
Tempe, AZ, USA) was implanted and dilated to 8 mm (Figure 3). Final
hand-injection angiography showed a freely patent pulmonary vein
without vascular dissection and no pressure gradient across the im-
planted stent. The mean pulmonary artery pressure suddenly decreased
to 15 mmHg and a control pulmonary angiography showed a significant
increase of the left pulmonary vascular tree opacification, albeit with a
slow run-off of the contrast medium.

Immediately after cardiac catheterization, patient developed AF with
a mean ventricular rate of 95 bpm, converted in sinus rhythm after ECV.
The patient was discharged on oral anticoagulant, 100 mg/daily aspirin,
50 mg daily of Atenolol. During a two-years follow-up patient referred
significant improvement of dyspnea and functional status, no more ar-
rhythmic episodes, despite beta-blockers discontinuing. A new MDCT
angiography was performed few months later and showed increased
opacification and enhancement of the left pulmonary veins with pa-
tency of stent (Figure 3). His 6-minutes walking test distance was 560
meters with a Borg index rating 1.

Discussion

In pediatric or adolescent subjects, AF is relatively rare, in the ab-
sence of either structural or functional heart disease, and in the ab-
sence of any identifiable hormonal or chemical cause. Although ini-
tial management should be conservative, in some cases during ado-
lescence, the arrhythmia typically recurs multiple times despite med-
ical therapy, creating a need for ablation therapy similar to the sce-
nario in adults. The use of catheter ablation as been reported for
paroxysmal supraventricular tachycardia and atrial fibrillation in
young patients [7-8].
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Specific technical details for ablation of either atrial flutter or fibril-
lation in the larger child are not particularly different from those in
adults, however the decision of when to ablate can be quite different.
After conversion from a first episode of atrial fibrillation, it is not clear
the necessity of a prophylactic antiarrhythmic drug. After recurrences,
the threshold for ablation can be similar to that in adults. The use of ab-
lation therapy for the rare cases of AF in pediatric patients is also ap-
pealing, but the high emphasis on safety over efficacy for all children
mandates that a decision to use RFCA in this age group be considered

only after failure of multiple antiarrhythmic agents. Furthermore, the
technique chosen should be the safest and most effective because com-
plications such as pulmonary vein stenosis can be devastating to a child.

In this setting, it is important to note that as the techniques used for
catheter ablation of AF are continuing to evolve rapidly, cryoablation
could expect to produce minimal PVS due to the lack of endothelium
disruption and lack of hyperthermic injury with this procedure [9],
even if the RFCA can be made without or with minimally radiation ex-
posure.
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Figure 2. A) Right heart catheterization showing occluded left pulmonary vein. B) Balloon angioplasty of occluded left pulmonary vein. C)
Control pulmonary angiography after balloon angioplasty showing significant increase of left pulmonary vascular tree.

Figure 3. A,B) Angiogram showing stenting of left pulmonary vein C) MDCT angiography post treatment: clear evidence of stent in
common left venous vessel to left and moderate opacification inside in a venous contrast phase. D) MDCT angiography, maximum intensity
projection (MIP) 15 mm of thickness, coronal view in late venous phase: device (stent) in common left venous pulmonary veins with increase
of opacification of the left upper pulmonary vein and mild enhancement also related to lower left pulmonary vein.
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In the reported case, RFCA of AF through encircling pulmonary veins
for a single lasting episode of AF has to be considered an inappropriate,
too aggressive, procedure in a fifteen-healthy subject who not already
experimented previous antiarrhythmic treatment, even if the
benefit/risk ratio could be considered higher in such young patient
with lone AF than in presence with other cardiopathy.

Clinical and instrumental tools made suspicion of PVS. A MDCT gave
enough data related to the pulmonary impairment prior to perform car-
diac catheterization for pulmonary venography.

In the reported case, balloon venoplasty with stent implanting was
considered the only possibility to relief the PVS as surgical treatment
was an option not readily and easily performed and an earlier relief was
urgently required to avoid an irreversible pulmonary hypertension [10].

Finally, it needs to be defined the possible correlation between PVS
and AF recurrences as the patient showed repeated episodes of ar-
rhythmias in the presence of recognized veins obstruction and lack of
recurrences during the two years follow-up after PVS relief. A possible
mechano-electrical feedback could explain the mechanism of AF recur-
rences in this case [11].

Conclusions

PVS is a rare but insidious condition and clinicians should be aware
in patients who underwent ablation procedure for AF, especially in
young patients without a structural or functional heart disease with a
not established risk of recurrences.
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