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Aim To determine the procedural characteristics, results, 
and long-term outcomes of the first 500 consecutive pa-
tients undergoing transcatheter aortic valve implantation 
(TAVI) at the MC Medicor International Center for Cardio-
vascular Diseases Izola (Slovenia).

Methods Data were collected from the institutional reg-
istry. The date of death was obtained from the National 
BIRPIS system by using the patient’s health insurance card 
number. The difference in 30-day mortality was assessed 
between two consecutive cohorts of 250 patients, patients 
who received self-expandable (SEV) and those with bal-
loon-expandable (BEV) valves, and between patients ≤80 
and >80 years old.

Results Between December 2016 and September 
2023, 500 patients (80 ± 6 years, 52% men, EuroScore II, 
4.09 ± 4.11), including 3.2% with degenerated surgical 
prosthesis, underwent TAVI. After predilatation (57%), SEV 
was implanted in 87.5% and BEV in 12.5% of the patients. 
The mean postprocedural gradient was 10 ± 4 mm Hg, with 
more than moderate regurgitation in 0.4%. Emergency car-
diac/vascular surgery was performed in 1.4%, and stroke 
occurred in 0.8%. The new permanent pacemaker (PPM) 
rate decreased from 19% to 7% (P < 0.001) in the second 
cohort, and the mean postprocedural transaortic gradient 
was significantly lower after SEV compared with BEV (9 ± 4 
vs 13 ± 4 mm Hg; P < 0.001). There was no difference in 30-
day mortality between the first and second cohort of 250 
patients (1.2% vs 1.2%; P = 1.000), cohorts of 50 patients 
from number 0 to 500 (0% vs 2.0%; P = 0.391), SEV and BEV 
groups (0.9% vs 1.6%; P = 0.487), and patients ≤80 and >80 
years old (2.0% vs 0.4%; P = 0.119).

Conclusion TAVI results in our study are comparable with 
international standards. PPM rate decreased over time, 
and postprocedural gradient was lower after SEV. Learning 
curve, type of valve, and patient age did not affect 30-day 
mortality.
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Transcatheter aortic valve implantation (TAVI) has become 
the preferred treatment of symptomatic aortic stenosis re-
gardless of patient age and risk of open-heart surgery (1-3). 
TAVI, as a percutaneous procedure allowing for rapid reha-
bilitation, yields comparable or even better results than sur-
gical aortic valve replacement. At the MC Medicor Interna-
tional Center for Cardiovascular Diseases (Izola, Slovenia), 
the TAVI program started in December 2016, and the results 
of the first 109 patients were published in 2020 (4). In the 
present study, we assessed the procedural characteristics, 
results, and long-term outcomes of the first 500 consecu-
tive patients. We addressed the likelihood of 5-year survival, 
as well as the subgroup of patients receiving “valve in valve” 
(ViV) due to degenerated surgical prosthesis. Furthermore, 
we also investigated the impact of our TAVI learning curve, 
valve type, and patient age on 30-day mortality.

Patients and methods

Our study enrolled consecutive patients undergoing TAVI 
at the MC Medicor International Center for Cardiovascu-
lar Diseases (Izola, Slovenia) between December 12, 2016 
and September 17, 2023. Data were obtained from the 
prospective institutional registry of percutaneous cardio-
vascular interventions. The study was approved by the 
National Medical Ethics Committee. All patients received 
a comprehensive explanation of the TAVI procedure, after 
which they signed an informed consent. The consent form 
also included an agreement to enter clinical data into the 
institutional registry.

The selection of patients by the Medicor heart team, pre-
procedural analyses, procedural features, post/procedural 
treatment, and follow-up were previously reported (4). In 
brief, self-expandable (SEV, Evolut R/Pro, Medtronic, Min-
neapolis, MN, USA) or balloon expandable (BEV, SAPIEN 
3, Edwards Lifescience, Irvine, CA, USA) valves were used. 
The valve type and size were selected based on the pro-
tocolized TAVI computed tomography analysis (CTA) and 
the patient’s characteristics. Coronary angiography and 
percutaneous coronary intervention were performed as 
staged procedures before TAVI. For implantation of SEV, co-
planar projection of three cusps was used until December 
11, 2019, when right-left cusp-overlap projection, togeth-
er with commissural alignment, became a default strategy 
(5). For BEV implantation, standard coplanar projection of 
three cusps was used. In patients undergoing ViV, single or 
double coronary protection was used in case of the high 
likelihood of coronary occlusion, which was estimated by 
CTA (6). Intentional leaflet laceration to prevent TAVI-in-

duced coronary obstruction (BASILICA) was not used (7). 
Echocardiography was performed on an ambulatory ba-
sis before TAVI, immediately after valve implantation in the 
catheterization laboratory and before hospital discharge. 
After hospital discharge, patients were followed by the 
Medicor outpatient cardiology unit.

Statistical analysis

The normality of distribution was assessed with a Kolmog-
orov-Smirnov test. Numerical data are presented as mean 
values with standard deviations, and categorical data as 
absolute numbers and percentages. Numerical data were 
compared with an unpaired t test or Mann-Whitney U test. 
For comparison of categorical variables, a χ2 test or Fisher 
exact test was used. The date of eventual death after TAVI 
was obtained from the National BIRPIS system using the 
patient’s health insurance card number. The likelihood of 
five-year survival was estimated with the Kaplan-Meier 
curve, with October 1, 2023 as the last observational date. 
A P value of less than 0.05 was considered significant. The 
analysis was performed with SPSS, version 22 (IBM Corp, 
Armonk, NY, USA).

Results

The average age was 80 years, and the mean EuroScore II 
was 4.09 (Table 1). The mean left ventricular ejection frac-
tion (LVEF) was 58%, and 32% of patients had concomitant 
obstructive coronary disease. The mean transaortic gradi-
ent was 47 mm Hg, and the calculated aortic valve area 
was 0.9 cm2.

Conscious sedation was used in 91% of the patients, with 
percutaneous femoral access in 99% (Table 2). After bal-
loon predilatation (57%), SEV was implanted in 87.5% of 
the patients, and BEV in 12.5%. The mean postprocedur-
al transvalvular gradient was 10 mm Hg, and more than 
moderate aortic regurgitation was documented in 0.4% of 
the patients. Percutaneous closure, which was successful 
in 99.2%, was primarily attempted by either Prostar XL or 
ProGlide (both from Abbott, Lake Forest, IL, USA) suture-
mediated closure systems. In case of incomplete hemosta-
sis, additional Angioseal VIP plug closure device (Terumo, 
Somerset, NJ, USA), balloon inflation, or peripheral stent 
implantation via contralateral femoral access were used 
(Figure 1).

Major periprocedural complications included stroke 
(0.8%), right or left ventricle perforation (1.0%), aor-
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tic injury (0.8%), rupture of the common iliac artery (0.2%), 
and acute left main occlusion (0.2%). Emergency pericar-
diocentesis was performed in 0.8%, unprotected left main 
stenting in 0.2%, and cardiac/vascular surgery in 1.4% of 
the patients (Table 3). A new permanent pacemaker (PPM) 
was implanted in 13% of the patients. The 30-day mortal-
ity was 1.2% (95% CI 0.4%-2.5%), one-year mortality 6.6% 
(95% CI 4.1%-8.9%), two-year mortality 10.3% (95% CI 7.1%-
13.4%), three-year mortality 16.2% (95% CI 11.4%-20.7%), 
four-year mortality 20.4% (95% CI 14.1%-26.2%), and five-
year mortality 29.2% (95% CI 18.6%-38.4%) (Figure 2).

Sixteen of 500 patients (3.2%) underwent ViV due to de-
generated Mitroflow (n = 7), Trifecta (n = 3), Perceval (n = 2), 
Mosaic (n = 1), Biocor (n = 1), or Solo Freedom (n = 1), or 
after CARVAR valve-sparing surgery (n = 1). The predomi-
nant mechanism of valve failure was severe aortic stenosis 
with the mean transvalvular gradient of 46 ± 15 mm Hg, 
except in 4 patients who presented with severe aortic re-
gurgitation. Following right (n = 2), left (n = 2), or double 
(n = 6) coronary protection with guiding catheter, guide-
wire, and undeployed stent, Evolut R/Pro was implanted 
in 15 patients (94%) and Sapien 3 in 1 patient (6%). Valve 
fracturing/remodeling using a non-compliant balloon was 
performed in 10 patients (62.5%) followed by the deploy-
ment of protective coronary stents in each instance. Mean 
transaortic gradient decreased from 46 ± 15 mm Hg to 
16 ± 5 mm Hg (P < 0.001) without significant aortic regur-

gitation. None of the patients died during the index hospi-
talization or follow-up.

We then divided our patients into the first and second co-
hort of 250 patients (Table 4). The second cohort had a 

Table 1. Patient characteristics and features of aortic stenosis in 500 consecutive patients undergoing transcatheter aortic valve 
implantation (TAVI) at the MC Medicor International Center for Cardiovascular Diseases, Izola (Slovenia)*†

Patient characteristics

Age, years   80 ± 6 (60-95)
Men, n (%) 258 (52)
Logistic EuroScore   16.12 ± 12.82 (1.66-80.44)
EuroScore II     4.09 ± 4.11 (0.69-50.13)
STS score     2.83 ± 2.17 (0.38-16.02)
Left ventricular ejection fraction, %   58 ± 11 (20-80)
Concommitant obstructive coronary disease, n (%) 162 (32)
Post PCI/CABG, n (%) 141 (28)
Permanent pacemaker, n (%)   34 (7)
Aortic stenosis features
Maximal gradient, mmHg   75 ± 17 (33-128)
Mean gradient, mmHg   47 ± 11 (18-84)
Aortic valve area, cm2     0.9 ± 0.3 (0.3-1.2)
Bicuspid valve, n (%)   22 (4.4) 
Degenerated surgical valve, n (%) 16 (3.2)
*Abbreviations: STS – Society of Thoracic Surgeons Score for hospital mortality; PCI – percutaneous coronary intervention; CABG – coronary artery 
bypass grafting.
†Data are presented as mean values ± standard deviations or medians and ranges, unless otherwise indicated.

Table 2.  Procedural characteristics and outcomes in 500 
consecutive patients undergoing transcatheter aortic valve 
implantation (TAVI) at the MC Medicor International Center for 
Cardiovascular Diseases, Izola (Slovenia)*

Procedural characteristics n (%)

Conscious sedation, n (%) 455 (91)
Arterial access, n (%)
percutaneous femoral 495 (99)
upfront femoral surgical cut down     3 (0.6)
left axillary surgical cut down     2 (0.4)
Balloon predilatation, n (%) 284 (57)
Successful valve deployment, n (%) 498 (99.6)
SEV (Medtronic Evolut R/Pro) 436 (87.5)
BEV (Edwards Sapien 3)   62 (12.5)
Valve postdilatation, n (%)   93 (19)
Coronary protection, n (%)   13 (3)
Procedural results
Mean gradient, median±SD (range); mmHG   10 ± 4 (3-26)
>Moderate aortic regurgitation     2 (0.4)
New permanent pacemaker implantation   65 (13)
30-day mortality   6 (1.2)
*Abbreviations: SEV – self-expandable valve; BEV – balloon-expand-
able valve.
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lower logistic EuroScore, the American Society of Thorac-
ic Surgeons (STS) score, and the incidence of obstructive 
coronary disease and previous revascularization. The sec-
ond cohort more frequently underwent conscious seda-
tion (86% vs 96%), valve predilatation (32% vs 81%), and >1 
recapture with SEV (44% vs 24%). The second cohort had a 
lower PPM rate (7% vs 19%) and a shorter hospital stay (5 vs 
7 days) than the first cohort. There was no difference in 30-
day mortality between the cohorts (1.2% vs 1.2%; P = 1.00). 
Also, no significant difference in 30-day mortality, which 
ranged between 0% and 2%, was observed between the 
cohorts of 50 patients from number 0 to 500 (P = 0.391).

Patients undergoing SEV implantation had significantly in-
creased preprocedural transaortic gradients and decreased 
postprocedural gradients than patients undergoing BEV 
(9 ± 4 vs 13 ± 4 mm Hg; P < 0.001) (Table 5). There were no 
significant differences in 30-day mortality between the 
groups (0.9% vs 1.6%; P = 0.487).

Patients >80 years old had significantly increased logistic 
EuroScore, EuroScore II, and STS score compared with pa-

tients ≤80 years, but the groups did not significantly differ 
in 30-day mortality (0.4% vs 2.0%; P = 0.119) (Table 6).

Figure 1. Femoral closure after transcatheter aortic valve implantation (TAVI) using either Prostar XL (Abbott, Lake Forest, IL, USA) or 
ProGlide (Abbott, Lake Forest, IL, USA) suture-mediated closure system followed by additional Angioseal VIP vascular closure device 
(Terumo, Somerset, NJ, USA), balloon inflation, or peripheral stent.

Table 3. Major periprocedural complications and emer-
gency interventions in 500 consecutive patients undergo-
ing transcatheter aortic valve implantation (TAVI) at the MC 
Medicor International Center for Cardiovascular Diseases, Izola 
(Slovenia)

Complications n (%)

Cerebrovascular insult 4 (0.8)
Left/right ventricle perforation 5 (1.0)
Annular/aortic rupture 2 (0.4)
Aortic dissection type A 1 (0.2)
Infrarenal aortic dissection 1 (0.2)
Rupture of the common iliac artery 1 (0.2)
Acute left main occlusion 1 (0.2)
Emergency interventions
Pericardiocentesis 4 (0.8)
Left main stenting 1 (0.2)
Cardiac surgery 3 (0.6)
Vascular surgery 4 (0.8)
Hospital stay, mean ±SD (range); days 6 ± 3 (1-36)
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Discussion

In the present study, we extended our preliminary obser-
vation in 109 patients undergoing TAVI (4) to more com-
prehensively address the procedural characteristics, results, 
and long-term outcomes in a large cohort of consecutive 
500 patients with wide distribution in age (60-95 years) 
and procedural risk (EuroScore II 0.69-50.13). Our results re-
garding postprocedural transaortic gradient, the incidence 
of significant aortic regurgitation, and 30-day mortality are 
comparable with the pivotal randomized trials and inter-
nationally accepted standards of care (1-3,8). Moreover, the 
five-year mortality of our patients is essentially the same 
as in the recently published NOTION randomized trial, 
which enrolled very similar patients with a mean age of 

79 years and STS score 3.0 (9). This is also true for our com-
plication rate, including the rate of stroke (0.8%) and the 
need for emergency cardiac/vascular surgery (1.4%), which 
were fortunately exceptional. Due to the predominant use 
of the sheathless implantation of the lowest profile valve 
(Evolut R/Pro), requiring only a 5.0-mm diameter of iliofem-
oral arteries, we were able to use percutaneous femoral ac-
cess in 99% of patients. Moreover, careful preprocedural 
CTA analysis of the common femoral artery enabled arte-
rial puncture at the site with minimal calcium load, thereby 
facilitating percutaneous closure in more than 99% of the 
patients.

We separately addressed ViV patients, in more than 60% of 
whom we achieved acceptable postprocedural transaortic 

Table 5. Statistically significant differences in the parameters listed in Tables 1-3 between self-expandable (Medtronic, Evolut R/
Pro) and balloon-expandable valve (Edwards, Sapien 3) at the MC Medicor International Center for Cardiovascular Diseases, Izola 
(Slovenia)

Parameter Evolut R/PRO (n = 436) Sapien (n = 62) P

Maximal gradient, mean±SD; mmHg 75 ± 17 69 ± 16 0.001
Mean gradient, mean±SD; mmHg 47 ± 11 43 ± 11 0.001
Valve postdilatation, n (%) 92 (21)   1 (2) <0.001
Mean postprocedural gradient, mean±SD; mmHg   9 ± 4 13 ± 4 <0.001

Table 6. Statistically significant differences in the parameters listed in Tables 1-3 between patients aged ≤80 years vs >80 years at 
the MC Medicor International Center for Cardiovascular Diseases, Izola (Slovenia)*

≤80 years (n = 247) >80 years  (n = 253) P

Age, mean±SD (years)   75 ± 4   85 ± 3 <0.001
Men, n (%) 140 (57) 118 (47) 0.025
Logistic EuroScore, mean±SD   12.86 ± 11.40   19.30 ± 13.34 <0.001
Euroscore II, mean±SD     3.35 ± 3.06        4.81 ± 4.83 <0.001
STS Score, mean±SD     2.06 ± 1.23     3.59 ± 2.58 <0.001
Hospital stay, mean±SD (days)     5 ± 2     6 ± 4 0.004
30-day mortality, n (%)     5 (2.0)     1 (0.4) 0.119
*Abbreviations: STS – Society of Thoracic Surgeons Score for hospital mortality.

Table 4. Statistically significant differences between the first and second cohort of 250 patients at the MC Medicor International 
Center for Cardiovascular Diseases, Izola (Slovenia)*

Parameter First cohort (n = 250) Second cohort (n = 250) P

Logistic EuroScore, mean±SD   17.63 ± 13.94   14.60 ± 11.42 0.004
STS score, mean±SD     2.92 ± 2.06     2.75 ± 2.27 0.029
Obstructive coronary disease, n (%)   92 (37)   70 (28) 0.036
Post PCI/CABG, n (%)   84 (34)   57 (23) 0.007
Conscious sedation, n (%) 216 (86) 239 (96) <0.001
Valve predilatation, n (%)   81 (32) 203 (81) <0.001
>1 Recapture (Evolut R/Pro), n (%)   61 (24) 111 (44) <0.001
New permanent pacemaker, n (%)   47 (19)   18 (7) <0.001
Hospital stay, mean±SD (days)     7 ± 4     5 ± 2 <0.001
*Abbreviations: STS – Society of Thoracic Surgeons Score for hospital mortality; PCI – percutaneous coronary intervention; CABG – coronary artery 
bypass grafting.
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gradient by using valve fracturing/remodeling with a non-
compliant balloon. Even though our ViV experience was 
limited to only 16 patients, 63% of them had degenerated 
surgical valves with an increased likelihood of acute coro-
nary occlusion after TAVI. Instead of the complex technique 
known as BASILICA (7), we used upfront coronary protec-
tion with stenting after valve deployment (6). Importantly, 
despite left main and/or right coronary ostial stenting with 
significant protrusion into the sinus Valsalva in >50% of the 
patients, there were no deaths during the follow-up. This 
finding indirectly indicates preserved long-term stent pat-
ency despite interaction with the valve frame.

The analysis of cohorts of 250 patients showed no signif-
icant TAVI learning curve that would harm the outcome 
of our patients. Although the first cohort of 250 patients 
had a higher risk profile, it did not differ in 30-day mortal-
ity compared with our second cohort. This was also true 
for the consecutive cohorts of 50 patients from number 0 
to 500. The most likely explanation for the acceptable re-
sults already at the beginning of the program is our proc-
toring period provided by two internationally recognized 
experts, which was extended up to the patient number 
90. This undoubtedly improved our skills and the ability 
to predict, prevent, and treat complications. On the other 
hand, the PPM rate significantly decreased in the second 
cohort of 250 patients (from 19% to 7%), which is accept-
able considering that 85% of patients received SEV. We be-

lieve that a decreased PPM rate is predominantly related 
to an improved technique and confidence regarding SEV 
implantation, together with a very early adoption of right-
left cusp overlap projection allowing higher valve implan-
tation (5).

We further compared the results between SEV and BEV 
cohorts. Patients with SEV, despite having a higher pre-
procedural transaortic gradient, had a 4 mm lower post-
procedural gradient. This is a well-known finding, which is 
primarily related to the supra-annular SEV design leading 
to a larger aortic orifice area (8). Although a 4 mm greater 
transaortic gradient after BEV did not increase 30-day mor-
tality, it is unknown if such difference may lead to more 
valve degeneration at a longer follow-up.

We also compared our TAVI patients according to age, 
taking 80 years as a separator. As expected, patients ≥80 
years had significantly increased preprocedural risk scores, 
which indicates more comorbidities. Despite this, 30-day 
mortality was low and comparable between the cohorts. 
This was surprising since some centers have recently re-
ported up to 5.5% mortality at 30 days despite comparable 
age and EuroScore II (10).

When interpreting the results of our study, it should be 
kept in mind that our study was single center, retrospec-
tive, and mostly descriptive. Accordingly, the results can-
not be generalized to other institutions because of specific 
features related to the selection of patients, TAVI procedure, 
evaluation of the results, and patient follow-up.

In conclusion, TAVI results at the MC Medicor Internation-
al Center for Cardiovascular Diseases in Izola are compa-
rable with the currently accepted international standards 
in terms of patient selection, procedural features, and 
long-term outcomes. Medicor has thereby undoubtedly 
contributed to an improved medical care of patients with 
symptomatic aortic stenosis in Slovenia.
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