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A B S T R A C T   

Background: Increased risk of new-onset atrial fibrillation (AF) after patent foramen ovale (PFO) closure was 
observed in randomized trials without however systematic AF screening. We aimed to evaluate the incidence of 
AF within 6-month following PFO closure with serial 24-hour ambulatory electrocardiogram (AECG) monitoring. 
Methods: All patients undergoing PFO closure were prospectively included in 2 centers. AF was defined as 
irregular rhythm without discernible P waves > 30 s on AECG at day 0, 1-month and 6-month follow-up. Primary 
endpoint was the incidence of AF within the study period. Secondary endpoints evaluated clinical outcomes 
within 6-month follow-up. 
Results: Between February 2018 and March 2019, 62 patients underwent PFO closure including 40 male (64.5%) 
with a mean age of 48 ± 9.5. Atrial septal aneurysm was observed in 37 patients (64.9%), 57 patients (91.9%) 
received an Amplatzer Occluder device (Abbott Vascular) and 5 (8.1%) an Occlutech device (Occlutech). After a 
mean follow-up of 7.7 ± 2.8 months, new-onset AF occurred in 3 patients (4.8%), all within the first month 
following PFO closure, including one per-procedural, all were asymptomatic and paroxysmal. Two patients with 
AF (3.2%) required chronic oral anticoagulant therapy. No adverse outcomes occurred at follow-up. No pre
dictive factors of AF were highlighted. A total of 16 patients (25.8%) reported palpitations without AF on the 
AECGs. 
Conclusion: In highly selected patients, incidence of AF, evaluated with 3 systematic 24-hour AECG within 6- 
month following PFO closure, was low (<5%). Always paroxysmal, AF occurred within the first month after 
the procedure and was not associated with adverse outcomes.   

1. Introduction 

Recent randomized trials demonstrated that percutaneous patent 
foramen ovale (PFO) closure in patients < 60 years with history of 

cryptogenic acute ischemic stroke (AIS), significantly decreases recur
rence of AIS in comparison with antithrombotic therapy alone [1–4]. 
Specific advantages have been particularly demonstrated in high-risk 
PFO defined by large right to left shunt and/or associated with inter- 
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atrial septum aneurysm [1–4]. A recent meta-analysis including 3560 
patients from 6 randomized clinical trials showed a lower incidence of 
AIS recurrence in the group with percutaneous PFO closure compared to 
the group with antithrombotic therapy only (1.96% versus 4.6 % 
respectively, p = 0.01) [5]. Importantly, PFO closure was well tolerated, 
with a low rate of serious adverse events, similar to the rate observed in 
patients receiving antithrombotic therapy [5]. However, the incidence 
of new onset supra-ventricular arrhythmia, mainly atrial fibrillation 
(AF) was significantly higher in the PFO closure group, suggesting that 
the procedure itself may induce AF. Recent meta-analysis confirmed a 4- 
fold increase of newly diagnosed AF after PFO closure compared with 
control [5–8]. Moreover, while randomized studies did not systemati
cally assess occurrence of supra-ventricular arrhythmia after PFO 
closure, the incidence of this event after PFO closure may be under
estimated. In addition, both evolution and adverse events associated 
with these arrhythmias, especially the risk of stroke from AF associated 
with PFO closure, remain unknown. 

We aimed to assess the incidence of AF secondary to PFO closure 
using systematic 24-hour serial ambulatory ECG (AECG) monitoring 
within 6-month following the procedure. 

2. Methods 

2.1. Study population 

This study was an observational prospective, multicentric study 
conducted in Montpellier and Nîmes University Hospitals between 
February 2018 and March 2019. All consecutive patients admitted to the 
cardiology department for percutaneous PFO closure after cryptogenic 
AIS or after decompression sickness (DSC) during scuba diving were 
included. The indication for PFO closure was systematically validated by 
a multidisciplinary team involving stroke neurologists and cardiologists. 

Cryptogenic AIS was defined as AIS not attributable to a defined 
cause of stroke: (1) source of definite cardioembolism other than PFO or 
atrial septum aneurysm (ASA), (2) large artery atherosclerosis (stenosis 
> 50% in the arterial territory or aortic arch atheroma ≥ 4 mm), (3) 
small artery disease (small deep infarct associated with other smell deep 
infarct and/or diabetes or hypertension), (4) other definite causes 
(vasculitis, prothrombotic disorders…) according to TOAST classifica
tion [9]. Systematic etiological workup was performed to rule out 
alternative causes of AIS: (1) non-invasive arterial imaging with intra
cranial and extracranial investigations (computed-tomography angiog
raphy (CTA) and/or contrast-enhanced magnetic resonance 
angiography (MRA)); (2) cardiac investigations : transthoracic (TTE) 
and transesophageal echocardiography (TEE), cardiac monitoring at the 
acute phase of AIS, admission 12-lead ECG, 24-hour to 72-hour ECG 
monitoring; (3) biological workup comprising antiphospholipid anti
bodies; (4) any other examination necessary to confirm a cause sus
pected on clinical date and/or the initial etiological work up (ie 
arteriography) [10,11]. A TEE was performed in all patients to confirm 
the diagnosis of PFO, to quantify the right to left shunt thanks to a 
contrast test potentiated by a Valsalva maneuver and to assess the 
presence or not of an associated ASA. Patients with large shunt (>30 
bubbles) or ASA regardless PFO size were included. Interatrial defect 
with left to right shunt was an exclusion criterion. All patients were 
given full study information and written consent was obtained. The 
protocol was approved by an independent ethics committee (Comité de 
Protection des Personnes Sud Méditerranée, Montpellier, France), the 
institutional regulatory authorities (Institute Review Board (IRB) of 
Montpellier University Hospital (ID RCB: IRB- 
MPT_2020_02_202000380) and was conducted according to the princi
pals of the Declaration of Helsinki. The study was registered with Clin
icalTrials.gov (NCT04290052). Data that support the findings of this 
study are available from the corresponding author upon reasonable 
request. 

2.2. PFO closure procedure 

Percutaneous PFO closure was performed under local or general 
anesthesia, according to physician decision and patient convenience. 
The interatrial defect was calibrated before the procedure by TTE and 
TEE to allow prosthesis size and type selection. The procedure was 
performed through femoral venous route after ultra-sounded guided 
puncture. Prosthesis was positioned under fluoroscopic control and TTE 
in case of local anesthesia or TEE in case of general anesthesia. Two 
types of prosthesis were implanted: the Amplatzer PFO Occluder or 
Cribriform device (Abbott Vascular, United States of America) and the 
Occlutech PFO Occluder (Occlutech, Sweden). An Amplatzer Multi- 
Fenestrated Septal Occluder “Cribriform” prosthesis was preferred in 
case of large ASA. Intravenous injection of unfractionated heparin (5000 
international unit) and 250 mg of Aspirin associated with antibiotic 
prophylaxis were administered before the procedure. After the proced
ure, all patients received anticoagulation during 24 h with 2 subcu
taneous injections of low molecular weight heparin (Enoxaparin) 
adapted to the weight. In the absence of contraindication, a dual anti
platelet therapy including aspirin (between 75 and 160 mg) and clopi
dogrel 75 mg was introduced for 3 months followed by long-term 
aspirin. TTE was performed the next day to check the positioning of 
the prosthesis and the absence of complication. The hospital discharge 
was anticipated at day 1. 

2.3. Follow-up 

All patients had a 24-hour AECG monitoring immediately after the 
procedure (day 0), at 1-month (±10 days) and 6 months (±10 days) after 
the procedure (Fig. 1). TTE and cardiac follow-up were performed at 
discharge and at 6-month follow-up. TTE data included left ventricle 
ejection fraction, prosthesis position, left atrium surface and volume and 
residual right-to-left shunt assessed by contrast test performed at 6- 
month follow-up. Patients had systematic neurological follow-up, to 
detect recurrence of transient ischemic attack (TIA) or AIS, with brain 
imaging (MRI or CT scan) confirmation when required. 

2.4. Study endpoints 

The primary endpoint was the incidence of AF after PFO closure 
defined as irregular rhythm without discernible P waves > 30 s on AECG 
monitoring within a 6-month follow-up period [11]. Characteristics of 
AF were assessed (time to occurrence, duration, recurrent nature, 
symptoms). The occurrence and characterization of AF was determined 
using the SYNESCOPE® software. 

The secondary endpoints evaluated adverse events defined as pro
longation of hospitalization for cardiac events, incidence of curative 
anticoagulation, need for cardioversion and occurrence of recurrent 
ischemic neurological events (TIA, AIS, confirmed by a stroke neurolo
gist and cerebral imaging) within 6-month. Predictive factors for AF 
occurrence were evaluated. 

2.5. Statistical analysis 

Descriptive analyses used a Shapiro-Wilk test to assess normality of 
the distributions, and the quantitative variables were expressed as mean 
± standard deviation and median (interquartile range) whereas cate
gorical variables were expressed as number of subjects (percentage). 
Descriptive analysis was performed for the total population, the AF 
patients and the no AF patients. Student t test and Mann-Whitney test 
were performed to compare continuous variables between two groups 
(AF and no-AF groups). All tests were 2-sided with a significance level 
fixed at 5%. Statistical tests were performed with R 3.1.1 (The R 
Foundation for Statistical Computing) and SAS 9.2 (SAS Institute Inc., 
Cary, NC). 
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3. Results 

3.1. Patients and procedural characteristics 

Within the study period, 62 patients underwent percutaneous PFO 
closure with a mean age of 48 ± 9.5 and 64.5% of male (n = 40). A total 
of 59 patients (95.2%) had cryptogenic AIS including mainly carotid 
territory infarct (n = 40; 68%) and 3 (4.8%) had DSC. ASA was associ
ated with PFO in most cases (n = 37, 64.9%). Patients’ baseline char
acteristics are summarized in Table 1. 

PFO closure procedure were performed mainly under local anes
thesia (n = 54; 87.1%). Mean fluoroscopy time during the procedure was 
4.8 ± 1.3 min. Regarding the type of prosthesis, 57 patients (91.9%) 
received an Amplatzer device including 15 cribriform prosthesis and 5 
patients (8.1%) an Occlutech device. Median prosthesis diameter was 
28.2 mm (IQR 25–35 mm) (Table 1). PFO closure procedure was suc
cessful with correct prosthesis positioning and absence of procedural 
complication in all patients. 

3.2. Incidence of AF following PFO closure 

Following PFO closure procedure, all patients underwent at least one 
AECG monitoring during follow-up and at least two AECG monitoring 
were performed in 58 patients (93.6%). After a mean follow-up of 7.7 ±
2.8 months, AF occurred in 3 patients, representing a cumulative inci
dence for AF of 4.8% within 6-month follow-up (Fig. 1). All AF episodes 

were recorded within the first month including one per procedural with 
a duration of 30 min. No other type of supraventricular arrhythmia 
(atrial flutter or atrial tachycardia) was observed. All AF episodes were 
paroxysmal (lasting between 30 min to 24 h) and asymptomatic. Details 
for patients with new onset AF are provided in Tables 1 and 2. Among 
patients with AF, 2 of them had associated ASA with PFO. All these 3 
patients had a single episode of AF not requiring antiarrhythmic ther
apy, without any recurrence during follow-up. Two of the 3 patients 
with AF were considered as requiring curative anticoagulation with 
direct oral anticoagulants therapy and one of them did not require long- 
term anticoagulation as AF was considered to be induced by the pro
cedure itself (Table 2). 

3.3. Secondary endpoints 

No neurological event or hospitalization for cardiovascular event 
occurred within follow-up. Only one patient on antiplatelet therapy with 
low dose aspirin (in whom no arrhythmia was observed) had a sponta
neous thigh hematoma with spontaneous favorable evolution. 
Regarding symptoms, 16 patients (25.8%) reported palpitations during 
the first days (Day 0 to day 3) following the procedure, but only isolated 
atrial ectopic beats were recorded in these patients with no AF observed 
on AECG in any patient. One patient with atrial ectopic beats (1.7%) 
required flecainide therapy for 1 month due to discomfort palpitations. 

3.4. Predictive factors for AF and follow-up 

No predictive factor for AF after PFO closure was highlighted. Older 
patients tended to have a greater risk for arrhythmia during follow-up, 
but this trend was not statistically significant (p = 0.3). Male sex (p =
0.6) left atria (LA) size (p = 0.5), ASA (p = 0.5) and device type (p = 1.0) 
were not associated with occurrence of AF. TTE at 6-month follow-up 

Fig. 1. Study design and incidence of new-onset atrial fibrillation and neurological events at 6-month follow-up. AECG: ambulatory electrocardiogram; AF: 
atrial fibrillation. 

Table 1 
Baseline and procedural characteristics for the total population, for AF and no- 
AF patients.   

Total population 
n = 62 

AF 
(n = 3) 

No AF 
(n = 59) 

Age (years) 48.0 ± 9.5 58.0 47.5 
Sex, male 40 (64.5) 3 (100) 37 (62.7) 
BMI (kg/m2) 25.1 ± 4.0 24.5 ± 1.0 25.3 ± 4.2 
Hypertension 11 (17.7) 1 (33.3) 10 (17.0) 
Diabetes mellitus 1 (1.6) 0 (0) 1 (1.7) 
Current smoker 25 (40.3) 1 (33.3) 24 (40.7) 
Previous CAD 1 (1.6) 1 (33.3) 0 (0) 
Sleep apnea syndrome 4 (6.5) 1 (33.3) 3 (5.1) 
Cryptogenic AIS 59 (95.2) 3 (100) 56 (94.9) 
DSC 3 (4.8) 0 (0) 3 (5.1) 
LA size (cm2) 18.3 ± 2.5 17.3 ± 1.2 18.2 ± 2.6 
Septal anatomy   

- large PFO  
- Associated ASA   

25 (40.3) 
37 (59.7)   

1 (33.3) 
2 (66.7)   

24 (40.7) 
35 (59.3) 

Amplatzer prosthesis 57 (91.9) 3 (100) 54 
Prosthesis size (mm) 28.2 ± 3.7 30.0 ± 5.0 28.1 ± 3.6 

Values are mean ± SD or n (%) 
AIS : acute ischemic stroke; ASA : atrial septal aneurysm; BMI: Body mass index; 
CAD = coronary artery disease; DSC : decompression sickness; LA = left atrium ; 
PFO: patent foramen ovale. 

Table 2 
characteristics of patients with new onset AF.   

Patient 1 Patient 2 Patient 3 

Age (years) 58 54 62 
Sex Male Male Male 
Hypertension No Yes No 
ASA at baseline yes yes no 
Left atrium surface (cm2) 18 16 18 
Indication AIS AIS AIS 
CHADS-vasc score 2 3 2 
Associated ASA no yes yes 
Local anesthesia Yes Yes Yes 
Prosthesis type Amplatzer Amplatzer Amplatzer 
Prosthesis size (mm) 30 35 25 
Onset of AF (days) 40 periprocedural 24 
AF duration 24 h 30 min 40 min 
Long-term treatment DOA AAT DOA 

AAT: antiplatelet therapy; AF: atrial fibrillation; ASA: atrial septum aneurysm; 
DOA: Direct oral anticoagulant therapy. 
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showed optimal positioning of the device in all cases. A contrast test was 
performed in 34 patients (54.8%) and 14 of them (41.2%) had a 
persistent residual but low shunt (<10 bubbles) in all cases, and none of 
them had new-onset AF. 

4. Discussion 

In this prospective study, we aimed to assess incidence, clinical 
impact and predictive factors of AF up to 6-month following PFO closure 
using serial AECG at day 0, 1-month and 6-month follow-up. 

4.1. Incidence and mechanism of AF following PFO closure 

In the recent randomized controlled trials comparing PFO closure 
versus antithrombotic therapy following cryptogenic AIS, the risk for 
arrhythmia was higher in the PFO closure group compared to medical 
therapy with an increased risk by over 2–5 times, suggesting an asso
ciation between the PFO closure procedure and AF [1–8]. However, 
none of these studies provided specific rhythm monitoring to detect 
arrhythmia following PFO closure, thus, underestimation of incidence of 
arrhythmia could be considered. In our contemporary population of 
patients selected according to current indications for PFO closure for 
cryptogenic shock and DSC, incidence of AF was low, occurring in less 
than 5% of patients, within the first month for all of them and without 
subsequent recurrence up to 6 months follow-up. Importantly, our study 
using systematic detection of arrhythmia by 24-hour serial AECG 
monitoring reported similar incidence of arrhythmia than those 
observed in the literature [1–8]. Several hypotheses were suggested to 
explain occurrence of atrial arrhythmia following PFO closure. First, a 
potential atrial irritation secondary to prosthesis positioning that may 
induce local inflammation, acting as a trigger for supra-ventricular ar
rhythmias [12]. In addition, the device could create an electrical 
obstacle and could be the source of new atrial re-entry circuits [13]. 
Lastly, intrinsic factors related to the patient, such as age, associated 
ASA or LA size, could also predispose to new-onset AF. Interestingly, in 
our study ASA and LA size were not related to AF suggesting that 
arrhythmia was induced by the procedure rather than related to patient 
characteristics. The difficulty of distinguishing the occurrence of AF 
secondary to the procedure from newly diagnosed AF during follow-up, 
which may be the potential etiology of stroke or TIA, remains a major 
concern. Main randomized trials [1–3] did not perform a prolonged 
cardiac monitoring to rule-out paroxysmal AF before including patients. 
In the present study, all patients had an exhaustive assessment to rule- 
out any paroxysmal arrhythmia with AECG monitoring for 24 to 72 h 
according to current European guidelines [11]. However, whether AF 
was related to the procedure rather than previous undiagnosed spon
taneous AF remains unclear. 

4.2. Clinical impact and predictive factors of AF following PFO closure 

Whether induced arrhythmia is associated with a risk for recurrent 
AIS remains unknown but probably unlikely regarding their transient 
nature probably related to the procedure and not to the patient. Among 
the 3 patients in our study detected as having AF, 2 of them were 
considered for long-term anticoagulant therapy regarding the delayed 
AF episode occurring at 1-month following the procedure. No neuro
logical event was observed in our study within a 6-month follow-up. 
Interestingly, all AF were asymptomatic in our study, as highlighted in 
recent meta-analysis [6–8]. We did not identify statistically significant 
clinical or anatomical predictors of AF in our population despite a trend 
for older patients. Association between elderly and AF following PFO 
closure was previously highlighted in numerous studies [14]. Anatom
ical factors as residual shunt, left atrium size, PFO size and ASA were 
suggested as associated with AF following PFO closure in the literature 
but with contradictory results [6–8]. In our study, the residual shunt was 
assessed in a limited number of patients at follow-up not allowing to 

analyse this parameter as a predictive factor of AF. A prospective study 
showed that patients with arrhythmia had a more dilated left atrium 
with the identification of a 40 mm anteroposterior diameter threshold 
above which the risk of arrhythmia significantly increased [15]. In our 
study, both patients with and without new-onset AF had similar LA size. 
Finally, in the study of Bonvini et al.[16], including 92 patients 
benefiting from PFO closure, PFO size was associated with the risk for 
arrhythmia. In our study, the prosthesis size was higher in patients with 
AF suggesting a larger PFO, without reaching significance. Based on 
these data, we could argue to use rhythmic monitoring for the oldest 
subjects (≥55 years) with largest left atrium and largest PFO after 
percutaneous PFO closure. In our study, symptomatic ectopic atrial 
heart beats occurred in one fourth of patients following PFO closure but 
were not associated with subsequent risk of AF. Moreover, these 
symptoms (palpitations) were always transient (within the first days 
after PFO closure) with spontaneous resolution in all patients. In an 
interesting way, this supraventricular non sustained arrhythmia did not 
correlate with further risk of AF which is an important data in current 
medical practice. 

4.3. Study limitations 

The first limitation of the study is related to the small size of the 
population (n = 62) although our results regarding incidence of AF 
correlate to those of large prospective studies. Secondarily, our study 
population is young with low burden of AF risk factors, which may have 
underestimated incidence of AF. Regarding predictive factors of 
arrhythmia, only half of patients had contrast TTE assessing residual 
shunt during follow up and no predictive factor of AF could be high
lighted, which may also be explained by our small sample size. Despite 
systematic 24-hours AECG in our study, some transient AF could have 
been missed and more prolonged Holter monitoring or implantable 
Holter could be considered. Finally, our study was not designed to test 
for the association between PFO closure and new AF onset, as there was 
no control group without PFO closure. 

5. Conclusion 

In this prospective study including highly selected patients, inci
dence of AF, assessed by 3 systematic 24-hour AECG screening within 6- 
month following PFO closure, was relatively low (<5%). AF occurred 
early, was always paroxysmal, asymptomatic, not associated with 
traditional AF risk factors, and was not associated with recurrent stroke. 
Whereas symptomatic atrial ectopic beats occurred in numerous pa
tients after PFO closure, they resolved spontaneously in most patients 
and were not associated with subsequent occurrence of AF. 
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