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Aims: The study aimed to compare paravalvular leak (PVL) changes after a
transcatheter aortic valve replacement (TAVR) with self-expandable prosthesis
between different aortic valve morphologies and evaluate the impact of
paravalvular leak regression on clinical prognosis.

Methods: Patients with aortic stenosis (AS) successfully treated with a self-
expandable TAVR who were followed up for at least 1year at our centre were
consecutively enrolled from January 2016 to August 2019. Paired serial changes
in paravalvular leak and other haemodynamic parameters by echocardiography
were collected and compared between the bicuspid valve (BAV) and tricuspid
aortic valve (TAV). A logistic regression model was used to explore the
predictors of paravalvular leak regression (<1 grade) 1year after transcatheter
aortic valve replacement, while its impact on subsequent clinical outcomes (all-
cause mortality and rehospitalisation for heart failure (HF)) was further evaluated
using Kaplan—Meier analysis.

Results: A total of 153 bicuspid valve and 114 tricuspid aortic valve patients were
finally enrolled; haemodynamic parameters and paravalvular leak severity were
comparable before the discharge between the two groups. The peak transaortic
velocity, mean transvalvular gradient, and effective orifice area all significantly
improved (p < 0.05) without intergroup differences at all follow-up timepoints.
Significant paravalvular leak reduction was observed only in the TAV group
(1.75% vs. 4.39%, p = 0.029), while moderate paravalular leak was still more
prevalent in BAV (7.19% vs. 1.75%, p = 0.041) at the 1-year follow-up.
Multivariable analyses identified the bicuspid valve, asymmetric calcification,
and undersizing as independent predictors of failure of the 1-year paravalvular
leak reduction in patients with mild or moderate paravalvular leak after
discharge. Patients without a paravalvular leak reduction within 1 year
showed a relatively higher 2-year all-cause mortality and HF (HR: 5.994, 95%
Cl: 1.691-21.240, and p = 0.053) rates thereafter.

Conclusion: In AS patients after self-expandable transcatheter aortic valve
replacement, paravalvular leak regression within 1year was less prevalent in
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bicuspid valve morphology. The failure of paravalvular leak reduction might lead
to an increased risk of poorer prognosis in the long run.

KEYWORDS

transcatheter aortic valve replacement, aortic valve morphology, paravalvular leak
(PVL), bicuspid, tricuspid, calcification

Introduction

Over the past decades, advances in transcatheter aortic valve
replacement (TAVR) have led to its consideration as an optimal
alternative to surgical treatment for severe aortic stenosis (AS).
To date, researchers have demonstrated that self-expandable
valves and balloon-expandable valves have a comparable
clinical efficacy and safety (Abdel-Wahab et al, 2014; Lanz
et al., 2019; Deharo et al,, 2020), and additional improvements
in aortic valve haemodynamics in SEV have been observed over
time (Kaya et al., 2016; Shishido et al., 2019).

According to Oh et al. (2015), the CoreValve U.S. Pivotal
Trial the
echocardiographic parameters and regression of residual aortic

demonstrated continuous  improvement in
regurgitation, following CoreValve implantation in TAV
patients. Their findings were consistent with studies on valve
performance, following TAVR using other self-expandable
prostheses in the TAV upon longitudinal echocardiographic
follow-ups (Sondergaard et al, 2018; Popma et al, 2019;
Siqueira et al., 2021). However, available data on whether it
can be generalized to BAV-AS patients, following a self-
expandable TAVR, are conflicting. Several studies (Liao et al.,
2018; Forrest et al., 2020) investigating TAVR performance in
BAV-AS patients showed comparable valve performance results,
but a loss to the follow-up rate of 40%-50% raised a concern
about selection bias. Evolut R was used to compare propensity-
matched 1-year outcomes after TAVR (Deeb et al, 2022)
between different valve morphologies and showed that despite
BAV having a lower transvalvular gradient at 30 days after
than TAV,
observed at the 1-year follow-up between the two groups,

implantation no significant difference was
indicating a modest and transient trend of a haemodynamic
change in the BAV. No significant reduction in PVL was shown
according to subgroup analyses (Mangieri et al., 2020) of BAV
patients treated with transcatheter self-expandable valves based
on the BEAT international collaborative registry. Since the
prevalence of the BAV phenotype has been expected to
inevitably increase as a result of increased evidence of TAVR
in AS patients with lower surgical risks and younger age (Vincent
etal.,, 2021), further exploration of the impact of BAV anatomies
on PVL progression after implantation would be of great
importance to further facilitate the TAVR application in that
population.

Therefore, in this study, we aimed to perform inter- and
intra-group analyses of changes in PVL severity, along with
AV haemodynamics, TAVR

following self-expandable
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between different aortic valve morphologies to identify the
differences.

Methods
Patient selection

From January 2016 to August 2019, consecutive patients with
severe calcific AS undergoing self-expandable TAVR at our
institution were reviewed. Among them, subjects who
underwent serial echocardiography and clinical follow-up at
1 and 12months after valve implantation were finally
enrolled. Exclusion criteria included a history of prosthetic
degeneration, incidence of periprocedural mortality, and
conversion to a surgical treatment.

TAVR procedures were conducted under general anaesthesia
by fluoroscopy, as well as transesophageal echocardiography
(TEE), as described in full detail elsewhere (Zhou et al., 2020).
An informed consent was obtained from each subject, and our
study was approved by the Institutional Review Board of
Zhongshan Hospital, Fudan University, Shanghai, China

(B2019-093).

Multidetector computed tomography and
a sizing strategy

All patients underwent preoperative evaluation of aortic
valves and an aortic root with a 320-detector row computed
tomography scanner (Aquilion ONE, Canon Medical Systems,
Tochigi-ken, Japan), with a collimation of 160 mm x 0.5 mm, a
gantry rotation time of 350 ms, and a high-pitch spiral data
acquisition mode. The tube voltage was 100 kV-120 kV, and the
tube current was 320 mA-350 mA. The amount of the non-ionic
iodinated contrast medium for MDCT examination was
60 ml-80 ml (Ultravist 370, Bayer Schering Pharma, Berlin,
Germany) at a flow rate of 4 ml/s-5ml/s. A saline flush of
25 ml was administered at the same flow rate after iodinated
contrast medium administration. To synchronize the arrival of
the contrast medium and the scan, bolus arrival was detected by
automated peak enhancement detection in the descending aorta
with a threshold of 180 Hounsfield units (HU). The total amount
of contrast used was dependent on the total scan time and body
the
and

weight. Data acquisition was performed gated to

electrocardiogram  to allow retrospective  gating
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FIGURE 1

Aortic valve phenotype and calcification evaluation based on computerized tomography. (A) Classification of aortic valve morphology. (B)
Region of the aortic valve leaflet. (C) Region of the left ventricular outflow tract. (D) Assessment of aortic valve calcification eccentricity by the use of
the ‘bi-plane method'. (E) 24 sectors were divided by every 15° to calculate the maximum difference of calcification eccentricity.

reconstruction of the data at desired phases of the cardiac cycle
(at each 5% RR interval and at 30%-40% for systole and 70%-
80% for diastole). Reconstructions of the aortic root were created
Bilthoven,
Netherlands), as we previously described (Khalique et al.,
2014), and the slide thickness was set as 0.5mm. All CT
images were then independently reviewed by two experienced

by 3mensio software (Pie Medical Imaging,

cardiologists in our centre to attain an interobserver agreement.
Our study population was classified into two subgroups: BAV
(congenitally malformed valve of two cusps with/without raphae)
and TAV (Figure 1A) (Sievers and Schmidtke, 2007). The
quantity and distribution of calcification were analysed by
using calcium volume (CV) measurements with an empirical
starting threshold of 850 HU based on the contrast-enhanced
images (Jilathawi et al., 2014). The total volume of aortic valve
calcification was then evaluated and further separated into two
regions along the double oblique long axis of the left aortic
annulus and left ventricular outflow tract (LVOT): aortic valve
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leaflets (from the annular plane to each cuspid tip) (Figure 1B)
and LVOT (from the basal annular plane to 5 mm below the left
ventricle) (Delgado et al.,, 2011) (Figure 1C). The ‘bipartition
method’ was used to calculate the eccentricity of calcium in our
study population, as previously described. In brief, an imaginary
‘cutting line’ was drawn across the centre of AV cusps to divide
the horizontal plane into two sectors (Figure 1D). Twelve sets of
two sectors were generated by rotating the cutting line in 15-
degree intervals, and the highest absolute difference in the CV
burden (ACV) between the adjacent two sectors was collected
(Figure 1E).
Our selection strategy for the valve size was commonly based
the of the
reconstructions in the end-systolic phase (35% of the cardiac

on annulus  dimensions individual image
cycle), while the nominal thresholds for each size were derived
from vendor recommendations. Undersizing (defined as a
smaller prosthesis as opposed to the preprocedural CT-

predicted size) would be considered in the case of those with
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severe calcification in the sinus of Valsalva, LVOT, and
commissure fusion and evaluated at high risks of coronary
obstruction and pacemaker implantation.

Clinical and echocardiographic data
collection during hospitalisation and at
follow-up

Baseline demographic and procedure-related data, including
the device type, number of implanted valves, performance of
balloon post-dilation, permanent pacemaker implantation, and
other adverse clinical events, were collected for each subject. At
the time of hospital discharge, each patient underwent a
transthoracic  echocardiographic ~ assessment  using an
iE33  ultrasound system (Philips Medical System, Best,
Netherlands) equipped with an S5-1 transthoracic transducer.
The severity of paravalvular leak (PVL) was categorised based on
its circumferential extent (sum of the circumferential lengths of
each regurgitant jet vena contracta/the circumference of the outer
edge of the transcatheter valve) as the VARC-3 criteria suggested
(Varc-3 Writing et al., 2021): 1) mild: less than 10%; 2) moderate:
between 10% and 30%; and 3) severe: more than 30%. The
minimum and maximum diameters of the stent were recorded in
the parasternal short-axis view at a mid-to-late diastolic frame,
and the stent frame eccentricity index was calculated as 100 x
[1 - (minimum stent frame diameter/maximum stent frame
diameter)] (Di Martino et al., 2017).

After discharge, a routine transthoracic echocardiogram,
along with a clinical evaluation, was performed for each
subject at 1 and 12 months and then yearly, following TAVR.
Echocardiographic parameters, including the left ventricular
ejection fraction (LVEF), aortic valve area, peak velocity,
mean transvalvular gradient, and severity of PVL, were
assessed and collected. After classifying patients with at least
mild PVL into two groups according to the PVL reduction grade
at the 1-year follow-up after implantation, the composite
endpoint of our present study was then defined as a
combination of an all-cause mortality and rehospitalisation for
heart failure (HF) (defined as any event requiring oral and/or
intravenous therapy) in the next 2 years.

Statistical analysis

Continuous data were described as the mean + SD and
compared using t-test analysis (one-way ANOVA among
three groups) or the median (interquartile range) and
compared using the Wilcoxon rank-sum test (Kruskal-Wallis
test among three groups). Categorical variables were reported as
frequencies (percentages), and the chi-squared test or Fisher’s
exact test was used for comparison. Clinical outcomes in our
study were calculated through Kaplan—Meier survival analysis
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and compared according to the log-rank test. Univariate Cox
regression models were then used to identify predictors of
adverse clinical outcomes during follow-ups, and variables
with p < 0.1 were considered eligible to be included in the
multivariate Cox analysis.

All statistical analyses were performed by SPSS software
version 26.0. A two-sided p-value of <0.05 was considered to
be statistically significant.

Results

A total of 267 AS patients undergoing TAVR were finally
enrolled in our study, including 153 BAV and 114 TAV patients
(Figure 2). The demographic and clinical characteristics are
shown in Table 1. Advanced age (74.63 * 7.67 vs. 77.37 *
6.92, y = 0.003) and more cases of hypertension (43.14% vs.
74.56%, p < 0.001) were found in the BAV group, while the mean
STS score (4.54 + 1.86 vs. 4.68 + 1.58, p = 0.512) was comparable
between the two groups. Regarding procedure-related details, no
significant difference was found in the incidence of a second valve
implantation (7.19% vs. 3.51%, p = 0.283), transcatheter valve
device (p = 0.964), or new permanent pacemaker implantation
(21.57% vs. 14.91%, p = 0.978). A higher prevalence of
undersizing (35.95 vs. 11.40%, p < 0.001), as well as post-
dilation (37.25% vs. 25.46%, p = 0.028), was observed in the
BAYV group.

Echocardiographic parameters following
TAVR

A summary of the echocardiographic findings for the entire
study population at baseline, hospital discharge, and 1 month
and 1 year following TAVR is shown in Table 2.

Before discharge, no significant difference was found in the
peak velocity (2.19 £ 0.52 m/s vs. 2.10 m/s + 0.61 m/s, p = 0.188),
mean gradient (11.63 mmHg + 5.55 mmHg vs. 10.66 mmHg +
5.28 mmHg, p = 0.149), or EOA (2.17 + 0.59 mm” vs. 2.18 + 0.55
mm?’, p = 0.831) between the two groups. According to the
intragroup analysis based on the paired cohort (Figure 3),
statistically significant reductions in the peak velocity, mean
transvalvular gradient, and EOA from discharge to the 1-
month follow-up were observed in both the BAV (p < 0.05)
and TAV (p < 0.05) groups, and a decreased tendency was
maintained until the 1-year follow-up (p < 0.001).

Severity of PVL after implantation
The overall severity of paravalvular regurgitation at the

follow-up is presented in Table 3. Of our entire study
population, the rates of paravalvular leakage were none in
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43 balloon-expandable valves:
21 bio-prosthetic degeneration

Jin et al.
404 consecutive AS patients undergoing TAVR at our center
between Jan 2016 and August 2019 were analyzed
=64
344 AS patients were initially enrolled
Conversion to surgery
and/or
death before discharge
Lost to clinical
and/or
echocardiographic follow-up at 1 year
FIGURE 2

Flowchart of patient selection. BAV: bicuspid aortic valve; TAV: tricuspid aortic valve; TAVR: transcatheter aortic valve replacement; AS: aortic

stenosis.

66.67% (102/153), mild in 24.18% (37/153), and moderate in
9.15% (14/153) for the BAV, and none in 63.16% (72/114), mild
in 32.46% (37/114), and moderate in 4.39% (5/114) for the TAV,
following TAVR. In the self-matched dataset of the paired
cohort, BAV did not show a significant difference in the
proportion of PVL severity during follow-ups, but for the
TAV group, a notable improvement for PVL was present at
the 1-year follow-up versus at discharge. More specifically, 14 of
153 (9.15%) BAV patients showed improvements in PVL by at
least one grade, including 10 subjects decreasing from mild PVL
to none and four cases reducing from moderate to mild PVL
(Supplementary Table S1). In the TAV group, 21 of 114 (18.42%)
showed improvements in PVL by at least one grade, including
18 subjects decreasing from mild PVL to none. Also, three cases
reduced from moderate PVL to mild (n = 1) and none (n = 2)
(Supplementary Table S2). For intergroup comparison, the
overall difference in PVL severity did not reach a final
significant difference at the 1-year follow-up, but a lower
moderate paravalvular regurgitation could be observed in the
TAV (p = 0.041).

Predictors for PVL reduction <1 grade
within 1year in patients with at least mild
PVL following TAVR

The baseline characteristics and periprocedural outcomes of
patients with at least mild PVL at discharge are shown in
Supplementary Table S3 and Table 4. According to the
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univariate logistic regression analysis, BAV, Aleaflet CV and
eccentric index of the prosthetic valve, and undersizing were
found to be associated with PVL reduction <1 grade (p < 0.05).
Multivariate analysis showed that only BAV (OR: 6.525, 95% CI:
1.462-29.119, and p = 0.016), Aleaflet CV, per 10 mm”® increase
(OR:1.287,95% CI: 1.156-0.011, and p < 0.001), and undersizing
(OR: 4.132, 95% CI: 1.036-16.480, and p = 0.044) were still
confirmed as independent predictors of APVL <1 grade at the 1-
year follow-up (Table 4). The Hosmer-Lemeshow goodness-of-
fit p-value was 0.359, and the C-statistic was 0.747, thus
confirming good calibration and discrimination of the
multivariate model.

Comparison of long-term clinical
outcomes between patients (>mild PVL
before discharge) with PVL

reduction >1 grade and <1 grade

Among patients with at least mild PVL following TAVR, 3/35
(8.57%) in subgroups with PVL reduction <+1 and 4/58 (6.90%)
in subgroups with PVL reduction >+1 were lost to the 3-year
follow-up after implantation. Taking the individual’s 1-year
follow-up point as the starting point for the Kaplan-Meier
analysis in our study (Figure 4), a trend towards a higher risk
of
rehospitalisation at the 3-year follow-up could be observed in
the BAV group (83.70% vs. 97.14% and log-rank p = 0.053) in
comparison with the TAV group.

all-cause  mortality =~ and  cardiovascular-related
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TABLE 1 Baseline characteristics.

10.3389/fphys.2022.1088681

BAV (n = 153) TAV (n = 114) P value

Age (yrs) 74.63 + 7.67 77.37 £ 6.92 0.003
Sex, male (n,%) 55 (35.95) 54 (47.37) 0.060
BMI 2333 £2.94 23.92 + 3.69 0.185
STS score 4.54 + 1.86 4.68 + 1.58 0.512
NYHA class (n,%) 0.497

1I 27 (17.65) 25 (21.93)

111 98 (64.04) 65 (57.02)

v 28 (18.30) 24 (21.05)
Hypertension (n,%) 66 (43.14) 85 (74.56) <0.001
Diabetes (n,%) 26 (16.99) 30 (26.32) 0.064
CKD (n,%) 15 (9.80) 20 (17.54) 0.061
Coronary artery disease (n,%) 10 (6.54) 7 (6.14) 0.896
Stroke/TIA (n,%) 7 (4.58) 4 (3.51) 0.763
Previous CABG (n,%) 0 2 (1.75) 0.181
Previous PCI (n,%) 10 (6.54) 15 (13.16) 0.066
Baseline echocardiographic parameters

LVEF (%) 56.69 + 11.95 58.43 + 11.19 0.234

SPAP (mmHg) 36.71 + 5.96 34.89 £ 6.70

Peak velocity (m/s) 4.84 + 0.76 4.65 £ 0.75 0.331

Mean gradient (mmHg) 56.58 + 18.33 53.09 + 16.88 0.118

Aortic regurgitation (n,%) 0.008

None 126 (82.35) 75 (65.79)

Mild 20 (13.07) 30 (26.32)

>Moderate 7 (4.58) 9 (7.89)

>Moderate mitral regurgitation (n,%) 18 (11.76) 15 (13.16) 0.732
CT-derived annular parameters

Perimeter (mm) 83.68 + 8.55 81.50 + 7.16 0.228

Area (mm?) 502 (409.50-589.25) 464.50 (403.00-523.75) 0.068
Aortic valve calcification (mm?®)

Leaflet CV ol 557.90 (321.50-884.00) 415.10 (199.40-714.70) <0.001

AlLeaflet CV 173.70 (86.00-321.41) 133.00 (75.10-224.70) 0.043

LVOT CViral 0 (0-33.48) 0 (0-23.38) 0.334

ALVOT CV 0 (0-13.3) 0 (0-9.40) 0.555
Procedural characteristics

Device (n,%) 0.964

Venus-A 89 (58.17) 66 (57.89)

Vita-flow 64 (41.83) 48 (42.11)

Undersizing (n,%) 55 (35.95) 13 (11.40) <0.001

Implantation of two valves (n,%) 11 (7.19) 4 (3.51) 0.283

Permanent pacemaker implantation (n,%) 23 (21.57) 17 (14.91) 0.978

Balloon post-dilation (n,%) 57 (37.25) 28 (25.46) 0.028

BAV: bicuspid aortic valve; TAV: tricuspid aortic valve; NYHA: New York Heart Association; CKD: chronic kidney disease; TIA: transient ischemic attack; CABG: coronary artery bypass
grafting; PCI: percutaneous coronary artery intervention; LVEF: left ventricular ejection fraction; SPAP: systolic pulmonary artery pressure; CT: computed tomography.
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TABLE 2 Haemodynamics before discharge and during follow-ups.

10.3389/fphys.2022.1088681

Variable BAV (n = 153) TAV (n = 114)
Before discharge
LVEF (%) 58.73 £ 9.24 60.27 + 8.93 0.190
SPAP (mmHg) 36.71 £ 598 34.89 £ 6.70 0.486
Peak velocity (m/s) 2.19 + 0.52 2.10 + 0.61 0.188
Mean gradient (mmHg) 11.63 + 5.55 10.66 * 5.28 0.149
EOA (mm?) 2.17 £ 0.59 2.18 £ 0.55 0.831
1-month follow-up
LVEF (%) 59.72 + 8.80 61.04 £ 7.10 0.193
SPAP (mmHg) 37.47 = 11.50 36.65 + 8.37 0.761
Peak velocity (m/s) 2.04 £ 0.52 1.99 + 0.55 0.439
Mean gradient (mmHg) 10.07 + 5.45 9.82 + 4.30 0.681
EOA (mm?) 227 + 0.65 225+ 0.51 0.884
12-month follow-up
LVEF (%) 60.20 + 7.86 61.12 + 6.80 0.732
SPAP (mmHg) 35.32 £ 9.89 34.18 £ 12.81 0.557
Peak velocity (m/s) 2.00 + 0.50 1.90 £ 0.53 0.130
Mean gradient (mmHg) 10.03 + 4.85 9.11 + 4.03 0.103
EOA (mm?) 2.32 £ 0.54 232 £0.52 0.951

EOA, effective orifice area; other abbreviations are shown as mentioned previously.

Discussion

To the best of our knowledge, our study provides a
preliminary analysis to explore the difference in PVL
regression and haemodynamics between SEVs implanted in
the BAV and TAV groups along with its related factors. The
main findings of our study could be summarized as follows: 1)
continuous  improvement  of  self-expandable  valve
haemodynamics could be observed in both the BAV and TAV
groups during follow-ups; 2) PVL regression was more prevalent
in the TAV group than in the BAV group at the 1-year follow-up
after TAVR; 3) the native BAV phenotype, asymmetric valve
leaflet calcification, and undersizing were independent predictors
for PVL reduction <1 grade.

A previous patient-specific numerical study (Li et al., 2022)
showed that lower stress on the aortic valve was generated by
SEVs than in BEVs; hence, the self-expandable stent was more
susceptible to the surrounding calcium and had a higher risk of
representing as an ellipse immediately after implantation,
resulting in a considerable risk of PVL. However, considering
its continuous outwarding force, the basic state of the nitinol
frame was on a gradual reformation progress and could be closer
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to the aortic annulus on the beating heart. An improvement of
prosthetic valve haemodynamics compared with discharge
following TAVR has been reported in previous studies
(Blackman et al., 2019; Abdel-Wahab et al, 2020). In the
present study, we also indicated that for TAV patients
undergoing TAVR with either the Venus A or VitaFlow valve,
a marked improvement in valve haemodynamics was noted
1 month after implantation and could be maintained until the
BAV,
improvements in the aortic valve velocity, mean gradient, and

1-year follow-up. For the statistically  significant
effective orifice area were also detected. Intergroup analyses
showed that these echocardiographic variables were all
comparable during a follow-up between the two groups,
indicating that a similar trend towards the gradual self-
expansion of the bioprosthesis also occurred in BAV patients
receiving a self-expandable TAVR.

However, conflicting results of PVL regression in different
aortic valve morphologies were indicated in our study. Findings
from the CoreValve U.S. Pivotal Trial (Oh et al., 2015) reported a
significant reduction in PVL over 1 year of follow-ups in TAV
patients. A similar improvement in PVL severity after discharge
in TAV patients was also shown in our study, but these subjects
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FIGURE 3
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Echocardiographic parameters over time between the BAV and TAV. Changes of peak velocity (A), mean transvalvular gradient (B), and effective
orifice area (mm?) (C) in patients with the bicuspid aortic valve; changes of peak velocity (D) mean transvalvular gradient (E), and effective orifice area
(mm?2) (F) in patients with the tricuspid aortic valve
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TABLE 3 Severity of PVL at 1 month and 12 months after discharge.

Before 1 month 12 month p-value
discharge
Before discharge vs. 1-month vs. Before discharge vs.
1 month 12 month 12 month
BAV (n = 153) 0.652 0.568 0.765
None 102 (66.67) 99 (64.71) | 107 (69.93) — — —
Mild 37 (24.18) 43 (28.10) 35 (22.88) 0.178 0.330 0.539
Moderate 14 (9.15) 11 (7.19) 11 (7.19)
TAV (n = 114) 0438 0.180 0.029
None 72 (63.16) 78 (68.42) 90 (78.95) — — —
Mild 37 (32.46) 34 (29.82) 22 (19.30) 0.402 0.071 0.009
Moderate 5 (4.39) 2 (1.76) 2 (1.75)
p-value (BAV Overall 0.148 0.125 0.079 — — —
vs. TAV)
>mild 0.552 0.668 0.098 — — —
>moderate 0.134 0.041 0.041 — — —

PVL, paravalvular leak; other abbreviations are shown as previously mentioned.

TABLE 4 Independent predictors for the failure of improvement in PVL by lower than one grade at a 1-year follow-up after TAVR.

Variable Univariate Multivariate
95% Cl p-value 95% Cl

Age 0.962 0.906-1.021 0.202 — — —

Male 0.795 0.324-1.951 0.616 — — —

BMI 0.891 0.778-1.020 0.096 — — —

Hypertension 0.515 0.218-1.214 0.129 — — —

STS 0.958 0.746-1.230 0.734 — — —
BAV 2.643 1.115-6.262 0.027 6.525 1.462-29.119 0.016
AlLeaflet CV, average increase 10 mm?® 1.230 1.132-1.337 <0.001 1.287 1.156-3.433 <0.001

Prosthetic valve (Venus A vs. VitaFlow) 0.622 0.258-1.502 0.291 — — —
Undersizing 6.087 2.282-16.238 <0.001 4.132 1.036-16.480 0.044

Valve in valve 0.873 0.138-5.503 0.885 — — —

PPM 1.200 0.333-4.328 0.781 — — —

Moderate PVL at discharge 1.894 0.894-4.012 0.095 — — —

Eccentricity index 27.43 16.28-45.44 0.003 — — —

ALVEF 0.976 0.915-1.047 0.536 — — —

Abbreviations are shown as mentioned previously.

with native bicuspid valves failed. Our analysis of paired PVL patients with at least mild PVL, following TAVR. Considering

data in two cohorts reported that the BAV was associated with a that tissue ingrowth covering the paravalvular space was an early

significantly higher prevalence of PVL regression <1 grade in phenomenon after implantation (Rallidis et al., 1999), a plausible
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FIGURE 4

Kaplan—Meier estimates of the rate of the primary composite
endpoint according to the PVL reduction grade at 1-year follow-
up, following TAVR, in patients with at least mild PVL before
discharge. PVL: paravalvular leak.

explanation for our long-standing difference might be the lower
reshaping efficiency of the basic non-circular prosthetic
geometry in the BAV. Anatomical abnormalities, including
the elliptical annulus, asymmetrical aortic cusps, bulky but
friable

acknowledged to commonly coexist with bicuspid valves,

calcium, and eccentric calcification, have been
significantly influencing the shape of the prosthetic frame
(Xiong et al., 2022). In our study, the stent eccentricity index
according to the periprocedural three-dimensional oesophago
echocardiographic assessment was much higher in the BAV
group. SEVs can hardly be re-established into a circular cross-
section shape, depending solely on the interaction of an inner-
expansion force and cardiac contraction (Qiu et al., 2021). On the
other hand, a higher placement of the valve within the aortic
annulus and undersizing device selection were, therefore, more
prevalent in the BAV. Hence, the continuous expansion force of
the stent itself might be insufficient to regress or close the
paravalvular gaps between the nitinol frame and the native
aortic valve tissue, especially once the native aortic annulus
was not stretched enough. The multivariate logistic analysis in
our study demonstrated that the BAV, asymmetric calcification
distribution, and undersizing choice could predict the failure of
PVL regression after TAVR. This provided statistical support for
our hypothesis. Another possible contributing factor to our
conflicting data in PVL reduction between different aortic
valve morphologies might be the numerically higher incidence
of post-dilation in the BAV. Although no significant difference
was reached, post-dilation, to some extent, exerted an external
force to have a circular deployment stent shape. In the case of
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BAYV patients’ unresponsiveness to post-dilation, there could be
little prospect of dramatic reformation, relying on the inner
expansion itself afterwards.

The severity of PVL remains a serious challenge affecting
the long-term prognosis after TAVR (Genereux et al., 2013;
Terre et al, 2017; Avvedimento and Tang, 2021). In the
present study, from a new perspective, we reported a
potent positive relationship between the failure of PVL
regression and higher risk of adverse cardiovascular events
during a mid-to-long-term clinical follow-up. This was
consistent with previous findings (Giblett et al., 2019;
Giblett et al., 2022) that residual PVL would result in
persistent  heavier cardiac preload and excessive
consumption of heart compensatory mechanisms. Given
that patients with at least mild PVL at discharge and
significant PVL reduction at the 1-year follow-up might
harbour a 6.0-fold increase in the subsequent 2-year poor
prognosis, our studies intended to raise a concern about the
easy generalization of TAVR to the BAV-AS population,
especially in the case of those evaluated at a high risk of

paravalvular regurgitation at preprocedural planning.

Limitations

Our study was retrospectively performed and derived from a
single-centre experience with a relatively small sample size. The
fulfilling
echocardiographic follow-ups after TAVR could result in

identical inclusion of patients clinical and
considerable selection bias and confounding bias that might
influence the observed results. Another important concern
should be raised regarding the lack of detailed data for the
BAV  subtypes study. It has been
acknowledged that different BAV characteristics (raphae,

especially calcified, and excess and asymmetric calcium

enrolled in our

burden) could significantly affect TAVR prognosis. Further
studies are needed to further discuss the impact of different
BAV morphologies on PVL regression upon a longer term
follow-up. Moreover, only the first-generation SEVs were
involved in our present study; thus, our findings could not be
generalized to the new-generation prostheses. Finally, a lack of
CT data after TAVR during the mid-to-long term follow-up was
observed in our study, and further investigation of stent
reformation might facilitate interpretation of our findings of

differences in PVL regression between different valve
morphologies.
Conclusion

Further AV haemodynamic improvement compared with
the the
TAVR, regardless of aortic valve morphology. However,

discharge existed, following self-expandable

frontiersin.org


https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.1088681

Jin et al.

regression of PVL over time, up to 1 year, was undesirable in AS
patients with a native BAV, and asymmetric calcification and the
use of an undersized prosthesis and failure of PVL regression
were associated with impaired long-term clinical prognosis.
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