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Left atrial appendage occlusion devices —a
contemporary approach to stroke prevention with a
presentation of results in Serbia from 2014 to 2025

Milan A. Nedeljkovi¢
Serbian Medical Society, Belgrade, Serbia

SUMMARY

Introduction/Objective Atrial fibrillation is the most common sustained cardiac arrhythmia and one
of the most significant independent risk factors for ischemic stroke and systemic thromboembolism.
In patients with non-valvular atrial fibrillation, the left atrial appendage (LAA) is the predominant site
of intracardiac thrombus formation. This has led to the development of mechanical elimination of the
thrombogenic substrate, i.e., percutaneous LAA occlusion (LAAO), as an alternative to long-term oral
anticoagulant therapy in patients with contraindications to anticoagulation.

Methods The first LAAO device in Serbia was implanted on April 24, 2014, at BASICS+8, University Clinical
Center of Serbia, by Prof. Dr. Milan A. Nedeljkovi¢ and Prof. Dr. Branko Beleslin. LAAO device implantation
is currently performed at four centers: University Clinical Center of Serbia, Dedinje Institute for Cardiovas-
cular Diseases, Institute for Cardiovascular Diseases of Vojvodina — Sremska Kamenica, and BeZanijska kosa
University Clinical Center. Before LAAO implantation, either transesophageal echocardiography (TEE) or
computed tomography is performed to determine the morphology of the LAA and confirm the absence
of thrombus, which represents a contraindication to the procedure. The intervention is performed via
femoral venous access under short-term analgosedation or general anesthesia, depending on the prac-
tice of the center, with fluoroscopic guidance and TEE monitoring. The key step is transseptal puncture
to gain access to the left atrium. TEE guidance is used to ensure precise puncture of the inferoposterior
portion of the interatrial septum and facilitate positioning of the delivery system at the LAA ostium.
Results Between 2014 and 2025, a total of 30 LAAO devices were implanted at four centers in Serbia.
With support from the Republic Health Insurance Fund, two devices were implanted at University Clinical
Center of Serbia in 2014, followed by one additional device in 2015. No data on the use of this method
in angiography suites in Serbia were available for the period from 2016 to 2022. In 2023, a total of six
devices were implanted (four at Institute for Cardiovascular Diseases of Vojvodina — Sremska Kamenica
and two at Dedinje Institute for Cardiovascular Diseases). In 2024, a total of 10 devices were implanted
(six at Institute for Cardiovascular Diseases of Vojvodina — Sremska Kamenica, one at Dedinje Institute
for Cardiovascular Diseases, and three at Bezanijska kosa University Clinical Center). In 2025, a total of
11 devices were implanted (five at Dedinje Institute for Cardiovascular Diseases and six at the Institute
for Cardiovascular Diseases of Vojvodina — Sremska Kamenica).

Conclusion The use of percutaneous LAAO in Serbia demonstrates gradual development, from the
initial sporadic application of the method at a single center to its expansion to multiple tertiary cardiol-
ogy centers. Further development of LAAO in Serbia should be accompanied by the establishment of a
national registry and standardized data collection.

Keywords: atrial fibrillation; left atrial appendage; percutaneous left atrial appendage occlusion; oral
anticoagulant therapy; direct oral anticoagulant therapy; stroke

INTRODUCTION Oral anticoagulation, initially with vitamin K

antagonists and subsequently with direct oral

Atrial fibrillation (AF) is the most common
sustained cardiac arrhythmia and one of the
most significant independent risk factors for
ischemic stroke and systemic thromboembo-
lism. Thromboembolic complications of AF are
associated with substantial morbidity, mortality,
and long-term disability, making stroke preven-
tion one of the primary goals of treatment in
patients with AE In patients with non-valvular
AF, the left atrial appendage (LAA) is the pre-
dominant site of intracardiac thrombus forma-
tion. This recognition has led to the develop-
ment of the concept of mechanical elimination
of the thrombogenic substrate, namely percuta-
neous LAA occlusion (LAAQO), as an alternative
to long-term oral anticoagulant therapy (OAC).

anticoagulants (DOACs), represents the cor-
nerstone of thromboembolic event prevention
in patients with AE. Although effective, long-
term anticoagulation carries a risk of bleeding,
may be challenging in patients with previous
hemorrhagic events or other contraindica-
tions, and represents a significant treatment
burden for some patients. These limitations
have prompted the development of interven-
tional approaches aimed at providing adequate
thromboembolic protection while reducing the
long-term risk of bleeding. The development of
LAAO devices began with the demonstration of
the feasibility and efficacy of this strategy com-
pared with warfarin. Early randomized trials,
particularly PROTECT AF [1, 2] and PREVAIL
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Table 1. Left atrial appendage occluders in Serbia, 2014-2025, according to available data from the Working Group for Interventional Cardiology
of the Cardiology Society of Serbia, BASICS+ (Belgrade Summit of Interventional Cardiology, Cardiovascular Therapy and Imaging)

Year InstituFe fo'r Cardiovascular Disez}ses University CIiniFaI De.dinje Institut'e for Beianijs'kz? kosa University Total
of Vojvodina — Sremska Kamenica Centre of Serbia Cardiovascular Diseases Clinical Center

2014 N/A 2% N/A N/A 2
2015 N/A 1* N/A N/A 1
2016 N/A N/A N/A N/A 0
2017 N/A N/A N/A N/A 0
2018 N/A N/A N/A N/A 0
2019 N/A N/A N/A N/A 0
2020 N/A N/A N/A N/A 0
2021 N/A N/A N/A N/A 0
2022 N/A N/A N/A N/A 0
2023 4x* N/A 2%* N/A 6
2024 6** N/A 1%* 3% 10
2025 6** N/A 5** N/A 1
Total 16 3 8 3 30

*Procedure funded by the Republic Health Insurance Fund;
**Procedures performed using occluders procured through hospital tenders

[3], provided the basis for the acceptance of LAAO as a
potential alternative to oral anticoagulation. At the same
time, experience from the initial studies highlighted the
importance of procedural risk and led to the development
of new generations of devices, with the aim of achieving
better adaptation to the diverse anatomical characteristics
of the LAA, more complete sealing, and a reduction in
complications. With the advent of direct oral anticoagu-
lants (DOAC:s), the context in which the role of LAAO is
evaluated has also changed. PRAGUE-17 [4] represented
an important milestone, as LAAO was directly compared
with DOAC therapy in patients at high thromboembolic
and bleeding risk. Furthermore, studies such as Amulet
IDE [5] and PINNACLE FLX [6] enabled comparisons
between different devices and assessment of the safety and
efficacy of contemporary generations of occluders. The lat-
est data from large randomized trials, including OPTION
[7] and CHAMPION-AF [8], have further expanded the
potential indications for LAAQ, while the results of the
CLOSURE-AF study [9] simultaneously indicate that this
strategy cannot be considered a universal replacement for
contemporary medical therapy. While international land-
mark trials continuously expand the clinical landscape and
indications for LAAQ, evaluating how these guidelines
translate into real-world practice within smaller, resource-
constrained healthcare systems remains essential.

Thus, the development of LAAO represents an example
of the continuous evolution of interventional therapy — from
the initial proof of concept and comparison with warfarin,
through improvements in procedural safety and the devel-
opment of new devices, to direct comparisons with contem-
porary anticoagulant therapy. Understanding the results of
key randomized trials is essential for appropriately defining
the role of LAAO in contemporary stroke prevention in pa-
tients with AE The aim of this paper is to present, through a
review and critical analysis of the most important random-
ized clinical trials, the evolution of evidence regarding the
efficacy and safety of LAAO, the development of the devices
themselves, their comparison with OAC, and the current

‘ DOI: https://doi.org/10.2298/SARH260915078N

role of LAAO in the strategy for preventing thromboembolic
complications in patients with non-valvular AF, as well as
the results of LAAO implantation in catheterization labo-
ratories in Serbia from 2014 to 2025.

METHODS

In Serbia, the first LAAO device was implanted on April
24,2014, using the BASICS+8 device at University Clinical
Center of Serbia by Prof. Dr. Milan A. Nedeljkovi¢ and
Prof. Dr. Branko Beleslin (Table 1) [10]. LAAO device
implantation is currently performed at four centers: the
University Clinical Center of Serbia, Dedinje Institute
for Cardiovascular Diseases, Institute for Cardiovascular
Diseases of Vojvodina — Sremska Kamenica and Bezanijska
kosa University Clinical Center. Prior to the decision to
implant an LAAO device, either transesophageal echocar-
diography (TEE) or computed tomography (CT) is per-
formed to determine the morphology of the LAA (chicken
wing, broccoli, windsock, or cactus morphology) and to
confirm the absence of thrombus within the appendage,
as the presence of thrombus represents a contraindication
to the procedure. The size of the occluder is determined
based on the measurements obtained, primarily the depth
of the appendage and the diameter of the appendage os-
tium, which are assessed by TEE in multiple views (0°,
45°,90°, and 135°), as well as by CT image reconstruction.

The procedure is performed via femoral venous access
under short-term conscious sedation or general anesthe-
sia, depending on the center’s practice, with fluoroscopic
guidance and TEE monitoring. The key step is transseptal
puncture to gain access to the LAA. This is performed
under TEE guidance to ensure precise puncture of the
inferoposterior portion of the interatrial septum and fa-
cilitate advancement of the delivery system toward the ap-
pendage ostium. After reconfirming the dimensions of the
appendage by TEE, an appropriately sized occluder is se-
lected and positioned within the LAA. Following occluder
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11:28:39 am In 2024, a total of 10 occluders were im-
planted (six at the Institute for Cardiovascular
Diseases of Vojvodina — Sremska Kamenica,
one at Dedinje Institute for Cardiovascular
Diseases, and three at Bezanijska kosa
University Clinical Center).

In 2025, a total of 11 occluders were
implanted (five at Dedinje Institute for
Cardiovascular Diseases and six at the
Institute for Cardiovascular Diseases of
Vojvodina — Sremska Kamenica).
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Figure 1. The first Watchman™ occluder (Watchman, Boston, MA, USA) implanted in

a catheterization laboratory in Serbia on April 24, 2014

implantation and before its definitive release, several key
parameters are assessed, including appropriate device posi-
tion and size, as determined by the degree of compression,
device stability, and the absence of peri-device leak.

Potential periprocedural complications include pericar-
dial effusion, occluder embolization, and procedure-related
stroke [11, 12].

In catheterization laboratories in Serbia, the Watchman™
(Figure 1) and Watchman FLX™ occluders (Watchman,
Boston, MA, USA) and the Amplatzer™ AMULET™ oc-
cluder (Abbott Laboratories, Abbott Park, IL, USA) have
been used.

Ethics: This study was conducted in accordance with the
ethical standards of the institutional ethics committee.

RESULTS

Between 2014 and 2025, a total of 30 LAA occluders were
implanted at four centers in Serbia. In 2014, with the sup-
port of the Republic Health Insurance Fund, two occluders
were implanted at University Clinical Center of Serbia. The
Republic Health Insurance Fund covered one additional
procedure in 2015, which was also performed at University
Clinical Center of Serbia.

Between 2016 and 2022, no data on the use of this
method in catheterization laboratories in Serbia are
available according to the data published by the Working
Group for Interventional Cardiology of the Cardiology
Society of Serbia in the Belgrade Summit of Interventional
Cardiology, Cardiovascular Therapy and Imaging
(BASICS+) program.

In 2023, a total of six procedures were performed (four
at the Institute for Cardiovascular Diseases of Vojvodina
- Sremska Kamenica and two at Dedinje Institute for
Cardiovascular Diseases) according to the available data
from the Working Group for Interventional Cardiology of
the Cardiology Society of Serbia.
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The results of this analysis indicate a gradual
development of the percutaneous LAAO
program in Serbia, with a particularly pro-
nounced increase in the number of proce-
dures during the last three years of the study
period. According to the available data, a total
of 30 LAA occluders were implanted at four centers in
Serbia between 2014 and 2025. Following the initial pro-
cedures performed in 2014 and 2015 [10], the number of
interventions increased substantially from 2023 onward,
with six procedures recorded that year, while the highest
number, a total of 11 was recorded in 2025. This trend
indicates the gradual expansion of the use of this method
in Serbia [13, 14].

The first procedures were recorded in 2014, when two
occluders were implanted at the University Clinical Center
of Serbia with financial support from the Republic Health
Insurance Fund, followed by one additional procedure in
2015. This period marked the beginning of LAAO im-
plementation in Serbia, at a time when the method was
already the subject of intensive clinical investigation and
development. LAAO was developed with the aim of reduc-
ing the risk of thromboembolic events in selected patients
with AFE particularly when long-term OAC is unsuitable
or associated with an unacceptable risk. Current European
guidelines recognize LAAO as part of stroke prevention
strategies in carefully selected patients, with an individual-
ized assessment of its potential benefits and risks [15, 16].

In the study by Pison et al. [17], published in 2015,
LAAO was still described as a relatively new and insuf-
ficiently widespread procedure. Most European centers
performing the procedure had carried out < 30 interven-
tions throughout 2014, with the most common indication
being a high thromboembolic risk in the presence of a
contraindication to OAC.

The distribution of procedures across centers indicates
that the use of LAAO in Serbia is concentrated in several
tertiary cardiology institutions. In 2023, four procedures
were performed at the Institute for Cardiovascular Diseases
of Vojvodina - Sremska Kamenica and two at Dedinje
Institute for Cardiovascular Diseases. In 2024, six proce-
dures were performed at the Institute for Cardiovascular
Diseases of Vojvodina — Sremska Kamenica, one at
Dedinje Institute for Cardiovascular Diseases, and three
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at Bezanijska kosa University Clinical Center. In 2025,
five procedures were performed at Dedinje Institute for
Cardiovascular Diseases and six procedures were per-
formed at the Institute for Cardiovascular Diseases of
Vojvodina — Sremska Kamenica. Such concentration may
be expected during the early development of a new in-
terventional technique, as it facilitates the accumulation
of experience, establishment of multidisciplinary teams,
and concentration of technical and diagnostic resources.
European data also indicate substantial variation in proce-
dural volume between centers, with some centers perform-
ing very few interventions annually.

In an international consensus practical guide, Potpara
et al. [18] emphasized that the contemporary development
of LAAO has been associated with improvements in pro-
cedural safety and its increasingly frequent use in patients
with AF for whom long-term anticoagulation is not an
appropriate option.

The stark contrast between the expanding indications
for LAAO in international guidelines and the modest
real-world volume of 30 cases over more than a decade in
Serbia highlights significant structural hurdles. The com-
plete absence of recorded procedures between 2016 and
2022 reflects a temporary nationwide standstill of the pro-
gram, primarily driven by strict economic constraints, in-
consistent reimbursement pathways by the National Health
Insurance Fund, and logistical issues with hospital tenders,
rather than a lack of operator expertise.

This long-term stagnation emphasizes that transitioning
from a sporadic, center-specific approach to a structured
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national registry is a mandatory next step. Establishing
such a framework will be vital to provide the standard-
ized clinical data necessary to justify broader and more
consistent financial coverage for this stroke-prevention
strategy in the future.

CONCLUSION

The use of percutaneous LAAO in Serbia has demonstrated
gradual development, from the initial sporadic application
of the technique at a single center to its expansion to sev-
eral tertiary cardiology centers. The first procedures, de-
scribed in the study by Nedeljkovi¢ and colleagues, marked
the beginning of the implementation of this method in
Serbia, while available data from the period 2023-2025 in-
dicate an increase in the number of procedures and expan-
sion of the LAAO program to multiple centers. This trend
is consistent with the development of LAAO in Europe
and its increasingly important role in the prevention of
thromboembolic events in carefully selected patients with
AF for whom long-term OAC is not an appropriate option.
Further development of LAAO in Serbia should be ac-
companied by the establishment of a national registry and
standardized data collection, enabling assessment of proce-
dural availability and quality, comparison of outcomes be-
tween centers, and appropriate positioning of LAAO within
contemporary treatment strategies for patients with AE.
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OKknyaepu aypuKyne nese npeTkomope — caBpeMeHu NPUCTYN Y NpeBeHLujU
MO AAHOT yAapa ca npuKa3om pesyntata y Cpbuju 2014-2025

MwunaH A. Hegemkosuh
Cpncko nekapcko apyLwTso, beorpag, Cpbuja

CAMETAK

YBoa/Lnm AtprjanHa prnbpunauuja npefcraBba Hajuewwhy
TpajHy CpuaHy apuTMUjy 11 jeAaH Of Haj3HauajHUjX He3aBUCHMNX
daKTopa pu3MKa 3a HaCTaHakK MCXEMIJCKOT MOXKAaHOT yAapa
U cuctemcke Tpomboembonuje. Kog 6onecHuka ca HeBansy-
NapHOM aTpujanHom drbpunalmnjom, ayprkyna nese NnpeTko-
mope (LAA) npeAcTaB/ba AOMMHAHTHO MECTO HacTaHKa MHTpa-
KapaujanHor Tpomba. OBO je 4OBENO [0 pa3Boja MeXaHUUKe
envMrHaLuje TpoMboreHor cyncTpaTa, OAHOCHO NepKyTaHe
oknysuje LAA (LAAO) kao anTepHaTrBe AyroTpajHoj opanHoj
aHTVKOarynaHTHOj Tepanuju Kop 60onecHrKa Ko Kojux nocToju
KOHTpanHAMKaLWja 3a tbeHy NPYMeHYy.

Metopge Y Cpbuju je npeu ypehaj 3a LAAO yrpaheH 24. anpuvna
2014. rognHe Ha BASICS+8 y YH/BEP3UTETCKOM KIVHWNYKOM LieH-
Tpy Cpbuje, a npoueaypy cy nssenn npod. ap Munax A. Hegern-
KoBwh 1 npo¢. ap bpaHko benecnuH. VimnnaHTaumja oknyaepa
06aB/ba ce y YeTupy LeHTpa: YHUBEP3UTETCKOM KITMHNYKOM
ueHTpy Cpbuje, MHCTUTYTY 3a KapAmnoBacKynapHe 6onectu
LHennme’, UHCTUTYTy 3a KaparnoBacKynapHe 6onectu Bojso-
anHe — Cpemcka KameHunua 1 YHUBEP3UTETCKOM KINHNYKOM
LeHTpy ,bexaHujcka Koca” Mpe goHoLera oasyKe o 13Boheky
LAAO pape ce TpaHcesodareanHa exokapanorpaduja (TEE) nnu
KoMMjyTepri3oBaHa ToMorpaduja Kako 6v ce yTBpano 065mK
NeBe aypuKyne 1 NOTBPAUIO0 OACYCTBO Tpomba y aypukynu,
€ 063VPOM Ha To ia MPUCYCTBO TPoMba npefcTaB/ba KOHTPa-
UHAMKauwjy 3a n3soherbe came npouegype. iHTepseHUuja ce
13BOAM NPUCTYNOM MpeKo dpeMopasiHe BeHe, Y KpaTKOTPajHOj
aHanrocefaLyj1 UV OMLUTOj aHeCTe3ujy, y 3aBYCHOCTU Of NpaK-
Ce LieHTpa, y3 dnyopockonujy 1 nog KoHTponom TEE. OCHOBHM
Kopak npeAcTaBsba TpaHCCenTaHa nyHKLmMja, Kojom ce MPUCTY-
na nesoj aypukynu. OHa ce n3Boau nog KoHTponom TEE kako
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6v1 ce omoryhuna npewLusHa NyHKLUmja MHGeponocTepropHor
CenTyMa v ONaKLUano ycMepaBatbe CiCTeMa 3a MCMopyynBabe
Ka ynasy y aypuKyJy.

Pesynrtatm Vi3mehy 2014. 1 2025. roanHe yKyNHO je MMMAaH-
TpaHo 30 oknygepa 3a LAA y yetupm LeHTpa y Cpbuju. 3a-
xBasbyjyhu Peny6nnukom doHIy 3a 34paBCTBEHO OCUTYpatbe,
2014. rogyHe cy y YHUBEP3UTETCKOM KNMHNYKOM LieHTpy Cpbuje
yrpaheHa fiBa oknygepa, a 2015. roguHe jow jenaH. Mamehy
2016.1 2022. rogrHe Hema AOCTYMHYIX MOAaTaka o MPYMeH OBe
MeTofe y aHrmorpadpckmum canama y Cp6uju. logrHe 2023. 13-
Be/IeHO je YKYMHO LIeCT MMnaaHTauuja (4etupm y MHcTuTyTy 3a
KapanoBackynapHe 6onect BojsoguHe — Cpemcka KameHuua
1 aBe y MIHCTUTYTY 3a KaparoBackynapHe 6onectu, [legume”).
loavHe 2024. yrpaheHo je ykynHo 10 oknygepa (wect y UH-
CTUTYTY 3a KapAnoBacKynapHe 6onectu BojsoanHe — Cpemcka
KameHnua, jepaH y IHCTUTY Ty 3a KapanoBackynapHe 6onectu
+deantbe” nTpn y YHMBEP3UTETCKOM KNMHUYKOM LieHTPY , bexa-
Hujcka koca”). loprHe 2025. yrpaheHo je ykynHo 11 oknyaepa
(neT y iHcTuTy Ty 33 KapanoBackynapHe 6onectu, Jenume” n
wect y MIHCTUTYTY 3a KapAnoBackynapHe 6onecty BojsoanHe
- Cpemcka KameHuua).

3akrbyuak lMprmeHa nepkytaHe LAAO y Cpbuju nokasyje mo-
CTeneH pa3Boj Of UHMLWjANIHE, CNOPaANYHe NMPYMEHe MeToae Y
jenHOM LIeHTPY A0 HEHOT LWMPetba Ha BuLLe TepLmnjapHUX Kap-
AMnonoLwKux LeHTapa. larmbu pa3soj LAAO y Cpbuju Tpebano
6v pa 6yne npaheH Gopmrparem HauVOHaNHOT perucTpa u
CTaHAapAU30BaHUM NPUKYN/bakbeM NoAaTtaka.

KmbyuHe peun: atpujanta pubpurnaumja; ayprkyna nese npet-
KOMOpe; MepKyTaHa OKJy3uja aypuKyne nese NpeTKoMope;
OpaJiHa aHTUKoarynaHTHa Tepanuja; AMpPeKTHa OpasiHa aHTu-
KoarynaHTHa Tepanuja; MOXAaHu yaap
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