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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

OxJutyiepu aypuKyJie JIeBe IPETKOMOPE — CaBPEMEHH MPUCTYN Y IPEBEHIU]JU
MO>KJIaHOT yapa ca nmpukasom pesyirara y Cpouju 2014-2025

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, 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 practice of the center, with fluoroscopic guidance and
TEE monitoring. The key step istransseptal puncture to gain
access to the left atrium and subsequently the LAA. 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 the University Clinical Center of
Serbiasin 2014, followed by one additional device in 2015.
No.data on the use of this method in cardiac catheterization
laboratories 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 (five

devices were implanted at Dedinje Institute for
Cardiovascular Diseases) and six at 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 cardiology centers. Further development
of LAAO in Serbia should be accompanied by the
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CAXKETAK

VYeon/lnib Atpujanta ¢pubpriaiija npeacTapba Hajuer-
hy TpajHy cpuaHy apUTMH]jy U jeZlaH Of Haj3HaYajHUjUX He-
3aBUCHHX (paKTOpa pU3MKa 32 HACTAHAK MCXEMU)CKOL MOX-
JaHOT yJapa U cucTeMcke Tpomboembomnuje. Koa 6onecHu-
Ka ca HeBaJIBYJIAPHOM aTpHjaTHOM (GUOpHIIaKjoM, AypHKY-
na nee nperkomope (JIAA) npexncrassba JJOMHHAHTHO Mec-
TO HAacTaHKa MHTpakapAujaaHor TpoMba. OBoje moBero g0
pa3Boja MexaHUUKe eNMMUHAIH]je TPOMOOTE€HOT CyICTpara,
0/IHOCHO TiepKyTaHe okiy3ujeJIAA (JIAAO) kao-anTepHa-
THBE AYTOTPajHO] OPATHOj AHTHKOATYIAaHTHO], TEPAIIUj1 KO
0oJlecHHKA KOl KOJUX TIOCTOjH KOHTPaWHAUKAIIN]a 32 TbCHY
MIPUMEHY.

Metone YV Cp6uju_je npsu JIAAO yrpabhen 24. anpuia
2014. rogune Ha BASICS+8 y YHUBEP3UTETCKOM KIMHUY-
koM neHTpy Cpbuje, a nmpoienypy ¢y usBenu npod. ap Mu-
naH A. Henesskouh u mpod. np Bpanko Benecnun. M-
IUTaHTaldja OKITyJepa 00aBiba ce y 4eTupu IeHTpa (YHH-
Bep3UTETCKH KIMHNYKY 1eHTap Cpbuje, MHCTHTYT 32 Kap-
JIMOBacKyJIapHe OojecT ,,Jlenume”, MHCTUTYT 3a Kapauo-
BackyJjapHe Oonectn BojBoamne — Cpemcka Kamennna u
YHUBEP3UTETCKN KIMHUYKK LIEeHTap ,,bexxaHnjcka xoca®).
Ipe omnyke o ummanrtarmju JIAAO pane ce TpaHcezoda-
rujanHa exokapauorpaduja (TEE) wmm xomnjyrepn3oBana
Tomorpaduja kako Ou ce YTBPIHO OOJIMK JICBE aypUKYJe U
MOTBPIMIIO OJICYCTBO TpOMOa y aypHKYIIH, ¢ 003UPOM Ha TO
Jla TIPHCYCTBO TpoMOa MpeacTaB/ba KOHTPAHHAMUKAIM]Y 32
n3Boheme came mpoueaype. IHTepBeHInja ce H3BOIH MPHC-
TYTIOM TIpeKO (eMopaliHe BEHEe, Y KPaTKOTPajHOj aHAIToce-
JANWjU WM OIIITOj aHECTE3WjH, Y 3aBUCHOCTH O IpaKce
LeHTpa, y3 ¢uyopockonujy u nox kountponoMm TEE. Oc-
HOBHHM KOPAK IPeJICTaBJba TPAHCCENTAIHA MyHKIHNja, KOjOM
ce MpuUcTyTa JieBoj aypukyian. OHa ce M3BOJH MO KOHTPO-
oM TEE kako 6u ce omoryhuia npenn3Ha nyHKIuja uHge-
POTIOCTEPHOPHOT CENTyMa U OJIAKIIATO yCMEPaBambe CHUCTE-
Ma 32 HCTIIOpYUHBamke Ka ya3y y aypuKyIIy.

Pesyaratu Usmehy 2014. u 2025. ronuHe YKyIHO Cy UM-
mwranTupana 30 okiryzaepa JIAA y uetnpu uentpa 'y CpOuju.
3axBasbyjyhu PemyOmmukoM (hoHIY 3a 3APaBCTBEHO OCHUTY-
pame, 2014. roguHe cy y YHUBEP3UTETCKOM KIMHUYKOM Lie-
HTpy Cpbuje yrpahena asa okmnynaepa, a 2015. roaune jour
1. U3mely 2016. u 2022. roauHe HeMa TOCTYIHHUX MOJaTaka
0 TPUMEHHU OBe MeTone y aHrumo-canama y CpOmju. 2023.
W3BezneHo je yKyIHO IIecT UMILIanTanuja (detupu y MacTH-
TYTY 3a KapAnoBackynapHe 6omectu Bojoanne — Cpemcka
Kamennma u nse y MHcTHTYTy 3a KapAmoOBacKyJapHE
6onectn ,,Jlequme™).2024. yrpaheno je ykynuo 10 oxmye-
pa (mwect y UuCcTHTYTY 32 KapauoBackynapHe Ooiectu Boj-
BoauHe — Cpemcka Kamenuna, jenan y MHctuTyTy 32 Kap-
JMOBacKynapHe Gosiectd ,,Jlenume” u Tpu y YHUBEp3UTET-
CKOM KJIMHHYKOM LIEHTPY ,,bexkanmjcka koca“).2025. yrpa-
heno je ykymHo 11 oxiyzaepa (et y MHCTUTYTY 32 Kapano-
BacKyJapHe Oonectd ,Jlennme™ un mect Ha MHCTATYTY 32
KapauoBackynapHe Oonectn Bojsommre — Cpemcka
Kamenwua).

3akspyuak [Ipumena nepkyrane JIAAO y Cpbuju mokasyje
HOCTEIeH pa3Boj 0] MHUIIKjaJIHe, CIOPAANYHE IPUMEHE Me-
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establishment of a national registry and standardized data | Tozey jeAHOM LIGHTPY A0 HEHOT MIMPEHHa Ha BUILIE TEPLHja-

collection. PHUX Kapauosnomkux neHrapa. lamu pazsoj JIAAO y Cp-

Keywords: atrial fibrillation; left atrial appendage; | 6uju Tpebano 6u na 6yne mpahen popMupameM HalHOHAT-

percutaneous left atrial appendage occlusion; oral | HOr perucrpa M craHmap]. IPUKYIbamkeM IOaTaKa.

anticoagulant therapy; direct oral anticoagulant therapy; | Kibyune peum: atpujasna ¢uOpmianmja; aypukyia JeBe

stroke NIPEeTKOMOpe;  MepKyTaHa OKIy3Wja aypHKylle JieBe
NPETKOMOpE; ~ OpajlHa ~ aHTHKOAryJaHTHa  Tepamwja;
JMPEKTHA OpajJHa aHTUKOaryJaHTHA Tepamnuja; MOXKIaHH
ynap

INTRODUCTION

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia and one of the most
significant independent risk factors for ischemic stroke and systemic thromboembolism:.
Thromboembolic complications of AF are associated with substantial morbidity, mortality, and
long-term disability, making stroke prevention one of the primary goals of treatment in patients
with AF. In patients with non-valvular AF, the left atrial appendage (LAA) is the predominant
site of intracardiac thrombus formation. This recognition has led to the development of the
concept of mechanical elimination of the thrombogenic substrate, namely percutaneous LAA
occlusion (LAAO), as an alternative to long-term oral anticoagulant therapy (OAC). Oral
anticoagulation, initially ~with vitamin K antagonists and subsequently with direct oral
anticoagulants (DOACs), represents the cornerstone of thromboembolic event prevention in
patients with AF. Although effective, long-term anticoagulation carries a risk of bleeding, may
be challenging in patients with previous hemorrhagic events or other contraindications, and
represents a significant treatment burden for some patients. These limitations have prompted
the development of interventional 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 compared with
warfarin. Early randomized trials, particularly PROTECT AF [1, 2] and PREVAIL [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
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adaptation to the diverse anatomical characteristics of the LAA, more complete sealing, and a
reduction in complications. With the advent of direct oral anticoagulants (DOACsS), 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 latest data from large
randomized trials, including OPTION [7] and CHAMPION-AF [8], have further expanded the
potential indications for LAAO, while the results of .the. CLOSURE-AF study [9]
simultaneously indicate that this strategy cannot be cconsidered a universal replacement for
contemporary medical therapy. While international landmark trials continuously expand the
clinical landscape and indications for LAAQO, 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 development of new devices, to direct comparisons
with contemporary anticoagulant therapy. Understanding the results of key randomized trials is
essential for appropriately defining the role of LAAO in contemporary stroke prevention in
patients with AF. The aim of this paper is to present, through a review and critical analysis of
the most important randomized 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 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

laboratories in Serbia from 2014 to 2025.
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Srp Arh Celok Lek 2026 | Online First: September 29, 2026 | DOI: https://doi.org/10.2298/SARH260915078N 5

METHODS

In Serbia, the first LAAO device was implanted on April 24, 2014, using the BASICS+8 device
at the 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, the Dedinje Institute for Cardiovascular
Diseases, Institute for Cardiovascular Diseases of Vojvodina — Sremska Kamenica and the
Bezanijska kosa University Clinical Center. Prior to the decision to implant an LAAO device,
either transesophageal echocardiography (TEE) or computed tomography (CT) is performed 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 ostium, 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 anesthesia, 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 facilitate advancement of the delivery system toward the appendage ostium. After
reconfirming the dimensions of the appendage by TEE, an appropriately sized occluder is
selected and positioned within the LAA. Following occluder implantation and before its
definitive release, several key parameters are assessed, including appropriate device position
and size, as determined by the degree of compression, device stability, and the absence of peri-

device leak.

DOI: https://doi.org/10.2298/SARH260915078N © Serbian Medical Society
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Potential periprocedural complications include pericardial 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™ occluder (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 LA A occluders were implanted at four centers in Serbia.
In 2014, with the support of the Republic Health Insurance Fund, two occluders were implanted
at the University Clinical Center of Serbia. The Republic Health Insurance Fund covered one
additional procedure in 2015, which was also performed at the 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 the Dedinje Institute for Cardiovascular
Diseases) according to the available data from the Working Group for Interventional

Cardiology of the Cardiology Society of Serbia.

DOI: https://doi.org/10.2298/SARH260915078N © Serbian Medical Society
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In 2024, a total of 10 occluders were implanted (six at the Institute for Cardiovascular Diseases
of Vojvodina — Sremska Kamenica, one at the Dedinje Institute for Cardiovascular Diseases,

and three at the Bezanijska kosa University Clinical Center).

In 2025, a total of 11 (five occluders were implanted, all at the Dedinje Institute for
Cardiovascular Diseases and six at Institute for Cardiovascular Diseases of Vojvodina —

Sremska Kamenica).

DISCUSSION

The results of this analysis indicate a gradual development of the percutaneous LAAO program
in Serbia, with a particularly pronounced increase in the number of procedures 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
procedures 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 implementation 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 reducing the risk
of thromboembolic events in selected patients with AF, particularly when long-term OAC is

unsuitable or associated with an unacceptable risk. Current European guidelines recognize

DOI: https://doi.org/10.2298/SARH260915078N © Serbian Medical Society
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LAAO as part of stroke prevention strategies in carefully selected patients, with an

individualized 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 insufficiently widespread procedure. Most European centers performing the procedure
had carried out < 30 interventions 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 the Dedinje Institute for Cardiovascular Diseases. In 2024, six procedures were
performed at the Institute for Cardiovascular Diseases of Vojvodina — Sremska Kamenica, one
at the Dedinje Institute for Cardiovascular Diseases, and three at the Bezanijska kosa University
Clinical Center. In 2025, five procedures were performed at the Dedinje Institute for
Cardiovascular Diseases and six procedures were performed Institute for Cardiovascular
Diseases of Vojvodina — Sremska Kamenica. Such concentration may be expected during the
early development of a-new interventional 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 procedural volume

between centers, with some centers performing 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 procedural
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
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the modest real-world volume of 30 cases over more than a decade in Serbia highlights
significant structural hurdles. The complete absence of recorded procedures between 2016 and
2022 reflects a temporary nationwide standstill of the program, primarily driven by strict
economic constraints, inconsistent 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 national registry is a mandatory next step. Establishing such a
framework will be vital to provide the standardized clinical data necessary to justify broader

and more consistent financial coverage for this stroke-prevention strategy in the future.

CONCLUSION

The use of percutancous LAAO in Serbia has demonstrated gradual development, from the
initial sporadic.application of the technique at a single center to its expansion to several tertiary
cardiology centers. The first procedures, described 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 indicate an increase in the number of procedures and expansion 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 accompanied by the establishment of a
national registry and standardized data collection, enabling assessment of procedural
availability and quality, comparison of outcomes between centers, and appropriate positioning

of LAAO within contemporary treatment strategies for patients with AF.
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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)
Institute for Beraniiska
Cardiovascular University | Dedinje Institute K )
. . osa
Diseases of Clinical for . .
Year . . University Total
Vojvodina — Centre of Cardiovascular .
. . Clinical
Sremska Serbia Diseases
. Center
Kamenica
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 2k N/A 6
2024 O** N/A [ ** 3** 10
2025 O** N/A SH* N/A 11
Total 16 3 8 3 30

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