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Background: Bicuspid aortic valve (BAV) is common congenital malformation, bicuspid aortic stenosis 
accounts for a substantial proportion of patients with aortic valve stenosis (AS). Bicuspid AS are more likely 
to have aortic dilatation with slightly less elliptical annuli, which might lead to paravalvular aortic valve 
regurgitation (AR) and permanent pacemaker implantation (PPM) after TAVI with higher mortality. Our 
study aims to understand the therapeutic efficacy and safety of transcatheter aortic valve implantation (TAVI) 
with a supra-annular structure-based sizing strategy in Chinese AS patients with BAV versus tricuspid aortic 
valve (TAV). 
Methods: Seventy-four consecutive tricuspid AS patients and 44 bicuspid AS patients were included and 
enrolled in the study for analysis. Both groups underwent TAVI performed using balloon sizing less than mild 
paravalvular AR to assess the proper prosthesis size. The myocardial function within 1 year postoperative 
were sequentially evaluated using the New York Heart Association (NYHA) class, and echocardiography 
measurements. The incidence rates of complications at 30 days and 1 year were analyzed. During the 1-year 
follow-up, the time of death from any cause or complications in both groups was recorded.
Results: The study found that the percentage of patients with class III–IV of NYHA dropped after TAVI 
in both groups, and no significant difference between both groups at 1 year. Compared with the tricuspid AS 
group patients, Bicuspid group patients had more improvement in mean aortic valve gradient from baseline 
to 1year (−47.47±13.38 vs. −50.22±19.25 mmHg, P<0.05). There were no significant differences in 30-day 
and one-year compliance outcomes except a lower incidence of AR at post-procedure and 30 days in the 
tricuspid AS group as the Bicuspid AS group. There were no statistically significant differences in the time of 
death from any cause or significant complications between groups.
Conclusions: TAVI has acceptable therapeutic efficacy and safety and is feasible for AS patients with BAV 
in China.

Keywords: Transcatheter aortic valve implantation (TAVI); aortic valve stenosis (AS); bicuspid aortic valve (BAV); 

tricuspid aortic valve (TAV)

Submitted May 16, 2020. Accepted for publication Jul 14, 2020.

doi: 10.21037/atm-20-4436

View this article at: http://dx.doi.org/10.21037/atm-20-4436

	
^ ORCID: 0000-0001-6253-425X.

873

Original Article

https://crossmark.crossref.org/dialog/?doi=10.21037/atm-20-4436


Fu et al. Transcatheter aortic valve implantation in bicuspid aortic valve stenosis

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(14):873 | http://dx.doi.org/10.21037/atm-20-4436

Page 2 of 13

Introduction

Bicuspid aortic valve (BAV) is the most common congenital 
heart disease, with morbidity of 1% to 2%; the ratio of male 
to female patients is 2:1 (1-4). The outcomes of clinical 
progression in BAV patients include aortic stenosis, aortic 
regurgitation, aortic dilatation, aortic aneurysm, aortic 
dissection, thrombosis, and infective endocarditis (5,6). As 
it is a common congenital malformation, bicuspid aortic 
stenosis accounts for a substantial proportion of patients 
with aortic valve stenosis (AS). Regarding the anatomical 
structure of the two aortic valves due to the abnormal blood 
flow, irregular thickening of the valve, and asymmetric 
calcification of the valve often occur in BAV patients with 
aging. Sievers et al. classified BAV into three major types 
according to numbers of raphae and the position and 
function of leaflets (7). However, raphe in BAV is found to 
be closely correlated with moderate to severe AS. Moreover, 
in patients with severe AS who might require high-
risk surgery or are inoperable, transcatheter aortic valve 
implantation (TAVI), a minimally invasive operation, has 
emerged as an alternative therapeutic option; it has reduced 
mortality by 53% (8,9). 

Bicuspid AS are more likely to have aortic dilatation 
with slightly less elliptical annuli [the ratio of minor/major 
dimension was larger than in tricuspid aortic valve (TAV) 
patients] (10), which might lead to paravalvular aortic valve 
regurgitation (AR) and permanent pacemaker implantation 
(PPM) after TAVI with higher mortality. Bicuspid AS 
was therefore regarded as a contraindication of TAVI for 
a long time (11), and most foreign clinical trials of TAVI 
excluded Bicuspid AS patients. However, Chinese BAV 
patients usually undergo valve replacement due to ethnic 
differences and early-onset; therefore, the proportion of 
BAV morphology in severe AS patients receiving TAVI was 
40–50%, which was much higher than the proportion of 
1.6–9.3% in western patients. Furthermore, severe Bicuspid 
AS patients in China often has a higher Calcium volume, 
leading to more challenges for TAVI (10). However, the 
indications of TAVI for AS patients with Bicuspid AS are 
like those for TAV in the ACC/AHA guidelines (12), in that 
an annulus perimeter-based guide of the valve size might 
not be suitable in Bicuspid AS with supra-annular deformity. 
Therefore, a related study was proposed in China, where a 
supra-annular structure-based sizing strategy was applied in 
the TAVI procedure for Bicuspid AS patients.

In conclusion, we conducted this study on therapeutic 
safety and outcomes of TAVI between Tricuspid AS and 

Bicuspid AS patients for 1 year, which would offer further 
data and evidence for widening the indications of TAVI in 
the Chinese population. We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/atm-20-4436). 

Methods

Patients characteristics

In this study, 118 consecutive patients with severe AS 
who underwent TAVI from May 2017 to January 2019 
in the department of cardiovascular surgery of Tianjin 
Chest Hospital and Fuwai hospital were enrolled. Severe 
AS was defined as aortic valve area ≤1.0 cm2 or indexed 
for body surface area <0.6 cm2/m2 plus either the mean 
pressure gradient ≥40 mmHg or the peak velocity ≥4.0 m/s.  
Symptomatic patients had to have dyspnea, New York 
Heart Association (NYHA) functional class II or higher, 
angina pectoris, or cardiac syncope to qualify for the 
trial. According to the indications of TAVI in the ACC/
AHA guidelines, all severe AS patients were prospectively 
enrolled and assessed as having a moderate to high risk of 
surgery and Society of Thoracic Surgeons score (STS) (13).  
Depending on cusp number, patients with aortic valve 
disease were grouped into tricuspid AS, and Bicuspid AS and 
the Bicuspid AS patients were further classified on raphe. 
Also, baseline characteristics of the echocardiography and 
multislice computer tomography (MSCT) measurements 
were collected as previously described (10). This study was 
consistent with the principles of the Helsinki declaration (as 
revised in 2013) and was approved by the ethics committee 
of Tianjin Chest Hospital (No: IRB-SOP-016(F)-001-02). 
Patients voluntarily joined the study, signed an informed 
consent form. 

Device description

The Venus A-valve, a self-expandable valve, which 
approved by the China Food and Drug Administration 
in May 2017, was used in this study. The Venus A-valve 
was usually placed above the native annular; it has a 
supra-annular design that reduces the occurrence of valve 
thrombus (Figure 1). The valve is composed of three 
porcine pericardial leaflets sutured onto a nitinol alloy 
stent. First, to correctly position the prosthesis, three 
radiopaque markers were placed at the bottom of the 
inflow. Then, the stronger supporting force at the initial 
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20-mm section of the inflow end was compatible with 
Bicuspid AS and severe calcification, the two prominent 
morphology characteristics of Chinese AS patients. Finally, 
the tapering inlet end of flow could protect the heart from 
the conduction block. Venus MedTech produces the Venus 
A-valve in Hangzhou, China, and had been proved as 
suitable for Chinese patients.

MSCT image analysis

After the injection of contrast agents, data from the 
MSCT image (100–120 kV) were analyzed respectively 
for all patients. Curved multiplanar reconstruction 
(CMPR) analyses were used for annular and aortic valve 
dimension descriptions (software: 3 mensio ValvesTM, 
version 5.1; 3mensio Medical Imaging BV, Bilthoven, The 
Netherlands). Then, the minor and major supra-annular 
dimension, the ratio of minor/major dimension, perimeter-
derived diameter of annulus, and maximal ascending aorta 
dimension were measured from the ring. Briefly, TAVs 
annular sizing using the standard of care for the selection 
of the proper transcatheter heart valve; for Bicuspid AS it 

has been determined the intercommissural distance 4 or  
5 mm above the annular may have supra-annular narrowing 
size (14), according to the maximum diameter of this plane 
to select the size of the predilation balloon. Above the level 
of the virtual annular, we usually measure every 2 mm until 
the narrowing size plane was determined. The threshold for 
leaflet calcification detection was set at 850 Hounsfield units 
(HU), and the Calcium volume was calculated from the left 
ventricular outflow tract to the leaflet tips. 

TAVI procedure 

All the procedures were performed in the hybrid operating 
room with the patients under general anesthesia. 
Intraprocedural transesophageal echocardiography was 
performed to assess the performance of the prosthetic valve 
if there was no contraindication. Usually, transfemoral 
access is preferred for TAVI, but the trans-ascending 
aorta approach was used in this study if the patient had 
anatomical issues with the femoral artery (like smaller 
diameter, tortuosity, and severe calcification). The candidate 
prosthesis size of Venus A-valve was comprehensively 
determined by the operators according to the annular 
diameter and valve calcification score. Usually, the 23 mm 
Venus A-valve was designed for a perimeter-derived annulus 
of 53–63 mm, 26 mm Venus-A-Valve for 63–72 mm, 29 mm 
Venus-A-Valve for 72–82 mm and 32 mm Venus-A-Valve 
for 82–91 mm (15). If heavily calcified are present (850 HU 
>400 mm3) or Bicuspid AS, the heart team, will down the 
size of to prevent annular rupture.

The aortic balloon valvuloplasty (predilation) was 
a routine procedure, and the decision not to perform 
predilation was made primarily in cases with only mild 
leaflet calcification or with contraindication. The diameter 
of the prosthesis size was determined according to the final 
balloon size and perimeter-derived diameter of the annulus; 
the details have described elsewhere (16) (Figure 2). For 
Bicuspid AS, the valve was directly implanted in an elevated 
position, regarding the leaflet extremities rather than the 
virtual basal annulus, to reduce the risk of paravalvular AR 
and a permanent pacemaker. Echocardiographic was used 
to assess the paravalvular AR as [0] none/trace, [1] mild, [2] 
moderate, and [3] severe to evaluate the AR immediately 
after the operation. If moderate or severe AR was still 
present on the dilation of the aorta and added valve was 
considered. Also, the post-TAVI AR, effective orifice area 
(EOA), and mean aortic valve gradient (PGmean) were also 
evaluated at one day for the acute procedural outcome. 

Figure 1 The Venus A-valve. A self-expandable and supra-annular 
valve. The valve is composed of three porcine pericardial leaflets 
sutured onto a nitinol alloy stent. Three radiopaque markers were 
placed at the bottom of the inflow. 
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Outcomes

Patients were followed at the 1st, 7th, 30th, 180th, and 360th 
days postoperatively to observe the myocardial functions; 
the complications were evaluated at post-procedure, 30 
days, and 1 year. The myocardial functions were assessed 
using the New York Heart Association (NYHA) heart 
failure class and echocardiography, including factors of the 
AR, EOA, and PGmean. The primary outcomes were the rate 
of device success post-procedure and all-cause mortality at 
1year. The second outcomes included stroke, myocardial 
infarction, major vascular complications, PPM, acute 
kidney injury, valve endocarditis, NYHA functional class, 
and valve performance (as assessed on echocardiography). 
All outcomes were defined according to Valve Academic 
Research Consortium-2 definitions (17).

Statistical analysis

SPSS 22.0 software was applied for statistical analysis, and 

P˂0.05 at two-tailed was considered statistically significant. 
Measurement data were analyzed using the Shapiro-Wilk test 
to determine the normal distribution of all variables. Normal 
distribution data were presented as mean ± standard deviation 
and compared using the unpaired t-test, ordinal variables 
were compared using the Mantel-Whitney test. Categorical 
data were presented as the number (percentage) and 
compared using the χ2-test or Fisher’s exact test. Cumulative 
survival rates were analyzed using Kaplan-Meier estimates, 
and the comparisons were performed with the log-rank test. 

Results

Baseline characteristics and procedural statues

A total of 118 severe AS patients received a TAVI procedure 
with a self-expandable valve on the supra-annular structure-
based sizing strategy were enrolled. The tricuspid AS group 
with 74 patients and the Bicuspid AS group with 44 patients 
were followed up at least 1 year. Both groups were well-
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Figure 2 The supra-annular structure-based sizing strategy. The MSCT images of the aortic valve, the aortic annulus dimension was 
measured at the virtual basal ring. For the Bicuspid AS patients, it has been determined the intercommissural distance 4 or 5 mm above the 
annular may have supra-annular narrowing size by the maximum diameter of this plane to select the size of the predilation balloon. The 
aortic balloon valvuloplasty (predilation) was a routine procedure. For bicuspid AS, the valve was directly implanted in an elevated position 
of the leaflet extremities rather than the virtual basal annulus. MSCT, multislice computed tomgography; AS, aortic valve stenosis.
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matched, except for more frequent hypertension in the 
tricuspid AS group. In the comparative statistical analysis of 
patient characteristics, ages between the two groups were 
similar (75.68 vs. 73.57 years). Although the height and 
weight of patients in both groups had statistically significant 
differences, the body mass index calculated as weight in kg 
divided by height in meters squared was nearly equal (22.93 
vs. 22.03). As the factors about operative risk, the STS (7.63 
vs. 6.70), and NYHA class (at class III–IV) were also well-
balanced. The percentage of patients with comorbidities, 
including syncope, angina, diabetes mellitus, dyslipidemia, 
smoker, chronic obstructive pulmonary disease, cerebral 
vascular disease, atrial fibrillation, and renal failure, were 
analogous without significant difference. Twenty-three 
point eight percent of patients in both groups had Cardiac 
risk factors, including myocardial infarction, percutaneous 
coronary intervention, coronary artery bypass grafting, 
pacemaker implantation, and chest-wall irradiation. No 
patients were lost to follow up.

Before the TAVI procedure, echocardiographic and 
MSCT measurements were collected and analyzed. Due to 
the distinct anatomic differences between BAV and TAV, 
the factors related with atretic morphology including major/
minor annular dimension (25.80 vs. 26.97 and 21.64 vs. 
22.69), annular perimeter (21.97 vs. 22.70), calcium volume 

(588.0 vs. 594.0) and the factors related with AS severity 
including mitral regurgitation (mainly with little or below), 
EOA (0.61 vs. 0.59), maximum velocity (4.89 vs. 5.08), PGmax 

(98.40 vs. 104.19), left ventricular diastolic diameter (53.72 
vs. 51.76). Ejection fraction % (55.26 vs. 52.20), showed 
some differences. Among these factors, only the ascending 
aorta dimension (36.86±5.21 vs. 39.14 ±5.12, P<0.05), and 
PGmean (57.96±15.15 vs. 65.11±20.47, P=0.049) differed with 
statistical significance between both groups. During the 
TAVI procedure, we recorded the access route and prosthesis 
size; data showed that most patients in both groups received 
the transcatheter self-expanded valves (Table 1).

Procedural outcomes

A total of 118 in the intermediate-risk TAVI procedures 
were performed (Table 2). Five patients were converted to 
open surgery with complications (3 for cardiac tamponade, 
1 for coronary obstruction, 1 for aortic dissection) during 
the procedure. Unfortunately, those five patients died of 
treatment for complications. Post-procedure, Bicuspid AS 
patients compared with tricuspid AS patients had more 
frequency of Moderate or severe paravalvular AR (6.8% vs. 
11.4%), but they differ no significant. The VARC-2 device 
success rates were 89.3% and 86.4%, respectively. Although 

Table 1 Baseline characteristic of patients and TAVI procedural statues between tricuspid and bicuspid (rap and non-rap) groups

Characteristics Tricuspid AS (n=74) Bicuspid AS (n=44) P valuea

Demographics

Gendera 0.446

Female, n (%) 30 (40.5) 21 (47.7)

Male, n (%) 44 (59.5) 23 (52.3)

Age (years)b 75.68±7.26 73.57±6.30 0.100

Height (cm)b 163.19±9.55 159.89±7.10 0.034

Weight (kg)b 60.84±10.86 56.26±8.75 0.019

BMIb 22.93±4.27 22.03±3.28 0.231

Society of Thoracic Surgeons scoreb 7.63±5.55 6.70±2.95 0.237

NYHA classc, n (%) 0.483

I 1 (1.4) 0 (0.0)

II 14 (18.9) 11 (25.0)

III 40 (54.1) 16 (36.4)

IV 19 (25.7) 17 (38.6)

Table 1 (continued)
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Table 1 (continued)

Characteristics Tricuspid AS (n=74) Bicuspid AS (n=44) P valuea

NT-pro-BNPc 6,280 (2,445, 24,467)# 3,930 (1,625, 13,151) 0.064

Comorbidities

Syncope, n (%)a 12 (16.2) 8 (18.2) 0.783

Angina, n (%)a 26 (35.1) 13 (29.5) 0.532

Diabetes Mellitus, n (%)a 18 (24.3) 7 (15.9) 0.279

Dyslipidaemia, n (%)a 22 (29.7) 12 (27.3) 0.776

Smoker, n (%)a 29 (39.2) 15 (34.1) 0.580

COPD, n (%)a 21 (28.4) 13 (29.5) 0.892

Cerebral vascular disease, n (%)a 13 (17.6) 5 (11.4) 0.365

Hypertension, n (%)a 43 (58.1) 14 (31.8) 0.006

Atrial fibrillation, n (%)a 12 (16.2) 3 (6.8) 0.138

Renal failure, n (%)a 3 (4.1) 1 (2.3) 0.820

Cardiac risk factors

Myocardial infarction, n (%)a 6 (8.1) 1 (2.3) 0.371

Percutaneous coronary intervention, n (%)a 11 (14.9) 2 (4.5) 0.153

Coronary-artery bypass grafting, n (%)a 2 (2.7) 0 (0.0) 0.717

Pacemaker implantation, n (%)a 2 (2.7) 2 (4.5) 0.993

Echocardiography and MSCT measurements

Mitral regurgitationa 0.673

Little or below, n (%) 58 (78.4) 33 (75.0)

Moderate or severe, n (%) 16 (21.6) 11 (25.0)

EOA (cm2)b 0.61±0.17 0.59±0.21 0.310

Vmax (m/s)b 4.89±0.62 5.08±0.74 0.146

PGmax (mmHg)b 98.40±24.68 104.19±30.13 0.270

PGmean (mmHg)b 57.96±15.15 65.11±20.47 0.049

LVED (mm)b 52.72±8.23 51.76±8.47 0.548

LVEF%b 55.26±12.91 52.20±15.30 0.276

Major annular dimension (mm)b 25.80±4.49 26.97±3.97 0.163

Minor annular dimension (mm)b 21.64±3.36 22.69±3.17 0.102

Annular perimeter (mm)b 21.97±2.62 22.70±2.51 0.146

Ascending aorta dimensionb 36.86±5.21 39.14±5.12 0.027

Calcification volume (mm3)c, median (IQR) 588.0 (232.8, 1,341.3)# 594.0 (319.0, 1,124.6) 0.773
#, expressed as mean (interquartile range); a, P value was showed when tricuspid and bicuspid groups were compared by χ2‐test; b, P value 
was showed when tricuspid and bicuspid groups were compared by unpaired t‐test; c, P value was showed when tricuspid and bicuspid 
groups were compared by Mantel-Whitney test. COPD, chronic obstructive pulmonary disease; EOA, effective orifice area; Vmax, maximum 
aortic valve gradient; PGmax, maximum pressure gradient; PGmean, mean aortic valve gradient; LVED, left ventricular-diastolic diameter; 
LVEF%, percentage of left ventricular ejection fraction.
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the annulus tended to be slightly larger (21.97 vs. 22.70), 
but more frequent use of the smaller prostheses (27.66 vs. 
27.36) in the Bicuspid AS group. There was no significant 
difference in implantation two valves, major vascular 
complications, and new peacemaker insertion between the 
two groups. 

Survival and complications

Adverse c l inical  outcomes at  30 days  and 1 year 
postoperatively in tricuspid AS and Bicuspid AS groups are 
shown in Table 3. There were no significant differences in 
30-day and one-year outcomes postoperatively between 
the two groups. However, the incidence of major vascular 
complications at 30-day postoperatively was higher in the 

Bicuspid AS group, but no difference between the two groups 
(2.7% vs. 9.1%, P=0.128). Furthermore, the incidence of 
PPM was scarce (9.5% vs. 6.8% at 30-day, 13.5% vs. 9.1% 
at 1 year) in the Bicuspid AS group. Finally, the 30-day and 
1-year stroke rate (2.7% vs. 2.3% and 5.4% vs. 6.8%) and all-
cause mortality (5.5% vs. 4.5% and 13.5% vs. 13.6%) differed 
without any statistical significance between the two groups. 

During the 1-year follow-up, the log-rank test showed 
there were no statistically significant differences in the time 
of death from any cause between the Tricuspid AS and 
Bicuspid groups (Figure 3), as well as the time of death from 
cardiovascular or significant complications (Table 3). All the 
data mentioned above approved the efficacy and safety of 
supra-annular structure-based sizing strategy in the TAVI 
procedure.

Table 2 Procedural outcomes

Characteristics Tricuspid (n=74) Bicuspid (n=44) P valuea

Mortality, n (%) 3 (4.1) 2 (4.5) 1.000

Conversion to surgery, n (%) 3 (4.1) 2 (4.5) 1.000

Major vascular compilations, n (%) 2 (2.7) 4 (9.1) 0.194

Coronary obstruction, n (%) 1 (1.4) 0 1.000

Implantation 2 valves, n (%) 1 (1.4 ) 3 (6.8) 0.145

New pacemaker implantation, n (%) 11 (14.9) 5 (11.4) 0.591

Echocardiographic findings

LVEF, % 58.50±10.50 55.41±12.50 0.178

Moderate or severe paravalvular AR, % 5 (6.8) 5 (11.4) 0.497

PGmean (mmHg) 10.97±6.04 12.13±5.66 0.378

Device success, n (%) 66 (89.3) 38 (86.4 ) 0.770

Access route, n (%)

Transfemoral-right 35 (42.3) 27 (61.4)

Transfemoral-left 26 (35.1) 15 (34.1)

Trans ascending-aorta 13 (17.6) 2 (4.5)

Prosthesis size, n (%)

L23 mm 3 (4.1) 1 (2.3)

L26 mm 35 (47.3) 26 (59.1)

L29 mm 28 (37.8) 13 (29.5)

L32 mm 8 (10.8) 4 (9.1)

Average 27.66±0.26 27.36±0.32 0.4663

Values are mean ± SD or n/%. PGmean, mean aortic valve gradient; LVEF%, percentage of left ventricular ejection fraction.
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Table 3 The incidence rates of complications at 30 days and 1 year postoperatively in tricuspid and bicuspid groups

Characteristics Tricuspid (n=74) Bicuspid (n=44) P value

At 30 days postoperatively*

All-cause mortality, n (%) 4 (5.4) 2 (4.5) 0.838

Cardiovascular mortality, n (%) 4 (5.4) 2 (4.5) 0.838

Stroke, n (%) 2 (2.7) 1 (2.3) 0.886

Transient ischemic attack, n (%) 1 (1.4) 1 (2.3) 0.714

Major vascular complication 2 (2.7) 4 (9.1) 0.128

Myocardial infarction, n (%) 2 (2.7) 1 (2.3) 0.886

Permanent pacemaker implantation, n (%) 7 (9.5) 3 (6.8) 0.611

Renal failure (stage 2 or 3), n (%) 2 (2.7) 1 (2.3) 0.889

Valve endocarditis 0 1 (2.3) 0.195

At 1 year postoperatively*

All-cause mortality, n (%) 9 (13.5) 6 (13.6) 0.994

Cardiovascular mortality, n (%) 8 (12.2) 5 (11.4) 0.881

Stroke, n (%) 4 (5.4) 3 (6.8) 0.761

Transient ischemic attack, n (%) 2 (2.7) 1 (2.3) 0.889

Myocardial infarction, n (%) 2 (2.7) 1 (2.3) 0.886

New pacemaker implantation, n (%) 10 (13.5) 4 (9.1) 0.479

Valve endocarditis 0 1 (2.3) 0.195

*, percentages are Kaplan-Meier rates. P values were calculated from log-rank tests.

Figure 3 A comparison of the time of death from any cause 
between BAV and TAV groups during the 1-year follow-up. P 
values and hazard ratios were calculated using the log-rank test. 
There were no significant differences between the two groups. 
BAV, bicuspid aortic valve; TAV, tricuspid aortic valve.

Functional outcomes

NYHA class was evaluated for the myocardial function 
of patients on the operation day 30th, 180th, and 360th day. 
We found the percentage of patients with class III~IV of 
NYHA dropped after TAVI in both groups, corresponding 
with better patient states postoperatively. These findings 
were not statistically significant differences compared to the 
patients in the TAV group at 1 year (Figure 4). 

The study described the sequential echocardiographic 
measurements of PGmean and EOA at the operation day 
and 1st, 7th, 30th, 180th, and 360th days in both groups to 
evaluate the bioprosthetic function (Figure 5). Briefly, 
EOA improved once after the operation in both groups, 
and constant at 1year, there was no significant difference. 
Accordingly, PGmean decreased between the two groups at 
each time, although this change did not differ in 1 year. 
Compared with the tricuspid AS group patients, Bicuspid 
group patients had more improvement in PGmean from 
baseline to 1year (−47.47±13.38 vs. −50.22±19.25 mmHg, 
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P<0.05). Interestingly, in the view of prolonged efficacy, 
although the result of AR was higher in Bicuspid AS group 
at 3 months, this improvement and was similar between the 
two groups at 1 year (Figure 6).

Discussion

In 2010, the first TAVI operation was completed in China. 
Up to now, more than 4,500 TAVI operations had been 
conducted in our country, and those concentrated in Beijing, 
Shanghai, Chengdu, Hangzhou, and other developed 
areas with high-quality medical resources. Because some 
prostheses that are popular worldwide (including Medtronic 
Corvevalve or Edwards Sapien) were not approved by 
the China food and Drug Administration, the frequently 
used prosthesis for TAVI in China is the Venus A-valve 
(through the peripheral vessel route) (18) and J-Valve 
(through the apex route) (19). However, according to the 
ACC/AHA guideline, Bicuspid AS with progressive aortic 
dilatation usually results in the expanded ascending aortic  
d i m e n s i o n  ( 2 0 ) ,  B AV  r e m a i n s  t o  b e  a  r e l a t i v e 
contraindication for TAVI. Several concerns may explain 
why BAV patients are precluded from TAVI: (I) heavy 
calcification of the BAV annulus; (II) elliptical shape size of 
the BAV annulus; (III) BAV may be associated with other 
aortic diseases. Statistical data shows that in China, about 
50% BAV patients with and without raphe are presented for 
TAVI, while below 10% BAV patients exclusively with raphe 
in Western countries (10,21,22). The reasons are complex, 
possibly due to ethnic and pathogenetic differences, but 
further study on efficacy and safety of TAVI in Bicuspid 
AS patients is needed (10). Careful evaluation is vital for 
achieving satisfactory outcomes when surgery is unsuitable, 
and TAVI becomes the only choice for the patients. In our 
study, when the tricuspid AS patients undergoing the same 
TAVI procedure was compared, the results showed TAVI 
in Bicuspid AS patients had a similar bioprosthetic function 
and the incidence of complications after TAVI between the 
two groups was analogous. 

However, Chinese AS patients with BAV are observed 
to bear the burden of higher aortic valvar calcification, an 
independent risk factor for essential complications of AR 
(23,24) and pacemaker implantation (25) as it prevents 
accurate prosthesis positioning (11). Furthermore, as the 
aortic valve is anatomically close to the cardiac conduction 
system, the prosthesis set may cause complete left bundle 
branch block or atrioventricular block, and the pacemaker 
implantation were urgent (26). After a statistical analysis of 
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118 patients in our study, the baseline of Calcium volume 
was balanced between BAV and TAV groups, and the 
tendency of pacemaker implantation after TAVI was alike. 
However, the complication of AR at 30 days postoperatively 
was more common in the BAV group, which likely resulted 
from the apparent elliptical shape of the annulus, and the 
rates of AR at 1 year postoperatively were equal to those 
observed in long-term safe results. Due to the prolonged 
hemodynamic stability and favorable clinical prognosis, we 
could conclude the Venus A-valve was suitable for Chinese 
AS patients with a higher proportion of BAV and severe 
calcification.

Certain anatomical criteria should be emphasized for 
the successful results in BAV patients with predominant 
AS, since patients with bulky leaflets, enlarged aortic 
root, dilated ascending aorta, or significant aortic 
regurgitation are at high risk for procedure failure. 
Therefore, imaging evaluations of BAV and the associated 
aortopathy are necessary for the TAVI procedure. CT 
or magnetic resonance imaging may also be needed to 
obtain correct anatomical information, apart from routine 
echocardiography examination. Despite the wide application 
of TAVI in Bicuspid AS patients, there is still no standard 
sizing strategy, and operators often empirically select the 

prosthesis on the MSCT measurements (27). As we know, 
the information of aortic root cannot precisely reflect 
the anatomic characteristics of the annulus for prosthesis 
anchoring (28,29). In this study, to adapt the morphological 
characteristics of Chinese AS patients with BAV, we utilized 
the Venus A-Valve through the supra-annular structure-
based sizing strategy of TAVI, which was first proposed by 
Liu et al. (15). They deployed the transcatheter balloon size 
appropriately to prevent aortic regurgitation to less than 
mild, which helped select the prosthesis size (prosthesis 
size determined the valve size according to the instruction 
of the manufacturer). They also initially demonstrated the 
feasibility of this advanced strategy in BAV patients with 
AS with a single-arm, inadequate sample size clinical trial 
wherein the safety profile was acceptable (15,30). However, 
the sequential balloon sizing might induce more native valve 
debris, causing a stroke, which requires a careful operation 
and observation (31). In our study, as the incidence of 
stroke in TAV groups was like that observed in published 
data, the stroke did not occur in the BAV groups, which 
could eliminate the safety concerns of the supra-annular 
structure-based sizing strategy. 

TAVI was introduced into China in 2010, for the kinds 
of the self-expandable prosthesis, and another common type 
of balloon-expandable prosthesis was widely administrated 
abroad. For the most frequent two devices, PPM and AR, 
self-expandable prosthesis use was reported to have much 
lower rates and milder AR than a balloon-expandable 
prosthesis, especially when compared to the incidence of 
pacemaker implantation (32). As we know, even moderate 
aortic regurgitation is independently linked with mid-
term mortality, so we chose the former kind (33-35). The 
Venus A-valve in our study was produced domestically and 
had completed the TAVI trial in China (ClinicalTrials.gov: 
NCT01683474) with promising therapeutic efficacy in AS 
patients. When comparing with the Medtronic CoreValve 
(Medtronic, Minneapolis, Minnesota, USA), the Venus 
A-valve yielded favorable clinical outcomes and safety 
profiles, and the economic advantage was prominent for 
Chinese patients (18).

There were some limitations in our study. First, some 
baseline characteristics between the BAV and TAV groups 
were not parallel, which might have influenced the 
justification of outcomes. Second, the impact of operators’ 
experience on sequential balloon sizing and prosthesis 
choice would be variable. However, we could conquer 
this problem through extensive practice training. Third, 
the follow-up period of this study was brief. Therefore, a 
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prospective randomized controlled trial with a prolonged 
follow-up study to evaluate the efficacy and safety of TAVI 
in AS patients with BAV is needed.

In summary, our study showed the safety and efficacy 
of TAVI in nonselective patients with bicuspid AS using a 
self-expandable valve, which approved the supra-annular 
structure-based sizing strategy in the procedure and made it 
feasible for AS patients with BAV in China.
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