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Abstract

Background The exact incidence and predictors of new-onset atrial fibrillation (AF) after percutaneous closure of patent
foramen ovale (PFO) are unknown.

Objective We sought to find post-procedural AF incidence rates and differences due to different screening strategies and
devices.

Methods A systematic search was conducted in Cochrane, MEDLINE and EMBASE. Controlled trials fulfilling the inclusion
criteria were included into this meta-analysis. The incidence of new-onset AF was the primary outcome. Further parameters
were surveillance strategy, device type, AF treatment and neurological events. New AF was determined as early onset within
one month after implantation and late thereafter.

Results 8 controlled trials and 16 cohort studies were eligible for quantitative analysis. 7643 patients received percutaneous
PFO closure after cryptogenic stroke or transient ischaemic attack, 117 with other indications, whereas 1792 patients formed
the control group. Meta-analysis of controlled trials showed an AF incidence of 5.1% in the interventional and 1.6% in the
conservative arm, respectively (OR 3.17, 95% CI 1.46-6.86, P=0.03, I’=55%). 4.7% received high-quality surveillance
strategy with Holter-ECG or Loop recorder whereby AF incidence was overall higher compared to the low-quality group
with 12-lead ECG only (3.3-15% vs. 0.2—4.3%). Heterogeneous results on time of AF onset were found, limited by different
follow-up strategies. CardioSEAL and Starflex seemed to have higher AF incidences in early and late onset with 4.5% and
4.2%, respectively.

Conclusion Percutaneous PFO closure led to higher AF post-procedural incidence compared to the conservative strategy.
Heterogeneity in surveillance and follow-up strategy limited the generalizability.

Trial Registration Registered on PROSPERO (CRD42022359945).
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Graphical abstract

New-onset atrial fibrillation after percutaneous patent foramen ovale closure
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Abbreviations

AF Atrial fibrillation
ECG Electrocardiogram
ELR External loop recorder

OAC Oral anticoagulation

PFO Patent foramen ovale

RCT Randomized controlled trial
TIA  Transient ischaemic attack
Introduction

The percutaneous patent foramen ovale (PFO) closure has
been continuously developed and improved since its first
implantation in 1989 by Lock and colleagues [1]. Crypto-
genic cerebral ischaemia either defined as stroke or tran-
sient ischaemic attack (TIA) constitutes the predominant
indication for PFO closure. Diagnosis of cryptogenic
ischaemia requires rule-out of atrial fibrillation (AF) by
Holter-electrocardiogram (ECG) or continuous monitoring
as AF itself is a common cause of cardio-embolic cerebral
ischaemia [2]. Given the lower morbidity and cardiovascular
risk burden, PFO closure is typically performed in younger
patients. Importantly, the first trials reported new onset of
AF after percutaneous PFO closure [3, 4]. Several AF pre-
dictors, such as male sex, large size and atrial dysfunction,
have been described inconsistently in previous studies and
failed to demonstrate significance [5—11]. Former meta-
analyses focussed on new onset of atrial fibrillation after

percutaneous PFO closure regardless of AF screening strat-
egy [12, 13]. In Elgendy et al., an increased rate of AF inci-
dence was found in the early phase of implantation, defined
as 45 days after index procedure. In this study, a higher risk
seemed to be for the Starflex device, in another for the Gore
occluder compared to the Amplatzer [14].

Therefore, our aim was to systematically review studies
that reported AF screening strategies and time of AF onset.
Treatment and strokes were also examined if data were
available.

Methods

The present meta-analysis was realised according to the
PRISMA guidelines, a pre-specified protocol and explicitly
reproducible routine for literature search and synthesis [15].

Search criteria

We performed an electronic search of the bibliographic data-
bases (MEDLINE, EMBASE, and Cochrane Database of
Systematic Reviews) and hand-searching of reference lists.
We used the following search terms “patent foramen ovale”,
“PFO”, “atrial fibrillation” and “AF”, and connected these
terms with Boolean operators. The first search was con-
ducted on April 1, 2022. The last search update was carried
out on November 21, 2022. No restrictions on publication
date or study size were applied.
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Study selection

The study selection was independently performed by two
reviewers (DJ, ER). In case of any disagreement, this was
resolved by consensus with the senior authors (TS, CF). We
included all publications fitting the following inclusion cri-
teria: retrospective, prospective and randomised controlled
trials reporting on AF after PFO closure, type of device and
AF screening method. Articles published in either German
or English were eligible for analysis. Main study reports as
well as any supplementary appendices were reviewed.

Outcome parameters

AF incidence after percutaneous PFO closure was defined
as primary outcome of this meta-analysis.

We extracted data on AF incidence from randomised and
non-randomised trials and, if available, device-related AF
incidence according to AF screening method and subsequent
AF management strategies.

Statistical analyses

Random effects meta-analyses were performed using the
Mantel-Haenszel method for dichotomous data to esti-
mate pooled odds ratios (ORs) and confidence intervals
(CI). Weights were calculated using Mantel-Haenszel
methods. Furthermore, the I statistics to quantify possible
heterogeneity was calculated (1> < 30%: low heterogeneity;
30% < I* < 75%: moderate heterogeneity; I>> 75%: consider-
able heterogeneity; Review Manager 5.4, Nordic Cochrane
Centre, Cochrane Collaboration). We defined P <0.05 as
a statistically significant difference. The level of evidence
of the original trials was evaluated according to the crite-
ria of the Oxford University [16]. To assess the studies’
quality, we judged the individual and overall risk of bias.
The risk of bias was assessed by RoB2 tool provided by the
Cochrane Collaboration in randomised trials [17]. We used
the ROBINS-TAQS (Risk of Bias in Non-randomised Stud-
ies of Interventions) tool to evaluate non-randomised trials
[18]. Two reviewers independently judged the risk of bias
according to the given criteria (E. R. and D. J.)

First, we decided to take 45 days as a distinctive cut-
off for early or late onset of atrial fibrillation because it
was chosen in in the EAPCI position paper [2]. During the
study selection and data extraction process, it turned out that
most studies chose the first ECG follow-up after one month.
Therefore, it was changed for the analysis in the second step
to one month. The AF screening method was divided into
high quality and low quality. The first included only Holter-
ECG and/or external loop recorders (ELR). The latter was
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at least a structured 12-lead ECG follow-up. Additional
symptom-led Holter-ECGs defined an intermediate group
of opportunistic AF screening created post hoc.

We did not obtain ethical approval for this meta-anal-
ysis because we did not collect data from individual
human subjects. The study was registered on PROSPERO
(CRD42022359945).

Results

The above search strategy led to 626 studies in MEDLINE
(via PubMed), 1227 in EMBASE and one reference in the
Cochrane Database of Systematic Reviews on April 1,
2022, updated November 21, 2022. One study was manu-
ally added. After meticulous revision of studies that reported
devices and AF screening methods, we finally included 24
studies for qualitative and quantitative analyses (Fig. 1).
Eight controlled and 16 cohort studies were identified. Of
these, 21 studies were prospectively and three retrospectively
designed. All controlled trials were eligible for quantitative
analysis. Due to heterogeneous performance of AF screen-
ing, the 24 studies were grouped according to screening
strategy: four studies with high-quality screening, ten with
opportunistic screening and ten with low-quality screening
(Fig. 2). According to the criteria of the Oxford University,
these references represent a level of evidence of 2 and 3 [16].

Quantitative comparison of AF incidence in PFO
closure vs. medication

Six randomised controlled (RCT) and two non-randomised
controlled trials were eligible for quantitative analysis of
AF incidence after percutaneous PFO closure [3, 4, 7, 10,
19-22]. These eight studies reporting on 3745 patients
included exclusively patients after cryptogenic stroke and
TIA with proven PFO. Patients undergoing percutaneous
PFO closure were compared to conservative comparator
treatment. Medication strategies included either antiplate-
let therapy [10, 19, 22] or oral anticoagulants (OAC) in a
minority of cases. The results were published from 2008
to 2021. The mean age of the patients within each trial was
42.9-51.8 years and 45-65% were male. Only the two old-
est trials had a systematic approach in AF detection using
event loop recorders, but a limited follow-up period of 6
and 12 months [7, 19]. The others had structured ECGs
and rarely Holter-ECG for symptomatic patients, though,
for a long mean follow-up duration of 2.0 to 5.9 years.
Burow et al., PC, RESPECT and DEFENSE-PFO used the
Amplatzer PFO device [4, 19-21], CLOSURE I the Starflex
(NMT) [3], REDUCE the Gore Helex and Cardioform [10].
In CLOSE [22] and Bonvini et al., the operators chose dif-
ferent devices that were most suitable.



Clinical Research in Cardiology (2023) 112:1824-1834

1827

J { Identification of studies via other methods ]

[ Identification of ies via and regi S
—
= Records identified from:
2 Medline (via Pubmed)
5 ’ Records removed before screening: Records identified from:
‘g Embase and Cochrane » Duplicates removed (n = 602) Citation searching (n = 1)
= Library (n = 1,854),
3 November 2'¢!, 2022
:
o
Titles and abstracts screened »| Records excluded (n = 1147):
(n=1,252) i - Nonh-relevant records/other topics:
n =909
- Case reports: n =27
l - Comments/letters: n = 131
- Review/guidelines or meta-analysis y
n=80
Full texts sought for retrieval Full texts sought for retrieval
2 (n=105) (n=1)
: ! :
n
—_— Reports excluded (n = 82):
Full texts assessed for eligibility > i No report 051 relevari! outcomes n = 81 Reports assessed for eligibility
(n =105) No report on defined patient group n = 1 (n=1)
—
—
o
3 v
=l
g Studies included in meta-analysis
= (n=24)
S,

Fig. 1 Flow chart. Systematic search in databases and study selection according to the PRISMA guidelines. Reasons for exclusion of studies are
given. The last update was on November 21, 2022. Created in Excel, Microsoft Office 365

24 Studies

v

High-quality AF Screening with
Loop recorder and Holter-ECG

Opportunistic AF Screening with
12-lead ECG and Holter-ECG (n =

Low-quality AF screening with 12-
lead ECG (n = 10)

(n=4) 10)

Fig.2 Categorization in AF surveillance groups. All studies were
categorised according to quality levels of AF surveillance. The use
of Holter-ECG and Loop Recorders is distinctive for high-quality
screening. Low-quality screening was sporadic 12-lead ECG only.

Pooled data analyses of these eight studies showed 99
AF events within the PFO closure group consisting of
1,953 patients in comparison to 28 events within in the
placebo-controlled group consisting of 1,792 patients. The
AF incidence was 5.1% vs. 1.6% in favour for conserva-
tive treatment (N =28 trials, OR 3.17, 95% CI 1.46-6.86,
P=0.03, I*=55%, Fig. 3).

For studies using a Holter-ECG for signs and symptoms of arrhyth-
mia, an intermediate group of opportunistic screening was defined.
Created in Excel, Microsoft Office 365

Comparison of AF screening methods

According to the study designs, different approaches in
detection of AF after percutaneous PFO closure were
chosen. Amongst the 24 studies, the screening of AF was
conducted in distinctive levels of quality.
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Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI

Burow 2008 6 40 12 70 16.4% 0.85[0.29, 2.48] 2008 -

Bonvini 2010 9 92 4 51 14.9% 1.27 [0.37, 4.36] 2010 N o —

Furlan 2012 CLOSURE | 23 447 3 462 151% 8.30 [2.47, 27.84] 2012 — 5

Meier 2013 PC 6 204 2 210 11.7% 3.15[0.63, 15.80] 2013 = T

Saver 2017 RESPECT 8 467 4 481 151% 2.08 [0.62, 6.95] 2013 = =

Mas 2017 CLOSE " 238 2 235 125% 5.65 [1.24, 25.75] 2017 = &

Lee 2018 DEFENSE-PFO 2 57 0 60 5.0% 5.45[0.26, 116.03] 2018

Andersen 2021 REDUCE 34 408 1 223 92% 20.18 [2.74, 148.45] 2021 —_—

Total (95% Cl) 1953 1792 100.0% 3.17 [1.46, 6.86] <

Total events 99 28

7o 2 — . 2 = = - |12 = K5O t + t 1
Heterogeneity: Tau? = 0.65; Chi? = 15.62, df =7 (P = 0.03); I = 55% 0.01 01 1 10 100

Test for overall effect: Z =2.92 (P = 0.003)

Fig.3 AF incidence in comparison of controlled trials A meta-anal-
ysis of all eligible controlled trials was performed. The defined pri-
mary outcome AF incidence was significantly higher in the interven-

Surveillance strategy with high-quality AF screening

Four studies reporting on 362 patients after percutaneous
PFO closure were systematically screened by Holter ECG
and/or ELR (Table 1) [7, 11, 19, 23]. Burow et al. used
ELR for detection of AF 3 and 6 months after the proce-
dure and Bonvini et al. did the analyses on day 1 and after
6 and 12 months. Ates et al. and Leclercq et al. performed
AF Screening with Holter ECG, mainly on the date of the
procedure and after 6 months, Leclercq et al. additionally
after 1 month. Indication for PFO occlusion was crypto-
genic stroke or TIA after standardised work-up protocol
to rule out atrial fibrillation except for five patients. Two
trials included four patients with decompression disease
[7, 11], and one trial enrolled a diving patient with PFO
closure for prophylactic treatment [7]. Overall, the pro-
cedural AF incidence until one month was 4.2-6.5%.
As Burow et al. only reported results cumulative after
6 months, the AF incidence was 15% with an odds ratio of
0.85 (95% CI1 0.29, 2.48). Only Bonvini et al. detected 3
AF events after 1 month resulting in an incidence of 3.3%
and an odds ratio of 1.27 (95% CI [0.37, 4.36]).

Favours PFO Closure Favours Medication

tional arm compared to the conservative arm (OR 3.14, CI 1.46-6.86,
P=0.03). Created in Review Manager 5.4

Surveillance strategy with opportunistic AF screening

Ten studies reporting on 4853 patients after percutaneous
PFO closure screened both systematically and non-system-
atically mostly by ECG and symptom-driven Holter-ECG
(Table 2) [5, 6, 8, 10, 24-29]. Few patients had other indica-
tions than stroke or TIA, e.g. migraine, platypnea-orthode-
oxia syndrome or decompression sickness (n=103). The AF
incidence until the first follow-up at one month presented a
range of 0 to 1.8% in the smallest trials [6, 28, 29]. Larger
trials with a sample size of more than 600 demonstrated
an AF incidence of 2.4-6.6% in early onset. The late onset
ranged from 0.4 to 4.9% [5, 8, 27]. These trials had a long
mean follow-up duration of 3.2 to 12.3 years. Therefore,
most AF events were detected in those studies. Wagdi et al.
reported an AF incidence of 10.3%, increased by a subgroup
of 20 Occlutech devices with an AF event rate of 25%.

Surveillance strategy with low-quality AF screening

Ten studies reporting on 4764 patients after percutane-
ous PFO closure followed a low-quality screening by
12-lead ECG (Table 3) [3, 4, 20-22, 30-34]. The mean
follow-up period varied from 19.3 months to 5.9 years.
Mostly, neurological patients after ischaemic work-
up were included, few patients (n=9) with migraine,

Table 1 Surveillance strategy with systematic high-quality AF-screening

Study Size AF-screening Device (n) AF<1m AF>1m
Burow et al. (2008) [19] 110 ELR 3 and 6 m Amplatzer PFO (40) nd 6 (15%)
Bonvini et al. (2010) [7] 143 Holter/ELR 0, 6 and 12 m Most suitable (92) 6 (6,5%) 3(3,3%)
Ates et al. (2015) [23] 47 Holter 0, 6 m Amplatzer PFO (34), Occlutech Figulla (13) 2 (4,2%) 0
Leclercq et al. (2021) [11] 62 Holter 0, 1, 6 m Amplatzer PFO (42), Amplatzer Cribiform 3 (4,8%) 0

(15), Occlutech PFO (5)

AF atrial fibrillation, ELR external loop recorder, m month, nd not done
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Table 2 Surveillance strategy with opportunistic AF-screening
Study Size AF-screening Device (n) AF<lm AF>1m
Alaeddini et al. (2006) [24] 71 ECG 1, 6, 12 m; symptoms Holter CardioSEAL (67), Amplatzer PFO (4) 2128%) 1(1.4%)
Kiblawi et al. (2006) [25] 456 ECG 1, 6 m; symptoms Holter CardioSEAL (456) 16 3.5%) 0
Staubach et al. (2009) [5] 1349 ECG 1, 3, 6 m, yearly; symptoms ECG/  Amplatzer (535), Helex (379), Starflex 33 (24%) 20(1.5%)
Holter (270), Premere (131), Sideris (9),
Asdos (9), CardioSEAL (7), Angel-
wings (5), PFO Star (4)
Wagdi (2010) [6] 68 ECG 1, 6 m; symptoms Holter Amplatzer (28), Occlutech (20), Solysafe 1(1.8%) 7 (10.3%)
(9), Premere (8), Cardia (3)
Bronzetti et al. (2011) [26] 276 ECG 1, 6, 12 m, yearly; symptoms ECG/ Amplatzer PFO (174), CardioSEAL (57), 10 (3.6%) 1 (0.4%)
Holter Premere (28), Helex (7), Cardia (5),
Biostar (5)
Hornung et al. (2013) [27] 660 ECG 1, 6 m; symptoms ECG/Holter Amplatzer PFO (220), CardioSEAL 18 2.7%) 22 (3.3%)
(220), Helex (220)
Geis et al. (2015) [29] 41 ECG 6 w, 6 m, Holter symptoms Cardioform Septal (41) 0 2 (4.9%)
Rigatelli et al. (2016) [8] 1000 ECG 1, 6, 12 m, yearly; Holter I m Amplatzer PFO (463), Amplatzer Cribi- 47 (4.7%) 5 (0.5%)
form (420), Premere (95), Biostar (22)
He et al. (2020) [28] 268 ECG 1, 3, 6, 12 m; Holter 1 m+ symp- Amplatzer PFO (268) 1(04%) 1(0.4%)
toms
Andersen et al. (2021) [10] 664 Holter; ECG 1, 6, 12, 24 m Helex (158), Cardioform Septal (250) 27 (6.6%) 7(1.7%)

A amplatzer, AF atrial fibrillation, B biostar, CS CardioSEAL, DU device unclear, H helex, m month, O occlutech, P premere, Si sideris, So

solysafe, St starflex

Table 3 Surveillance strategy with low-quality AF-screening

Study Size AF-screening Device (n) AF<Im AF>1m
Furlan et al. (2012) [3] 909 ECGO, 1,6, 12,24 m Starflex (447) 14 (3.1%) 9 (2.0%)
Heinisch et al. (2012) [31] 407 ECG 1, 6 m, yearly Helex (404) nn 9 (2.2%)
Kefer et al. (2012) [30] 287 (PFO 175) ECG 1, 6, 12 m, yearly Cardia (118), Amplatzer PFO (101), Cardio- 0 1(0.6%)

SEAL (24), Occlutech (15), Helex (10)
Stanczak et al. (2012) [32] 264 ECG 1, 3,6, 12 m, yearly Premere (263) 6123%) 2(0.8%)
Meier et al. (2013) [4] 414 ECG 0, 6 m, annually Amplatzer PFO (204) 1(0.5%) 52.5%)
Scacciatella et al. (2016) [33] 458 ECG 1, 6, 12 m, yearly Amplatzer PFO, Amplatzer Cribiform 5(1.1%) 11 (2.4%)
Mas et al. (2017) [22] 663 ECG every 6 m Amplatzer PFO (121), Cardia (31), Premere 10 (4.3%) 1 (0.2%)

(22), CardioSEAL (21), Amplatzer cribi-

form (15), Occlutech (15), Atriasept 11 (3),

Amplatzer ASD (2), Occlutech Flex 1I (2),

Cardioform Septal (2), Occlutech ASD (1)
Saver (2017) [20] 980 ECG1,6,12,18,24m  Amplatzer PFO (467) 7(1.5%) 1(0.2%)
Lee et al. (2018) [21] 120 ECG1,3,6,12,24m Amplatzer PFO (120) 1(0.8%) 1(0.8%)
Scacciatella et al. (2018) [34] 374 ECG 1, 6, 12 m, yearly Amplatzer PFO (359) 2(0.5%) 10(2.8%)

A amplatzer, AF atrial fibrillation, m month, n n nullum nomen

decompression sickness and diving disease in two trials.
The early onset period revealed a range of AF incidence
from 0.5 to 4.3%, whereas the highest rates were reported
in the structured RCT protocols [3, 4, 20, 22] with more
than half of the total events. AF incidence in late onset
was from 0.2 to 2.8%.

Devices and AF incidence

Throughout the 24 studies, the Amplatzer PFO Device
(Abbott) was mostly used in 49.5% of all cases. Helex
(Gore), CardioSEAL (NMT), Starflex (NMT) and Premere
(St. Jude Medical) were second, third, fourth and fifth with
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15.4%, 11.2%, 9.4% and 7.2%, respectively. Further devices
Cardioform Septal (3.8%, Gore), Ultrasept (2.0%, Cardia),
Figulla (0.9%, Occlutech), BioSTAR (0.4%, NMT), Sideris
and Solysafe (each 0.1%, the latter Swissimplant AG) were
not compared due to low implantation numbers (n=1565,
7.4%). Additional information is available in the supple-
mentary table 1. Due to the varying study designs, a direct
head-to-head comparison was not feasible. Ranges of AF
incidence and total events are also divided in early and late
onset. Not all studies reported AF events for the used devices
(n=16).

The average AF incidence can be compared amongst
the frequently used devices (Table 4). Early-onset AF was
reported in 0.9% of cases for Amplatzer, 0.7% for Helex,
4.2% for CardioSEAL, 4.5% for Starflex and 2.1% for Pre-
mere. Late-onset AF incidence was reported in 1.5% of cases
for Amplatzer, 1.3% for Helex, 2.0% for CardioSEAL, 2.5%
for Starflex and 0.7% for Premere.

AF management

Overall, 307 patients had documented AF episodes during
follow-up (Table 5). Of these, 172 had detailed informa-
tion of AF management. Spontaneous conversion was docu-
mented in 44 patients. Rhythm control strategy by either
medical or electrical cardioversion was chosen in 111
patients. Two patients underwent catheter ablation, and two
other patients were treated with surgical LA ablation. Rate
control strategy was preferred in 17 patients. In 72 individu-
als were data on treatment with OAC after detection of AF
available, 56 patients on long-term therapy.

Incidence of stroke and TIA

For the whole study cohort of 7643 patients, the cumula-
tive incidence of TIA and stroke was 1.9%, summarising all
events since implantation. Only four studies [3, 10, 30, 32]
reported six patients with ischaemic events after detected
AF episodes.

Table 4 Comparison of frequently used devices

Device Ratio (%) AF inci- AF inci-
dence<1 m (%) dence>1m

(%)

Amplatzer PFO 49.5 0.9 1.5

Helex 15.4 0.7 1.3

CardioSEAL 11.2 4.2 2.0

Starflex 9.4 4.5 2.5

Premere 7.2 2.1 0.7

@ Springer

Discussion

To our knowledge, this is the first meta-analysis comprehen-
sively assessing the effect of PFO closure on AF incidence
compared to conservative treatment. The main and novel find-
ings of pooled data analyses were:

1. Higher AF incidence following percutaneous PFO clo-
sure compared to medication

2. Controlled studies with ELR screening were neutral in
AF detection

3. Higher AF incidence in systematic vs. opportunistic and
low-quality screening groups

4. Starflex and CardioSEAL seem to have higher AF inci-
dence

Meta-analysis of the randomised and non-randomised
controlled trials showed higher likelihood for AF in the inter-
ventional arm following PFO closure. Besides procedural
monitoring, the screening method of AF was, especially in
the RCTs, of reduced quality with 12-lead ECG and symptom-
led Holter-ECG. The two small, controlled trials pursued a
high-quality AF screening and showed an equal proportion
of AF events in both treatment arms, 15 vs. 17% [19], 10 vs.
8% [7]. The data are limited by short study durations from six
to twelve months, causing an elevated heterogeneity in the
present analysis. If the large RCTs were using a systematic
AF screening approach, the AF rate might have been higher.

Differences in AF surveillance strategies

Consistently, the separate tables of AF screening quality
showed similar results. The high-quality studies [7, 19]had the
highest AF incidences in the entire study cohort with 6.5-15%.
The latter was detected in the Amplatzer device, which was
in contrary associated with almost lowest AF incidence in all
other trials. A recent study in patients with higher cardiovascu-
lar risk factors and age older than 55 years showed an overall
high incidence of 20.9% (AF, atrial flutter and supraventricular
arrhythmia) within the first month after implantation, using
high-quality loop recorder screening [35]. Wagdi et al. dem-
onstrated a presuming high rate of 25% with Occlutech device
[6]. No AF was detected in two other trials [11, 30]. The device
type made up 1% of all 24 studies. Despite the methodological
limitations of the comparison, new onset AF is obviously more
likely detected by high-quality screening method regardless
of onset.

Predictors of AF

Device association of peri-interventional AF has been previ-
ously investigated [6-8, 10, 11, 35]. Potential mechanisms
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Trajectory
Before PFO-Closure
Basic 72h Holter-ECG
Screening + Wearable
Advanced 7d Holter-ECG or
Screenin Loop-Recorder or
g Wearable

I

Intervention

72h Holter-ECG
+ Wearable

+ Palpitations and/or Cardiovascular Risk Factors
(Hypertension, Diabetes, Coronary Artery Disease, Heart Failure, Peripheral Vascular Disease)

30 Days

72h Holter-ECG
+ Wearable

Fig.4 AF Rule-Out Strategy. Based on the results, a possible AF
rule-out strategy was proposed, depicted as a trajectory of AF screen-
ing before, during and after the procedure. In the presence of addi-

are local irritation of atrial myocardium, implantation itself
or device size and configuration. Higher AF risk following
interventional PFO occlusion in patients with larger PFO
or presence of atrial septal aneurysm was postulated by
some authors [6-8, 35]. Device size, age or sex was asso-
ciated with heterogeneous effects on AF incidence [8, 10,
11, 35]. To date, evaluation of predictors for AF following
PFO closure is limited to few studies. Given the observed
high incidence in the occlusion group, future studies should
systematically investigate these risk factors for individual
decision making or risk factor modification in each patient.

Device-associated AF

Most frequently implanted devices were compared. 16 stud-
ies that documented AF events for implanted devices showed
presumingly higher AF rates for CardioSeal and Starflex
devices regardless of onset compared to the Premere, Helex
and Amplatzer. Previous meta-analysis by Vukadinovic
et al. showed lower AF incidence in Amplatzer vs. two
Gore Devices in REDUCE [14]. However, Amplatzer had
the highest rate in Burow et al. with 15% in ELR screening,
other studies reached up to 3.6% in late onset. This rather
supports a high-quality screening strategy and underlying
mechanisms of AF development [36].

Clinical implications of AF detection

Occult AF might play a major role, former screening strate-
gies were less continuous. 25% of patients with cryptogenic
stroke have undetected AF [37]. However, a temporal rela-
tionship between stroke and AF onset is difficult as shown
by device-monitored patients suffering from strokes and
recording AF. In ASSERT, subclinical AF was detected in

@ Springer

tional cardiovascular risk factors or symptoms, an advanced AF
screening should be performed before the implantation. Created in
PowerPoint, Microsoft Office 365

8% preceding their stroke, 16% after the event [38]. There-
fore, thorough screening according to the guidelines before,
during and after percutaneous PFO closure is recommended.
Due to the results of the highest AF incidence within one
month after implantation, the hypothesis of temporary
inflammation seems to be more likely to explain the new
onset of AF than a chronic condition. Current guidelines
recommend at least 24 h of short-term ECG followed by
72 h of continuous ECG in patients with acute stroke or TIA
and previously unknown AF. In this population of crypto-
genic strokes, a more extensive AF rule-out must be per-
formed, and a PFO might appear as an innocent bystander.
In these 24 trials, only 15 gave details about their rule-out
strategy and 12 fulfilled the guideline recommendations. In
conclusion, we propose a standardised AF rule-out protocol
(Fig. 4). Based on the results, we would recommend a basic
screening of 72 h Holter-ECG and, if available, a wearable
to detect AF before, during and after the procedure. In the
presence of additional cardiovascular risk factors or symp-
toms, an advanced AF screening with 7 days Holter-ECG or
Loop Recorder should be performed before the implantation.

Stroke and Prevention.

The incidence of recurrent neurological events was
1.9% in this study group over the whole duration. OAC
can be administered as an alternative. Several studies were
performed in the field of embolic stroke of undetermined
source. Four studies showed neutral results in recurrent
stroke reduction comparing ASS to OAC, including War-
farin [39], Rivaroxaban [40], Dabigatran [41] and Apixa-
ban [42]. Systematic AF screening with consequent OAC
in prevention of stroke was lately studied in STROKESTOP
[43] and LOOP [44], where no clinical benefit in primary
prevention was found. However, the patients were older, and
had higher cardiovascular risk profiles compared to the PFO
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cohort. An algorithm for post-PFO closure AF was proposed
by Elgendy et al., led by differentiation in primary and sec-
ondary AF. Long-term OAC was recommended for primary
AF, short-term in secondary AF [12].

Limitations

Both, AF rule out before PFO closure and AF follow-up
strategies are performed heterogeneously due to a lack of
standardised protocols. In one-third of the trials, the AF
rule-out strategy was not documented in detail. Moreover,
large RCTs on differentiation of AF surveillance strategies
are missing. Device comparisons were statistically not pos-
sible according to different study designs.

Conclusion

Patients after percutaneous PFO closure had a higher AF
incidence compared to the conservative arm. Heterogeneity
in surveillance and follow-up strategy limited the generaliz-
ability. Hence, in the future trials, a standardised follow-up
is required for definite interpretation.
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