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Abstract: Background: Treatment of severely calcified aortic valve stenosis is associated with a higher
rate of paravalvular leakage (PVL) and permanent pacemaker implantation (PPI). We hypothesized
that the self-expanding transcatheter heart valve (THV) prostheses Evolut Pro (EPro) is comparable
to the balloon-expandable Sapien 3 (S3) regarding hemodynamics, PPI, and clinical outcome in these
patients. Methods: From 2014 to 2019, all patients with very severe calcification of the aortic valve
who received an EPro or an S3 THV were included. Propensity score matching was utilized to create
two groups of 170 patients. Results: At discharge, there was significant difference in transvalvular
gradients (EPro vs. S3) (dPmean 8.1 vs. 11.1 mmHg, p ≤ 0.001) and indexed effective orifice area
(EOAi) (1.1 vs. 0.9, p ≤ 0.001), as well as predicted EOAi (1 vs. 0.9, p ≤ 0.001). Moderate patient
prosthesis mismatch (PPM) was significantly lower in the EPro group (17.7% vs. 38%, p ≤ 0.001),
as well as severe PPM (2.9% vs. 8.8%, p = 0.03). PPI and the PVL rate as well as stroke, bleeding,
vascular complication, and 30-day mortality were comparable. Conclusions: In patients with severely
calcified aortic valves, both THVs performed similarly in terms of 30-day mortality, PPI rate, and PVL
occurrence. However, patient prothesis mismatch was observed more often in the S3 group, which
might be due to the intra-annular design.

Keywords: TAVI; calcification; balloon-expandable; self-expandable

1. Introduction

Since 2002, transcatheter aortic valve implantation (TAVI) has gradually developed
from being a method reserved to treat aortic valve stenosis in high-risk patients to an alter-
native to surgical aortic valve replacement in intermediate and even low-risk patients [1–3].

However, despite its favorable outcome data, TAVI itself has been associated with
severe complications [1–3]. Atrioventricular blockage, paravalvular leakage, stroke or
vascular complication still pose a substantial problem [4].

Several risk factors have been identified as underlying causes for complications re-
sulting in a worse outcome following TAVI. Severe calcification of the aortic valve leaflets,
annulus, and left ventricular outflow tract is a particular challenging risk factor [5,6]. The
degree and distribution of calcification have been linked to the permanent pacemaker im-
plantation rate in balloon-expandable as well as self-expandable valves [7,8]. Paravalvular
leakage, itself associated with a detrimental effect on prognosis [9], was found significantly
more often in patients with a high calcification burden of the aortic valve [5]. The impact
on stroke remains unclear, with some studies finding no correlation [10,11], while newer
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data reported by Spaziano et al. found a two-fold increase in the stroke rate and mortality
at one year following TAVI in patients with moderate or severe left ventricular outflow
tract (LVOT) calcification [6]. Furthermore, a study by Aggarwal et al. reported a signifi-
cantly higher number of cranial embolization in patients with a higher valvular Agatston
score [12]. The risk for annular rupture as well as mortality has been associated with valve
calcification [13,14].

Addressing the procedural challenges when treating highly calcified valves as well as
receiving the best hemodynamic outcomes in these patients is of great importance.

Self-expanding valves have a fundamentally different way of exerting pressure on
the annulus than balloon-expandable valves [15]. A high calcification burden may impede
TAVI deployment regardless of the expanding mechanism [16]. Much engineering effort
has been undertaken to counter this, with additional features of modern transcatheter heart
valves [17–19].

The Sapien 3 features a specific sealing skirt to tackle PVL for which several studies
reported favorable results [18,20]. The Evolut Pro has an additional outer pericardium
sheath over the bottom 1 1/2 mesh segments to achieve better sealing, which translates into
a reduced PVL rate [21].

The purpose of this study was to investigate the recent self-expanding THV generation—
the Evolut Pro, in a head-to-head comparison against the Sapien 3 in the setting of severe
calcification in propensity score-matched cohort data from our institution.

2. Materials and Methods

This retrospective single-center study included all patients with severe calcified aortic
valve stenosis who received either an Evolut Pro (EPro, Medtronic, Minneapolis, Minnesota)
or a Sapien 3 (S3, Edwards Lifesciences, Irvine, CA, USA) THV from June 2014 to December
2019. Patients were recruited from the ongoing prospective TAVI register at our institution.
In total, 1988 patients were screened for enrollment in this study. All patients presented
with a symptomatic, severe aortic valve stenosis as defined by ESC/AHA guidelines [22,23].
Every patient received a pre-procedural computed tomography of the heart and complete
aorta. CT analysis was performed using 3 mensio structural heart software (Pie Medical
Imaging, Maastricht, The Netherlands). The calcification burden was determined using a
contrast-enhanced computed tomogram [24]. The region of interest was defined as reaching
from the coronary ostia to the basal plane with further retrograde 10 mm into the LVOT.
The severity of calcification was determined as extensive calcifications of all three cusps
of the aortic valve as well as the LVOT [25]. Since exclusively an annular diameter from
18 mm to 26.4 mm can be treated with both studied THV prostheses, only patients with
annular dimension within this range were included in the current analysis.

In total, 440 patients presented with severely calcified aortic valve complex and were
subsequently enrolled in this analysis; 263 patients received an S3, and 177 patients received
an EPro. All patients gave written informed consent for the procedure. The study protocol
was approved by the local review board and ethics committee.

Eligibility of the individual candidate for TAVI had been decided by the local institu-
tional heart team. The transfemoral artery was the preferred access route, but transsubcla-
vian access was used when deemed more favorable in the presence of vascular calcification,
small caliber, or kinking. In each group, 1 patient was treated via the subclavian access
route while all others were treated transfemorally. Prosthesis selection was suggested by
the heart team, but the final decision was made by the operating physician.

Echocardiographic evaluation was standardized and performed by an intervention-
independent echocardiographer before TAVI and pre-discharge according to Valve Aca-
demic Research Consortium (VARC-2) recommendations [26]. The mean aortic valve
gradient was measured by using continuous wave Doppler. Paravalvular leakage was
classified as none/trace, mild, moderate, and severe [27]. The effective orifice area (EOA)
was assessed using the continuity equation and indexed to the body surface area (EOAi).
Measured EOAi was compared to predicted EOAi, which was obtained from published
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data [28]. PPM was classified as per the guidelines using the EOAi as follows: severe
(<0.65 cm2/m2), moderate (0.65 to 0.85 cm2/m2), and not significant (>0.85 cm2/m2) in the
general population, and as severe (<0.56 cm2/m2) or moderate (0.56 to 0.70 cm2/m2) in the
obese population (body mass index ≥ 30 kg/m2) [29].

Procedural outcomes were reported according to the VARC2 consensus; 30-day mor-
tality as well as stroke, life-threatening bleeding, stage 2 or 3 acute kidney injury, coronary
artery obstruction requiring intervention, major vascular complication, and valve-related
dysfunction requiring repeat procedure were assessed.

Statistical analysis: Continuous variables are expressed as the mean ± standard
deviation (SD) and were compared among groups using Student’s t-test. Categorical
data are presented as numbers and percentages. The chi-square test or Fisher’s exact
test were used to evaluate differences among groups. A comparison of unpaired and
paired continuous data was performed with the Wilcoxon rank sum test. Propensity score
matching using the “nearest neighbor” algorithm with a caliper of 0.1 was used to match
patients receiving EPro and S3 in a 1:1 fashion. The EPro group was used as the common
reference. Matching parameters were the area-derived aortic annulus size, device landing
zone calcification (DLZC) score, ejection fraction, age, and gender. A p value < 0.05 was
considered significant. Statistical analysis was performed using Statistica 13.5 (TIBCO, Palo
Alto, CA, USA) and R software version 3.6.3 (The R Foundation for Statistical Computing,
Vienna, Austria).

3. Results

EPro patients were matched to S3 patients to control for confounders. Propensity score
matching resulted in 170 pairs. The baseline characteristics of the unmatched and matched
population are shown in Table 1. There were no differences regarding age (years): 82.5 ± 5.1
vs. 82.9 ± 6.7, p = 0.519, area-derived annulus size (mm2): 23.7 ± 1.6 vs. 23.9 ± 1.5,
p = 0.41, gender (male): 74 (42%) vs. 71 (40%), p = 0.66, landing zone calcification score:
1239.4 ± 617.5 vs. 1209.3 ± 928.3, p = 0.73, and ejection fraction (%): 51.3 ± 7.6 vs. 51.2 ± 8.1,
p = 0.87. The absolute standardized mean differences (d values) of all matching parameters
were less than 0.1 (Figure A1), indicating adequate balance between groups and thus
sufficient bias reduction [30]. Differences between groups regarding matching parameters
and baseline Data are given in Table 1.

Procedural characteristics. Fluoroscopy time as well as the amount of contrast agent
used was significantly higher in the EPro group compared to the S3 group (both p ≤ 0.001).
Patients receiving the EPro experienced pre- and post-dilatation more often than those
receiving an S3 THV (p ≤ 0.001). All data are given in Table 2.

Clinical outcomes. Analyzing for VARC 2 parameters, we found 30-day mortality,
stroke rate, vascular complications (minor and major) as well as bleeding comparable
between the groups. There was one case of periprocedural conversion to surgery in the
S3 group because of an annular rupture. Three patients developed acute kidney failure,
requiring dialysis, two in the EPro (1.2%) and one in the S3 (0.6%) group. Permanent
pacemaker implantation following TAVI was (EPro vs. S3) 14.1% vs. 12.4% with a p-value
of 0.65 (Table 2).

Hemodynamics and PPM. No differences were found regarding PVL between groups.
Moderate PVL was found in 2.9% and 4.1% for EPro and S3, respectively (p = 0.56). Se-
vere PVL did not occur in either group. When the calcification load of both groups was
divided into thirds, no significant association with PVL was found for either THV. The
calcification load between the thirds of both groups was similar; (EPro vs. S3: 1/3 698 mm3

vs. 470 mm3, 2/3 1123 mm3 vs. 1013 mm3, 3/3 1829 mm3 vs. 1963 mm3). Transthoracic
echocardiography showed significant differences between groups in transvalvular gradi-
ents following implantation. Both the mean and maximal gradients were lower in the EPro
group compared to the S3 group (p ≤ 0.001). The aortic valve area was also significantly
larger in the EPro group compared to the S3 (p ≤ 0.001) group. EOAi was higher in the
EPro group (p ≤ 0.001), which resulted in more moderate as well as more severe PPM in



J. Clin. Med. 2022, 11, 4570 4 of 11

the S3 group (Table 2). Based on the predicted EOAi, PPM was generally lower, with less
moderate PPM and no severe PPM in either group. However, predicted EOAi remained
higher in the EPro group (p ≤ 0.001), and moderate PPM occurred significantly more often
in the S3 group (p ≤ 0.001) (Table 3).

Table 1. Characteristics of the matched study population grouped by patient receiving either an
Evolut Pro or Sapien 3 prosthesis.

Before Matching After Matching

EPro (N = 177) S3 (N = 263) p-Value EPro (N = 170) S3 (N = 170) p-Value

Matching parameter
Age (years) 82.4 ± 5.1 81.8 ± 7.7 0.33 82.5 ± 5.1 82.9 ± 6.7 0.519

Anulus size (mm2) 23.85 ± 1.8 24.1 ± 1.7 0.09 23.7 ± 1.6 23.9 ± 1.5 0.41
Gender (male) 74 (41.8) 127 (48.3) 0.18 74 (42) 71 (40) 0.66

LZ Calcification score 2 1229.36 ± 612.5 1211.25 ± 889.8 0.81 1239.4 ± 617.5 1209.3 ± 928.3 0.73
Ejection fraction (%) 51.27 ± 7.7 51.3 ± 7.71 0.96 51.3 ± 7.6 51.2 ± 8.1 0.87

Baseline characteristics
BMI (kg/m2) 3 26.45 ± 4.6 26.96 ± 4.9 0.27 26.4 ± 4.5 26.9 ± 4.9 0.29

EuroScore II (%) 5.25 ± 5 6.49 ± 8 0.07 5.1 ± 4.9 7 ± 9.1 0.02
NYHA 2.56 ± 0.6 2.72 ± 0.6 0.008 2.5 ± 0.6 2.7 ± 0.6 0.004

Diabetes mellitus 58 (32.8) 78 (29.7) 0.49 45 (27) 36 (21) 0.25
Arterial Hypertension 152 (85.9) 238 (90.5) 0.135 146 (86) 156 (92) 0.05

CHD 1 99 (55.9) 152 (57.8) 0.7 98 (57.8) (61.2) 0.53
Atrial fibrillation 37 (20.9) 81 (30.8) 0.02 24 (13.9) 36 (21.2) 0.08

RBB 16 (9) 31 (11.8) 0.35 15 (8.9) 22 (13) 0.22
LBB 13 (7.3) 9 (3.4) 0.046 13 (7.7) 6 (3.6) 0.1

AVB I 1 (0.6) 2 (0.8) 0.85 1 (0.6) 1 (0.6) 0.99
AVB II 1 (0.6) 1 (0.4) 0.75 1 (0.6) 1 (0.6) 0.99

Previous Pacemaker 12 (6.9) 30 (11) 0.15 13 (7.6) 22 (13) 0.65
Dialysis pre TAVI 6 (3.4) 11 (4.2) 0.67 3 (1.8) 7 (4.1) 0.14

GFR (mL/min/1.72 m2) 57.35 ± 18.2 55.35 ± 20.7 0.3 57.7 ± 18.4 54.6 ± 20.7 0.14
Haemoglobin (mg/dL) 12.43 ± 1.7 12.46 ± 1.7 0.84 12.4 ± 1.7 12.4 ± 1.7 0.74

Echocardiography
dPmean (mmHg) 49 ± 15.7 47.5 ± 17.6 0.36 49.1 ± 15.9 47.8 ± 18.1 0.48
dPmax (mmHg) 74.12 ± 22.8 74 ± 25.4 0.96 74.2 ± 23.2 74.5 ± 26.3 0.91

Aortic Valve Area (cm2) 0.69 ± 0.2 0.71 ± 0.2 0.41 0.69 ± 0.17 0.69 ± 0.17 0.92

Values are the mean ± SD or n (%). 1 CHD = coronary heart disease, 2 LZ = Landing zone, 3 BMI = Body mass index.

Table 2. Clinical and hemodynamic outcomes after transcatheter implantation.

EPro (N = 170) S3 (N = 170) p-Value

Fluoroscopy time (s) 880.3 ± 355.5 747.8 ± 298.2 <0.001
Contrast agent used (mL) 120.7 ± 44.6 103.1 ± 33.4 <0.001

Prosthesis size
23/20 1 (0.6) 0 (0) 0.32
26/23 45 (26.5) 61 (35.9) 0.06
29/26 124 (72.9) 109 (64.1) 0.08

Pre-dilatation 35 (20.6) 14 (8.3) 0.001
Post-dilatation 79 (46.7) 24 (14.3) <0.001
Valve in Valve 0 0

Conversion to surgery 0 (0) 1 (0.6) 0.32
Coronary obstruction 0 0
Acute kidney failure 2 (1.2) 1 (0.6) 0.73

Myocardial infarction 0 0
Bleeding 14 (8.4) 15 (8.8) 0.9

Minor 7 (4.2) 8 (4.7) 0.83
Major 4 (2.4) 4 (2.4) 0.97

Life threatening 3 (1.8) 3 (1.8) 0.98
Vascular complication 16 (9.6) 19 (11.2) 0.65

Minor 13 (7.8) 16 (9.4) 0.61
Major 3 (1.8) 3 (1.8) 0.98

Disabling Stroke 3 (1.8) 2 (1.2) 0.63
New PPI 1 24 (14.1) 21 (12.4) 0.65

30-day mortality 5 (2.9) 4 (2.4) 0.71

Values are the mean ± SD or n (%), 1 PPI: Permanent pacemaker implantation.
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Table 3. Echocardiographic outcomes.

EPro (N = 170) S3 (N = 170) p-Value

dPmean (mmHg) 8.07 ± 4.24 11.11 ± 4.14 <0.001
dPmax (mmHg) 14.09 ± 7.11 19.81 ± 6.68 <0.001
AVA post (cm2) 1 1.89 ± 0.46 1.62 ± 0.31 <0.001

Aortic regurgitation
None/Trace 108 (63.5) 117 (68.8) 0.3

mild 57 (33.5) 46 (27.1) 0.2
moderate 5 (2.9) 7 (4.1) 0.56

severe 0 (0) 0 (0) 1
EOAi 2 1.07 ± 0.3 0.9 ± 0.18 <0.001

PPM moderate 3 30 (17.7) 65 (38) <0.001
PPM severe 5 (2.9) 15 (8.8) 0.027

Predicted EOAi 1.05 ± 0.13 0.92 ± 0.12 <0.001
PPM moderate 1 (0.6) 25 (14.7) <0.001

PPM severe 0 (0) 0 (0)

Values are the mean ± SD or n (%), 1 AVA: Aortic valve area, 2 EOAi: Effective orifice area indexed, 3 PPM: Patient–
prosthesis mismatch.

4. Discussion

The present study is a single-center, propensity score-matched comparison of the
hemodynamic performance and clinical outcome of patients receiving the self-expanding
supra-annular Evolut Pro and the balloon-expandable intra-annular Sapien 3 THV in
patients with a severely calcified aortic valve. The major findings of our study are as
follows: (1) Both THVs appear to be equally effective and safe in the setting of severe
calcification, with a low 30-day mortality and no significant differences in PVL or PPI rate;
(2) the overall achieved EOAi after implantation was significantly higher in the EPro group,
with subsequent less moderate as well as severe patient prostheses mismatch.

4.1. Baseline Characteristics and Procedural Aspects

Overall matching was satisfactory (Appendix A, Figure A1). Atrial fibrillation was the
only non-matched parameter that became insignificantly different between groups. The
NYHA class and EuroSCORE II remained different between groups; however this might be
due to the earlier recruitment of S3 patients starting in 2014 where TAVI was still restricted
to high-risk patients, as opposed to a later enrollment of patients treated with EPro (starting
in 2018), when TAVI was already considered for intermediate risk patients.

The significantly higher rate of pre- and post-dilation in self-expanding valves (SEV)
in the present cohort is in line with previous comparisons of BEV and SEV [31,32]. This fact
and the ability of repositioning the EPro THV may also be the reason for the significantly
longer fluoroscopy time as well as the higher need for contrast agent in the EPro group.
Although post-dilatation has been associated with higher cerebrovascular events [33]
and contrast agent is a known risk factor for kidney injury [34], there was no significant
difference in acute kidney failure as well as stroke across both groups, which is in line with
recently published data comparing 224 patients with BEV (Sapien THV/XT and S 3) and
SEV (CoreValve and Evolut R) [32].

4.2. Permanent Pacemaker Rate and Hemodynamics

The PPI rate in our study population was equally low and comparable to other
published data. The reported PPI rate for the S3 covers a range from 8.5% to 20.5%, with
randomized trials reporting lower rates than registries [35–37]. The PPI rate for the EPro
ranges from 14.6% to 17.5%, although the latter stems from the FORWARD study, which
also included previous generations of the Evolut THV [1,17,38]. Thus, our PPI rate of 12.4%
in the BEV and 14.1% in the SEV group are in line with recent studies.

Paravalvular regurgitation has an important impact on outcome in TAVI patients.
Substantial data have shown moderate and severe PVL to be associated with worse out-
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comes, and even mild PVL might impact prognosis [9]. In particular, a high calcification
burden is a predictor for PVL [5]. We found moderate PVL in 4.1% of all patients who were
treated with an S3 THV, in line with data from the PARTNER 2 (3.7%) and PARTNER 3
(3.9%) [2,35].

Moderate PVL was found in 2.9% of our patients who received an EPro THV, which is
slightly higher than the rate reported in the FORWARD study (1.9%) [38] but comparable
to real-world data (moderate or severe PVL: 2.8%) [17] (moderate PVL: 3.8%) [39].

A study by Mauri et al. compared BEV and SEV concerning PVL in the setting of
different calcification loads of the DLZ. These authors showed that SEV had a higher risk
for PVL in the setting of increased DLZ calcification [40]. In our study, we found that
although BEV and SEV showed an increase in PVL at higher calcification levels, statistical
significance was not reached with either SEV or BEV (Figure 1). The reason for this might
be in the design improvements of the EPro compared to the Evolut R.
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burden in patients that received an S3 THV. The calcification burden was grouped similarly.

Transvalvular gradients were significantly lower in the supra-annular EPro THV as
compared to the intra-annular S3 THV, which has been reported previously [41]. Supra-
annular design has often been reported as advantageous over intra-annular design con-
cerning PPM [31,32]. Because of its design, the S3 has been shown to be especially prone to
PPM even compared to its own predecessor, the Sapien XT [42]. This resulted in a lower
achieved effective orifice area and consequently higher rate of moderate as well as severe
PPM in the S3 group as compared to the EPro group. While the effective orifice area is
traditionally measured by the continuity equation, a novel method uses not measured, but
predicted effective orifice area [28,29]. This new method generally results in a reduced
occurrence of PPM and leads to a stronger association with clinical endpoints such as the
remaining gradient [43]. Using predicted EOAi in our cohort, we saw a lower rate of PPM
as well, but association with the remaining mean gradient was comparable using either
method. Patient prosthesis mismatch as the phenomenon of an orifice area being too small
in relation to the patient following surgical heart valve implantation was first described in
1978 [44]. Until this day, its impact on clinical outcome remains a matter of controversy,
although two large meta-analyses of surgical patients found an association of moderate and
severe PPM with all-cause and cardiac-related survival [45–47]. The impact of prosthesis
mismatch in TAVI has not been clearly established [26,48,49]. PPM following TAVI was
associated with worse survival in a Partner 1 subgroup analysis [50] as well as in a study by
León del Pino et al. [51], whereas other studies found no association with mortality [48,49].
However, moderate PPM is considered a device failure according to the current valve
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academic research consortium (VARC) criteria [26]. It seems that PPM is associated with an
impaired outcome in patients with reduced ejection fraction [52]. This has led some experts
to prioritizing self-expanding THV in this patient group [53].

4.3. Clinical Outcomes

Life-threatening bleeding and major vascular complications in our cohort were not
different between the two groups and were overall comparable to other published data [3,54].

The rate of disabling stroke was similar in both groups and comparable to other
published data [17,35,36,38,39], and 30-day mortality was similar in both groups and in
line with current data [17,36,38].

4.4. Limitations

There are several limitations to our investigation: first, it was an observational study,
which makes it more prone to bias in comparison to randomized trials. Second, although we
used a sophisticated matching algorithm, it cannot replace true prospective randomization.
Third, it was a monocentric study, which may have been subjected to referral bias. Fourth,
after matching, patients receiving an S3 THV had a slightly, but significantly, higher
Euroscore II risk score, which may have affected the S3 performance evaluation in our
study. Fifth, 30-day valve dysfunction was not examined in this study. Sixth, over the
course of the enrollment period, the implantation strategy was adapted to the current
standards, for example, from 2016, the S3 THV implantation height was increased. This
may have altered the final results.

5. Conclusions

Overall, our study found both THVs to be safe and highly effective in patients with
severely calcified aortic valve stenosis, displaying a low complication rate according to
VARC II criteria. This marks a novel finding for self-expanding THVs, which seemed
disadvantaged against balloon-expandable THVs in earlier generations. Patient prothesis
mismatch—moderate as well as severe—was observed more often in the intra-annular
balloon-expandable S3 group. Whether these findings impact long-term outcomes needs to
be elucidated.

Author Contributions: Conceptualization, T.K.R. and S.B.; methodology, T.K.R., S.B. and M.P.;
software, M.P.; validation, T.K.R. and S.B.; investigation, W.S., S.S., K.P.F., C.P. and N.F.; data curation,
K.M., H.O., L.G. and M.P.; writing—original draft preparation, M.P.; writing—review and editing,
T.K.R., S.B. and R.S.; visualization, M.P.; supervision, V.R., J.G., R.S., C.P., T.G.-J. and N.F.; project
administration, T.K.R. All authors have read and agreed to the published version of the manuscript.

Funding: We acknowledge support by the DFG Open Access Publication Funds of the Ruhr-
Universität Bochum.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and was approved by the Institutional Ethics Committee of the Ruhr University Bochum.
Approval Code: 2019-534, Approval Date 5 August 2019.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data underlying this article will be shared upon reasonable request
to the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.



J. Clin. Med. 2022, 11, 4570 8 of 11

Appendix A

J. Clin. Med. 2022, 11, x FOR PEER REVIEW 9 of 12 
 

 

Acknowledgments: We acknowledge support by the DFG Open Access Publication Funds of the 
Ruhr-Universität Bochum. 

Conflicts of Interest: The authors declare no conflict of interest. 

Appendix A 

 
Figure A1. This figure shows the unadjusted (before matching) and adjusted (after matching) stand-
ardized mean differences of the matched parameters. Absolute standardized mean differences < 0.1 
were considered indicator of adequate balance. 

References 
1. Popma, J.J.; Deeb, G.M.; Yakubov, S.J.; Mumtaz, M.; Gada, H.; O'Hair, D.; Bajwa, T.; Heiser, J.C.; Merhi, W.; Kleiman, N.S.; et al. 

Transcatheter Aortic-Valve Replacement with a Self-Expanding Valve in Low-Risk Patients. N. Engl. J. Med. 2019, 380, 1706–
1715. https://doi.org/10.1056/NEJMoa1816885. 

2. Mack, M.J.; Leon, M.B.; Thourani, V.H.; Makkar, R.; Kodali, S.K.; Russo, M.; Kapadia, S.R.; Malaisrie, S.C.; Cohen, D.J.; Pibarot, 
P.; et al. Transcatheter Aortic-Valve Replacement with a Balloon-Expandable Valve in Low-Risk Patients. N. Engl. J. Med. 2019, 
380, 1695–1705. https://doi.org/10.1056/NEJMoa1814052. 

3. Leon, M.B.; Smith, C.R.; Mack, M.; Miller, D.C.; Moses, J.W.; Svensson, L.G.; Tuzcu, E.M.; Webb, J.G.; Fontana, G.P.; Makkar, 
R.R.; et al. Transcatheter aortic-valve implantation for aortic stenosis in patients who cannot undergo surgery. N. Engl. J. Med. 
2010, 363, 1597–1607. https://doi.org/10.1056/NEJMoa1008232. 

4. Arnold, S.V.; Zhang, Y.; Baron, S.J.; McAndrew, T.C.; Alu, M.C.; Kodali, S.K.; Kapadia, S.; Thourani, V.H.; Miller, D.C.; Mack, 
M.J.; et al. Impact of Short-Term Complications on Mortality and Quality of Life After Transcatheter Aortic Valve Replacement. 
JACC Cardiovasc. Interv. 2019, 12, 362–369. https://doi.org/10.1016/j.jcin.2018.11.008. 

5. John, D.; Buellesfeld, L.; Yuecel, S.; Mueller, R.; Latsios, G.; Beucher, H.; Gerckens, U.; Grube, E. Correlation of Device landing 
zone calcification and acute procedural success in patients undergoing transcatheter aortic valve implantations with the self-
expanding CoreValve prosthesis. JACC Cardiovasc. Interv. 2010, 3, 233–243. https://doi.org/10.1016/j.jcin.2009.11.015. 

6. Spaziano, M.; Chieffo, A.; Watanabe, Y.; Chandrasekhar, J.; Sartori, S.; Lefèvre, T.; Petronio, A.S.; Presbitero, P.; Tchetche, D.; 
Iadanza, A.; et al. Computed tomography predictors of mortality, stroke and conduction disturbances in women undergoing 
TAVR: A sub-analysis of the WIN-TAVI registry. J. Cardiovasc. Comput. Tomogr. 2018, 12, 338–343. 
https://doi.org/10.1016/j.jcct.2018.04.007. 

Figure A1. This figure shows the unadjusted (before matching) and adjusted (after matching) stan-
dardized mean differences of the matched parameters. Absolute standardized mean differences < 0.1
were considered indicator of adequate balance.

References
1. Popma, J.J.; Deeb, G.M.; Yakubov, S.J.; Mumtaz, M.; Gada, H.; O’Hair, D.; Bajwa, T.; Heiser, J.C.; Merhi, W.; Kleiman, N.S.; et al.

Transcatheter Aortic-Valve Replacement with a Self-Expanding Valve in Low-Risk Patients. N. Engl. J. Med. 2019, 380, 1706–1715.
[CrossRef] [PubMed]

2. Mack, M.J.; Leon, M.B.; Thourani, V.H.; Makkar, R.; Kodali, S.K.; Russo, M.; Kapadia, S.R.; Malaisrie, S.C.; Cohen, D.J.;
Pibarot, P.; et al. Transcatheter Aortic-Valve Replacement with a Balloon-Expandable Valve in Low-Risk Patients. N. Engl. J. Med.
2019, 380, 1695–1705. [CrossRef] [PubMed]

3. Leon, M.B.; Smith, C.R.; Mack, M.; Miller, D.C.; Moses, J.W.; Svensson, L.G.; Tuzcu, E.M.; Webb, J.G.; Fontana, G.P.;
Makkar, R.R.; et al. Transcatheter aortic-valve implantation for aortic stenosis in patients who cannot undergo surgery. N. Engl. J.
Med. 2010, 363, 1597–1607. [CrossRef] [PubMed]

4. Arnold, S.V.; Zhang, Y.; Baron, S.J.; McAndrew, T.C.; Alu, M.C.; Kodali, S.K.; Kapadia, S.; Thourani, V.H.; Miller, D.C.;
Mack, M.J.; et al. Impact of Short-Term Complications on Mortality and Quality of Life After Transcatheter Aortic Valve Replace-
ment. JACC Cardiovasc. Interv. 2019, 12, 362–369. [CrossRef]

5. John, D.; Buellesfeld, L.; Yuecel, S.; Mueller, R.; Latsios, G.; Beucher, H.; Gerckens, U.; Grube, E. Correlation of Device landing zone
calcification and acute procedural success in patients undergoing transcatheter aortic valve implantations with the self-expanding
CoreValve prosthesis. JACC Cardiovasc. Interv. 2010, 3, 233–243. [CrossRef]

6. Spaziano, M.; Chieffo, A.; Watanabe, Y.; Chandrasekhar, J.; Sartori, S.; Lefèvre, T.; Petronio, A.S.; Presbitero, P.; Tchetche, D.;
Iadanza, A.; et al. Computed tomography predictors of mortality, stroke and conduction disturbances in women undergoing
TAVR: A sub-analysis of the WIN-TAVI registry. J. Cardiovasc. Comput. Tomogr. 2018, 12, 338–343. [CrossRef]

7. Mauri, V.; Reimann, A.; Stern, D.; Scherner, M.; Kuhn, E.; Rudolph, V.; Rosenkranz, S.; Eghbalzadeh, K.; Friedrichs, K.;
Wahlers, T.; et al. Predictors of Permanent Pacemaker Implantation After Transcatheter Aortic Valve Replacement With the
SAPIEN 3. JACC Cardiovasc. Interv. 2016, 9, 2200–2209. [CrossRef]

8. Latsios, G.; Gerckens, U.; Buellesfeld, L.; Mueller, R.; John, D.; Yuecel, S.; Syring, J.; Sauren, B.; Grube, E. “Device landing zone”
calcification, assessed by MSCT, as a predictive factor for pacemaker implantation after TAVI. Catheter. Cardiovasc. Interv. 2010, 76,
431–439. [CrossRef]

http://doi.org/10.1056/NEJMoa1816885
http://www.ncbi.nlm.nih.gov/pubmed/30883053
http://doi.org/10.1056/NEJMoa1814052
http://www.ncbi.nlm.nih.gov/pubmed/30883058
http://doi.org/10.1056/NEJMoa1008232
http://www.ncbi.nlm.nih.gov/pubmed/20961243
http://doi.org/10.1016/j.jcin.2018.11.008
http://doi.org/10.1016/j.jcin.2009.11.015
http://doi.org/10.1016/j.jcct.2018.04.007
http://doi.org/10.1016/j.jcin.2016.08.034
http://doi.org/10.1002/ccd.22563


J. Clin. Med. 2022, 11, 4570 9 of 11

9. Kodali, S.K.; Williams, M.R.; Smith, C.R.; Svensson, L.G.; Webb, J.G.; Makkar, R.R.; Fontana, G.P.; Dewey, T.M.; Thourani, V.H.;
Pichard, A.D.; et al. Two-year outcomes after transcatheter or surgical aortic-valve replacement. N. Engl. J. Med. 2012, 366,
1686–1695. [CrossRef]

10. Staubach, S.; Franke, J.; Gerckens, U.; Schuler, G.; Zahn, R.; Eggebrecht, H.; Hambrecht, R.; Sack, S.; Richardt, G.; Horack, M.; et al.
Impact of aortic valve calcification on the outcome of transcatheter aortic valve implantation: Results from the prospective
multicenter German TAVI registry. Catheter. Cardiovasc. Interv. 2013, 81, 348–355. [CrossRef]

11. Morlock, J.; Schlick, S.; Psyrakis, D.; Sorg, S.; Schröfel, H.; Beyersdorf, F.; Reinöhl, J.; Heilmann, C. Calcification of Aortic Valve Is
Not Associated with Neurologic Events or Need for Pacemaker Implantation in TAVI Patients. Thorac. Cardiovasc. Surg. 2016, 64.
[CrossRef]

12. Aggarwal, S.K.; Delahunty Rn, N.; Menezes, L.J.; Perry, R.; Wong, B.; Reinthaler, M.; Ozkor, M.; Mullen, M.J. Patterns of solid
particle embolization during transcatheter aortic valve implantation and correlation with aortic valve calcification. J. Interv.
Cardiol. 2018, 31, 648–654. [CrossRef] [PubMed]

13. Hansson, N.C.; Nørgaard, B.L.; Barbanti, M.; Nielsen, N.E.; Yang, T.-H.; Tamburino, C.; Dvir, D.; Jilaihawi, H.; Blanke, P.; Makkar,
R.R.; et al. The impact of calcium volume and distribution in aortic root injury related to balloon-expandable transcatheter aortic
valve replacement. J. Cardiovasc. Comput. Tomogr. 2015, 9, 382–392. [CrossRef] [PubMed]

14. Koos, R.; Reinartz, S.; Mahnken, A.H.; Herpertz, R.; Lotfi, S.; Autschbach, R.; Marx, N.; Hoffmann, R. Impact of aortic valve
calcification severity and impaired left ventricular function on 3-year results of patients undergoing transcatheter aortic valve
replacement. Eur. Radiol. 2013, 23, 3253–3261. [CrossRef]

15. Tzamtzis, S.; Viquerat, J.; Yap, J.; Mullen, M.J.; Burriesci, G. Numerical analysis of the radial force produced by the Medtronic-
CoreValve and Edwards-SAPIEN after transcatheter aortic valve implantation (TAVI). Med. Eng. Phys. 2013, 35, 125–130.
[CrossRef]

16. Sturla, F.; Ronzoni, M.; Vitali, M.; Dimasi, A.; Vismara, R.; Preston-Maher, G.; Burriesci, G.; Votta, E.; Redaelli, A. Impact of
different aortic valve calcification patterns on the outcome of transcatheter aortic valve implantation: A finite element study.
J. Biomech. 2016, 49, 2520–2530. [CrossRef]

17. Forrest, J.K.; Kaple, R.K.; Tang, G.H.L.; Yakubov, S.J.; Nazif, T.M.; Williams, M.R.; Zhang, A.; Popma, J.J.; Reardon, M.J. Three
Generations of Self-Expanding Transcatheter Aortic Valves: A Report From the STS/ACC TVT Registry. JACC Cardiovasc. Interv.
2020, 13, 170–179. [CrossRef]

18. Meyer, A.; Unbehaun, A.; Hamandi, M.; Sündermann, S.H.; Buz, S.; Klein, C.; Stamm, C.; Falk, V.; Kempfert, J. Comparison of
1-Year Survival and Frequency of Paravalvular Leakage Using the Sapien 3 Versus the Sapien XT for Transcatheter Aortic Valve
Implantation for Aortic Stenosis. Am. J. Cardiol. 2017, 120, 2247–2255. [CrossRef]

19. Buono, A.; Gorla, R.; Ielasi, A.; Costa, G.; Cozzi, O.; Ancona, M.; Soriano, F.; de Carlo, M.; Ferrara, E.; Giannini, F.; et al.
Transcatheter Aortic Valve Replacement with Self-Expanding ACURATE neo2: Postprocedural Hemodynamic and Short-Term
Clinical Outcomes. JACC Cardiovasc. Interv. 2022, 15, 1101–1110. [CrossRef]

20. Yang, T.-H.; Webb, J.G.; Blanke, P.; Dvir, D.; Hansson, N.C.; Nørgaard, B.L.; Thompson, C.R.; Thomas, M.; Wendler, O.;
Vahanian, A.; et al. Incidence and severity of paravalvular aortic regurgitation with multidetector computed tomography
nominal area oversizing or undersizing after transcatheter heart valve replacement with the Sapien 3: A comparison with the
Sapien XT. JACC Cardiovasc. Interv. 2015, 8, 462–471. [CrossRef]

21. Forrest, J.K.; Mangi, A.A.; Popma, J.J.; Khabbaz, K.; Reardon, M.J.; Kleiman, N.S.; Yakubov, S.J.; Watson, D.; Kodali, S.; George, I.;
et al. Early Outcomes with the Evolut PRO Repositionable Self-Expanding Transcatheter Aortic Valve With Pericardial Wrap.
JACC Cardiovasc. Interv. 2018, 11, 160–168. [CrossRef] [PubMed]

22. Baumgartner, H.; Falk, V.; Bax, J.J.; de Bonis, M.; Hamm, C.; Holm, P.J.; Iung, B.; Lancellotti, P.; Lansac, E.; Rodriguez
Muñoz, D.; et al. 2017 ESC/EACTS Guidelines for the management of valvular heart disease. Eur. Heart J. 2017, 38, 2739–2791.
[CrossRef]

23. Nishimura, R.A.; Otto, C.M.; Bonow, R.O.; Carabello, B.A.; Erwin, J.P.; Guyton, R.A.; O’Gara, P.T.; Ruiz, C.E.; Skubas, N.J.;
Sorajja, P.; et al. 2014 AHA/ACC guideline for the management of patients with valvular heart disease: A report of the American
College of Cardiology/American Heart Association Task Force on Practice Guidelines. J. Thorac. Cardiovasc. Surg. 2014, 148,
e1–e132. [CrossRef] [PubMed]

24. Kim, W.-K.; Renker, M.; Rolf, A.; Liebetrau, C.; van Linden, A.; Arsalan, M.; Doss, M.; Rieck, J.; Opolski, M.P.; Möllmann, H.; et al.
Accuracy of device landing zone calcium volume measurement with contrast-enhanced multidetector computed tomography. Int.
J. Cardiol. 2018, 263, 171–176. [CrossRef] [PubMed]

25. Barbanti, M.; Yang, T.-H.; Rodès Cabau, J.; Tamburino, C.; Wood, D.A.; Jilaihawi, H.; Blanke, P.; Makkar, R.R.; Latib, A.;
Colombo, A.; et al. Anatomical and procedural features associated with aortic root rupture during balloon-expandable tran-
scatheter aortic valve replacement. Circulation 2013, 128, 244–253. [CrossRef] [PubMed]

26. Kappetein, A.P.; Head, S.J.; Généreux, P.; Piazza, N.; van Mieghem, N.M.; Blackstone, E.H.; Brott, T.G.; Cohen, D.J.; Cutlip, D.E.;
van Es, G.-A.; et al. Updated standardized endpoint definitions for transcatheter aortic valve implantation: The Valve Academic
Research Consortium-2 consensus document. Eur. Heart J. 2012, 33, 2403–2418. [CrossRef]

27. Pibarot, P.; Hahn, R.T.; Weissman, N.J.; Monaghan, M.J. Assessment of paravalvular regurgitation following TAVR: A proposal of
unifying grading scheme. JACC Cardiovasc. Imaging 2015, 8, 340–360. [CrossRef]

http://doi.org/10.1056/NEJMoa1200384
http://doi.org/10.1002/ccd.24332
http://doi.org/10.1055/s-0036-1571566
http://doi.org/10.1111/joic.12526
http://www.ncbi.nlm.nih.gov/pubmed/29900591
http://doi.org/10.1016/j.jcct.2015.04.002
http://www.ncbi.nlm.nih.gov/pubmed/26164109
http://doi.org/10.1007/s00330-013-2961-4
http://doi.org/10.1016/j.medengphy.2012.04.009
http://doi.org/10.1016/j.jbiomech.2016.03.036
http://doi.org/10.1016/j.jcin.2019.08.035
http://doi.org/10.1016/j.amjcard.2017.08.049
http://doi.org/10.1016/j.jcin.2022.02.027
http://doi.org/10.1016/j.jcin.2014.10.014
http://doi.org/10.1016/j.jcin.2017.10.014
http://www.ncbi.nlm.nih.gov/pubmed/29348010
http://doi.org/10.1093/eurheartj/ehx391
http://doi.org/10.1016/j.jtcvs.2014.05.014
http://www.ncbi.nlm.nih.gov/pubmed/24939033
http://doi.org/10.1016/j.ijcard.2018.02.042
http://www.ncbi.nlm.nih.gov/pubmed/29754916
http://doi.org/10.1161/CIRCULATIONAHA.113.002947
http://www.ncbi.nlm.nih.gov/pubmed/23748467
http://doi.org/10.1093/eurheartj/ehs255
http://doi.org/10.1016/j.jcmg.2015.01.008


J. Clin. Med. 2022, 11, 4570 10 of 11

28. Hahn, R.T.; Leipsic, J.; Douglas, P.S.; Jaber, W.A.; Weissman, N.J.; Pibarot, P.; Blanke, P.; Oh, J.K. Comprehensive Echocardiographic
Assessment of Normal Transcatheter Valve Function. JACC Cardiovasc. Imaging 2019, 12, 25–34. [CrossRef]

29. Lancellotti, P.; Pibarot, P.; Chambers, J.; Edvardsen, T.; Delgado, V.; Dulgheru, R.; Pepi, M.; Cosyns, B.; Dweck, M.R.;
Garbi, M.; et al. Recommendations for the imaging assessment of prosthetic heart valves: A report from the European As-
sociation of Cardiovascular Imaging endorsed by the Chinese Society of Echocardiography, the Inter-American Society of
Echocardiography, and the Brazilian Department of Cardiovascular Imaging. Eur. Heart J. Cardiovasc. Imaging 2016, 17, 589–590.
[CrossRef]

30. Rosenbaum, P.R.; Rubin, D.B. Constructing a Control Group Using Multivariate Matched Sampling Methods That Incorporate
the Propensity Score. Am. Stat. 1985, 39, 33–38. [CrossRef]

31. Mauri, V.; Kim, W.K.; Abumayyaleh, M.; Walther, T.; Moellmann, H.; Schaefer, U.; Conradi, L.; Hengstenberg, C.; Hilker, M.;
Wahlers, T.; et al. Short-Term Outcome and Hemodynamic Performance of Next-Generation Self-Expanding Versus Balloon-
Expandable Transcatheter Aortic Valves in Patients with Small Aortic Annulus: A Multicenter Propensity-Matched Comparison.
Circ. Cardiovasc. Interv. 2017, 10, e005013. [CrossRef] [PubMed]

32. Okuno, T.; Khan, F.; Asami, M.; Praz, F.; Heg, D.; Winkel, M.G.; Lanz, J.; Huber, A.; Gräni, C.; Räber, L.; et al. Prosthesis-Patient
Mismatch Following Transcatheter Aortic Valve Replacement with Supra-Annular and Intra-Annular Prostheses. JACC Cardiovasc.
Interv. 2019, 12, 2173–2182. [CrossRef] [PubMed]

33. Auffret, V.; Regueiro, A.; Del Trigo, M.; Abdul-Jawad Altisent, O.; Campelo-Parada, F.; Chiche, O.; Puri, R.; Rodés-Cabau, J.
Predictors of Early Cerebrovascular Events in Patients with Aortic Stenosis Undergoing Transcatheter Aortic Valve Replacement.
J. Am. Coll. Cardiol. 2016, 68, 673–684. [CrossRef] [PubMed]

34. Zaleska-Kociecka, M.; Dabrowski, M.; Stepinska, J. Acute kidney injury after transcatheter aortic valve replacement in the elderly:
Outcomes and risk management. Clin. Interv. Aging 2019, 14, 195–201. [CrossRef] [PubMed]

35. Leon, M.B.; Smith, C.R.; Mack, M.J.; Makkar, R.R.; Svensson, L.G.; Kodali, S.K.; Thourani, V.H.; Tuzcu, E.M.; Miller, D.C.;
Herrmann, H.C.; et al. Transcatheter or Surgical Aortic-Valve Replacement in Intermediate-Risk Patients. N. Engl. J. Med. 2016,
374, 1609–1620. [CrossRef]

36. Wendler, O.; Schymik, G.; Treede, H.; Baumgartner, H.; Dumonteil, N.; Ihlberg, L.; Neumann, F.-J.; Tarantini, G.; Zamarano, J.L.;
Vahanian, A. SOURCE 3 Registry: Design and 30-Day Results of the European Postapproval Registry of the Latest Generation of
the SAPIEN 3 Transcatheter Heart Valve. Circulation 2017, 135, 1123–1132. [CrossRef]

37. Deharo, P.; Bisson, A.; Herbert, J.; Lacour, T.; Saint Etienne, C.; Grammatico-Guillon, L.; Porto, A.; Collart, F.; Bourguignon, T.;
Cuisset, T.; et al. Impact of Sapien 3 Balloon-Expandable Versus Evolut R Self-Expandable Transcatheter Aortic Valve Implantation
in Patients With Aortic Stenosis: Data From a Nationwide Analysis. Circulation 2020, 141, 260–268. [CrossRef]

38. Grube, E.; van Mieghem, N.M.; Bleiziffer, S.; Modine, T.; Bosmans, J.; Manoharan, G.; Linke, A.; Scholtz, W.; Tchétché, D.;
Finkelstein, A.; et al. Clinical Outcomes With a Repositionable Self-Expanding Transcatheter Aortic Valve Prosthesis: The
International FORWARD Study. J. Am. Coll. Cardiol. 2017, 70, 845–853. [CrossRef]

39. Kalogeras, K.; Ruparelia, N.; Kabir, T.; Jabbour, R.; Naganuma, T.; Vavuranakis, M.; Nakamura, S.; Wang, B.; Sen, S.;
Hadjiloizou, N.; et al. Comparison of the self-expanding Evolut-PRO transcatheter aortic valve to its predecessor Evolut-R
in the real world multicenter ATLAS registry. Int. J. Cardiol. 2020, 310, 120–125. [CrossRef]

40. Mauri, V.; Frohn, T.; Deuschl, F.; Mohemed, K.; Kuhr, K.; Reimann, A.; Körber, M.I.; Schofer, N.; Adam, M.; Friedrichs, K.; et al.
Impact of device landing zone calcification patterns on paravalvular regurgitation after transcatheter aortic valve replacement
with different next-generation devices. Open Heart 2020, 7, e001164. [CrossRef]

41. Abdelghani, M.; Allali, A.; Kaur, J.; Hemetsberger, R.; Mehilli, J.; Neumann, F.-J.; Frerker, C.; Kurz, T.; El-Mawardy, M.;
Richardt, G.; et al. Impact of prosthesis-iteration evolution and sizing practice on the incidence of prosthesis-patient mismatch
after transcatheter aortic valve replacement. Catheter. Cardiovasc. Interv. 2019, 93, 971–979. [CrossRef] [PubMed]

42. Theron, A.; Pinto, J.; Grisoli, D.; Griffiths, K.; Salaun, E.; Jaussaud, N.; Ravis, E.; Lambert, M.; Messous, L.; Amanatiou, C.; et al.
Patient-prosthesis mismatch in new generation trans-catheter heart valves: A propensity score analysis. Eur. Heart J. Cardiovasc.
Imaging 2018, 19, 225–233. [CrossRef]

43. Ternacle, J.; Guimaraes, L.; Vincent, F.; Côté, N.; Côté, M.; Lachance, D.; Clavel, M.-A.; Abbas, A.E.; Pibarot, P.; Rodés-Cabau, J.
Reclassification of prosthesis-patient mismatch after transcatheter aortic valve replacement using predicted vs. measured indexed
effective orifice area. Eur. Heart J. Cardiovasc. Imaging 2021, 22, 11–20. [CrossRef] [PubMed]

44. Rahimtoola, S.H. The problem of valve prosthesis-patient mismatch. Circulation 1978, 58, 20–24. [CrossRef] [PubMed]
45. Dayan, V.; Vignolo, G.; Soca, G.; Paganini, J.J.; Brusich, D.; Pibarot, P. Predictors and Outcomes of Prosthesis-Patient Mismatch

After Aortic Valve Replacement. JACC Cardiovasc. Imaging 2016, 9, 924–933. [CrossRef] [PubMed]
46. Head, S.J.; Mokhles, M.M.; Osnabrugge, R.L.J.; Pibarot, P.; Mack, M.J.; Takkenberg, J.J.M.; Bogers, A.J.J.C.; Kappetein, A.P.

The impact of prosthesis-patient mismatch on long-term survival after aortic valve replacement: A systematic review and
meta-analysis of 34 observational studies comprising 27 186 patients with 133 141 patient-years. Eur. Heart J. 2012, 33, 1518–1529.
[CrossRef]

47. Bilkhu, R.; Jahangiri, M.; Otto, C.M. Patient-prosthesis mismatch following aortic valve replacement. Heart 2019, 105, s28–s33.
[CrossRef]

http://doi.org/10.1016/j.jcmg.2018.04.010
http://doi.org/10.1093/ehjci/jew025
http://doi.org/10.1080/00031305.1985.10479383
http://doi.org/10.1161/CIRCINTERVENTIONS.117.005013
http://www.ncbi.nlm.nih.gov/pubmed/28951395
http://doi.org/10.1016/j.jcin.2019.07.027
http://www.ncbi.nlm.nih.gov/pubmed/31564593
http://doi.org/10.1016/j.jacc.2016.05.065
http://www.ncbi.nlm.nih.gov/pubmed/27515325
http://doi.org/10.2147/CIA.S149916
http://www.ncbi.nlm.nih.gov/pubmed/30718946
http://doi.org/10.1056/NEJMoa1514616
http://doi.org/10.1161/CIRCULATIONAHA.116.025103
http://doi.org/10.1161/CIRCULATIONAHA.119.043971
http://doi.org/10.1016/j.jacc.2017.06.045
http://doi.org/10.1016/j.ijcard.2020.02.070
http://doi.org/10.1136/openhrt-2019-001164
http://doi.org/10.1002/ccd.27977
http://www.ncbi.nlm.nih.gov/pubmed/30467966
http://doi.org/10.1093/ehjci/jex019
http://doi.org/10.1093/ehjci/jeaa235
http://www.ncbi.nlm.nih.gov/pubmed/32995865
http://doi.org/10.1161/01.CIR.58.1.20
http://www.ncbi.nlm.nih.gov/pubmed/348341
http://doi.org/10.1016/j.jcmg.2015.10.026
http://www.ncbi.nlm.nih.gov/pubmed/27236530
http://doi.org/10.1093/eurheartj/ehs003
http://doi.org/10.1136/heartjnl-2018-313515


J. Clin. Med. 2022, 11, 4570 11 of 11

48. Tzikas, A.; Piazza, N.; Geleijnse, M.L.; van Mieghem, N.; Nuis, R.-J.; Schultz, C.; van Geuns, R.-J.; Galema, T.W.; Kappetein, A.-P.;
Serruys, P.W.; et al. Prosthesis-patient mismatch after transcatheter aortic valve implantation with the medtronic CoreValve
system in patients with aortic stenosis. Am. J. Cardiol. 2010, 106, 255–260. [CrossRef]

49. van Linden, A.; Kempfert, J.; Blumenstein, J.; Rastan, A.; Holzhey, D.; Lehmann, S.; Mohr, F.W.; Walther, T. Prosthesis-patient
mismatch after transcatheter aortic valve implantation using the Edwards SAPIEN™ prosthesis. Thorac. Cardiovasc. Surg. 2013,
61, 414–420. [CrossRef]

50. Pibarot, P.; Weissman, N.J.; Stewart, W.J.; Hahn, R.T.; Lindman, B.R.; McAndrew, T.; Kodali, S.K.; Mack, M.J.; Thourani, V.H.;
Miller, D.C.; et al. Incidence and sequelae of prosthesis-patient mismatch in transcatheter versus surgical valve replacement
in high-risk patients with severe aortic stenosis: A PARTNER trial cohort-A analysis. J. Am. Coll. Cardiol. 2014, 64, 1323–1334.
[CrossRef]

51. León Del Pino, M.D.C.; Ruíz Ortiz, M.; Delgado Ortega, M.; Sánchez Fernández, J.; Ferreiro Quero, C.; Durán Jiménez, E.;
Romero Moreno, M.; Segura Saint-Gerons, J.; Ojeda Pineda, S.; Pan Álvarez-Ossorio, M.; et al. Prosthesis-patient mismatch after
transcatheter aortic valve replacement: Prevalence and medium term prognostic impact. Int. J. Cardiovasc. Imaging 2019, 35,
827–836. [CrossRef] [PubMed]

52. Schofer, N.; Deuschl, F.; Rübsamen, N.; Skibowski, J.; Seiffert, M.; Voigtländer, L.; Schaefer, A.; Schneeberger, Y.; Schirmer, J.;
Reichenspurner, H.; et al. Prosthesis-patient mismatch after transcatheter aortic valve implantation: Prevalence and prognostic
impact with respect to baseline left ventricular function. EuroIntervention 2019, 14, 1648–1655. [CrossRef]

53. Bleiziffer, S.; Rudolph, T.K. Patient Prosthesis Mismatch After SAVR and TAVR. Front. Cardiovasc. Med. 2022, 9, 761917. [CrossRef]
[PubMed]

54. Reardon, M.J.; van Mieghem, N.M.; Popma, J.J.; Kleiman, N.S.; Søndergaard, L.; Mumtaz, M.; Adams, D.H.; Deeb, G.M.; Maini,
B.; Gada, H.; et al. Surgical or Transcatheter Aortic-Valve Replacement in Intermediate-Risk Patients. N. Engl. J. Med. 2017, 376,
1321–1331. [CrossRef] [PubMed]

http://doi.org/10.1016/j.amjcard.2010.02.036
http://doi.org/10.1055/s-0032-1311534
http://doi.org/10.1016/j.jacc.2014.06.1195
http://doi.org/10.1007/s10554-018-01519-z
http://www.ncbi.nlm.nih.gov/pubmed/30661140
http://doi.org/10.4244/EIJ-D-18-00827
http://doi.org/10.3389/fcvm.2022.761917
http://www.ncbi.nlm.nih.gov/pubmed/35433878
http://doi.org/10.1056/NEJMoa1700456
http://www.ncbi.nlm.nih.gov/pubmed/28304219

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Baseline Characteristics and Procedural Aspects 
	Permanent Pacemaker Rate and Hemodynamics 
	Clinical Outcomes 
	Limitations 

	Conclusions 
	Appendix A
	References

