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Background: With technological advancements, the incidence of most
transcatheter aortic valve implantation (TAVI)-related complications, with the
exception of conduction disturbances, has decreased. Bicuspid aortic valve
(BAV) is also no longer considered a contraindication to TAVI; however, the
effect of BAV on postoperative conduction disturbances after TAVI is unknown.
Methods: We collected information on patients who met the indications for TAVI
and successfully underwent TAVI at our center between January 2018 and January
2021. Patients with preoperative pacemaker implantation status or conduction
disturbances (atrioventricular block, bundle branch block, and intraventricular
block) were excluded. Based on imaging data, the patients were categorized
into the BAV group and the tricuspid aortic valve (TAV) group. The incidence of
new perioperative conduction disturbances was compared between the two
groups.

Results: A total of 187 patients were included in this study, 64 (34.2%) of whom had
BAV. The incidence of third-degree block in the BAV group was 1.6%, which was
lower than that (13.0%) in the TAV group (P<0.05). Multivariate logistic
regression results showed that the risk of third-degree conduction disturbances
was 15-fold smaller in the BAV group than that in the TAV group [relative risk
(RR) = 0.067, 95% Cl=0.008-0.596, P<0.05]. The risk of other blocks in the
BAV group was about half of that in the TAV group (RR = 0.498, 95% Cl = 0.240—-
1.032); however, the difference was not statistically significant (P> 0.05).
Conclusion: The present study found that patients with BAV had a lower rate of
third-degree conduction disturbances after TAVI than patients with TAV.
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transcatheter aortic valve implantation (TAVI), bicuspid aortic valve (BAV), atrioventricular
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1. Introduction

Transcatheter aortic valve implantation (TAVI) has become an
accepted alternative for treating patients with severe aortic valve
disease at all risk levels (1, 2). With advances in surgical
techniques and prosthesis, the incidence of many complications
after TAVI has decreased significantly (3, 4); however, the
incidence of new-onset conduction disturbances (NOCDs) such
as left bundle branch block (LBBB) and high-grade
atrioventricular block (AVB) remains high (5), which could
decrease left ventricular ejection fraction (LVEF) and increase the
need of permanent pacemaker (PPM) implantation (6-8). The
incidence of new-onset LBBB, reported as the most frequent
complication after TAVI (9), ranges from 4% to 65% depending
on the valve type, and the overall rate of PPM implantation with
new-generation valves ranged from 2.3% to 36.1% (10).

Bicuspid aortic valve (BAV) is the most common congenital
cardiac anomaly in adults. Previously, because of the anatomical
challenges of TAVI, aortic stenosis patients with BAV were
excluded from the indications (11). Following the update on the
transcatheter heart valve (THV), TAVI is gradually being
performed in patients with BAV and has shown clinical
outcomes comparable to those of patients with tricuspid aortic
valve (TAV). For example, Forrest et al. (12) showed no
difference in the rate of mortality at 30 days and 1 year and the
rate of paravalvular leak between the BAV and TAV groups (1).
However, controversial findings have been reported regarding the
incidence of conduction disturbances. A previous study (13)
concluded that BAV stenosis increases the risk of conduction
disturbances because of the short length of the membranous
septum. In contrast, we observed no increased risk of conduction
disturbances in patients with BAV in clinical practice in our
center. Therefore, the present study aimed to assess whether
there is a difference in the incidence of conduction disturbances
after TAVI in aortic stenosis patients with BAV as compared to
that in patients with TAV and to investigate the associated factors.

We present the following article in accordance with the
STROBE reporting checklist.

2. Methods
2.1. Clinical data

This retrospective cohort study collected information on
patients admitted to our center between January 2018 and
January 2021 who met the indications for TAVI and successfully
received TAVI (n=199). Patients with preoperative PPM status
(n=4) or with conduction disturbances (AVB, bundle branch
block, and (n=28)
including six cases of complete right bundle branch block

intraventricular  block) were excluded,
(RBBB) and two cases of intraventricular block. This study was
approved by the Ethics Committee of Beijing Anzhen Hospital,
Capital Medical University (2022083X). Written

consent was obtained from patients before surgery.

informed
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2.2. Preoperative evaluation and grouping

The conditions of all patients were discussed preoperatively by
multidisciplinary teams, with a focus on indications, surgical
TAVI and with full
consideration of the patient’s preferences. Overall and aortic

options, and contraindications for
valve morphology and functional status were assessed by
transthoracic echocardiography (TTE). The crucial parameters
included atrial and ventricular internal diameters, ventricular
wall thickness, and LVEF. Morphological parameters of the aortic
valve included annular inner diameter, number of leaflets, and
degree of calcified
parameters included effective orifice area, peak flow velocity, and

lesions. Moreover, the hemodynamic
mean/maximum transvalvular pressure difference.

The number of aortic valve leaflets was determined by
combining CT images and ultrasound dynamic images, and the
patients were then categorized into the BAV group, further
categorized into type 0, type 1, and type 2 according to the
Sievers classification (14), and the TAV group (Figure 1). The
groups were based on the number of leaflets and sinuses
determined by ultrasound and imaging physicians to avoid
misclassification bias.

2.3. Surgical strategy

The corresponding anesthesia was selected according to the
method of surgical access. For transapical approach, tracheal
intubation under general anesthesia is mandatory; for the
transfemoral or subclavian artery approaches, local anesthesia
with monitored anesthesia care or laryngeal mask airway under
general anesthesia can be chosen. A central venous catheter and
temporary pacing electrodes were prepositioned in the right
jugular vein. Five transcatheter valves were available during the
study period: Venus-A (Qiming Medical, Hangzhou, China),
J-Valve (JC Medical, Suzhou, China), TaurusElite (Peijia Medical,
Suzhou, China), SAPIEN 3 (Edwards Lifesciences, Irvine, CA,
United States), and VitaFlow™ system (MicroPort®, Shanghai,
China). Except for SAPIEN 3, all others are self-expanding valves
with nitinol stents. J-Valve and SAPIEN 3 are short THVs, while
the other three are long ones. J-Valve was approved by China’s
National Medical Products Administration (NMPA) in 2017 for
the dual indication of aortic stenosis and aortic regurgitation.
Edwards received approval to launch the SAPIEN 3 valve in
China on June 8, 2020. Patients with pure aortic regurgitation
were implanted with the J-Valve using a transapical approach.
Balloon pre-dilation is usually necessary except in lesions with
pure aortic regurgitation or relatively mild stenosis. In most
cases, a rapid-pacing state was required to release the stent valve.
The choice of post-dilation was based on post-release valve
morphology, perivalvular leak, and transvalvular flow rate.

The optimal goal of modest annulus area oversizing is usually
10%-25% for self-expandable THVs (15) and 5%-10% for balloon-
expandable valves (16). Our center uses a size-reduction strategy
setting the oversizing of the annular area to 5%-10% for
self-expandable THVs or 0%-5% for balloon-expandable for
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FIGURE 1

(C). The typical morphology is three sinuses and three leaflets (D).

Different anatomical shapes of aortic valves. According to the Sievers classification, the bicuspid aortic valve is classified as type 0 (A), type | (B), or type Il

most patients with bicuspid aortic stenosis. The bottom of THV is
0-2 mm lower than the annulus plane.

2.4. Postoperative antithrombotic therapy
and primary observed outcomes

Patients without anticoagulation indications were administered
antiplatelet therapy, and those with anticoagulation indications
were administered warfarin therapy. Bedside electrocardiography
(ECG) was reviewed on the same day after surgery. The
electrocardiogram was reviewed before discharge to determine
the presence of conduction disturbances and their type. If a
third-degree AV block was present, a PPM was given. If only
bundle branch conduction disturbances were present, the heart
rate was normal, and the patient was not in discomfort, follow-
up observation was continued, and discharge was approved.

2.5. Statistical methods

SPSS version 26.0 software was used for statistical analysis.
Normally distributed measures were expressed as mean + standard

Frontiers in Cardiovascular Medicine

deviation, and comparisons between the BAV and TAV groups
were made by two independent samples t-test and ANOVA.
Median and interquartile range were used to describe the measures
of skewed distribution. The Mann-Whitney U test or the
Kruskal-Wallis test were used for comparison between groups.
Count data were described using the number of cases and
percentages, and comparisons between the groups were made
using the chi-squared test or Fisher’s exact test; the Bonferroni
method was used to adjust the P value for two-by-two comparisons.
An unordered multicategory logistic regression model was used
to determine the relationship with new-onset conduction
disturbances: we included all variables that differed significantly
between the BAV and TAV groups, or between patients
experiencing different types of new-onset conduction disturbances.

The significance level was a = 0.05.

3. Results
3.1. Comparison of general information

A total of 187 patients were included in this study, of
whom 64 (34.2%) had BAV (42 patients of type 0, 20 of
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type 1, and two of type 2) (Figure 2). Comparison of the
baseline data between the two groups revealed significant
differences in hypertension, degree of regurgitation, left
ventricular end-diastolic internal diameter (LVEDd), stent
size, and valve type between the BAV and TAV groups
(Table 1). Different types of transcatheter valves have
different sizes, and the valve types involved in this study
ranged from 21 to 32. Six (3.2%) patients had size 21, 37
(19.8%) patients size 23, 1 (0.5%) patient size 24, 6 (3.2%)
patients size 25, 70 (37.4%) patients size 26, 12 (6.4%)
patients size 27, 51 (27.3%) patients size 29, and 4
(2.1%) patients size 32.

3.2. Comparison of the occurrence of new
conduction disturbances

A total of 113 (60.4%) patients developed conduction
disturbances after surgery, including 17 patients with third-
degree AVB and 96 patients with other types of blocks (77
patients with LBBB, and 19 patients with other blocks, including
complete RBBB, first-degree AVB, left anterior branch block, and
intraventricular block). The incidence of third-degree AVB in the
BAV group was 1.6%, which was lower than that (13.0%) in the
TAV group (P <0.05) (Table 2).

10.3389/fcvm.2023.1176984

3.3. Comparison of characteristics of
patients with different types of new-onset
conduction disturbances

Patients with new-onset conduction disturbances were
slightly older (P=0.03) and had hypertension more often
(P=0.03) than patients without conduction disturbances
(Table 3).

3.4. Results of the multifactorial logistic
regression analysis of the BAV and TAV
groups and the occurrence of new-onset
conduction disturbances

Age, hypertension, degree of regurgitation, LVEDd, stent
length, and valve type were included in the multifactorial
unordered categorical logistic regression model. The results
revealed that after adjusting for all covariables, the risk of third-
degree conduction disturbances was 15-fold lower in the BAV
group than in the TAV group [relative risk (RR) =0.067, 95% CI
=0.008-0.596, P < 0.05]. The risk of other blocks was in the BAV
group was approximately half of that in the TAV group (RR=
0.498, 95% CI=0.240-1.032); however, the difference was not
statistically significant (P > 0.05) (Table 4).

Patients received TAVI at our
center from January 2018 to
JTanuary 2021 (n=199)

Patients who recewved tavi

Cause of exclusion:
® Preoperative pacemaker unplantation status (n=4),
® Preoperative conduction block (atrioventricular block,
bundle branch block, and mtraventricular block) (m=8),
® Intraoperative conversion to open-heart surgery (n=0y,
® Aortic balloon angioplasty only (n=0)

surgery
n=187)
Bicuspid aortic valve (BAV) Tri-bicuspid aortic valve (TAV)
group (n=64) group (n=123)
A 4
Thud-Degree AVB (n=1), Third-Degree AVB (n=16),
Others (n=28) Others (n=68)

FIGURE 2
Flow diagram showing the numbers of individuals at each stage of the stu
block; TAVI, transcatheter aortic valve implantation.

dy. TAV, tricuspid aortic valve; BAV, bicuspid aortic valve; AVB, atrioventricular
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TABLE 1 Comparison of patient characteristics between the BAV and TAV
groups.

10.3389/fcvm.2023.1176984

TABLE 2 Comparison of the occurrence of new conduction disturbances
in the BAV and TAV groups.

Variable Total TAV BAV t/ZI* | P Emerging types = Total TAV BAV t/Z/>* | P
(n=187) (n=123) (n=64) of conduction (n=123) (n=64)
Age (years) | 7272+7.68 | 7332481 | 7158%6.71 1474 | 0.142 disturbances
Gender Normal 74 (39.57) | 39 (31.71) | 35(54.69)* | 12.775 | 0.002
Male 111 (59.36) | 70 (56.91) 41 (64.06) 0.893 | 0.345 Third-degree AVB 17 (909) | 16 (1301) | 1(L56)"
Tomale 76 (4064) | 53 (43.09) 23 (35.94) Others® 96 (51.34) | 68 (55.28) | 28 (43.75)
Hypertension TAV, tricuspid aortic valve; BAV, bicuspid aortic valve; AVB, atrioventricular block.
?Compared to TAV, P<0.05.
No 85 (4545) 47 (38.21) 38 (59.38) 7.605 0.006 ®Including complete right bundle branch block, first-degree AVB, left anterior
Yes 102 (54.55) | 76 (61.79) 26 (40.63) branch block, and intraventricular block.
Diabetes
No 146 (78.07) | 92 (74.80) 54 (84.38) 2256 | 0.133 ) o ) o
TABLE 3 Comparison of characteristic between patients experiencing
Yes 41 (21.93) 31 (25.20) 10 (15.63) different types of new-onset conduction disturbances.
CAD
No 120 (64.17) | 80 (65.04) 40 (62.50) 0.118 0.731 Variable Emerging types of conduction disturbances t/Z/x*
Yes 67 (35.83) 43 (34.96) 24 (37.50) None Third-degree Others
NYHA classification | (=74 | AB(@n=17) (n=96)
- 32 (17.11) 17 (13.82) 15 (23.44) 2745 0.098 Age, years 71.04 + 8.04 75.53+7.73 73.52+7.17 3.523 0.032
-1V 155 (82.89) | 106 (86.18) | 49 (76.56) Gender
AR Male 45 (60.81) 8 (47.06) 58 (60.42) 1.175 0.556
Female 29 (39.19) 9 (52.94) 38 (39.58)
None 37 (19.79) 16 (13.01) 21 (32.81) 30.876 | <0.001
Mild 60 (32.09) | 32 (26.02) 28 (43.75) Hypertension
Moderate 39 (20.86) 27 (21.95) 12 18.75) No 39 (52.70) 3 (17.65) 43 (44.79) 6.887 0.032
Severe 51(27.27) | 48 (39.02) 3 (4.69) Yes 35 (47.30) 14 (82.35) 53 (55.21)
EF 60 (51-64) | 60 (54-64) | 59.5 (45.5-64.5) | —0.385 | 0.700 Diabetes
LVEDd 51.88+8.71 | 53.15+8.71 49.48 +8.26 2.767 0.006 No 62 (83.78) 10 (58.82) 74 (77.08) 5.145 0.076
Type of THV? Yes 12 (16.22) 7 (41.18) 22 (22.92)
Short 48 (25.67) | 40 (32.52) 8 (12.50) 8843 | 0.003 CAD
Long 139 (7433) | 83 (67.48) 56 (87.50) No 51 (68.92) 10 (58.82) 59 (61.46) 1244 | 0537
Size of THV Yes 23 (31.08) 7 (41.18) 37 (38.54)
<26 120 (64.17) | 69 (56.10) 51 (79.69) 10.189 | 0.001 NYHA classification
>26 67 (35.83) | 54 (43.90) 13 (20.31) I-11 13 (17.57) 1(5.88) 18 (18.75) 1704 | 0427
Paravalvular leak -1V 61 (82.43) 16 (94.12) 78 (81.25)
None or trace | 120 (64.2) | 81 (68.6) 39 (56.5) 4087 | 0.124 AR
Mild 61 (32.6) 35 (29.7) 26 (37.7) None 11 (14.86) 5(29.41) 21 (21.88) @ 0.148
Moderate 6(32) 21.7) 4(58) Mild 32 (43.24) 3 (17.65) 25 (26.04)
Severe 0(0.0) 0(0.0) 0(0.0) Moderate 16 (21.62) 3 (17.65) 20 (20.83)
Severe 15 (20.27) 6 (35.29) 30 (31.25)
CAD, coronary artery disease; AR, aortic regurgitation; EF, ejection fraction; LVEDd, EF 595 (46-65) 57 (55-60) 60 (53-64) 1.104 0.576
left ventricular end-diastolic diameter; THV, transcatheter heart valve; TAV, . . :
. . . . . . LVEDd 52.04 +9.85 52.94 + 8.46 51.55+7.85 0.203 0.817
tricuspid aortic valve; BAV, bicuspid aortic valve.
Results are shown as mean + standard deviation, or frequencies (with percentages). Type of THVP
?\I;ive typAes;/ofF':'HVs, c:t;e_gorizicli a;:co;dir;g to the nzorl;;hologydintoJlo\;\gl stent; Short 16 (21.62) 6 (35.29) 26 (27.08) 1.561 0.458
enus-A, VitaFlow, and TaurusElite) and short stents (self-expanding J-Valve an
the balloon-expanded SAPIEN 3), were used. Long 58 (78.38) 11 (6471) 70 (7292)
Size of THV
<26 50 (67.57) 12 (70.59) 58 (60.42) 1.264 0.531
4. Discussion 26 24(32.43) 5(29.41) 38(39.58)

The main finding of this study is that BAV may be a protective
factor for new-onset conduction disturbances after TAVI. The
incidence of third-degree disturbance was lower in the BAV
group than in the TAV group. A previous study reported that
the BAV membranous septum is shorter, which increases the
possibility of developing postoperative LBBB (13). Another study
reported results similar to those of the present study, with a
much lower proportion of patients with BAV as compared to
with TAV among those who underwent PPM
implantation (17). Next, we discuss the reasons for this
paradoxical phenomenon.

patients

Frontiers in Cardiovascular Medicine

CAD, coronary artery disease; AR, aortic regurgitation; EF, ejection fraction; LVEDd,
left ventricular end-diastolic diameter; THV, transcatheter heart valve; TAV,
tricuspid aortic valve; BAV, bicuspid aortic valve; AVB, atrioventricular block.
?Fisher's exact test has no statistics.

°Five types of THVs, categorized by morphology into long stents (Venus-A Valve,
VitaFlow®™, and TaurusOne®) and short stents (self-expanding J-Valve® TA and
the balloon-expanded SAPIEN 3), were used.

The overall PPM implantation rate in the present study was 9.1%,
similar to those reported in previous studies (18-21). The common
cardiac conduction disturbances after TAVI range from relatively
benign intraventricular conduction delay to more significant LBBB
and high or complete AVB requiring PPM implantation. The PPM
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TABLE 4 Results of the multifactor logistic regression analysis on the occurrence of new-onset conduction disturbance.

Variables and values

Third-degree AVB vs. none

Others vs. none

P RR (95% ClI) P

RR (95% Cl)

BAV vs. TAV —2.703 0.015 0.067 (0.008-0.596) —0.697 0.061 0.498 (0.240-1.032)
Age 0.088 0.053 1.092 (0.999-1.194) 0.035 0.107 1.036 (0.992-1.082)
Hypertension (yes vs. no) 1.143 0.110 3.138 (0.773-12.737) 0.155 0.638 1.168 (0.612-2.230)
AR —0.466 0.171 0.628 (0.322-1.224) —0.038 0.846 0.963 (0.658-1.410)
LVEDd 0.041 0.319 1.042 (0.961-1.131) —0.015 0.507 0.985 (0.942-1.030)
Type of THV® (long vs. short) —0.696 0.346 0.499 (0.118-2.116) —0.204 0.635 0.816 (0.352-1.889)
Size of THV (>26 vs. <26) —0.524 0.462 0.592 (0.147-2.392) 0.287 0.452 1.332 (0.631-2.810)

TAV, tricuspid aortic valve; BAV, bicuspid aortic valve; AVB, atrioventricular block; AR, aortic regurgitation; LVEDd, left ventricular end-diastolic diameter; THV, transcatheter

heart valve; RR, relative risk.

2Five types of THVs, categorized according to morphology into long stents (Venus-A Valve, VitaFlow®, and TaurusOne®) and short stents (including self-expanding J-Valve®

TA and the balloon-expanded SAPIEN 3), were used.

implantation rate after TAVT has been shown to be on average higher
than that of surgical aortic valve replacement (3%-7% vs. 13%-17%)
(18-21). A 12%-20% reduction in PPM rates has been observed with
the self-expanding Evolut R and PRO valves (Medtronic,
Minneapolis, MN, United States) (22-24), whereas the SAPIEN 3
and SAPIEN 3 Ultra valves had PPM rates as low as 4.4%-6.5%,
similar to earlier balloon-expandable valves (25-27). In the present
study, most patients had self-expanding valves (1 =182) with only
a small number of balloon-expanding valves (n=5), which may
account for the implantation rate being in the range between the
two above-mentioned reports. Anatomical factors play an
important role in the development of conduction disturbances after
TAVI. The bundle of His and the proximal left bundle branch are
closely associated with the base of the interleaf triangle between the
noncoronary and right coronary artery leaflets of the aortic valve.
This part of the conduction system is anatomically close to the
distal landing zone of the THV in the left ventricular outflow tract,
which makes it vulnerable to injury during TAVI. Importantly, the
anterior—posterior relationship of the AV node to the apex of
Koch’s triangle and individual differences in the length and depth
of the His bundle and the left proximal bundle may modulate
patients’ susceptibility to conduction system injury (28). Thus,
THV may cause direct or indirect injury (including direct
compression, hematoma, and ischemia) to the His bundle and
proximal left bundle branch, causing LBBB and high or complete
AVB (28-30). This also helps explain why patients with
preoperative RBBB are more likely to have postoperatively high or
complete AVB, resulting in a higher rate of PPM implantation
(31). Factors such as deeper THV valve implantation, larger valve
size, shorter membrane septum, and location and severity of
calcified masses (32-35) can also explain high PPM after TAVI
based on anatomical factors. In addition, male sex, first-degree AV
block, LVEDd, QRS wave widening, advanced age, diabetes
mellitus, and coronary artery disease (CAD) or prior coronary
artery bypass graft surgery (CABG) were reported as preoperative
predictors of PPM (21, 36). In the present study, the incidence of
PPM was lower in the BAV group because in our center, a smaller
pre-dilated balloon with a smaller THV and a higher release
position is usually selected for BAV patients, which reduces the
risk of compression of the His bundle and proximal left
bundle branch.

Frontiers in Cardiovascular Medicine

BAV is recognized as a congenital heart defect with a 0.5%-2%
prevalence in the United States (37). A study from the Chinese
single-center echocardiography database showed an incidence of
BAV of 0.43%, comparable to previous studies in Western
populations (38). However, Jilaihawi et al. (39) reported a high
percentage of BAV (47.5%) in China, which is higher than that
(34.2%) noted in the present study (38, 39). Moreover, the
percentage of BAV in patients who underwent isolated aortic
valve replacement for aortic stenosis (AS) in a study from the
Western world was 41.7% in people aged 70-79 years and 27.5%
in people aged 80-89 years (40). The reason for the high
occurrence of BAV among the Chinese TAVI patients may be
that the patients referred for TAVI in China are on average
younger than in Western countries. The mean age of patients in
our study was 72.7 years, whereas the mean age in European and
US TAVI registries is over 80 years (38, 39).

The trapezoidal leaflet morphology (leaflet opening is
significantly smaller than the annulus), which is common in
patients with BAV, predisposes the valve to compression and
downward migration toward the ventricle, resulting in too deep
implantation. Our center uses a size-reduction strategy when
selecting balloons and THVs for most patients with bicuspid
aortic stenosis. Our approach has been proven safe and effective
through clinical outcomes. Because of the use of retrievable
devices, this strategy is likely to be implemented successfully.
Several studies (36-40) have also confirmed that intraoperative
success rates, postoperative all-cause mortality, and rates of
stroke, severe perivalvular leak, and hemodynamics among aortic
stenosis patients with BAV who received TAVI are comparable
to those among aortic stenosis patients with TAV.

The probability of LBBB after TAVI is as high as 70%, with one-
third of the LBBB cases being persistent (41). The incidence of new-
onset LBBB after TAVI is much higher, with rates ranging from 4%
to 60% reported for first-generation THV systems (34). The
incidence of new-onset LBBB with first-generation mechanically
expandable Lotus valves is even higher, ranging from 50% to 75%
(42, 43). As noted in previous studies, 76 patients in this study
had LBBB after surgery, with an incidence of 40.6%, including
24 patients (37.5%) in the BAV group and 52 patients (42.3%) in
the TAV group. According to guideline recommendations for
LBBB (44), continuous cardiac monitoring until discharge and no
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prophylactic PPM are performed if there is no progression. New-
onset LBBB after TAVI is associated with poor long-term
outcomes, including high mortality (45) and repeat hospitalization
rates (6, 46). Thus, as TAVI is expanded to younger and lower-
risk patients with less additional risk and longer expected survival,
new-onset LBBB may remain an increasing concern.

Patients with preoperative conduction disturbances and
pacemaker implantation were excluded from this study and new
onset of conduction disturbances after TAVI was explored. In the
context of increasing the success rate of TAVI and decreasing
vascular complications, post-TAVI conduction disturbances are a
very prominent issue, especially in the increasingly younger, low-
risk TAVI patients. Combining the results of this study and the
analysis of previous literature, we found that it may not be the
BAV itself but the smaller valve, with the higher plane release
strategy chosen for the BAV structure, which explains the low
incidence of high conduction disturbances in BAV after TAVI.
This implantation strategy may help reduce the incidence of
conduction disturbances and disorders after TAVI.

5. Limitations

This study was a single-center, nonrandomized study with likely
some degree of selection bias. The sample size of the study cohort
was small, and propensity-matched analysis was not performed.
Moreover, the study was conducted only for the perioperative
period when the incidence of new conduction disturbances was
highest, and long-term follow-up was not performed.

6. Conclusion

The present study found that patients with BAV had a lower
rate of third-degree conduction disturbances after TAVI as
compared to the TAV group. However, the incidence of other
conduction disturbances was similar in both groups.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

References

1. Otto CM, Nishimura RA, Bonow RO, Carabello BA, Erwin JP 3rd, Gentile F, et al.
2020 ACC/AHA guideline for the management of patients with valvular heart disease:
a report of the American College of Cardiology/American Heart Association Joint
Committee on Clinical Practice Guidelines. ] Am Coll Cardiol. (2021) 77(4):
€25-197. doi: 10.1016/j.jacc.2020.11.018

2. Vahanian A, Beyersdorf F, Praz F, Milojevic M, Baldus S, Bauersachs J, et al. 2021
ESC/EACTS guidelines for the management of valvular heart disease. Eur Heart ].
(2022) 43(7):561-632. doi: 10.1093/eurheartj/ehab395

3. Leon MB, Smith CR, Mack MJ, Makkar RR, Svensson LG, Kodali SK, et al.

Transcatheter or surgical aortic-valve replacement in intermediate-risk patients.
N Engl ] Med. (2016) 374(17):1609-20. doi: 10.1056/NEJMoal514616

Frontiers in Cardiovascular Medicine

07

10.3389/fcvm.2023.1176984

Ethics statement

The studies involving human participants were reviewed and
approved by Ethics Committee, Beijing Anzhen Hospital. The
patients/participants provided their written informed consent to
participate in this study.

Author contributions

YL conducted the literature search and data acquisition,
statistical analysis, manuscript preparation, and revision. RL
revised the paper. JZ helped with data collection and patients’
follow-up. JW revised the report and provided administrative
support. HZ performed the surgery as the primary operator
drafted and revised the paper. All authors contributed to the
article and approved the submitted version.

Funding

This study was funded by the National Key R&D Program of
China (2020YFC2008105).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
those of the publisher, the
Any product that may be

affiliated organizations,
and the
evaluated in this article, or claim that may be made by

or

editors reviewers.

its manufacturer, is not guaranteed or endorsed by the
publisher.

4. Makkar RR, Fontana GP, Jilaihawi H, Kapadia S, Pichard AD, Douglas PS, et al.
Transcatheter aortic-valve replacement for inoperable severe aortic stenosis. N Engl |
Med. (2012) 366(18):1696-704. doi: 10.1056/NEJMoa1202277

5. Wilczek K, Reguta R, Bujak K, Chodér P, Dlugaszek M, Gasior M. Conduction
disturbances after transcatheter aortic valve implantation procedures—predictors
and management. Postepy Kardiol Interwencyjnej. (2016) 12(3):203-11. doi: 10.
5114/aic.2016.61640

6. Nazif TM, Williams MR, Hahn RT, Kapadia S, Babaliaros V, Rodés-Cabau J, et al.
Clinical implications of new-onset left bundle branch block after transcatheter aortic
valve replacement: analysis of the partner experience. Eur Heart J. (2014) 35
(24):1599-607. doi: 10.1093/eurheartj/eht376

frontiersin.org


https://doi.org/10.1016/j.jacc.2020.11.018
https://doi.org/10.1093/eurheartj/ehab395
https://doi.org/10.1056/NEJMoa1514616
https://doi.org/10.1056/NEJMoa1202277
https://doi.org/10.5114/aic.2016.61640
https://doi.org/10.5114/aic.2016.61640
https://doi.org/10.1093/eurheartj/eht376
https://doi.org/10.3389/fcvm.2023.1176984
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Li et al.

7. Urena M, Mok M, Serra V, Dumont E, Nombela-Franco L, DeLarochelliere R, et al.
Predictive factors and long-term clinical consequences of persistent left bundle branch
block following transcatheter aortic valve implantation with a balloon-expandable valve.
J Am Coll Cardiol. (2012) 60(18):1743-52. doi: 10.1016/j.jacc.2012.07.035

8. Carrabba N, Valenti R, Migliorini A, Marrani M, Cantini G, Parodi G, et al.
Impact on left ventricular function and remodeling and on 1-year outcome in
patients with left bundle branch block after transcatheter aortic valve implantation.
Am ] Cardiol. (2015) 116(1):125-31. doi: 10.1016/j.amjcard.2015.03.054

9. van der Boon RM, Nuis R], Van Mieghem NM, Jordaens L, Rodés-Cabau J, van
Domburg RT, et al. New conduction abnormalities after tavi-frequency and causes.
Nat Rev Cardiol. (2012) 9(8):454-63. doi: 10.1038/nrcardio.2012.58

10. Sammour Y, Krishnaswamy A, Kumar A, Puri R, Tarakji KG, Bazarbashi N,
et al. Incidence, predictors, and implications of permanent pacemaker requirement
after transcatheter aortic valve replacement. JACC Cardiovasc Interv. (2021) 14
(2):115-34. doi: 10.1016/j.jcin.2020.09.063

11. Yoon SH, Kim WK, Dhoble A, Milhorini Pio S, Babaliaros V, Jilaihawi H, et al.
Bicuspid aortic valve morphology and outcomes after transcatheter aortic valve
replacement. ] Am Coll Cardiol. (2020) 76(9):1018-30. doi: 10.1016/j.jacc.2020.07.005

12. Forrest JK, Kaple RK, Ramlawi B, Gleason TG, Meduri CU, Yakubov §J, et al.
Transcatheter aortic valve replacement in bicuspid versus tricuspid aortic valves
from the STS/ACC TVT registry. JACC Cardiovasc Interv. (2020) 13(15):1749-59.
doi: 10.1016/j.jcin.2020.03.022

13. Hamdan A, Nassar M, Schwammenthal E, Perlman G, Arow Z, Lessick J, et al.
Short membranous septum length in bicuspid aortic valve stenosis increases the risk of
conduction disturbances. ] Cardiovasc Comput Tomogr. (2021) 15(4):339-47. doi: 10.
1016/j.jcct.2020.10.002

14. Blackman DJ, Van Gils L, Bleiziffer S, Gerckens U, Petronio AS, Abdel-Wahab
M, et al. Clinical outcomes of the Lotus Valve in patients with bicuspid aortic valve
stenosis: an analysis from the RESPOND study. Catheter Cardiovasc Interv. (2019)
93(6):1116-23. doi: 10.1002/ccd.28120

15. Binder RK, Webb JG, Willson AB, Urena M, Hansson NC, Norgaard BL, et al.
The impact of integration of a multidetector computed tomography annulus area
sizing algorithm on outcomes of transcatheter aortic valve replacement: a
prospective, multicenter, controlled trial. ] Am Coll Cardiol. (2013) 62(5):431-8.
doi: 10.1016/j.jacc.2013.04.036

16. Schultz CJ, Moelker A, Piazza N, Tzikas A, Otten A, Nuis RJ, et al. Three
dimensional evaluation of the aortic annulus using multislice computer tomography:
are manufacturer’s guidelines for sizing for percutaneous aortic valve replacement
helpful? Eur Heart J. (2010) 31(7):849-56. doi: 10.1093/eurheartj/ehp534

17. Du F, Zhu Q, Jiang J, Chen H, Liu X, Wang J. Incidence and predictors of
permanent pacemaker implantation in patients who underwent transcatheter aortic
valve replacement: observation of a Chinese population. Cardiology. (2020) 145
(1):27-34. doi: 10.1159/000502792

18. Khatri PJ, Webb JG, Rodés-Cabau J, Fremes SE, Ruel M, Lau K, et al. Adverse
effects associated with transcatheter aortic valve implantation: a meta-analysis of
contemporary studies. Ann Intern Med. (2013) 158(1):35-46. doi: 10.7326/0003-
4819-158-1-201301010-00007

19. Smith CR, Leon MB, Mack M]J, Miller DC, Moses JW, Svensson LG, et al.
Transcatheter versus surgical aortic-valve replacement in high-risk patients. N Engl
J Med. (2011) 364(23):2187-98. doi: 10.1056/NEJMoal103510

20. Dawkins S, Hobson AR, Kalra PR, Tang AT, Monro JL, Dawkins KD. Permanent
pacemaker implantation after isolated aortic valve replacement: incidence, indications,
and predictors. Ann Thorac Surg. (2008) 85(1):108-12. doi: 10.1016/j.athoracsur.2007.
08.024

21. Siontis GC, Jiini P, Pilgrim T, Stortecky S, Biillesfeld L, Meier B, et al. Predictors
of permanent pacemaker implantation in patients with severe aortic stenosis
undergoing TAVR: a meta-analysis. ] Am Coll Cardiol. (2014) 64(2):129-40. doi: 10.
1016/j.jacc.2014.04.033

22. Forrest JK, Kaple RK, Tang GHL, Yakubov SJ, Nazif TM, Williams MR, et al. Three
generations of self-expanding transcatheter aortic valves: a report from the STS/ACC
TVT registry. JACC Cardiovasc Interv. (2020) 13(2):170-9. doi: 10.1016/j.jcin.2019.08.035

23. Forrest JK, Mangi AA, Popma JJ, Khabbaz K, Reardon M]J, Kleiman NS, et al.
Early outcomes with the Evolut PRO repositionable self-expanding transcatheter
aortic valve with pericardial wrap. JACC Cardiovasc Interv. (2018) 11(2):160-8.
doi: 10.1016/}.jcin.2017.10.014

24. Popma JJ, Deeb GM, Yakubov SJ, Mumtaz M, Gada H, O’Hair D, et al.
Transcatheter aortic-valve replacement with a self-expanding valve in low-risk
patients. N Engl ] Med. (2019) 380(18):1706-15. doi: 10.1056/NEJMo0al1816885

25. Mack MJ, Leon MB, Thourani VH, Makkar R, Kodali SK, Russo M, et al.
Transcatheter aortic-valve replacement with a balloon-expandable valve in low-risk
patients. N Engl ] Med. (2019) 380(18):1695-705. doi: 10.1056/NEJMoal814052

26. Nazif TM, Cahill TJ, Daniels D, McCabe JM, Reisman M, Chakravarty T, et al.
Real-world experience with the SAPIEN 3 ultra transcatheter heart valve: a propensity-
matched analysis from the United States. Circ Cardiovasc Interv. (2021) 14(9):e010543.
doi: 10.1161/circinterventions.121.010543

27. Saia F, Gandolfo C, Palmerini T, Berti S, Doshi SN, Laine M, et al. In-hospital
and thirty-day outcomes of the SAPIEN 3 ultra balloon-expandable transcatheter

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2023.1176984

aortic valve: the S3U registry. Eurolntervention. (2020) 15(14):1240-7. doi: 10.4244/
eij-d-19-00541

28. Lee MY, Yeshwant SC, Chava S, Lawrence Lustgarten D. Mechanisms of heart
block after transcatheter aortic valve replacement—cardiac anatomy, clinical
predictors and mechanical factors that contribute to permanent pacemaker
implantation. Arrhythm Electrophysiol Rev. (2015) 4(2):81-5. doi: 10.15420/aer.2015.
04.02.81

29. Moreno R, Dobarro D, de S4 E L, Prieto M, Morales C, Calvo Orbe L, et al.
Cause of complete atrioventricular block after percutaneous aortic valve
implantation: insights from a necropsy study. Circulation. (2009) 120(5):e29-30.
doi: 10.1161/circulationaha.109.849281

30. Hamdan A, Guetta V, Klempfner R, Konen E, Raanani E, Glikson M, et al.
Inverse relationship between membranous septal length and the risk of
atrioventricular block in patients undergoing transcatheter aortic valve implantation.
JACC Cardiovasc Interv. (2015) 8(9):1218-28. doi: 10.1016/j.jcin.2015.05.010

31. Chen S, Chau KH, Nazif TM. The incidence and impact of cardiac conduction
disturbances after transcatheter aortic valve replacement. Ann Cardiothorac Surg.
(2020) 9(6):452-67. doi: 10.21037/acs-2020-av-23

32. Jilaihawi H, Zhao Z, Du R, Staniloae C, Saric M, Neuburger PJ, et al. Minimizing
permanent pacemaker following repositionable self-expanding transcatheter aortic
valve replacement. JACC Cardiovasc Interv. (2019) 12(18):1796-807. doi: 10.1016/j.
jcin.2019.05.056

33. Mauri V, Reimann A, Stern D, Scherner M, Kuhn E, Rudolph V, et al. Predictors
of permanent pacemaker implantation after transcatheter aortic valve replacement
with the SAPIEN 3. JACC Cardiovasc Interv. (2016) 9(21):2200-9. doi: 10.1016/j.
jcin.2016.08.034

34. Auffret V, Puri R, Urena M, Chamandi C, Rodriguez-Gabella T, Philippon F,
et al. Conduction disturbances after transcatheter aortic valve replacement: current
status and future perspectives. Circulation. (2017) 136(11):1049-69. doi: 10.1161/
circulationaha.117.028352

35. Maeno Y, Abramowitz Y, Kawamori H, Kazuno Y, Kubo S, Takahashi N, et al. A
highly predictive risk model for pacemaker implantation after TAVR. JACC
Cardiovasc Imaging. (2017) 10(10Pt A):1139-47. doi: 10.1016/j.jcmg.2016.11.020

36. Nazif TM, Dizon JM, Hahn RT, Xu K, Babaliaros V, Douglas PS, et al.
Predictors and clinical outcomes of permanent pacemaker implantation after
transcatheter aortic valve replacement: the Partner (Placement of Aortic
Transcatheter Valves) Trial and Registry. JACC Cardiovasc Interv. (2015) 8
(1PtA):60-9. doi: 10.1016/j.jcin.2014.07.022

37. Kusner JK, Brown JY, Gleason TG, Edelman ER. The natural history of bicuspid
aortic valve disease. Struct Heart. (2022) 7(2):100119. doi: 10.1016/j.shj.2022.100119

38.Li Y, Wei X, Zhao Z, Liao Y, He J, Xiong T, et al. Prevalence and complications
of bicuspid aortic valve in Chinese according to echocardiographic database. Am
J Cardiol. (2017) 120(2):287-91. doi: 10.1016/j.amjcard.2017.04.025

39. Jilaihawi H, Wu Y, Yang Y, Xu L, Chen M, Wang J, et al. Morphological
characteristics of severe aortic stenosis in China: imaging corelab observations from
the first Chinese transcatheter aortic valve trial. Catheter Cardiovasc Interv. (2015)
85(Suppl 1):752-61. doi: 10.1002/ccd.25863

40. Roberts WC, Ko JM. Frequency by decades of unicuspid, bicuspid, and tricuspid
aortic valves in adults having isolated aortic valve replacement for aortic stenosis, with
or without associated aortic regurgitation. Circulation. (2005) 111(7):920-5. doi: 10.
1161/01.Cir.0000155623.48408.C5

41. Porretta S. Analysis of sensory and physicochemical data on commercial tomato
puree with pattern recognition techniques. Z Lebensm Unters Forsch. (1993) 197
(6):531-6. doi: 10.1007/BF01192851

42. Muntané-Carol G, Guimaraes L, Ferreira-Neto AN, Wintzer-Wehekind J,
Junquera L, Del Val D, et al. How does new-onset left bundle branch block affect
the outcomes of transcatheter aortic valve repair? Expert Rev Med Devices. (2019)
16(7):589-602. doi: 10.1080/17434440.2019.1624161

43. Rampat R, Khawaja MZ, Hilling-Smith R, Byrne J, MacCarthy P, Blackman DJ,
et al. Conduction abnormalities and permanent pacemaker implantation after
transcatheter aortic valve replacement using the repositionable Lotus device: the
United Kingdom experience. JACC Cardiovasc Interv. (2017) 10(12):1247-53.
doi: 10.1016/j.jcin.2017.03.044

44. Petronio AS, Sinning JM, Van Mieghem N, Zucchelli G, Nickenig G, Bekeredjian
R, et al. Optimal implantation depth and adherence to guidelines on permanent
pacing to improve the results of transcatheter aortic valve replacement with the
Medtronic CoreValve System: the CoreValve Prospective, International, Post-Market
ADVANCE-II Study. JACC Cardiovasc Interv. (2015) 8(6):837-46. doi: 10.1016/j.
jcin.2015.02.005

45. Faroux L, Chen S, Muntané-Carol G, Regueiro A, Philippon F, Sondergaard L,
et al. Clinical impact of conduction disturbances in transcatheter aortic valve
replacement recipients: a systematic review and meta-analysis. Eur Heart J. (2020)
41(29):2771-81. doi: 10.1093/eurheartj/ehz924

46. Nazif TM, Chen S, George I, Dizon JM, Hahn RT, Crowley A, et al. New-onset
left bundle branch block after transcatheter aortic valve replacement is associated with
adverse long-term clinical outcomes in intermediate-risk patients: an analysis from the
PARTNER II trial. Eur Heart ]. (2019) 40(27):2218-27. doi: 10.1093/eurheartj/ehz227

frontiersin.org


https://doi.org/10.1016/j.jacc.2012.07.035
https://doi.org/10.1016/j.amjcard.2015.03.054
https://doi.org/10.1038/nrcardio.2012.58
https://doi.org/10.1016/j.jcin.2020.09.063
https://doi.org/10.1016/j.jacc.2020.07.005
https://doi.org/10.1016/j.jcin.2020.03.022
https://doi.org/10.1016/j.jcct.2020.10.002
https://doi.org/10.1016/j.jcct.2020.10.002
https://doi.org/10.1002/ccd.28120
https://doi.org/10.1016/j.jacc.2013.04.036
https://doi.org/10.1093/eurheartj/ehp534
https://doi.org/10.1159/000502792
https://doi.org/10.7326/0003-4819-158-1-201301010-00007
https://doi.org/10.7326/0003-4819-158-1-201301010-00007
https://doi.org/10.1056/NEJMoa1103510
https://doi.org/10.1016/j.athoracsur.2007.08.024
https://doi.org/10.1016/j.athoracsur.2007.08.024
https://doi.org/10.1016/j.jacc.2014.04.033
https://doi.org/10.1016/j.jacc.2014.04.033
https://doi.org/10.1016/j.jcin.2019.08.035
https://doi.org/10.1016/j.jcin.2017.10.014
https://doi.org/10.1056/NEJMoa1816885
https://doi.org/10.1056/NEJMoa1814052
https://doi.org/10.1161/circinterventions.121.010543
https://doi.org/10.4244/eij-d-19-00541
https://doi.org/10.4244/eij-d-19-00541
https://doi.org/10.15420/aer.2015.04.02.81
https://doi.org/10.15420/aer.2015.04.02.81
https://doi.org/10.1161/circulationaha.109.849281
https://doi.org/10.1016/j.jcin.2015.05.010
https://doi.org/10.21037/acs-2020-av-23
https://doi.org/10.1016/j.jcin.2019.05.056
https://doi.org/10.1016/j.jcin.2019.05.056
https://doi.org/10.1016/j.jcin.2016.08.034
https://doi.org/10.1016/j.jcin.2016.08.034
https://doi.org/10.1161/circulationaha.117.028352
https://doi.org/10.1161/circulationaha.117.028352
https://doi.org/10.1016/j.jcmg.2016.11.020
https://doi.org/10.1016/j.jcin.2014.07.022
https://doi.org/10.1016/j.shj.2022.100119
https://doi.org/10.1016/j.amjcard.2017.04.025
https://doi.org/10.1002/ccd.25863
https://doi.org/10.1161/01.Cir.0000155623.48408.C5
https://doi.org/10.1161/01.Cir.0000155623.48408.C5
https://doi.org/10.1007/BF01192851
https://doi.org/10.1080/17434440.2019.1624161
https://doi.org/10.1016/j.jcin.2017.03.044
https://doi.org/10.1016/j.jcin.2015.02.005
https://doi.org/10.1016/j.jcin.2015.02.005
https://doi.org/10.1093/eurheartj/ehz924
https://doi.org/10.1093/eurheartj/ehz227
https://doi.org/10.3389/fcvm.2023.1176984
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Lower incidence of new-onset severe conduction disturbances after transcatheter aortic valve implantation with bicuspid aortic valve in patients with no baseline conduction abnormality: a cross-sectional investigation in a single center in China
	Introduction
	Methods
	Clinical data
	Preoperative evaluation and grouping
	Surgical strategy
	Postoperative antithrombotic therapy and primary observed outcomes
	Statistical methods

	Results
	Comparison of general information
	Comparison of the occurrence of new conduction disturbances
	Comparison of characteristics of patients with different types of new-onset conduction disturbances
	Results of the multifactorial logistic regression analysis of the BAV and TAV groups and the occurrence of new-onset conduction disturbances

	Discussion
	Limitations
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


