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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

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

Introduction 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. Nedeljkovi¢, Prof. Dr. Branko Beleslin).

Methods In our three centers, self-expanding and balloon-expandable TAVI valves were used and im-
planted 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.

Keywords: TAVI; aortic stenosis; STS score

Received « MpummeHo:
July 10,2026

Accepted - MpuxeaheHo:
July 24,2026

Online first: July 29, 2026

Correspondence to:

Milan A. NEDELJKOVIC
Serbian Medical Society
Dzordza Vasingtona 19
11000 Belgrade

Serbia
milanned@hotmail.com

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, mak-
ing 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 ex-
treme surgical risk with a Society of Thoracic
Surgeons (STS) Risk Score > 15. The study
demonstrated the superiority of TAVI over
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Figure 1. The first CoreValve (Medtronic, Minneapolis, MN, USA) implanted in Serbia
in 2014

medical therapy and its non-inferiority compared with
surgical aortic valve replacement (SAVR) in the treatment
of aortic stenosis.

The PARTNER 1A trial [2], published in 2011, in-
cluded 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.

In 2014, the US CoreValve High Risk trial [3] was pub-
lished, 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-an-
nular 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 SURTAVT trial [5] was pub-
lished, 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 com-
posite endpoint of all-cause mortality or disabling stroke.
A self-expanding supra-annular aortic valve prosthesis
was used.

In 2019, two landmark trials were published: PARTNER
3 [6] and Evolut Low Risk [7], both enrolling low-risk sur-
gical 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
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TAVI prostheses. A self-expanding supra-
annular prosthesis was used.

In Serbia, the first TAVI procedure
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 the four 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-ex-
pandable 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 guid-
ance and accurate assessment of implantation 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 assess-
ment of the severity of aortic stenosis, left ventricular func-
tion, and the size and type of prosthetic valve to be im-
planted was performed. The pre-procedural non-invasive
diagnostic evaluation included:

1. Transthoracic echocardiography (TTE) to confirm
the severity of aortic valve stenosis, assess left ventricu-
lar function, and evaluate the condition of the remaining
heart valves;

2. Transesophageal echocardiography (TEE), when in-
dicated, 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 TAVI, used to
assess and measure the aortic valve, annulus, aorta, and ac-
cess vessels (most commonly the femoral arteries) through
which the delivery catheter will be advanced. This exami-
nation 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;

7. Chest radiography;

8. Assessment of the patient’s overall clinical condition.
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Table 1. TAVI procedures in Serbia, 2014-2025;

Nedeljkovi¢ M. A.

TAVI in Serbia 2014-2025

« 2014 TAVI = 5 (Clinical Center of Serbia)

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)

+ 2015 TAVI = 6 (Clinical Center of Serbia - 2, Institute for CVD Dedinje - 2,

TOTAL (2014-2021) =73

+ 2022 TAVI*
=166 (Institute for CVD Dedinje)
= 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 =562

TOTAL (2022-2025) = 1332

TAVI in Serbia (2014-2025) TOTAL = 1405

*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

All of these data were reviewed by the multidisciplinary
Heart Team, which assessed the procedural risk and de-
termined 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 an-
nual 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 proce-
dures. Overall, from 2014 through the end of 2025, a total
of 1405 TAVT 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

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 pre-
ceding 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 proce-
dures performed, reflecting increasing operator experience,
turther 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 organiza-
tional factors, the dynamics of valve procurement, or the
allocation of healthcare resources rather than a reduced
clinical need for this treatment modality. Therefore, this
tinding 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 demon-
strate the continuous development of the national TAVI
program, which accelerated considerably following the
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introduction of systematic reimbursement. Although the
number of procedures has increased substantially, it re-
mains lower than that reported in most developed coun-
tries, indicating that there is still considerable potential
for further expansion of the program, improved patient
access, and the establishment of additional TAVI centers
throughout the country [17, 18, 19].

CONCLUSION

TAVT represents an effective and safe therapeutic option for
the treatment of patients with severe symptomatic aortic
stenosis. Advances in technology, improvements in implan-
tation systems, and increasing operator experience have led
to a significant reduction in periprocedural complications
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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 bio-
prosthetic valves. Individual patient selection, based on the
assessment of a multidisciplinary Heart Team, remains cru-
cial 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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TpaHcKaTeTepcKa MMNAaHTaLuMja aopTHe Bansyne (TAVI) y neuerby aopTHe cTeHO3e
— 0/ BUCOKOPU3UYHMX [0 HUCKOPU3UYHMUX BONECHMKA Ca NpUKA30OM pe3yaTaTa y

Cpbuju og 2014. po 2025. roguHe

Mwunan A. Heperskosuh
Cpncko nekapcko apywTso, beorpag, Cpbuja

CAMETAK

Yeoa/Unm TpaHcKaTeTepcKa MMMIaHTaLMja aopTHe Bansye
(TAVI) meTopa je neuerba npeaBuheHa 3a bonecH1Ke ca aopTHOM
CTEHO30M KOju Cy CTapuju of 70 roarHa 1 Koju nmajy 1 apyra
obosbetba, Tako fja b1 cama Xxmpypruja Ha OTBOPEHOM CpLyy 3a
HUX 6UNa BUCOKOPU3NYHA.

Mpsa TAVI meTopa n3BefeHa je 16. anpuna 2002. roauHe y Pya-
Hy (OpaHuycka), a n3BpLuvio jy je AnaH Kpnbuje (Alain Cribier).
Op 2008. rognHe noyene cy Aa ce CNpPoBofe paHAOMI30BaHe
KoHTponucaHe ctyauje (PARTNER 1B) Kop eKCTPEeMHO pU3UYHIX
60necHUKa Ynju je ckop [lpyluTBa TOpakanHux xvpypra (STS) >
15, Koje cy nokasarne HeMHdepUOPHOCT OBE METOAE Y OAHOCY Ha
XUPYPLLKY 3aMeHy 6110noLIKOM BanByioM. KacHuje cnposefie-
He ctyauje (PARTNER 1B v CoreValve HR) kof BUCOKOPU3UYHIX
60onecHuKa unju je STS ckop > 8 Takohe cy nokasane HerHbepu-
OPHOCT OBE METOIE Y OfHOCY Ha XVPYPLUKY 3aMeHY 610OLIKOM
BanBynom. Ko cpeptbe pusnyHux 6onecHmka unju je STS ckop
4-8 (PARTNER 2 v SURTAVI) ctyauje cy Takohe nokasane edpuika-
CHOCT OBE MeTO/ie Y OfHOCY Ha XMPYPLLKY 3aMeHY GMOIOLLKOM
BanBysniom. TAVI meTofa je nprMerbeHa 1 Kof HUCKOPU3NYHIX
6onecHuKa ca STS ckopom < 4 (PARTNER 3, Evolut Low Risk), roe
Cy pe3ynTaTi NnoHoBo noTBpAunY Aa TAVI BanByna Huje nHde-
PVIOpPHa Y OAHOCY Ha XUPYPLLKY 3aMeHy G/0SIOLLKOM BasiBYJIOM.
Y Hawwoj 3embu npBa TAVI uHTepBeHUMja ypaheHa je 22. anpuna
2014. roguHe y YH/BEP3UTETCKOM KNMHUYKOM LieHTpy Cpbuje
(npod. ap Munan A. Hegerbkosuh, npod. ap bpaHko benecnun).
Mertoge Y Halla Tpy LieHTpa ynotpebsbaBaHe cy camoLmpehe
1 6anoH-mpehe TAVI Bansyne Koje cy nnacupaHe TpaHchemo-
panHum nyTem (Mpeko apTepuje dbemopanuc).

Mpe TAVI npouenype pagnnn cMo AeTasbHY MPOLIEHY TeXMHe
aopTHe CTeHo3e, GyHKLMje NeBe cpyaHe KOMOPE 1 BENMUMHE 1
TrNa 3anucka Koju hemo ynotpe6utn. HemHBasunsHe gujarHo-
CTUYKe MeTofe YK/byumBane cy:

1. TpaHcTOpaKanHy exokapauorpadujy (TTE);

2. TpaHce3odareanty exokapguorpadujy (TEE) (no notpebm);
3. KomnjyTepu3oBaHy ToMmorpadujy cpua 1u aopTe, Koja npes-
CTaBJba jeflaH Of HajBaxHWjux npernefa npe TAVI npouenype,
KOjVIM Ce NpoLierbyjy U Mepe aOPTHY 3an3aK 1 NPCTEH, Kao 1
aopTa U KpBHY Cy#oBM Kpo3 Koje he ce yBoguTu katetep (Haj-
vewhe pemopanHe aptepuje). OBO je HeONXO[HO 3a aAeKBaTaH
opabyip BeluTauKe BanByse, Kao U 0fAabup afeKBaTHOT BacKy-
NapHor NpucTyna;

4. KOpoHapHy aHrnorpadujy;

5. enekTpokapauorpam (EKI);

6. nabopaTtopmjcke aHanu3e;

7. peHfreH rpyaHor KoLua;

8. npoLieHy onuTer 34paBCTBEHON CTatba.

CBv 0BM nogauy 6unu cy notpebHy cpuaHom Tumy (Heart Team)
pajv npoLeHe pr3nKa came npoueaype Koj 6onecHnKa.
Pesyntatu Of 2014. po 2021. roaunHe yKymnHoO Cy y TpU LieHTpa
y Cpbuju yrpaheHe 73 TAVI sansyne. Og 2022. roariHe noumntoe
rofvtba HabaBKa BanByna of ctpaHe OoHAa 3a 3APaBCTBEHO
ocurypatbe Cpbuje, Tako fa je Te roguHe yrpahexa 221 TAVI
Bansyna. loguHe 2023. yrpaheHo je 318 TAVI BanByna, a 2024.
roavHe 231 TAVI Bansyna. fogmHe 2025. yrpahere cy 562 TAV/
BasnBy/e.

YKkynHo je y nepuogy of 2014. no 2025. roagnHe umnnaHTipa-
Ho 1405 TAVI Banyna. OB pe3ynTaTi NoKasyjy KOHTUHYMPaH
pa3Boj TAVI nporpama, nocebHO HakoH yBohetba CUCTEMCKOT
drHaHcMpatba, anu 1 parbe yKasyjy Ha npocTtop 3a noseharbe
AOCTYMHOCTU NpoLieaype 1 Aasbu pa3soj TAV/ ueHTapa y Cpbuju.
3akspyuak OBa meToAa je WNPOKO nprxBaheHa y cBeTy Ny
ofpeheHnm 3emsbama ce ome neun BuLe of 50% 6onecHrka
Ca aOPTHOM CTEHO30M.

KrbyuHe peun: TAV/; aopTHa cteH03a; STS ckop
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