CPINCKM APXMB
3A UENOKYIIHO JIEKAPCTBO
SERBIAN ARCHIVES
OF MEDICINE
Address: 1 Kraljice Natalije Street, Belgrade 11000, Serbia

+381 11 4092 776, Fax: +381 11 3348 653
E-mail: office@srpskiarhiv.rs, Web address: www.srpskiarhiv.rs

Paper Accepted” ISSN Online 2406-0895

Original Article / Opurunajanu pan

Milan A. Nedeljkovi¢*

Transcatheter aortic valve implantation (TAVI) in the treatment of aortic
stenosis — from high-risk to low-risk patients with a presentation of results
in Serbia from 2014 to2025

Tpanckarerepcka ummanTainuyja aoptHe BaiByie (TAVI) y nedewy aopTHe cTeHO3€ —
0J1 BUCOKOPU3UYHHX JI0 HUCKOPU3UYHHUX OOJIECHUKA ca TIpuKka3oM pesyntarta y Cpouju
on 2014. no2025. ronune

Serbian Medical Society, Belgrade, Serbia

Received: July 10, 2026

Accepted: July 24, 2026

Online First: July 29, 2026

DOI: https://doi.org/10.2298/SARH260710060N

*Accepted papers are articles in press that have gone through due peer review process and have been
accepted for publication by the Editorial Board of the Serbian Archives of Medicine. They have not yet
been copy-edited and/or formatted in the publication house style, and the text may be changed before
the final publication.

Although accepted papers do not yet have all the accompanying bibliographic details available, they
can already be cited using the year of online publication and the DOI, as follows: the author’s last name
and initial of the first name, article title, journal title, online first publication month and year, and the
DOI; e.g.: Petrovi¢ P, Jovanovi¢ J. The title of the article. Srp Arh Celok Lek. Online First, February
2017.

When the final article is assigned to volumes/issues of the journal, the Article in Press version will be
removed and the final version will appear in the associated published volumes/issues of the journal.
The date the article was made available online first will be carried over.

*Correspondence to:

Milan A. NEDELJKOVIC

Serbian Medical Society, DZordza Vasingtona 19, 11000 Belgrade, Serbia
milanned@hotmail.com



http://www.srpskiarhiv.rs/
mailto:milanned@hotmail.com

Srp Arh Celok Lek 2026 | Online First July 29, 2026 | DOI: https://doi.org/10.2298 /SARH260710060N P>

Transcatheter aortic valve implantation (TAVI) in the treatment of aortic stenosis — from high-
risk to low-risk patients with a presentation of results in Serbia from 2014 to 2025

Tpanckarerepcka nmiutanTanuja aoptHe Bansyie (TAVI) y nedemy aopTHEe cTeHO3€ — 01T

BHCOKOPU3WYHHX JI0 HUICKOPH3UYHUX OOJICCHHKA ca TpuKa3oM pesyirara y Cpouju on 2014. no 2025.

TOINHE

SUMMARY

Introduction/Aim Transcatheter aortic valve implantation (TAVI)

is a treatment modality intended for patients with aortic stenosis

older than 70 years who also have comorbidities that would make
open-heart surgery high risk. The first TAVI procedure was
performed on April 16, 2002, in Rouen, France, by Alain Cribier.

Since 2008, randomized controlled trials (PARTNER 1B) have

been conducted in extremely high-risk patients with a Society of

Thoracic Surgeons (STS) score > 15, demonstrating the

noninferiority of this method compared with surgical bioprosthetic

valve replacement. Subsequent studies (PARTNER 1B and

CoreValve HR) in high-risk patients with an STS score > 8 also

demonstrated the noninferiority of this method compared with

surgical bioprosthetic valve replacement. In intermediate-risk
patients with an STS score of 4-8 (PARTNER 2 and SURTAVI),
the studies likewise demonstrated the efficacy of this method
compared with surgical bioprosthetic valve replacement. The

TAVI procedure was also applied in low-risk patients with an STS

score <4 (PARTNER 3, Evolut Low Risk), where the results

again confirmed that the TAVI valve was not inferior to surgical
bioprosthetic valve replacement. In our country, the first TAVI
intervention was performed at the University Clinical Centre of

Serbia on April 22, 2014 (Prof. Dr. Milan A. Nedeljkovié; Prof.

Dr. Branko Beleslin).

Methods In our three centers, self-expanding and balloon-

expandable TAVI valves were used and implanted via the

transfemoral approach (through the femoral artery).

Before the TAVI procedure, we performed a comprehensive

assessment of the severity of aortic stenosis, left ventricular

function, and the size and type of valve'to be implanted. The non-
invasive diagnostic evaluation included:

1. Transthoracic echocardiography (TTE);

2. Transesophageal/echocardiography (TEE) (when indicated);

3. Computed tomography of the heart and aorta is one of the most
important examinations performed before the TAVI
procedure. It is used to assess and measure the aortic valve
and annulus, as well as the aorta and the blood vessels
through which the catheter will be advanced (most
commonly the femoral arteries). This examination is
essential for selecting the appropriate prosthetic valve and
determining the optimal vascular access route;

4. Coronary angiography;

5. Electrocardiogram (ECG);

6. Laboratory tests;

7. Chest X-ray;

8. Assessment of the patient's overall clinical condition.

All of these data were required by the Heart Team to assess the

procedural risk for each patient.

Results From 2014 to 2021, a total of 73 TAVI valves were

implanted in three centers in Serbia. In 2022, annual procurement

of valves by the Health Insurance Fund of Serbia began, and 221

TAVI valves were implanted that year. In 2023, 318 TAVI valves

were implanted, and in 2024, 231 TAVI valves. In 2025, 562

TAVI valves were implanted. In Serbia, a total of 1405 TAVI

valves were implanted from 2014 up to and including 2025.

These results demonstrate the continuous development of the

TAVI program, particularly following the introduction of

systematic funding. However, they also indicate that there is still

room to improve access to the procedure and to further expand the
network of TAVI centers in Serbia.

Conclusion This method has been widely accepted worldwide,

and in certain countries it is used to treat more than 50% of

patients with aortic stenosis.
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CAJKETAK
VBon /Imb TpanckaTteTepcka HMILIAHTALN]a 20PTHE BAJIBYIIE
(TAVI) metona je neuerba npeapuljeHa 3a 6oJeCHUKE ca A0PTHOM
CTEHO30M KOjH Cy cTapHju of 70 TOANHA U KOjU HMajy H JpyTa
000JbeHba, TAaKO J1a OM caMa XHPYpruja Ha OTBOPEHOM CpIly 32 BHX
6una Bucokopusuyna. Ilpsa T4 VI merona u3BeneHa je 16. anpuna
2002. ronuue y Pyany (®panimycka), a U3BpHIno jy je AnaH
Kpubuje (Alain Cribier).
Opn 2008. rosuHe nouerne Cy ja ce paje paHIOMHU3BaHE
koHTpomcane crynauje (PARTNER 1B) KO eKCTPEMHO PU3HIHHX
GonecHuka uuju je ckop Jpymea TopakaiuHux xupypra (SS) >
15, xoje cy nokazane HenH(MEPUOPHOCT OBE METOZEC Y OJHOCY Ha
XMPYPIIKY 3aMeHy OHoJIomKoM BanBylaoM. KacHujé cripoBesieHe
crynuje (PARTNER 1B u CoreValve HR) K01 BHCOKOPU3HIHUX
6onecuuka unju je STS ckop > 8 Takohe cy mokasaine
HEHH(EPHOPHOCT OBE METO/IE y OJHOCY Ha XMPYPIIKY 3aMEHY
6uosomkoM BanByioM. Kox cpebe pr3nyHux 00JIECHUKA YHjH j€
STS cxop 4-8 (PARTNER 2 u SURTAVI) cryauje cy Takohe
TnoKasaje euKaCHOCT OBE METO/Ie Y OHOCY Ha XHPYPIIKY 3aMEHY
6uonomkoM BanByioMm. 7TAVI metona je IpuMemneHa i KOJ
HUCKOpU3MYHUX OojiecHuKa ca STS ckopom <4 (PARTNER 3,
Evolut Low Risk), rie cy pe3yaraTi IOHOBO noTBpAwiu na TAVI
BaJIBYJIa Hije HHA)EPHOPHA Y OHOCY HA XUPYPIIKY 3aMEHY
OGHONOUIKOM BalByJIOM. Y Hamioj 3emybr npBa T4 VI uarepBeHunja
ypahena je 22. anpuia 2014. ronuHe y YHHBEP3HTETCKOM
kinHIIKoM nentpy Cpbuje (mpod. ap Mutan A. Henemskosuh,
npod. np bpaunko benecnun).
Mertona Y Hama Tpu IIeHTpa ynoTpebipaBaHe cy camonmpehe
6anonmmpehe TAVI BanByne koje cy ruiacupase
TpaHcheMopaaHiM myTeM (IIPeKo apTepuje Gpemopaiuc).
IIpe TAVI npouenype paauiIu cMoO JI€TajbHy MPOLEHY TEXKHHE
A0pTHE CTeHO3€, DYHKIlH]je JIeBe CPUaHe KOMOpEe U BEJTUIHHE U
THIA 3aTicKa Koju hemo ynotpedurti. HensBasusme
JIMjarHOCTHYKE METO/e YKIJbYIHBaJIe Cy:
1. Tpancropakanny exokapanorpadujy (TTE);
2. tpaHce3odareanny exokapauorpadujy (TEE) (o norpedn);
3. KommjyTepusoBaHa ToMmorpaduja cpua u aopTe jeaH of HajBa-
JKHUjHX Tperiena npe TA VI npoueaype, KOjUM ce IPOIICIbY -
Jy ¥ Mepe aOpTHH 3aJIh3aK U IPCTEH, Kao U a0pTa ¥ KPBHH
CyZOBH Kpo3 Koje he ce yBoxgnuTu Katerep (Hajuenthe pemo-
paniHe aptepuje). OBO je HEONXOIHO 3a a/IeKBaTHH 0a0up
BEIITAYKe BAJIBYJIe, KO H 01abup aJPEKBaTHOT BACKYJIapPHOT
[PHCTYIIa;
4. xopoHapHY aHruorpadujy;
5. enextpokapauorpam (EKI);
6. mabopaTopujcke aHaIIN3e;
7. peHAreH IpyIHOT KOIIa;
8. mpoIIeHy OIIITEr 3APaBCTBEHOT CTakba.
CBH 0B TIOJIa1M OWIM Cy OTpeOHN cpuaHoM TuMmy (Heart Team)
pajay IpoleHe pU3KKa caMe Iporeaype Koz OoJecHHKa.
Pesyaratu Ox 2014. no 2021. roguHe yKyIHO Y TpH LIEHTpa Y
Cp6uju yrpahene cy 73 TAVI BanByne. Ox 2022. ronyHe IOYHBE
TOo/IMIIKHa HabaBKa BalByJia o1 cTpaHe PoHza 37paBCTBEHOT OCH-
rypama Cp0uje, Tako 1a je te rogute yrpaheno 221 TAVI Bansy-
na. Tomune 2023. yrpaheno je 318 TAVI panByna, a 2024. ronune
231 TAVI BanByna. I'ogune 2025. yrpaleno je 562 TAVI BanByina.
VYkynHo je y nepuoay on 2014. 1o 2025. roauHe UMIIaHTHPaHA
1405 TAVI BanByna. OBM pe3ynTaTH 1oKasyjy KOHTHHYHpaH
pa3Boj TAVI nporpama, moceOGHO HAKOH yBOhEHa CHCTEMCKOT
(uHaHCHpama, Al U Jajbe yKasyjy Ha IpocTop 3a nosehame
JOCTYIHOCTH IpoLieaype U fasbu pa3soj TA VI uenrtapa y Cpouju.
3akspyyak OBa MeTOzIa je IMPOKO NpuxBalicHa y CBETY Uy
onpeheHnM 3eMibama ce BoMme Jieud Buie o1 50% GonecHuka ca
A0PTHOM CTEHO30M.
Kibyune peun: TAVI, aopthHa crenosa; STS ckop

Copyright © Serbian Medical Society
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INTRODUCTION

Transcatheter aortic valve implantation (TAVI) is a treatment modality intended for patients
with aortic stenosis who are over 70 years old and have significant comorbidities, making
conventional open-heart surgery a high-risk procedure. The first TAVI procedure was

performed on April 16, 2002, in Rouen, France, by Alain Cribier.

Randomized controlled trials evaluating TAVI began in 2008. The first, PARTNER 1B [1],
published in 2010, enrolled patients at extreme surgical risk with a Society of Thoracic
Surgeons (STS) Risk Score >15. The study demonstrated the superiority of TAVI over medical
therapy and its non-inferiority compared with surgical aottic valve replacement (SAVR) in the

treatment of aortic stenosis.

The PARTNER 1A trial [2], published in 2011, included high-risk patients with an STS score
of 8-15 and demonstrated that TAVI was non-inferior to SAVR. Both the PARTNER 1B and

PARTNER 1A trials used balloon-expandable intra-annular valves.

In2014,the US CoreValve High Risk trial [3] was published, enrolling high-risk patients with
an STS score of 8-15. In this study, TAVI was shown to be non-inferior — and even superior —

to SAVR. A self-expanding supra-annular aortic valve prosthesis was used.

The PARTNER 2A trial [4], published in 2016, enrolled patients at intermediate surgical risk
(STS score 4-8). The study demonstrated that TAVI was non-inferior to SAVR. A balloon-

expandable intra-annular aortic valve prosthesis was used.

One year later, in 2017, the SURTAVI trial [5] was published, also including intermediate-risk
surgical patients with an STS score of 4-8. The study demonstrated that TAVI was non-inferior
to SAVR with respect to the composite endpoint of all-cause mortality or disabling stroke. A

self-expanding supra-annular aortic valve prosthesis was used.

DOI: https://doi.org/10.2298 /SARH260710060N Copyright © Serbian Medical Society
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In 2019, two landmark trials were published: PARTNER 3 [6] and Evolut Low Risk [7], both

enrolling low-risk surgical patients with an STS score < 4.

In the PARTNER 3 trial, TAVI proved superior to SAVR with respect to early clinical
outcomes, whereas in the Evolut Low Risk trial, TAVI was shown to be non-inferior to SAVR

in low-risk patients.

The PARTNER 3 trial used a balloon-expandable intra-annular aortic valve prosthesis, while

the Evolut Low Risk trial used a self-expanding supra-annular valve prosthesis.

In 2024, the NOTION 10-year study [8], involving low-risk patients (STS score < 4), was
published. Its long-term results demonstrated sustained efficacy and durability of TAVI

prostheses. A self-expanding supra-annular prosthesis was used.

In Serbia, the first TAVI procedute was performed on April 22, 2014, at the University Clinical

Centre of Serbia by Prof. Milan A. Nedeljkovi¢ and Prof. Branko Beleslin [9-14] (Figure 1).

METHODS

At thefour participating centers — the University Clinical Centre of Serbia, “Dedinje” Institute
for Cardiovascular Diseases, and the Institute for Cardiovascular Diseases Sremska Kamenica,
the Military Medical Academy (starting with August 18, 2025) — both self-expanding and
balloon-expandable TAVI prostheses were used. The valves were implanted predominantly via

the transfemoral approach (through the femoral artery).

In addition to the primary vascular access used for valve implantation, a secondary access site
(radial or femoral artery) is required for the introduction of a pigtail catheter into the non-

coronary cusp to facilitate fluoroscopic guidance and accurate assessment of implantation

DOI: https://doi.org/10.2298 /SARH260710060N Copyright © Serbian Medical Society
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depth. One of the steps preceding valve implantation is pre-dilation of the aortic valve with a
balloon, which is performed with electrical stimulation with a pacemaker (so-called “Rapid
pacing”), most often via a wire placed in the left ventricle or, less often, via a temporary

pacemaker placed in the right ventricle.

Before the TAVI procedure, a comprehensive assessment of the severity of aortic stenosis, left
ventricular function, and the size and type of prosthetic valve to be implanted was performed.

The pre-procedural non-invasive diagnostic evaluation included:

1. Transthoracic echocardiography (TTE) to confirm the severity of aortic valve
stenosis, assess left ventricular function, and evaluate the condition of the remaining

heart valves;

2. Transesophageal echocardiography (TEE), when indicated, to provide detailed

visualization of the cardiac valves and intracardiac structures;

3. Computed tomography of the heart and aorta, one of the most important
investigations before TA VI, used to assess and measure the aortic valve, annulus, aorta,
and access vessels (most commonly the femoral arteries) through which the delivery
catheter will be advanced. This examination is essential for selecting the appropriate
prosthetic valve size and determining the optimal vascular access route. Although the
transfemoral approach is preferred, alternative access routes include the axillary,

subclavian, carotid, transcaval, and transapical approaches;
4. Coronary angiography;
5. Electrocardiography (ECG);

6. Laboratory investigations;

DOI: https://doi.org/10.2298 /SARH260710060N Copyright © Serbian Medical Society
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7. Chest radiography;

8. Assessment of the patient's overall clinical condition.

All of these data were reviewed by the multidisciplinary Heart Team, which assessed the

procedural risk and determined the most appropriate treatment strategy for each patient [15].

Ethics: This retrospective investigations were carried on in accordance with ethical standards

of the Serbian Archives of Medicine and the Declaration of Helsinki.

RESULTS

Between 2014 and 2021, a total of 73 TAVI valves were implanted across the three TAVI
centers in Serbia. In 2022, the National/Health Insurance Fund of Serbia initiated annual
procurement of TAVI valves, resulting in 221 TAVI procedures performed that year. In 2023,
318 TAVI valves were implanted; followed by 231 procedures in 2024. In 2025, the annual
number increased to 562 TAVI procedures. Overall, from 2014 through the end of 2025, a total

of 1405 TAVI valves were implanted in Serbia (Table 1).

DISCUSSION

First, it is evident that between 2014 and 2021 the number of TAVI procedures performed in
Serbia was very low, with only 73 valves implanted across three centers. This limited
procedural volume can be attributed to the early stage of the national TAVI program, restricted
availability of prosthetic valves, and the fact that the procedure was not yet systematically

funded by the National Health Insurance Fund of Serbia during that period [16].

DOI: https://doi.org/10.2298 /SARH260710060N Copyright © Serbian Medical Society
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A major turning point occurred in 2022, when the National Health Insurance Fund of Serbia
initiated regular procurement of TAVI valves. As a result of this healthcare policy, the number
of procedures increased dramatically — from a total of 73 procedures performed during the
preceding eight-year period to 221 procedures in 2022 alone. This trend indicates that
systematic reimbursement was a key prerequisite for the broader implementation of TAVI and

improved access to treatment for patients with severe aortic stenosis.

The upward trend continued in 2023, with 318 procedures performed, reflecting increasing
operator experience, further development of the national TAVI program, and expansion of
indications in accordance with contemporary European and international guidelines. The lower
number of procedures in 2024 (231) most likely reflects organizational factots, the dynamics
of valve procurement, or the allocation of healthcare resources rather than a reduced clinical
need for this treatment modality. Therefore, this finding should be interpreted with caution in

the absence of additional data.

The highest annual procedural volume was recorded in 2025, with 562 TAVI procedures,
representing more than a twofold increase compared with the previous year. This substantial
growth suggests that TAVI in Serbia has progressed from an initial developmental phase to
routine.clinical practice, accompanied by a marked expansion of healthcare system capacity

and increasing experience of multidisciplinary Heart Teams.

Overall, between 2014 and 2025, a total of 1405 TAVI valves were implanted in Serbia. These
findings demonstrate the continuous development of the national TAVI program, which
accelerated considerably following the introduction of systematic reimbursement. Although
the number of procedures has increased substantially, it remains lower than that reported in

most developed countries, indicating that there is still considerable potential for further

DOI: https://doi.org/10.2298 /SARH260710060N Copyright © Serbian Medical Society
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expansion of the program, improved patient access, and the establishment of additional TAVI

centers throughout the country [17, 18, 19].

CONCLUSION

TAVI represents an effective and safe therapeutic option for the treatment of patients with
severe symptomatic aortic stenosis. Advances in technology, improvements in implantation
systems, and increasing operator experience have led to a.significant reduction in
periprocedural complications and improved both short- and long-term outcomes. Results from
numerous clinical trials confirm that TAVI provides a high procedural success rate,
improvement in functional status and quality of life, with long-term durability of bioprosthetic
valves. Individual patient selection, based on the assessment of a multidisciplinary Heart Team,
remains crucial for achieving optimal outcomes. Further technological advancements and the
availability of long-term-outcome data are expected to expand the indications for TAVI in

patients with different levels of surgical risk.

This method has been widely adopted worldwide, and in some countries, it is used to treat more

than 50% of patients with aortic stenosis.

Conflict of interest: None declared.
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Figure 1. The first CoreValve (Medtronic, Minneapolis, MN, USA) implanted in Serbia in

2014
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TAVI in Serbia 2014-2025

* 2014 TAVI= 5 (Clinical Center of Serbia)

» 2015 TAVI = 6 (Clinical Center of Serbia — 2,
Institute for CVD Dedinje — 2, Institute for CVD
Sremska Kamenica — 2)

» 2016 TAVI = 1 (Clinical Center of Serbia)

» 2017 TAVI = 2 (Military Medical Academy)

* 2018 TAVI = 2 (Military Medical Academy)

+ 2019 TAVI = 1 (Military Medical Academy)

* 2019 TAVI = 24 (Institute for CVD Dedinje)

+ 2020 TAVI = 9 (Institute for CVD Dedinje)

» 2021 TAVI = 23 (Institute for CVD Dedinje)

TOTAL (2014-2021) = 73

* 2022 TAVI*
= 166 (Institute for CVD Dedinje)
= 24 25 (Institute for CVD Sremska Kamenica)
= 30 (University Clinical Center of Serbia)
= TOTAL 221
+ 2023 TAVI
= 167 (Institute for CVD Dedinje)
= 80 (Institute for CVD Sremska Kamenica)
= 71 (University Clinical Center of Serbia)
= TOTAL 318
* 2024 TAVI
= 97 (Institute for CVD Dedinje)
= 75 (Institute for CVD Sremska Kamenica)
= 53 (University Clinical Centre of Serbia)
= 6 (Military Medical Academy)
=TOTAL 231
» 2025 TAVI
= 294 (Institute for CVD Dedinje)
=133 (Institute for CVD Sremska Kamenica)
= 127 (University Clinical Center of Serbia)
= 8 (the Military Medical Academy)**

TOTAL (2022-2025) = 562

TAVlin

Serbia 2014-2025 = TOTAL 1405

Table 1. TAVI procedures in Serbia, 2014-2025;

*In 2022 annual procurement of valves by the Health Insurance Fund of Serbia began;

**The National Health Insurance Fund of Serbia included the Military Medical Academy

starting with August 2025
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