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Abstract

Background: Residual peri-device leakage (PDL) is frequent after left atrial appendage occlusion

KEYWORDS

(LAAO). Little is known about management strategies, procedural aspects and outcomes of interventional
PDL closure.

Aims: The aim of this study was to assess the safety and feasibility of PDL closure after LAAO.
Methods: Fifteen centres contributed data on baseline characteristics, in-hospital and follow-up outcomes

o atrial fibrillation
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o stroke
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of patients who underwent PDL closure after LAAO. Outcomes of interest included acute success and com-
plication rates and long-term efficacy of the procedure.

Results: A total of 95 patients were included and a cumulative number of 104 leaks were closed. The
majority of PDLs were detected within 90 days (range 41-231). Detachable coils were the most frequent
approach (42.3%), followed by the use of the AMPLATZER Vascular Plug II (29.8%) and the AMPLATZER
Duct Occluder II (17.3%). Technical success was 100% with 94.2% of devices placed successfully within
the first attempt. There were no major complications requiring surgical or transcatheter interventions.
During follow-up (96 days [range 49-526]), persistent leaks were found in 18 patients (18.9%), yield-
ing a functional success rate of 82.7%, although PDLs were significantly reduced in size (pre-leak size__ :
6.1+3.6 mm vs post-leak size  : 2.5+1.3 mm, p<0.001). None of the patients had a leak >5 mm. Major
adverse events during follow-up occurred in 5 patients (2 ischaemic strokes, 2 intracranial haemorrhages,
and 1 major gastrointestinal bleeding).

Conclusions: Several interventional techniques have become available to achieve PDL closure. They are

associated with high technical and functional success and low complication rates.

*Corresponding author: CardioVascular Center (CVC) Frankfurt, Seckbacker Landstrafie 65, 60389 Frankfurt, Germany.
E-mail: horstsievertmd@aol.com
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Abbreviations
BARC  Bleeding Academic Research Consortium

CT computed tomography
DAPT dual antiplatelet therapy
ICE intracardiac echocardiography

LAA left atrial appendage

LAAO left atrial appendage occlusion
MACE  major adverse cardiac events

PDL peri-device leakage

TEE transoesophageal echocardiography
TIA transient ischaemic attack

Introduction

Left atrial appendage occlusion (LAAO) has emerged as a feasi-
ble stroke prevention strategy in selected patients with non-valvu-
lar atrial fibrillation'?. A wide variability in LAA shape and size
has been described, which may contribute to incomplete LAA clo-
sure or new leak formation in up to 30% of cases, as a result of
a mismatch in size and shape between the LAA and the occlu-
sion device or cardiac remodelling after the procedure®. Those
leaks can cause turbulent flow and the incomplete closure may
lead to stasis. Both conditions may potentially increase the risk
of thrombus formation and subsequent thromboembolic events*.
The clinical significance of peri-device leakage (PDL) has yet to
be determined*®, although, if significant leaks are present, prolon-
gation or reintroduction of oral anticoagulation is current clinical
practice. This may cause important safety issues to arise in some
patients. As a consequence, alternative strategies such as interven-
tional PDL closure may be desirable. As well as the latest strat-
egy of working with detachable coils’, peri-device leaks are also
closed with various structural devices. Until now, no structured
investigation has been carried out to assess leak morphology and
size subject to closure and evaluate different closure strategies
with associated clinical outcomes.

Methods

This multicentre, retrospective registry utilises data collected via
standardised case report forms from centres worldwide perform-
ing interventional PDL closure after LAAO. We included patients
treated with PDL closure irrespective of the initial percutaneous
LAAO device choice and generation.

DATA AND OUTCOMES

Baseline characteristics, information on the initial LAA closure,
temporal occurrence and size of PDL, detected either by transoe-
sophageal echocardiography (TEE) or by computed tomography
(CT), were collected. Procedural aspects, in-hospital, and the lat-
est known clinical follow-up data available were gathered. An
anonymised patient-level data set was created and analysed.

The decision to close leak(s) as well as the interventional strat-
egy adopted were left to the discretion of the implanting physician
and based on previous experience, material availability and size and
location of leak(s). Technical success was defined as a correctly

deployed device without major complications (i.e., clinically rel-
evant pericardial tamponade, periprocedural stroke or procedure-
related mortality). Functional success was defined as a complete
PDL closure (acutely or during follow-up). Persistent leaks after
the procedure were documented and classified into three groups
according to the maximum leak size (either mild [0-3 mm], moder-
ate [>3-5 mm], or severe [>5 mm]). Other outcomes included major
adverse cardiac events (MACE; a composite endpoint of non-fatal
ischaemic stroke, systemic embolism, major bleeding complica-
tions [Bleeding Academic Research Consortium, BARC >type 2] or
device embolisation). Outcomes were defined based on the Munich
consensus document on definitions, endpoints and data collec-
tion requirements for LAAO clinical studies®. All necessary ethi-
cal oversight was secured. The study is in line with the Declaration
of Helsinki, and the local ethics committee (Landesirztekammer
Hessen, No. 2020-1873) approved the investigation. The study is
registered at ClinicalTrials.gov (NCT04590898).

STATISTICAL ANALYSIS

Descriptive statistics summarise baseline characteristics, procedural
and follow-up data. Categorical data are expressed as numbers and
percentage of total. Continuous variables are presented as median
with interquartile range (first-third quartile, IQR) or mean with
standard deviation, if appropriate. The data set was evaluated for
normal distribution with the Kolmogorov-Smirnov-Lilliefors test.
Differences between groups were determined by chi-square testing
or Fisher’s exact test. With regard to variable distribution, contin-
uous variables were compared using either the Student’s t-test or
the Mann-Whitney U test. All tests were two-sided and a p-value
<0.05 was considered statistically significant. SPSS, Version 20
(IBM Corp., Armonk, NY, USA) was used for analysis and Prism 8
(GraphPad Software Inc., San Diego, CA, USA) for graphing.

Results

Fifteen international centres contributed 95 patients who underwent
interventional PDL closure of 104 leaks after LAAO. Procedures
were performed in the period between 06/2013 and 08/2020.

BASELINE CHARACTERISTICS

Patients were in their early seventies (72+9 years) and predomi-
nantly male (71.6%). Median CHA,DS,-VASc score was 4 points
(range 3-5) and median HAS-BLED score was 3 points (range 2-4).
The most common reason for initial device implantation was gas-
trointestinal bleeding (26.3%). Intracranial haemorrhage as the
reason for device implantation was noted in 6 patients (6.3%).
Further baseline characteristics are displayed in Supplementary
Table 1. The WATCHMAN™ (Boston Scientific, Marlborough,
MA, USA) device was chosen in over half of the patients (66.3%),
whereas the LARIAT® (SentreHEART, Redwood City, CA, USA)
suture system was used in 17.9% of cases. The WATCHMAN
FLX™ (Boston Scientific)) AMPLATZER™ Amulet™ (Abbott
Vascular, Santa Clara, CA, USA) and AMPLATZER™ Cardiac
Plug (Abbott Vascular) for initial LAAO were used in 5.3%, 2.1%,



and 2.1% of cases, respectively. Other devices were chosen in
6.3% of cases. Figure 1A provides a visual overview.

First detection of PDL was within 90 days (range 41-231) after
the index procedure. Most of the cases were found within the first
45 days (34.7%), although 11.6% of peri-device leaks were reported
>365 days after the procedure. Median time from PDL detection
to PDL closure was 134 days (range 59.5-368). Temporal trends
of PDL occurrence and closure can be found in Figure 1B. The
preferred method for PDL detection was a combination of 2D/3D
TEE assessment (88.4%), followed by CT (10.5%). In one case
(1.1%), intracardiac imaging (ICE) was used. One leak was present
in 86 patients (91.6%), two leaks in 9 patients (9.4%). A total of
104 leaks were subject to interventional closure. The maximum leak
diameter was 6.1+£3.6 mm. Leaks to be closed were most commonly
classified as round (32.7%), crescent-shaped (30.8%) or oval (26%)
and located at the posterior portion of the device (36.5%). Further
information on leaks subject to closure can be found in Table 1.

PROCEDURAL AND IN-HOSPITAL OUTCOMES

Informed patient preference (46.3%) to close PDL was the driv-
ing reason for closure. In 11.6% of patients, the leaks were closed
following an embolic stroke or transient ischaemic attack (TIA).
Detachable coils were the most frequent approach (42.3%), fol-
lowed by the use of AMPLATZER™ Vascular Plug II (AVP; Abbott
Vascular, 29.8%), AMPLATZER™ Duct Occluder II (ADO; Abbott
Vascular, 17.3%) and other LAAO devices (3.6%) (Figure 1C).

A nitial device choice for left atrial B
appendage occlusion
§6.39 6.3% Other 1% AMPLATZER Cardiac Plug
WATCHMAN 2.1% AMPLATZER Amulet

5.3% WATCHMAN FLX 40

34.1%

Interventional leakage closure after LAAO

Table 1. Interventional strategy in leaks subject to closure.

Maximum diameter of all leaks subject to closure, mm 6.1+3.6

Leak shape Round 34 (32.7%)
Oval 27 (26%)
Crescent 32 (30.8%)
Other 11 (10.6%)

Leak location Posterior portion 38 (36.5%)

Anterior portion 28 (26.9%)

Lateral portion 4 (3.8%)

Flow around the whole device 4 (3.8%)

Not applicable 30 (28.8%)
Closure of leaks <5 mm 27 (26%)
Closure of leaks <5 mm in the presence of a larger 3 (2.9%)

leak to close

Device used for | Coils 44 (42.3%)

Rl AMPLATZER Vascular Plug Il 31 (29.8%)

leakage closure
AMPLATZER Duct Occluder Il 18 (17.3%)

Another left atrial appendage

closure device 4 (3.8%)
AMPLATZER Vascular Plug 11 3(2.9%)
Atrial septal defect device 3(2.9%)
AMPLATZER Vascular Plug IV 1(1.1%)

Technical success 104 (100%)

1 attempt until technical success is reached 98 (94.2%)

Change of initial device to reach technical success 2 (1.9%)

Technical and functional success 86 (82.7%)

Temporal trends in leak detection and closure

First detection of per-device leakage
after the initial procedure

Interventional closure

17.9% LARIAT §n time to closure
I 2
3 134 days
g ] 116%  |or[59-368]
0.
0-45  >45-90 >90-180 >180-360 >360
days days days days days
Median time: 90 days IQR [41-231]
C Devices used for peri-device leakage closure
42.3%
> 29.8%
c
S
+ O/
é‘ 2 17.3%
a 10
. 3.8% 2.9% 2.9% 11%
0 | I I
Coils AMPLATZER AMPLATZER Duct LAAO AMPLATZER ASD AMPLATZER
Vascular Plug |1 Occluder Il device Vascular Plug 11 device Vascular Plug IV

Figure 1. Device choice and temporal trends in patients undergoing peri-device leakage closure after left atrial appendage occlusion (LAAO).

A) Initial device choice of patients undergoing peri-device leakage closure after insufficient percutaneous LAAQ. B) Temporal trends in

detection of peri-device and subsequent interventional closure. C) Device choice for peri-device leakage closure. ASD: atrial septal

defect: IQR: interquartile range
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Procedure duration was 50 minutes (range 40.2-88.2), fluoroscopy
time was 16.5 minutes (range 9-24.7) and 60 mL (range 40-110)
contrast medium volume was used (Figure 2A). A two-leak clo-
sure strategy within the same procedure was performed in 9 (9.5%)
patients. Technical success was reached in 100%; 94.2% of devices
were placed successfully within the first attempt. Change of the
initial device intended for closure was noted in 1.9% of cases.
Clinically non-relevant pericardial effusion and/or tamponade (i.e.,
not requiring therapeutic pericardiocentesis, surgical intervention,
blood transfusions, or resulting in death or shock) were seen in 5.3%
of patients. One patient (1.1%) experienced a TIA during the in-hos-
pital stay. Severe complications such as device embolisation/frac-
ture/erosion/laceration, clinically relevant pericardial tamponade,
cardiopulmonary resuscitation, conversion to open heart surgery,
myocardial infarction, stroke or death did not occur. In-hospital stay
was 2 days (range 1-2). In-hospital data are presented in Figure 2B.
Further information is displayed in Table 2.

FOLLOW-UP DATA
Median follow-up time after PDL closure was 96 days (range 49-526).
MACE occurred in 5 patients (5.3%), and were mainly bleeding
complications (3.2%): one patient experienced two gastrointestinal
bleedings 345 days and 348 days after the procedure with the need
for re-hospitalisation. The first one was on dual antiplatelet therapy
(DAPT; aspirint+clopidogrel) and the second one on aspirin alone.
One patient still on DAPT suffered from a massive intracranial haem-
orrhage 40 days after PDL closure and died the same day. One other
patient on aspirin and warfarin had a fall one day after discharge and
experienced a subdural haematoma. She recovered without sequelae.
In two (2.1%) patients an ischaemic stroke was observed:
one patient, taking aspirin and warfarin, was admitted on day

A Procedural information
Procedure duration (min) Radiation time (min) Contrast agent (mL)
100 30 150
£ £ -
E & E £

8 60 820 + 100
] = oy
£ £ S
g €10 @ 50
ga : 5
F P 0

Table 2. Procedural and in-hospital data.

‘ n=95 patients

Reason for Informed patient preference 44 (46.3%)
leakage General policy to close leaks >5 mm | 40 (42.1%)
closure

Embolic stroke or TIA in the

presence of residual leak L (e

One leak closure strategy 86 (90.5%)
9 (9.5%)
60 (63.2%)

25 (26.3%)

Two leak closure strategy

Periproce-
dural imaging

Transoesophageal echocardiography

Intracardiac echocardiography

Transoesophageal and intracardiac

echocardiography 10 (10.5%)

Pericardial effusion 4 (4.2%)
Pericardial tamponade (clinically not relevant) 1(1.1%)
Transitory ischaemic attack 1(1.1%)
Access-site complication (haematoma without action) 1(1.1%)
Minor bleeding complications (BARC type I) 1(1.1%)

Length of stay, days

2 [range 1-2]

BARC: Bleeding Academic Research Consortium; TIA: transient
ischaemic attack

two post-procedure with acute ischaemic stroke, recovered with
no residual deficits and was discharged three days later. Another
patient, taking aspirin, experienced an acute ischaemic stroke
726 days after PDL closure.

Of note, none of the patients with persistent leaks experienced
a stroke or TIA during follow-up. Two (2.1%) patients died: one
death was adjudicated as being due to cardiovascular causes
(patient still on DAPT after PDL closure, who experienced intra-
cranial haemorrhage and passed away 40 days after the procedure).
Clinical outcomes during follow-up are displayed in Figure 2C.

B Complications during in-hospital stay
In-hospital complications
S 4.2%
X4
53
S
g2
o 1.1% 1.1% 1.1%
al
0 : T
Minor bleeding TIA Non-actionable  Pericardial

(BARC type I) pericardial tamponade effusion

Events during follow-up

Major adverse cardiovascular events Death
] 157
3.2%
=5 - 1.8% 1.8%
< € 101
s 2.1% s
£ 27 =
2 2
o o 051
a 1 a
0 0 )
Ischaemic Systemic Bleeding Device Cardiovascular ~ Unknown
stoke embolism complications ~ embolisation
BARC>2

Figure 2. In-hospital information and follow-up of patients undergoing peri-device leakage closure. A) Procedure characteristics.
B) Complications during in-hospital stay. C) MACE during follow-up. BARC: Bleeding Academic Research Consortium, TIA: transient

ischaemic attack



Imaging modalities to detect PDL during follow-up were either
2D/3D TEE (97.9%) or CT (2.1%). Persistent leaks were found in
18 patients (18.9%), yielding a functional success rate of 82.7%.
Nonetheless, PDLs were significantly reduced in size (pre-leak
size, 6.1+3.6 mm vs post-leak size  2.5+1.3 mm, p<0.001).
Persistent leaks were classified as mild (0-3 mm) in 72.2% of cases,
and moderate (3-5 mm) in 27.8% of patients. None of the patients
had a severe residual leak with dimensions >5 mm (Figure 3).
In patients treated with detachable coils, the initial leak size was
smaller (pre-leak size  coils 51 mm vs pre-leak sizemax other
methods 7.1+4.6 mm, p=0.01) as compared to other PDL closure
methods. Persistent leaks were evenly distributed between groups
(coils n=7/41, 17.1% vs other methods n=11/54, 20.4%, p=0.08).
Device-related thrombus was observed in one patient (1.1%).
Additional follow-up data can be found in Table 3.

Maximum leak dimensions Minimum leak dimensions

o p<0.001 81 p<0.0i
= = 3.6 mm
6
£ . 6.1 mm £
(%2} [%2]
c c
o o 4]
2 3
g s 2 1.5 mm
g 5 IS g
a 2.5]:mm 3 2
0
Before After Before After
closure closure n=104 closure closure

I ‘ 1
Maximum dimensions of persistent leaks

07 722%

=2y
S
1

Percentage (%)

27.8%
20
1 0
0-3mm  3-5mm >5mm
n=18

Figure 3. Leak dimensions before and after closure. Peri-device leakage
closure led to a significant reduction in the maximum and minimum
leak size. In patients with persistent leaks (n=18), leak dimensions
between 0-3 mm were noted in 72.2% of cases, and leaks between

3-5 mm in 27.8% of patients. None of the patients had a leak >5 mm.

Discussion

A variety of approaches can be used to achieve PDL closure after
LAAO. This is the largest registry to date reporting corresponding
interventional strategies and outcomes. Our findings suggest that
PDL closure is a feasible and safe strategy with high technical and
functional success (Central illustration).

DETECTION OF PDL AND MANAGEMENT STRATEGIES
The efficacy of stroke prophylaxis may be compromised due
to incomplete closure of the LAA®. Hence, PDL can be seen as

Interventional leakage closure after LAAO

Table 3. Follow-up data.

Follow-up data ‘ n=95 patients

Follow-up length, days 96 [range 49-526]
Imaging modality used during follow-up
2D/3D transoesophageal echocardiography 93(97.9%)
Cardiac computed tomography 2(2.1%)
Device-related thrombus at the initial LAA device 1(1.1%)
Persistent peri-device leakage 18 (18.9%)
Maximum diameter, mm 2.5+1.3
Leak 0-3 mm 13(72.2%)
Leak 3-5 mm 5(27.8%)
Leak >5 mm 0
Transitory ischaemic attack 3(3.2%)
MACE overall 5(5.3%)
Ischaemic stroke 2(2.1%)
Systemic embolism 0
Bleeding complications > BARC type 2 3(3.2%)
Device embolisation 0
Death 2(2.2%)
Cardiovascular 1(1.1%)
Unknown 1(1.1%)
BARC: Bleeding Academic Research Consortium; MACE: major adverse
cardiovascular events

a significant technical limitation of LAAO. The impact of PDL
on cardiovascular events remains controversial: whereas patients
with incomplete surgical LAAO show an increased risk for
device-related thrombus and thromboembolic events irrespec-
tive of leak severity'®'2, patients undergoing percutaneous LAAO
with subsequent PDL do not necessarily have an augmented risk
for cardiovascular events™>'*, However, low event rates, limited
sample size and anticoagulation therapy in reported studies may
bias results. A revisit of successful LAA closure may also be
warranted. PDL can be a manifestation of a residual defect adja-
cent to the implanted device, a tilted device or a missed lobe.
Hence, not only the leak dimensions themselves but also the ana-
tomical conditions may determine the risk for thromboembolic
complications. A small (<5 mm) but completely uncovered deep
lobe in a multilobulated LAA is more likely to be significant than
an uncovered proximal mildly trabeculated side lobe'.

Although PDL after percutaneous LAAO has no demonstrated
prognostic value, it is current clinical practice to continue oral
anticoagulation after successful surgical LAAO in accordance with
European guideline recommendations, and to continue or resume
oral anticoagulation if persistent LAA patency (>5 mm) is seen
after interventional LAAO. There is no uniform opinion on the
management of patients presenting with moderate (3-5 mm) leaks.
Oral anticoagulation may be continued or interrupted, depending
on patient-related factors such as the history of thromboembolic
events, counterbalanced with the risk for major bleeding compli-
cations. If oral anticoagulation is not a viable option, patients may
benefit from a device-based closure as part of an individualised
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Success rates

100%

. 82.7%

Proportion (%)

Technical Functional
success success

In-hospital complications

0 4.2%
5Q &
53
g
82
o 1.1% 1.1% 11%
st
0 T T
Minor TIA Non-actionable  Pericardial

bleeding pericardial tamponade effusion

ASD device, s Maximum leak dimensions
29% AVPIII, z p<0.001
2.9% LAAdevice, £ .
3.8% 2 7 6.1mm
2 ;
E 2.5mm
()
Before After
closure closure

v

Maximum dimensions
of persisent leaks

12.2%

21.8%

Percentage (%)

n=104 leaks

0-3mm 3-5mm >5mm

Central illustration. Peri-device leakage (PDL) closure after percutaneous left atrial appendage closure can be performed with a variety of
devices. In our registry, detachable coils were the most frequent approach (42.3%), followed by the use of AMPLATZER Vascular Plug I1
(AVP, 29.8%). The procedure is associated with high technical and functional success. The maximum leak dimensions can be reduced

substantially after closure. None of the patients presented with a leak >5 mm after closure. The procedure is associated with low in-hospital

complication rates. TIA: transient ischaemic attack

treatment strategy. Compared to other LAAO series, bleeding
complications and ischaemic event rates in our study appear to
be quite high during follow-up. This might be attributable to the
small sample size and the preselected high-risk LAAO population
(baseline CHA,DS -VASc score: 4 [range 3-5] and HAS-BLED
score: 3 [range 2-4]) who underwent PDL closure.

The detection method for PDL after LAAO is also a subject
of debate. Historically, 2D-TEE is the most often used technique
and forms the basis for leak quantification and management strate-
gies in major LAAO landmark trials'*'8. In recent years, 3D-TEE
and especially cardiac CT have gained popularity for procedural
planning and follow-up. Preprocedural cardiac CT may improve
outcomes since it offers the most accurate detection and character-
isation of PDL and the possibility to predict the best C-arm angu-
lation for interventional PDL closure. A large discrepancy between
2D-TEE and cardiac CT is noted regarding the PDL detection rate
and leak size quantification. CT has a higher likelihood of show-
ing LAA patency after LAAO than TEE™. However, the preva-
lence of large leaks (=5 mm) can be reliably detected with both
methods®. Korsholm et al just recently introduced a novel cardiac
CT classification for peri-device leaks after AMPLATZER Amulet
occluder implantation. However, independent of the detection
method, PDL was not associated with impaired clinical outcomes
in the aforementioned study?'.

PDL CLOSURE WITH REGARD TO THE INITIALLY
IMPLANTED DEVICE

In this study, PDL closure was most often performed in patients
initially receiving a WATCHMAN occluder, which will now be
substituted by the WATCHMAN FLX, and the LARIAT suture
system, which achieves LAAO sealing through extraluminal

LAA closure. The high proportion of WATCHMAN devices
might represent a selection bias since newer-generation devices
have a shorter availability period and the market availability of
devices differs across participating centres. For example, the
AMPLATZER Amulet occluder is approved by the Federal Drug
Administration but not yet in widespread clinical use in the USA.
On the other hand, it may also reflect the device configuration:
the WATCHMAN occluder follows the pacifier design, with only
a single barrier between the left atrium and the LAA surface, as
compared to a lobe and disc device, which may enhance sealing
through a two-layer technique.

Patients treated initially with the LARIAT, a percutaneous
suture ligation system to secure LAA exclusion, were the sec-
ond largest population within this registry. Peri-device gaps are
common with the LARIAT suture system and may increase over
time*. In those patients, an increased thromboembolic event rate
is reported?. Here, interventional PDL closure — if technically fea-
sible — can be favoured as part of an individualised treatment con-
cept to mitigate stroke risk. It has to be noted that the incidence
and severity of leaks may not be directly associated with the ini-
tial device type chosen for LAAO. The occurrence of PDL varies
tremendously throughout available studies®'**, and factors such
as suboptimal implantation, undersizing, the initial LAA size and
anatomy play a crucial role.

DEVICE CHOICE FOR PDL CLOSURE

With new-generation devices and better preprocedural planning,
PDL may be reduced through technical improvements. For exam-
ple, the WATCHMAN FLX has a shorter height, an improved fab-
ric coverage, and a closed distal end and requires less implantation
depth as compared to its predecessor the WATCHMAN occluder.



It favours a high degree of LAA sealing and good clinical results®.
However, the WATCHMAN FLX is still delivered through a non-
steerable sheath and remains prone to suboptimal device implan-
tation and subsequent PDL development through non-co-axial
alignment during device deployment.

Along with optimising the mechanical properties of the device
itself, vast imaging efforts, comparative studies, novel classifica-
tions®*?* and new approaches, are being made to secure optimal
sizing and guiding throughout the procedure. However, PDL will
still be a subject of debate in a small number of selected patients.
The device choice is currently at the implanter’s discretion and
based on the leak location, size, previous experience and material
availability. No dedicated structural device has yet been developed
for PDL closure, reflecting the small number of patients under-
going interventional closure of leaks after LAAO and the large
variety of leak size and location. In certain subgroups, such as
patients with unsuitable anatomies for conventional percutaneous
LAAO or insufficient surgical closure and/or percutaneous ligation,
a novel septal occluder device did prove to be a suitable choice®.

Limitations

All information gathered on patients undergoing PDL closure
was self-reported by the participating centres and adverse events
were not adjudicated by an independent clinical events committee.
This registry did not collect information on the PDL mechanism
in each individual patient. The device choice for leakage closure
does reflect an individual patient-tailored approach. Until now,
PDL after percutaneous LAAO has no proven clinical prognos-
tic value, and PDL closure is an off-label procedure with no for-
mal recommendations. The heterogeneity of LAAO devices, the
limited number of leak closures per centre, and types of leak and
devices used for PDL closure may limit the conclusiveness of this
study. Additionally, the large time span of this registry may not
necessarily reflect contemporary practice in LAAO.

Conclusions

The concept of peri-device leakage closure encompasses a variety
of different techniques to achieve PDL closure after LAAO. They
are associated with high technical and functional success and low
periprocedural and post-procedural complications.

Impact on daily practice

Peri-device leakage is a common phenomenon after left atrial
appendage occlusion with a controversial impact on adverse
events during follow-up. In very few cases, percutaneous peri-
device leakage closure is used to enhance sealing after insuffi-
cient left atrial appendage occlusion. With this largest-to-date
registry we assessed leak morphology and size subject to closure
and evaluated different closure strategies with associated clini-
cal outcomes. We showed that peri-device leakage closure has
a high technical and functional success rate. Leak size can be
significantly reduced and procedural complication rates are low.

Interventional leakage closure after LAAO
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Supplementary data

Supplementary Table 1. Baseline characteristics and imaging findings in patients

undergoing PDL closure.

Baseline characteristics

n=95 patients

Age, years 7219

Male 68 (71.6%)
Body mass index, kg/cm? 29.3+4.6
Arterial hypertension 83 (87.4%)
Diabetes mellitus 39 (41%)
Dyslipidaemia 68 (71.6%)
Chronic heart failure 32 (33.7%)
Coronary artery disease 44 (46.3%)
Prior transitory ischaemic attack 14 (14.7%)
Prior ischaemic stroke 27 (28.4%)

CHA2DS,-VVASCc score

4 [range 3-5]

HAS-BLED score

3 [range 2-4]

Creatinine, mg/dL 1+0.3
Estimated glomerular filtration rate, mL/min 66.5+£22.6
Haemoglobin, g/dL 12.7£2.1
Medication

- Single antiplatelet therapy (either aspirin or clopidogrel) 10 (10.5%)

- Dual antiplatelet therapy
- DOAC/vitamin K antagonist
- DOAC/vitamin K antagonist with single antiplatelet therapy

17 (17.9%)
39 (41.1%)
29 (30.5%)

Initial left atrial appendage closure device

- WATCHMAN 63 (66.3%)
- LARIAT 17 (17.9%)
- WATCHMAN FLX 5 (5.3%)
- AMPLATZER Amulet 2 (2.1%)
- AMPLATZER Cardiac Plug 2 (2.1%)
- Other 6 (6.3%)

First detection of PDL after initial procedure, days

90 [range 41-231]

Time from PDL detection to PDL closure, days

134 [range 59.5-368]

Imaging findings

Imaging modality used for detection

- 2D/3D transoesophageal echocardiography 84 (88.4%)
- Cardiac computed tomography 10 (10.5%)
- Intracardiac echocardiography 1(1.1%)
Number of leaks per patient

-1 leak 86 (90.5%)
- 2 leaks 9 (9.5%)
Initial left atrial appendage anatomy

- Windsock 22 (23.2%)
- Chicken wing 17 (17.9%)
- Cauliflower 8 (8.4%)

- Double lobe 6 (6.3%)

- Cactus 3 (3.2%)

- Other 2 (2.1%)




- Not applicable

31 (32.6%)

Reason for initial device implantation

- Gastrointestinal bleeding

- High bleeding risk, no event

- Recurrent bleeding events

- High bleeding risk with bleeding event

- Intracranial bleeding

- Poor drug compliance

- Other reasons (i.e., combined cardiac procedures, hybrid ablation,
labile INR)

25 (26.3%)
20 (21.1%)
10 (10.5%)
13 (13.7%)
6 (6.3%)

1(1.1%)

20 (21.1%)

DOAC: direct oral anticoagulants; PDL.: peri-device leakage




