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ABSTRACT

Objective: The long-term durability of transcatheter aortic bioprosthetic valves continues to be a major concern. Standardized criteria of the
structural valve deterioration (SVD) and bioprosthetic valve failure (BVF) have recently been defined. Limited studies have evaluated the long-
term durability of transcatheter aortic valve implantation (TAVI) according to these new definitions. We aim to analyze the durability of TAVI
beyond 5 years and to report the frequency of SVD and BVF.

Methods: A total of 89 patients who had undergone TAVI and had theoretically completed at least 5 years after the procedure were included.
Either a Medtronic CoreValve or an Edwards SAPIEN XT valve were implanted in the patients. New standardized definitions were used to
evaluate SVD and BVE

Results: The mean age of the patients was 78.70+6.95 years. SVD occured in 4 (4.5%) patients during 6 years of follow-up. Severe SVD was
observed in 2 patients (2.2%), and these patients had the New York Heart Association class Il symptoms. Both patients with severe SVD also
met the criteria of BVF. Moderate SVD was observed in 2 patients (2.2%), and these patients had no valve-related symptoms. Of the 4 SVD cases,
2 were associated with increased mean transaortic gradients, whereas the remaining 2 cases were associated with intraprosthetic aortic
regurgitation. All patients with SVD are still alive, and none of them have required aortic valve reintervention.

Conclusion: Although first-generation TAVI devices were used, we determined the low rate of SVD and BVF at the 6-year follow-up. It may be
suggested that there is no major concern associated with TAVI even with first-generation devices regarding long-term durability.
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Introduction

Transcatheter aortic valve implantation (TAVI) has emerged
as a new treatment alternative for patients with severe symp-
tomatic aortic stenosis (AS) who are at high or prohibitive surgi-
cal risk (1). Over time, the development of novel devices and
improved techniques has made TAVI safer and easier, which in
turn has led to improved patient experience. In addition, studies

have shown that TAVI is noninferior (2, 3) or superior (4) to sur-
gery in intermediate-risk patients.Therefore, the updated 2017
guidelines adopted a new indication of TAVI for intermediate-
risk patients with AS (5, 6). Given these favorable outcomes in
intermediate-risk patients, TAVI has also recently been offered
to be performed in low-risk patients. Meta-analyses including
important randomized controlled trials (RCTs) have suggested
that TAVI may be an efficient option for subjects at low surgical
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HIGHLIGHTS

e Long-term durability of transcatheter aortic valve implanta-
tion (TAVI) is a major concern.

e Standardized criteria of the structural valve deterioration
(SVD) and bioprosthetic valve failure (BVF) have recently
been defined.

e Limited studies have evaluated the long-term durability of
TAVI according to the new definition.

e We determined low rate of SVD and BVF with the first-gen-
eration TAVI devices at the 6-year follow-up.

risk (7, 8). However, the 2020 American College of Cardiology
(ACC)/American Heart Association (AHA) Guideline has empha-
sized that the mean age of patients with low to moderate surgi-
cal risk included in RCTs was over 70 ,very few patients were
under 65 years of age. Because life expectancy is longer in this
particular group than in usual candidates for TAVI, long-term
valve durability will gain more importance. Therefore, the 2020
ACC/AHA Guideline has not recommended the use of TAVI in
young patients (<65 years) except in special cases owing to
durability concerns (1).

Structural valve deterioration (SVD) represents a major
problem in TAVI. Studies assessing the durability of transcathe-
ter aortic bioprosthetic valves for up to 5 years found low SVD
rates (9-12). However, different studies have used different cri-
teria to define SVD, and therefore, it is difficult to make com-
parisons among studies (9-14). Recently, the standardized defi-
nition criteria for SVD and hioprosthetic valve failure (BVF) have
been proposed by the European Society of Cardiology, the
European Association of Percutaneous Cardiovascular
Interventions, and the European Association for Cardio-Thoracic
Surgery to generate uniformity in data reporting of next studies
evaluating the long-term durability of TAVI (15). There are very
few studies evaluating the incidence of SVD and BVF in accor-
dance with these new criteria.

Our clinic is one of the centers where the first TAVI proce-
dures were performed in Turkey. Therefore, we had a chance to
follow TAVI patients for a long period. In this study, we aimed to
present our long-term clinical experience of TAVI and to report
the frequency of SVD and BVF according to the European stan-
dardized criteria in TAVI patients who completed at least 5-year
follow-up.

Methods

Patient selection

A total of 89 consecutive patients who had undergone TAVI
for severe AS between June 2012 and June 2015 and had theo-
retically completed at least b years after the procedure were
included in this study. All patients were at high or prohibitive
surgical risk for surgical valve replacement. A multidisciplinary
heart team evaluated the patients, and the same experienced

team performed all TAVI procedures. The decision of TAVI was
taken following the existing guideline (16). The operative risk
was measured using the logistic European System for Cardiac
Operative Risk Evaluation (EuroSCORE), EuroSCORE II, and
Society of Thoracic Surgeons (STS) score (17-19). Before TAVI,
all patients underwent detailed imaging analyses including
transthoracic echocardiography (TTE), transesophageal echo-
cardiography (TEE), computed tomography (CT), and coronary
with peripheral angiography. The TEE and CT images were used
to assess the aortic valve, annulus, degree of calcification, and
ascending aorta. The patients who needed revascularization,
revascularization was performed before TAVI.

Data collection

All patients’ baseline clinical characteristics, mortality and
morbidity rates, and long-term follow-up records were investi-
gated in a retrospective way. The data of the patients were
obtained from our hospital records, the Ministry of Health, and/
or by interviewing the participants by phone. The approval for
this research was acquired from the Ethics Committee.

Echocardiographic evaluation

All subjects underwent a standard TTE before and after TAVI
(the first day after TAVI, before discharge, and 1,2, 3,4, 5, and 6
years after TAVI) using a Philips HD11 XE cardiac ultrasound
machine (Philips HD11XE, SONOS 4500, Andover, MA, USA). All
echocardiographic and Doppler measurements were performed
according to the Journal of the American Society of
Echocardiography guidelines (20). The echocardiographic data
described as post-TAVI in this article were predischarge echo-
cardiographic values. The severity of the paravalvular leak (PVL)
and intraprosthetic aortic regurgitation (AR) was assessed as
suggested by the American Society of Echocardiography and the
European Association of Echocardiography guidelines in the fol-
lowing way: absent or trace as grade 0, mild as grade 1, moder-
ate as grade 2, severe as grade >3 (21).

TAVI procedure

All TAVI procedures were performed in the catheter labora-
tory by applying general or local anesthesia with deep sedation.
We used a balloon-expandable Edwards SAPIEN XT valve (ESV)
(Edwards Lifesciences, Irvine, CA, USA) or a self-expandable
Medtronic CoreValve (MCV, Minneapolis, MN, USA). After the
implantation procedure, we evaluated AR, valve position, and
coronary artery blood flow using aortic root angiography.
Afterward, the closure of the peripheral entry site was per-
formed, and control angiography was conducted.

Patient follow-up

In-hospital and long-term complications were assessed
according to the Valve Academic Research Consortium 2
(VARC2) criteria (22). Antiplatelet therapy with aspirin and clopi-
dogrel was administered for at least 6 months after TAVI. Single
or dual (according to the bleeding risk) antiplatelet therapy



Anatol J Cardiol 202T; 25: 579-87
DOI:10.5152/Anatol)Cardiol.2021.37670

Evaluation of structural valve deterioration and bioprosthetic valve failure utilizing the new

Senturk et al.

581

definition in patients undergoing TAVI

combined with oral anticoagulants was administered for 3
months after TAVI in patients who must take oral anticoagulants
because of any reason. After their general condition stabilized,
patients were discharged from the hospital and scheduled for
follow-up visits after 1 month, 3 months, 6 months, 1 year, and
then annually. During follow-up visits, the patients’ functional
capacities and the results of routine physical investigations,
echocardiograms, and laboratory tests were assessed. \We were
in communication with all patients on the phone: some patients
could not come to the hospital for echocardiographic evaluation
due to advanced age, debility, and multiple comorbidities. There
were 30 patients with a minimum 5 years of echocardiographic
data and 14 patients with 6 years of echocardiographic data.

Definitions of SVD and BVF

The SVD and BVF were assessed according to the new stan-
dardized European definition (15). Moderate hemodynamic SVD
was defined as follows: (1) mean aortic valve gradient (MG) >20
and <40 mm Hg and/or 210 and <20 mm Hg variation from the
baseline (before discharge or within 30 days of valve implanta-
tion) and/or (2) moderate new or worsening (>1+/4+) intrapros-
thetic AR. Severe hemodynamic SVD was defined as follows: (1)
MG >40 and/or >20 mm Hg variation from the baseline (before
discharge or within 30 days of valve implantation) and/or (2)
severe new or worsening (>2+/4+) intraprosthetic AR. BVF was
defined as any of following: (1) autopsy evidence of biopros-
thetic valve dysfunction that was possibly associated with the
cause of death, or valve-related death (in other words, a death
that is caused by bioprosthetic valve dysfunction or sudden
unexplained death after the diagnosis of bioprosthetic valve
dysfunction), (2) reintervention (eg, valve-in-valve TAVI, PVL
closure, or surgical aortic valve replacement) after the verified
diagnosis of bioprosthetic valve dysfunction, and (3) severe
hemodynamic SVD (15).

Statistical analysis

The data analysis was performed with the SPSS 22.0 software
program (IBM SPSS Statistics for Windows, Version 22.0., IBM
Corp, Armonk, NY, USA). The assumption of normality was tested
by the Kolmogorov-Smirnov test. Continuous variables with a nor-
mal distribution were expressed as mean + standard deviation,
whereas those with a non-normal distribution were expressed as
median [Q1-Q3]. Categorical variables were presented as number
and percentages. Pre-TAVI and post-TAVI variables were com-
pared with Wilcoxon signed-rank test. Repeated measurements
were compared with Friedman test for nonparametric variables:
“aortic valve area” or “mean gradient.” The estimation of survival
rates was performed, and these were plotted by the Kaplan-Meier
method. The assessment of the findings was performed at a 95%
confidence interval and the p<0.05 significance level.

Results

A total of 89 patients with a mean age of 78.7+6.95 years
were enrolled in this study. All patients had tricuspid aortic

Table 1. Baseline characteristics of the patients (n=89)

Variables Values
Age, years 78.70+6.95
Female gender (%) 55(61.8)
Logistic EuroSCORE (%) 31.03+12.61
EuroSCORE 11 (%) 4.63 (3.57-6.69)
STS score (%) 6.8 (4.07-10.55)
NYHA Class Il and IV (%) 63(70.8)

Comorbidities
Hypertension (%) 78 (87.6)
Diabetes mellitus (%) 29 (32.6)
Atrial fibrillation (%) 23(25.8)
COPD (%) 28 (31.5)
Previous history of CABG (%) 19(21.3)
Previous history of valve surgery (%) 4(4.5)
Coronary artery disease (%) 34(38.2)
Prior pacemaker (%) 3(3.4)

Echocardiographic variables
LVEF, % 58.5 (38.5-60)
Transaortic peak gradient, mm Hg 73 (62-87)
Transaortic mean gradient, mm Hg 46 (40-53)
AVA, cm? 0.56 (0.47-0.7)
Moderate/Severe AR (%) 16 (18)
sPAP mm Hg 45 (35-60)

AR - aortic regurgitation; AVA - aortic valve area; CABG - coronary artery bypass

grafting; COPD - chronic obstructive pulmonary disease; EuroSCORE - European System

for Cardiac Operative Risk Evaluation; LVEF - left ventricular ejection fraction; NYHA -

New York Heart Association; sPAP - systolic pulmonary artery pressure; STS - Society

of Thoracic Surgeons

valve. The median follow-up duration was 45.5 months (13.8-
67.3). The mean Logistic EuroSCORE and median STS score
were 31.03+12.61 and 6.8 (4.07-10.55), respectively (Table 1).
Procedural characteristics of the study are presented in Table 2.
The TAVI procedure was conducted via transfemoral access
route in all patients. Surgical cutdown was used in 96.6% of the
patients, whereas percutaneous access was used in 3.4% of the
patients via ProStar XL10Fr or Perclose Proglide vascular clo-
sure devices (Abbott Vascular Devices, Redwood City, California,
USA). In total, 64% (57) of implanted valves were MCV, and 36%
(32) were ESV.

Echocardiographic variables before and after TAVI are
shown in Table 3. A significant decrease was observed in the
transaortic peak gradient, MG, and systolic pulmonary artery
pressure (sPAP), whereas a significant increase was observed
in aortic valve area (AVA) and left ventricular ejection fraction
after TAVI (Table 3). The detailed change in MG and AVA
according to the valve types during follow-up are depicted in
Figure 1a-c. During the 6 years of follow-up, no significant
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Table 2. Procedural characteristics of the study patients (n=89)

Variables Values
Femoral access route (%)
Surgical cut down 86 (96.6)
Percutaneous closure 3(3.4)
Implanted valves (%)
Medtronic CoreValve 57 (64)
23 mm 2(2.2)
26 mm 15(16.9)
29 mm 30(33.7)
31 mm 10(11.2)
Edwards SAPIEN XT 32 (36)
23 mm 14 (15.8)
26 mm 15(16.9)
29 mm 3(3.4)
Predilatation (%) 87 (97.8)
Postdilatation (%) 2(2.2)

Table 3. Echocardiographic data hefore and after TAVI

Pre-TAVI Post-TAVI P-value

LVEF (%) 58.5 (38.5-60) 60 (50-64) <0.001
Transaortic peak 73 (62-87) 15 (11-20) <0.001
gradient, mm Hg

Transaortic mean 46 (40-53) 8(5.8-9) <0.001
gradient, mm Hg

AVA, cm? 0.56 (0.47-0.7)  1.73(1.49-2.01)  <0.001
sPAP mm Hg 45 (35-60) 40 (26.75-56.25)  0.005

AVA - aortic valve area; LVEF - left ventricular ejection fraction; sPAP - systolic
pulmonary artery pressure; TAVI - transcatheter aortic valve implantation

change was determined in AVA and MG in the whole group (Fig.
1a), in the MCV group (Fig. 1b), and in the ESV group (Fig. 1c).
The comparison of MG and AVA between the MCV and ESV
groups during the follow-up is shown in Figure 2a and 2b. The
patients in the MCV group had significantly lower MG com-
pared with the patients in the ESV group (p<0.001) (Fig. 2a).
However, AVA was similar between the 2 groups during 6 years
of follow-up (p=0.927) (Fig. 2b).

Post-TAVI complications according to the VARC-2 criteria
are presented in Table 4. Vascular complications were observed
in 13 (14.6%) patients, pericardial tamponade in 2 (2.2%) patients,
stroke in 1 (1.1%) patient, and ventricular septal rupture in 1
(1.1%) patient. Moderate PVL was observed in 5 (5.6%) patients
before discharge. However, it was observed that moderate PVL
decreased over time. In the first-year evaluation, moderate PVL
was determined in only 1 patient. No patient had moderate or
severe PVL during the second-, third-, fourth, fifth-, and sixth-
year controls. Furthermore, in-hospital mortality developed in
only 2 patients owing to sepsis.

Table 4. Complication of transcatheter aortic valve implantation
according to the VARC-2 criteria (n=89)
Variables Values
Bleeding (%)

Life-threatening or disabling bleeding 6 (6.7)

Maijor bleeding 17 (19.1)

Minor bleeding 11(12.4)
Vascular complication (%) 13(14.6)
Coronary obstruction (%) 0(0)
Annular rupture (%) 0(0)
> Moderate paravalvular leak (%) 5(5.6)
Acute kidney injury (%)

Stage 1 8(8.9)

Stage 2 3(3.4)

Stage 3 0(0)
Permanent pacemaker (%) 13(14.6)
Pericardial tamponade (%) 2(2.2)
Stroke (%) 1(1.1)
Ventricular septal rupture (%) 1(1.1)
In-hospital mortality (%) 2(2.2)
VARC-2 - Valve Academic Research Consortium 2

SVD and BVF

SVD developed in 4 (4.5%) patients during the 6-year fol-
low-up (MCV: 1 patient, ESV: 3 patients). A total of 2 (2.2%)
patients had moderate SVD, whereas 2 patients had severe
SVD according to the echocardiography. These 2 patients with
severe SVD also met the BVF criteria, and therefore, the fre-
quency of BVF was found to be 2.2%. In the first patient with
severe SVD (patient #1) (i.e., BVF #1), MG increased to 40 mm
Hg from baseline of 18 mm Hg in the third-year control. The
patient had a 23 mm ESV and presented with the New York
Heart Association (NHYA) class Il symptoms. MGs were 42, 41,
and 42 mm Hg during the fourth-, fifth-, and sixth-year control,
respectively. In the second patient with severe SVD (patient
#2) (i.e., BVF #2), new severe (3+/4+) intraprosthetic AR with 26
mm ESV was detected in the fifth-year control. The patient
presented with NHYA class Il symptoms, and there was no
increase in intraprosthetic AR in the sixth-year control. As
there were no severe symptoms and hemodynamic compres-
sion, these 2 patients did not require any reintervention and
were followed-up with medical therapy. In the first patient with
moderate SVD (patient #3), MG increased to 21 mm Hg from
baseline of 10 mm Hg with 26 mm ESV in the fourth-year con-
trol. The patient had no valve-related symptoms. MG remained
stable and did notincrease in the fifth- and sixth-year controls.
New moderate (2+/4+) intraprosthetic AR with 29 mm MCV was
detected in the second patient with moderate SVD (patient #4)
during the fourth-year control. This patient had no valve-
related symptoms, and there was no increase in intrapros-
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Figure 1. Changes in the mean gradient and aortic valve area during
follow-up in the (a) whole group, (b) CoreValve group, and (c) Edwards
SAPIEN group

thetic AR during the fifth-year control. As these 2 patients
were asymptomatic, they were followed-up without requiring
any intervention. No deaths were observed in these 4 patients
with SVD, and all of them are still alive.
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Figure 2. Comparison of the (a) mean gradient and (b) aortic valve area
between the CoreValve and Edwards SAPIEN groups during follow-up

Survival

A total of 49 patients died during the 6-year follow-up.
Survival rates at 1 to 6 years according to the Kaplan-Meier
analysis were 86.5%, 77.5%, 68.5%, 60.6%, 51.7%, and 45%,
respectively (Fig. 3). No death was attributed to SVD and/or BVE

Discussion

In this study, we aimed to reveal SVD and BVF frequency
according to the new standardized European definitions in
patients with a minimum of 5 years completed after TAVI. The
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Figure 3. Survival rates according to the Kaplan-Meier analysis

main finding of our study was that SVD developed in only 4
(4.5%) patients [2 of them (2.2%) also defined as BVF] during the
6-year follow-up. In addition, although valve hemodynamics
remained stable over time, the patients in the MCV group had
significantly lower mean transaortic gradients in comparison
with the patients in the ESV group during follow-up. To the best
of our knowledge, this is the first study evaluating SVD and BVF
using the New European Consensus Definition in patients
undergoing TAVI with first-generation devices in Turkey.

As the duration of implanted transcatheter aortic biopros-
thetic valves increases, long-term valve durability and dysfunc-
tion become a more serious concern. Therefore, studies assess-
ing the long-term durability of bioprosthetic valves have started
to gain more importance. Although the initial TAVI studies
reported the durability of valve up to 5 years, data regarding the
frequency of SVD and long-term durability are limited. No sig-
nificant increases in the MG or evidence of SVD were detected
during the 5-year follow-up of the PARTNER I trial (11). The
Canadian TAVI multicenter registry findings were also consistent
with the findings of the PARTNER 1 trial (23). Moreover, 2 studies
presented outcomes following TAVI with the Edwards SAPIEN
or CoreValve bioprosthesis up to 5 years, no major doubt regard-
ing the durability of transcatheter aortic bioprosthetic valves
were noted, with stable MG and low rates of SVD (9, 10).
Furthermore, in a recent meta-analysis including 13 pooled stud-
ies, the incidence of SVD was 28 per 10,000 patients/year. SVD
was not found to be frequent within the first 5 years after TAVI
(24). However, the most important limitations of these mentioned
studies were that SVD definitions used in these studies were
extremely heterogeneous, and there was no an agreed and stan-
dardized criteria to define SVD. Therefore, it is difficult to make
comparisons among studies. We think that the definitions and
incidence of SVD in previous studies need to be updated.

Recently, the standardized European definitions of SVD and
BVF for evaluating the long-term durability of transcatheter and
surgical aortic bioprosthetic valves have been reported (15). The

aim of this new definition is to provide consistency in the report-
ing of long-term durability of both transcatheter and surgical
valves. This new definition focuses not only on survival and/or
reoperation as used by surgeons but also on clinical implica-
tions of SVD and enables more precise and universal evaluation
of SVD. Studies evaluating the frequency of SVD according to
the currently available standardized European definitions are
very limited. Eltchaninoff et al. (25) assessed the incidence of
SVD and BVF using these new definitions in patients who had
undergone the TAVI procedure with a balloon-expandable valve.
They found that the incidence of SVD and BVF at 8 years was
3.2% (9 patients) and 0.58% (2 patients), respectively. Both
patients with BVF had severe hemodynamic SVD and required
redo TAVI due to the presence of severe symptoms (25). Barbanti
et al. (26) also investigated the incidence of SVD and BVF using
the new definitions in patients undergoing the TAVI procedure
with an MCV or ESV. They observed that the incidence of severe
and moderate SVD at 8 years was 2.39% (7 patients) and 5.87%
(13 patients), respectively. Furthermore, the incidence of BVF at
8 years was 4.5% (11 patients). Of the BVF patients, 4 had cardi-
ac-related deaths, whereas 7 of them had severe hemodynamic
SVD in mentioned study. Only 2 patients with severe hemody-
namic SVD required reintervention, and the remaining patients
did not need any additional invasive treatment (26). In our study,
the frequency of severe and moderate hemodynamic SVD was
only 2.2% (2 patients) and 2.2% (2 patients), respectively. Two
patients with severe SVD also met the BVF criteria, and there
were no patients with BVF except these 2 patients. Patients with
severe SVD (also defined as BVF) had only mild symptoms
(NYHA class Il) and did not develop hemodynamic compression.
Furthermore, MG and intraprosthetic AR did not increase during
follow-up in these patients. Moreover, these 2 patients were
older adults (80 and 85 years old) and not very active physically.
Therefore, they did not require any additional intervention
(including redo TAVI). If these patients were younger, more
active physically, had severe symptoms, and/or hemodynamic
compression, we would perform reintervention. Similar to our
study, Barbanti et al. (26) did not perform redo TAVI in 5 of 7
severe SVD cases because they were asymptomatic. They per-
formed redo TAVI in only 2 patients with symptomatic severe
SVD. Eltchaninoff et al. (25) also performed redo TAVI in patients
with symptomatic progressive severe SVD. Although the optimal
management of severe SVD and/or BVF is currently a matter of
debate, redo TAVI seems to be a safe and feasible treatment
option (27). The decision of reintervention in patients with
severe SVD is based on several factors, including age, comor-
bidities, risk of intervention, patient’s preference, type of valve
failure, anatomical structure, and local experience (28). However,
it has been stated that redo TAVI is generally required when
nonreversible symptoms or hemodynamic compression develop
(29). In a recent registry evaluating patients who underwent
redo TAVI at 37 centers, the frequency of redo TAVI has been
found as 0.33% (212 of 63,876 TAVI patients). It is noteworthy that
80% of patients who underwent redo TAVI had severe symptoms
(NYHA classes Ill and V) (30). We think that the decision of redo
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TAVI requires a multidisciplinary team approach, and the pres-
ence of progressive/severe symptoms or hemodynamic com-
pression are the most important factors.

Although no data are currently available, in vitro studies sug-
gest that the possible mechanisms of increased risk of SVD may
be suboptimal leaflet coaptation due to incomplete expansion of
transcatheter valve, asymmetrical frame expansion, and leaflet
injury after crimping and ballooning of the valve (31, 32).
Nevertheless, the possible structural damage on the crimped
leaflet and its effect on valve durability are hypothetical (33).

Previous studies demonstrated that MCV implantation was
related to better hemodynamic performance than ESV implanta-
tion. It was observed that maximum and MG were significantly
lower and the effective orifice area was significantly larger with
an MCV compared with an ESV (34-37). In this study, both valves
demonstrated significant decreases in MG following TAVI, and
MG remained low and stable over time. However, similar to
these studies, we also found that the MCV group had signifi-
cantly lower MG compared with the ESV group during the fol-
low-up. The main reason for a better hemodynamic performance
of MCV may be due to its self-expandable features with higher
compliance. In addition, supra-annular placement of leaflet may
provide lower resistance and better valve function (38, 39).
Postprocedural higher gradients may predispose to early degen-
eration of valve leaflets. However, it is unclear whether the
increased gradient following TAVI causes a more accelerated
valve deterioration. Indeed, the fact that both patients with ste-
notic SVD had higher postprocedural MG (both with ESV) sug-
gest that post-TAVI increased gradients may be associated with
SVD in our study (patients #1 and #3). We think that further stud-
ies with larger participant are required to better elucidate the
relationship between increased post-TAVI gradients and SVD.

It has been reported that patient-related factors such as
systemic diseases, chronic kidney disease (CKD), higher calci-
um-phosphorus product, and hyperparathyroidism may also
play a role in the development of SVD (40). It was remarkable
that both patients with SVD associated with the new intrapros-
thetic AR had CKD in this study (patients #2 and #4). In a previous
study, it was found that the prevalence of aortic valve calcifica-
tion was increased in patients with CKD (41). These results sug-
gest that the cause of SVD in these 2 patients may be related to
leaflet calcification caused by CKD.

PVL is a common complication after TAVI. The incidence of
PVL after TAVI has been reported to be between 7% and 24%.
However, it has been demonstrated that its frequency decreas-
es over time (36). In the new standardized definition, PVL has not
been regarded as SVD, and it was defined as nonstructional
deterioration. In this study, moderate PVL was observed in 5.6%
of patients before discharge. However, no patients had moder-
ate or severe PVL after 2 years. These improvement observed in
PVL were similarly observed in the previous studies (42, 43).

Study limitations
Our study had some limitations. The primary limitations of
our study was the low number of patients from a single center

and its retrospective design. Second, we had some patients
without echocardiographic control data due to advanced age,
debility, and/or multiple comorbidities. The COVID-19 pandemic
may also be a reason for the lack of control echocardiography
data due to a decrease in admission to the hospital. However,
we already were in communication with these patients, and they
reported no complaints related to SVD. We considered that they
would have been admitted to the hospital if they felt any discom-
fort. Third, SVD and BVF were evaluated by echocardiography in
our study. Although echocardiography is superior for the demon-
stration of valve hemodynamics, performing multidetector CT to
evaluate the morphological structure of the bioprosthetic valve
and to define morphological SVD could further contribute to our
study. Finally, because of the small population and low number
of patients with SVD, we could not compare MCV and ESV in
terms of the frequency of SVD. We believe that further prospec-
tive and larger studies evaluating the hemodynamic & morpho-
logical SVD and comparing SVD rates according to the biopros-
thetic valve types are required.

Conclusion

The durability of transcatheter aortic bioprosthetic valves
remains a major concern. Although first-generation TAVI devic-
es were used in this study, we determined the low rate of SVD
and BVF at the 6-year follow-up. Therefore, it may be suggested
that there is no major concern associated with transcatheter
aortic bioprosthetic valves with regard to long-term durability,
even with the first-generation devices.
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