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Background: Balloon-expandable valves (BEV) and self-expanding valves (SEV) for transcatheter aortic 
valve replacement (TAVR) have shown promising results in Western populations. Herein, we comparatively 
evaluated their hemodynamics and early clinical outcomes in a Chinese population.
Methods: One hundred seventy-eight patients with symptomatic aortic stenosis who had undergone 
transfemoral TAVR using SEV (n=153; Venus-A, 97; VitaFlow, 56) or BEV (n=25; Sapien3) from September 
2020 to April 2021 were retrospectively enrolled, and 25 pairs were propensity-score matched for 10 baseline 
variables. The primary study outcomes were aortic valve hemodynamics and postoperative complications at 
discharge and 3-month follow-up.
Results: TAVR was successful in all patients. Compared with SEV group, the BEV group had similarly 
distributed baseline characteristics, procedural time, hospital stay, new pacemaker implantation, and 
paravalvular regurgitation grade. We also observed that the BEV group had lower rates of balloon pre-
dilation (60% vs. 92%, P=0.018), post-dilation (0 vs. 20%, P=0.050) and second valve implantation (0 vs. 
24%, P=0.022); higher mean transaortic gradient (14.3±6.1 vs. 10.8±4.9, P=0.030) and proportion of patients 
with elevated gradients (20% vs. 0, P=0.050) at discharge; and similar rehospitalization, mean transaortic 
gradient, new pacemaker implantation, and paravalvular regurgitation grade than the SEV group at the 
3-month follow-up. There were no deaths in either group. However, the proportion of patients with elevated 
gradients in SEV group was higher at 3 months than before discharge (24% vs. 0, P=0.022).
Conclusions: BEV and SEV for transfemoral TAVR appear comparably safe and effective, with high 
device success and favorable 3-month clinical outcomes. However, the transaortic gradient and new 
pacemaker implantation in the SEV group increased during follow-up, warranting larger studies with longer-
term follow-up.
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Introduction

Introduced in 2002 (1), transcatheter aortic valve 
replacement (TAVR) has since become an effective 
alternative to surgical aortic valve replacement in low-
to-high-risk patients with symptomatic aortic stenosis 
(2-6). The two commercially available design categories 
of transcatheter heart valves (THV), namely balloon-
expandable valves (BEV) and self-expanding valves (SEV), 
each have their own advantages and disadvantages. Previous 
studies have directly compared the efficacy and safety of 
these devices in Western (7-9) but not Chinese populations, 
partly because the new generation SapienTM (Sapien3, 
Edwards Lifesciences, Irvine, CA) BEV became available in 
China in September 2020.

Relative to Western TAVR candidates, Chinese patients 
have a higher proportion of bicuspid aortic valve and degree 
of aortic valve calcification, more often aortic regurgitation 
than stenosis, and a smaller femoral artery diameter (10-13); 
however, both valve types were empirically recommended 
for use based on cardiac team experience in most clinical 
situations. Therefore, the present study evaluated the 
valve hemodynamics and early clinical outcomes of SEV 
(including Venus-A, Venus MedTech, Hangzhou, China; 
VitaFlow, MicroPort®, Shanghai, China) and BEV (Sapien3, 
the only BEV applied in China) using a propensity-matched 
comparison approach. We present the following article in 
accordance with the STROBE reporting checklist (available 
at https://atm.amegroups.com/article/view/10.21037/atm-
21-6637/rc).

Methods

Patients

This retrospective, observational, cohort study analyzed 
data collected from consecutive patients with symptomatic, 
severe aortic stenosis who underwent transfemoral TAVR 
between September 2020 and April 2021. The procedure 
was completed by three TAVR qualified teams at the 
Structural Heart Disease Center of Fuwai Hospital. 
Patients with pure aortic regurgitation or missing baseline 
data necessary for the propensity score were excluded. The 
study was approved by the ethics board of Fuwai Hospital, 
Chinese Academy of Medical Sciences (No. 2021-1637). All 
patients and legal guardians had signed informed consent 
for the procedure and clinical record review. The study 
complied with the Declaration of Helsinki (as revised in 
2013) and all relevant Chinese laws.

Pre-procedure baseline assessment included clinical data 
(patient demographics, symptoms, comorbidities, routine 
laboratory testing, and risk evaluation), electrocardiogram, 
transthoracic echocardiography, and cardiac computed 
tomography angiography (CTA). All TAVR candidates were 
evaluated by the local multidisciplinary heart teams and 
core laboratory. The THV type and size were chosen based 
on the experience and preferences of each team.

Procedure description

The prosthetic THVs used in this study (Sapien3, Venus-A, 
and VitaFlow) have previously been described in detail  
(14-16). Procedures were performed under conscious 
sedation or general anesthesia in the hybrid operating room 
or catheterization laboratory. The right femoral artery was 
used for valve-stent delivery, and the left femoral artery 
was punctured for coronary angiography. A temporary 
pacing lead was inserted through the right internal jugular 
vein. Standard THV implantation techniques were used 
according to the size and morphological characteristics of 
the valve (14-16). Postprocedural events were evaluated by 
angiocardiography and transthoracic echocardiography.

Data definitions

Baseline and outcome data were obtained through a 
detailed chart review of each patient. Paravalvular and 
aortic regurgitation grade were defined as 0 if absent, 
1 if trivial, 2 if mild, 3 if moderate, and 4 if severe by 
transthoracic echocardiography (17). The aortic valve 
gradient was measured by transthoracic echocardiography. 
The prosthetic valve diameter index was defined as the 
diameter of the implanted valve by cardiac CTA indexed to 
body surface area.

Follow-up

Follow-up assessments of clinical outcomes, transthoracic 
echocardiography, and electrocardiography were conducted 
via outpatient visits or phone interviews at 1, 3, 6, and 
12 months, and adverse events and prosthetic valve 
hemodynamics were recorded. The last follow-up was on 
July 31, 2021.

Statistical analysis

Continuous variables were expressed as means ± standard 

https://atm.amegroups.com/article/view/10.21037/atm-21-6637/rc
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deviations or medians with interquartile ranges as 
appropriate and were compared using t-test or non-
parametric test as appropriate. Meanwhile, categorical 
variables were expressed as frequencies and percentages and 
were compared using the Chi-square test or the Fisher’s 
exact test as appropriate. SPSS 25.0 for Windows (SPSS 
Inc., Chicago, USA) was used for statistical analysis. A two-
sided P value of less than 0.05 was considered statistically 
significant.

Due to the large difference in the amount of data 
between BEV and SEV, propensity score matching was 
applied to adjust the influence of selection bias and 
potential confounders (Figure 1). Propensity scores were 
calculated using a non-parsimonious multivariate logistic 
regression model with 10 variables, including age, gender, 
body mass index, bicuspid valve, EuroSCORE II, New York 
Heart Association (NYHA) functional class, left ventricular 
ejection fraction (LVEF), aortic regurgitant grade, mean 
transaortic gradient, and prosthetic valve diameter index. 
Patients in the BEV and SEV groups were matched at a 1:1 
ratio using the nearest neighbor matching algorithm. The 
criterion for matching pairs used a caliper width equal to 0.2 
of the pooled standard deviation of the logit of propensity 

score. Finally, 25 pairs of patients were matched with 
similarly distributed baseline data between the two groups.

Results

Baseline characteristics (Table 1)

Among the 178 patients with symptomatic aortic stenosis 
who had undergone TAVR from September 2020 to April 
2021 by three TAVR qualified teams at Fuwai Hospital, 
SEV (Venus-A, 97; VitaFlow, 56) was used in 153 patients 
and BEV (Sapien3) was utilized in 25 patients. There were 
no significant between-group differences in age, gender, 
body mass index, comorbidities, mean transaortic gradient, 
and proportion of bicuspid valve, among other variables. 
However, compared with BEV group, patients in SEV 
group had a lower LVEF (56.6±13.1 vs. 62.2±10.6, P=0.024) 
and larger implanted valve size (26 vs. 23, P=0.014) before 
matching.

After 1:1 propensity score matching for the variables 
summarized in Figure 1, 25 patients receiving BEV were 
well matched with 25 patients receiving SEV (Venus-A, 
24; VitaFlow, 1), without significant baseline differences  
(Table 1). The important factors that affect long-term 
survival and quality of life of patients after TAVR include 
preoperative severe comorbidities and postoperative adverse 
events. In particular, LVEF and implanted valve size, which 
directly affect procedural outcomes, were well balanced 
after matching.

Intraprocedural data and pre-discharge results (Table 2)

There was no stroke, life-threatening bleeding, conversion 
to surgery, or death in either group. The hospital course 
was uneventful, and both groups had a similar procedural 
time (85.8±31.9 vs. 100.7±38.8, P=0.145), postprocedural 
hospital stay (4.9±1.7 vs. 5.5±2.7, P=0.354), new permanent 
pacemaker implantation (PPI:4% vs. 8%, P=1.000), and 
paravalvular regurgitation (PVR) grade (1 vs. 1, P=0.925, 
Figure 2A). The rates of balloon pre- and post-dilation were 
significantly lower in the BEV group than the SEV group 
(pre-dilation: 60% vs. 92%, P=0.018; post-dilation: 0 vs. 
20%, P=0.050). No patients suffered valve displacement 
in the BEV group, and only one valve was implanted in 
each patient. However, a second valve was implanted in six 
patients (24%) in the SEV group, including four patients 
with valve displacement and two patients with at least 
moderate PVR. The postprocedural mean transaortic 

TAVR procedures between 09/2020–04/2021
Transfemoral access, n=178

BEV (Sapien3)
n=25

BEV
Sapien3 (n=25)

SEV
Venus A (n=24), VitaFlow (n=1)

SEV (Venus A or VitaFlow)
n=153

1:1 matching

• Age
• Gender
• BMI
• EuroSCORE II
• NYHA functional class

• Mean transaortic gradient
• Aortic regurgitant grade
• LVEF
• Bicuspid valve
• Prosthetic valve diameter index

Figure 1 Study flow and variables used for propensity matching. 
TAVR, transcatheter aortic valve replacement; BEV, balloon-
expandable valves; SEV, self-expanding valves; BMI, body mass 
index; NYHA, New York Heart Association; LVEF, left ventricular 
ejection fraction.
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Table 1 Baseline patient characteristics before and after propensity score matching

Characteristics BEV (n=25)
Entire population Matched population

SEV (n=153) P value SEV (n=25) P value

Age, yrs 72.4±11.2 73.0±7.5 0.796 73.7±6.2 0.620

Male 14 (56.0) 85 (55.6) 0.967 16 (64.0) 0.564

BMI (kg/m2) 25.3±3.6 24.4±3.7 0.275 25.7±3.6 0.805

COPD 1 (4.0) 14 (9.2) 0.698 0 1.000

Diabetes mellitus 6 (24.0) 34 (22.2) 0.843 4 (16.0) 0.480

Hypertension 11 (44.0) 87 (56.9) 0.231 17 (68.0) 0.087

GFR (mL/min) 64.3±24.8 62.6±20.6 0.712 65.1±20.0 0.896

Peripheral vascular disease 4 (16.0) 32 (20.9) 0.765 2 (8.0) 0.667

Coronary artery disease 5 (20.0) 51 (33.3) 0.183 10 (40.0) 0.123

Prior CABG 1 (4.0) 7 (4.6) 1.000 2 (8.0) 1.000

Prior PCI 3 (12.0) 35 (22.9) 0.296 7 (28.0) 0.289

Prior stroke 4 (16.0) 25 (16.3) 0.966 5 (20.0) 1.000

Atrial fibrillation 1 (4.0) 18 (11.8) 0.481 3 (12.0) 0.609

Previous pacemaker 2 (8.0) 3 (2.0) 0.145 0 0.235

EuroSCORE II (%) 2.0 [1.4–3.1] 2.8 [1.5–4.5] 0.085 2.1 [1.2–3.5] 0.720

NYHA functional class 3 [3–3] 3 [3–3] 0.067 3 [3–3] 0.668

Mean transaortic gradient (mmHg) 56.7±16.7 53.0±21.2 0.410 48.0±18.6 0.089

Aortic regurgitant grade 1 [1–2] 1 [0–2] 0.989 1 [1–2] 0.070

LVEF (%) 62.2±10.6 56.6±13.1 0.024 59.4±12.2 0.403

Bicuspid valve 12 (48.0) 75 (49.0) 0.925 10 (40.0) 0.569

Prosthetic valve diameter (mm) 23 [23–26] 26 [23–27] 0.014 26 [23–26] 0.071

Prosthetic valve diameter index (mm/m2) 14.6±1.7 15.2±1.8 0.145 14.9±1.7 0.639

Data are presented as n (%) or median [interquartile range] or mean ± standard deviations. Regurgitant grade 0: absent, 1: trivial, 2: mild, 3: 
moderate, and 4: severe. BEV, balloon-expandable valves; SEV, self-expanding valves; BMI, body mass index; COPD, chronic obstructive 
pulmonary disease; GFR, glomerular filtration rate; CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention; 
NYHA, New York Heart Association; LVEF, left ventricular ejection fraction.

gradient was slightly higher in the BEV group compared 
to the SEV group (14.3±6.1 vs. 10.8±4.9, P=0.030), and the 
proportion of patients with elevated gradients (≥20 mmHg) 
was also higher in the BEV group (20% vs. 0%, P=0.050).

Three-month follow-up outcomes (Table 3)

All patients were followed up for 3 months, and there 
were no stroke, life-threatening bleeding, or death events. 
Patients in the BEV and SEV groups showed similar 
LVEF (62.1±5.2 vs. 58.2±9.2, P=0.067), PVR grade (1 vs. 1, 

P=0.381, Figure 2B), and mean transaortic gradient (15.6±7.2 
vs. 12.5±6.8, P=0.122), although they all were slightly 
higher than at discharge. Interestingly, at 3 months vs. 
before discharge, the proportion of patients with elevated 
gradients did not change significantly in the BEV group 
(20% vs. 16%, P=1.000), but increased significantly in the 
SEV group (0% vs. 24%, P=0.022).

Two patients in the BEV group and three patients in 
the SEV group were re-admitted to the hospital. One case 
in each group was readmitted due to cardiac insufficiency, 
and discharged after anti-heart failure treatment, while 
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Table 2 Intraprocedural data and pre-discharge results of the two matched groups

Perioperative outcomes BEV (n=25) SEV (n=25) P value

Operation time (min) 85.8±31.9 100.7±38.8 0.145

Pre-dilation 15 (60.0) 23 (92.0) 0.018

Post-dilation 0 5 (20.0) 0.050

Valve displacement 0 4 (16.0) 0.110

Second valve implanted 0 6 (24.0) 0.022

Conversion to surgery 0 0 N/A

Postoperative hospital stay (d) 4.9±1.7 5.5±2.7 0.354

Mean transaortic gradient (mmHg) 14.3±6.1 10.8±4.9 0.030

Elevated gradient (≥20 mmHg) 5 (20.0) 0 0.050

Paravalvular regurgitation grade 1 (0–1) 1 (0–1) 0.925

New pacemaker implantation 1 (4.0) 2 (8.0) 1.000

Life-threatening bleeding 0 0 N/A

Any stroke 0 0 N/A

All-cause mortality 0 0 N/A

Data are presented as n (%) or median (interquartile range) or mean ± standard deviations. Paravalvular regurgitation grade 0: absent, 1: 
trivial, 2: mild, 3: moderate, and 4: severe. BEV, balloon-expandable valves; SEV, self-expanding valves; N/A, not applicable.
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Figure 2 Paravalvular regurgitation (PVR). The incidence of PVR was comparable between the valves at discharge (A) and at the 3-month 
follow-up (B). BEV, balloon-expandable valves; SEV, self-expanding valves.

the remaining patients were readmitted for complete 
atrioventricular block with new PPI.

Discussion

The present study represents the first propensity-matched 
comparison of valve hemodynamics and early clinical 

outcomes between the new-generation BEV (Sapien3) and 
SEV (mostly Venus-A) for transfemoral TAVR in a Chinese 
population. The main findings of the study are as follows. 
Firstly, transfemoral TAVR using either valve system 
showed comparable safety and effectiveness with high 
device success and favorable 3-month clinical outcomes. 
Secondly, PVR grade and mean transaortic gradient grade 
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Table 3 Clinical outcomes at the 3-month follow-up of the two matched groups

3-month outcomes BEV (n=25) SEV (n=25) P value

Rehospitalization (n) 2 (8.0) 3 (12.0) 1.000

LVEF (%) 62.1±5.2 58.2±9.2 0.067

Mean transaortic gradient (mmHg) 15.6±7.2 12.5±6.8 0.122

Elevated gradient (≥20 mmHg) 4 (16.0) 6 (24.0) 0.725

Paravalvular regurgitation grade 1 (0–1) 1 (0–1) 0.381

New pacemaker implantation 2 (8.0) 4 (16.0) 0.667

Life-threatening bleeding 0 0 N/A

Stroke 0 0 N/A

All-cause mortality 0 0 N/A

Data are presented as n (%) or median (interquartile range) or mean ± standard deviations. Paravalvular regurgitation grade 0: absent, 
1: trivial, 2: mild, 3: moderate, and 4: severe. BEV, balloon-expandable valves; SEV, self-expanding valves; LVEF, left ventricular ejection 
fraction; N/A, not applicable.

were comparable between the groups, but the SEV group 
had higher rates of balloon pre-dilation, post-dilation, and 
second valve implantation. Thirdly, although the rate of 
new PPI was statistically similar between the groups, the 
proportion of patients with new PPI was double in the SEV 
group relative to the BEV group.

Due to anatomic challenges and high PVR, bicuspid 
valve anatomy was a relative contraindication to TAVR. 
Although a bicuspid aortic valve is present in 30% of 
patients undergoing aortic valve surgery (18), previous 
study has shown that bicuspid aortic stenosis accounts for 
only 3.3% of patients undergoing TAVR, representing a 
select group with more favorable anatomy (19). In our real-
world study, although the prevalence of bicuspid anatomy 
approached 50%, device implantation was successful in all 
cases without serious complications in either group, which 
was mainly due to the accurate preprocedural assessment by 
the core laboratory, continuous cumulative team experience, 
and improvement of the valve and delivery system design.

Excel lent  hemodynamics  performance without 
elevated transvalvular gradient is crucial for the durability 
of prostheses (20). Some studies have demonstrated 
substantially different hemodynamic parameters between 
valve systems with significantly lower transvalvular 
gradients in SEVs at discharge and follow-up (20-22). The 
superior hemodynamic performance of SEVs is mainly 
based on its supra-annular valve design, while the intra-
annular valve design of BEV and the sealing skirt in the left 
ventricular outflow tract were responsible for the increase 

in transvalvular gradient. However, all studies compared 
the transvalvular gradient under different prosthetic valve 
diameter indexes. Therefore, we included the prosthetic 
valve diameter index among the matching variables. After 
matching, although the mean transaortic gradient and 
proportion of patients with elevated gradients were slightly 
higher before discharge in the BEV group than in the 
SEV group, hemodynamic performance was statistically 
similar between the groups at 3-month follow-up. Although 
the proportion of patients with elevated gradients did 
not change significantly in the BEV group, it increased 
significantly in the SEV group at 3-month follow-up 
relative to before discharge, which may be secondary to 
valve recoil, valve thrombosis, valve under expansion, or a 
chance finding (19). Therefore, postprocedural transaortic 
gradient in the SEV group warrants further study.

The presence of at least moderate PVR after TAVR has 
been associated with poorer prognosis (23,24). Subgroups 
of TAVR patients, such as those with left ventricular 
hypertrophy, reduced ejection fraction, or additional 
comorbidities, may be affected by even mild PVR (25). The 
predictors of PVR include peri-annular calcium chunks or 
left ventricular outflow tract calcification, total extent of 
aortic valve calcification, and prosthesis undersizing and 
malpositioning (26). Therefore, to reduce PVR, Sapien3 
was designed with a polyethylene terephthalate skirt that 
covers the lower portion of the frame, and delivery systems 
were optimized in both new-generation valves to minimize 
procedural difficulty and valve malpositioning. Recent 
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studies have shown a low incidence of at least moderate 
PVR in about 1.8–3.4% of Sapien3 patients (7,21) and 
approximately 0–1.4% of SEV patients (Evolut, Evolut 
PRO, and VitaFlow) (7,16). In our study, no patients had 
at least moderate PVR in either group before discharge. 
At 3 months, there was a case of at least moderate PVR in 
the BEV group (4%), while PVR frequency in the SEV 
group tended to decline, which may be related to more 
frequent use of post-dilation and second valve implantation 
in the SEV group. In addition, SEV expands slowly after 
procedure, until finally fitting more closely with the 
autologous valve structure. 

New PPI due to conduction abnormalities after TAVR 
was a common complication with varying incidence based 
on pre- and intra-procedural factors (27), ranging between 
4% and 24% with BEV and 14.7% and 26.7% with SEV 
(even with new-generation devices) (28). Two studies have 
reported that the rate of new PPI was significantly higher 
with SEV compared to BEV (27,29). Consistent with 
previous studies, our study showed a low rate of new PPI 
after using self-expanding Venus A (8%), which was higher 
than that for balloon-expandable Sapien3 (4%) before 
discharge. However, the incidence of new PPI doubled in 
both groups at the 3-month follow-up. Due to an apparent 
increase in mortality with new onset left bundle branch 
block and high atrioventricular block among patients 
undergoing TAVR (27), heart rhythm should be monitored 
regularly after discharge.

Study limitations

Despite its propensity-matched design and similarly 
distributed baseline characteristics between the study 
groups, interpretation of the findings of the present study 
is limited by its retrospective non-randomized design with 
a relatively small sample size and short follow-up duration. 
This is mainly due to the recent availability of the new 
generation balloon-expandable valves (Sapien3) in China. 
Therefore, a multi-center randomized trial with longer-
term follow-up is warranted to compare both THVs. In 
addition, bias may have been introduced by the fact that the 
three teams performing TAVR had different professional 
backgrounds. Finally,  the lack of transesophageal 
echocardiographic results is an important limitation of 
this study. Real-time three-dimensional transesophageal 
echocardiography is considered the most promising 
technique for quantitative assessment of heart valve disease. 
It can accurately measure parameters of the aortic root and 

left ventricular outflow tract, which can minimize the risk 
of clinically significant patient prosthesis mismatches and 
differentiate normal prosthetic valve function versus patient 
prosthesis mismatches versus acquired prosthetic valve 
stenosis.

Conclusions

Transfemoral TAVR using either BEV or SEV appears 
comparably safe and effective, with high device success 
and favorable 3-month clinical outcomes. However, the 
transaortic gradient and new PPI in the SEV group tended 
to increase during follow-up. Adequately powered larger 
studies with longer-term follow-up are needed to evaluate 
the benefit of each valve.
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with the Declaration of Helsinki (as revised in 2013) and all 
relevant Chinese laws.

https://atm.amegroups.com/article/view/10.21037/atm-21-6637/rc
https://atm.amegroups.com/article/view/10.21037/atm-21-6637/rc
https://atm.amegroups.com/article/view/10.21037/atm-21-6637/dss
https://atm.amegroups.com/article/view/10.21037/atm-21-6637/dss
https://atm.amegroups.com/article/view/10.21037/atm-21-6637/coif
https://atm.amegroups.com/article/view/10.21037/atm-21-6637/coif
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