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Background: Transcatheter aortic valve implantation (TAVI) continues to expand as an optimal treatment 
in Western countries; however, Asian countries have been slower to adopt this procedure. This research 
aimed to explore the outcomes and status of early TAVI performed at a single center in Asia, and provide 
comparative outcomes of the newly designed Chinese valves. 
Methods: We enrolled 175 consecutive patients who successfully underwent TAVI from September 2012 
to January 2018 at Fuwai Hospital (Beijing, China). After a preliminary assessment of age, we included  
109 older patients (≥69 years) who underwent surgical aortic valve replacement (SAVR) during the same 
period. The primary endpoint was all-cause mortality. The inverse probability of treatment weighting (IPTW) 
was used to reduce potential bias. Cox regression was used to identify the risk factors of a poor prognosis.
Results: The TAVI cohort had higher rates of all-cause mortality [11.4% vs. 2.4%, hazard ratio (HR): 
4.79, 95% confidence interval (CI): 1.47 to 15.57, IPTW-adjusted P=0.009] and permanent pacemaker 
implantation (PPI; 14.6% vs. 1.6%, HR: 9.98, 95% CI: 2.71 to 36.67, IPTW-adjusted P<0.001) at 3 years 
than the SAVR cohort. In the multivariable Cox regression analysis based on the entire sample, liver disease 
was associated with all-cause mortality (HR: 5.080, 95% CI: 1.067 to 24.174, P=0.041). A smoking history 
was associated with an increased risk of postoperative heart failure (HF) (HR: 4.902, 95% CI: 1.265 to 
18.999, P=0.022). Additionally, age (HR: 1.141, 95% CI: 1.010 to 1.288, P=0.034) and diabetes (HR: 7.301, 
95% CI: 2.414 to 22.079, P<0.001) were identified as predictors of postoperative stroke. In the new valve 
subgroups, the 1-year composite endpoints were 38.2% (Venus A), 35.3% (TaurusOne), 34% (J-Valve), and 
28% (VitaFlow) (P=0.857).
Conclusions: Not all TAVI procedures had satisfactory outcomes compared with SAVR when initiated. At 
first, our center faced some challenges in delivering TAVI, and this is probably one of the reasons why the 
use of TAVI has developed slowly in Asia. Further investigations are needed to explore the underlying factors 
precluding the rapid expansion of TAVI in Asia.
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Introduction

Extraordinary progress has been achieved in the procedure 
volume and outcomes of transcatheter aortic valve 
implantation (TAVI), as well as the expansion of indications 
for this procedure. These advancements are largely due to 
the great reformation of valves and delivery systems. On 16 
August, 2019, in response to the publication of 2 trials with 
remarkable outcomes (1,2), the United States Food and Drug 
Administration (FDA) expanded the indications for the self-
expanding Evolut valve and balloon-expandable Sapien 3 
valve to include patients in all risk categories. Alternatively, 
these devices can also be placed in patients at low surgical 
risk (3). Although the use of transcatheter therapy has been 
continuously expanding in Western countries, the uptake 
of this treatment in Asia has been slow (4), and TAVI only 
reached the shores of Asia in February 2009, in Singapore (5).  
Early TAVI centers across Asia have found it challenging 
to gain more experience due to the low case volume (6). 
Differences in the anatomy of the Asian population, such as 
smaller aortic and peripheral vessel sizes and a high prevalence 
of bicuspid aortic valves, might have raised concerns about 
the feasibility, risk of procedural complications, prosthesis 
durability, and long-term outcomes following transcatheter 
treatment of valve heart diseases (7). Between March 2010 and 
September 2014, a registry of 11 centers in Singapore, Hong 
Kong, Taiwan, Japan, and Korea reported 848 TAVI cases (8).  
Some studies have reviewed the multicenter outcomes in 
these countries to date (9-12), although few studies have 
reported the status of early TAVI in a single center in Asia. 
In recent years, several Chinese-designed TAVI devices have 
emerged, including Venus A (Venus MedTech, Hangzhou, 
China, approved April 2017) (13), J-Valve (Suzhou Jiecheng 
Medical Technology, Suzhou, China, approved June 2017) (14),  
TaurusOne (Peijia Medical, Suzhou, China) (15), and 
VitaFlow (MicroPort CardioFlow Medtech, Shanghai, China, 
approved July 2019) (16). Several studies have summarized the 
characteristics and examined the suitability of these devices 
for use in the real-world setting (7,17-19). However, the 
comparative performance of these valves has not yet been 
investigated in the literature.

Therefore, this retrospective study was designed to 
explore the outcomes and status of early TAVI in a large 
cardiovascular center in China, by comparing them with 
those of traditional surgical aortic valve replacement 
(SAVR). We also attempted to identify the key risk factors 
associated with poor outcomes after TAVI, and compared 
the different types of Chinese-made valves that were applied 

in this cohort of TAVI patients.
We present the study in accordance with the STROBE 

reporting checklist (available at https://dx.doi.org/10.21037/
cdt-20-928).

Methods

Patient selection

Consecutive patients who were scheduled for elective 
TAVI between September 2012 and January 2018 in Fuwai 
Hospital (Beijing, China) were considered for inclusion 
in this study. After preliminarily estimating the age 
distribution of patients with TAVI, we found that at least 
90% of patients were over 69 years old. Accordingly, we 
enrolled elderly patients (≥69 years) who underwent SAVR 
in addition to the TAVI cohort.

Patients who withdrew before the surgery, died from 
life-threatening complications during surgery, or were 
reassigned to alternative surgery were excluded. We enrolled 
patients with previous aortic valvuloplasty who ultimately 
received TAVI, and patients were eliminated if they failed 
to undergo TAVI after aortic valvuloplasty (Figure 1).  
All participants underwent a comprehensive preoperative 
assessment by a team of cardiologists. The final decision to 
perform TAVI or SAVR was based on a discussion between 
the cardiology team and the patient’s relatives considering 
the optimal outcome in the best interests of the patient.

Valve and procedure

In the SAVR group, there were 16 mechanical heart valves 
and 93 bioprostheses, including the St. Jude Medical 
Epic heart valve (St. Jude Medical, St. Paul, MN, USA), 
St. Jude Medical Regent heart valve (St. Jude Medical, 
St. Paul, MN, USA), Perceval S (Sorin, Saluggia, Italy), 
Mosaic (Medtronic, Dublin, Ireland), Carpentier-Edwards 
Perimount Magna Ease (Edwards Lifesciences, Irvine, CA, 
USA), Hancock-II (Medtronic, Dublin, Ireland), and Open 
Pivot AP360 (Medtronic, Dublin, Ireland). The 5 different 
brands of TAVI prostheses examined in the current study 
were the Venus A-valve, J-Valve, TaurusOne, VitaFlow, 
and Sapien XT (Edwards Lifesciences, Irvine, CA, USA). 
All TAVI cases were handled by 2 cardiovascular surgeons 
proficient in cardiovascular intervention, and the diagnosis 
and treatment of cardiovascular diseases. The size and type 
of surgical valve were selected at the surgeon’s discretion. 
Transthoracic echocardiography (TTE) and multi-detector 
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computed tomography (MDCT) were utilized for routine 
assessment of preoperative cardiac function, iliac vascular 
anatomy, valve morphology, and calcification in participants. 
Fluoroscopy, transesophageal echocardiography (TEE), or 
TTE was performed to confirm the appropriate placement 
of valves, and to evaluate the success of the procedure 
through the detection of valvular regurgitation, pleural 
effusion, and residual shunts. Vascular access was attained 
via the transfemoral, transapical, transaortic, or transcarotid 
routes, depending on the results of preprocedural peripheral 
vascular assessments. Notably, the J-Valve was received 
exclusively via a transapical approach. 

Endpoints 

Surgical outcomes and complications were defined 

in accordance with the Valve Academic Research 
Consortium-2 (VARC-2) (20). The primary endpoint was 
all-cause mortality. Secondary endpoints included stroke, 
new-onset atrial fibrillation (AF), permanent pacemaker 
implantation (PPI), myocardial infarction (MI), heart 
failure (HF), major vascular complication, high-grade 
atrioventricular block (HAVB), paravalvular leakage (PVL), 
and thrombosis. The operative duration was measured 
from the first incision to the final suture. Readmission 
unrelated to surgery or heart disease was excluded from the 
analysis, and death during readmission was not included in 
the analysis of readmission events. Intraoperative mortality 
was defined as death resulting from life-threatening events 
during the procedure. All-cause mortality was defined 
as the death of patients who survived surgery but died 
postoperatively. A composite of all-cause mortality, stroke, 

206 patients assigned to TAVI group

203 patients underwent TAVI procedure

175 TAVI were enrolled

284 cases were included for endpoints

Inverse probability of treatment 
weighting (IPTW)

Unweighted and weighted samples 
for endpoints

2 patients withdrew and 1 patient 
died before treatment

6 intraoperative deaths: coronary 
obstruction (n=1) severe ventricular 

fibrillation (n=2) ventricular perforation 
or pericardial tamponade (n=3)

10 TAVI cases were converted to 
alternative surgeries intraoperatively

12 patients failed to undergo 
TAVI, exclusively receiving aortic 

valvuloplasty owing to severe aortic 
calcification or abnormal aortic arch 

angle 

109 patients (age ≥ 69 years) assigned to SAVR group

From September 2012 to January 2018

Figure 1 Flowchart of participant inclusion. TAVI, transcatheter aortic valve implantation; SAVR, surgical aortic valve replacement.
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new-onset AF, PPI, MI, HF, and HAVB was used to 
evaluate the endpoints among the different valves. 

Data were collected from electronic medical records at 
our institution. Information was also collected by telephone 
using a predefined questionnaire via follow-up system. 

Ethical statement

This study adhered to the ethical principles of the 
Declaration of Helsinki (as revised in 2013). The ethics 
committee of Fuwai Hospital approved the retrospective 
collection of data (Approval No. 2020-1416), and the 
requirement for informed consent was waived due to the 
retrospective nature of the study.

Statistical analysis

The distribution of data was presented using descriptive 
statistics: mean ± standard deviation (SD) or median 
[interquartile range (IQR)] was used for continuous 
variables, and absolute and relative frequencies were used 
for categorical variables. Continuous variables between 
groups were compared using the t-test or Mann–Whitney 
U-test based on the normality of distribution (Appendix 1). 
Categorical variables between groups were analyzed using 
the chi-square test. The Kruskal–Wallis test was applied 
to compare the postoperative length of hospital stay and 
operative duration among different valves. Kaplan–Meier 
survival analysis was used to describe the time to events, 
followed by the log-rank test comparing the endpoints 
between groups. Bonferroni correction was used for all 
pairwise comparisons among endpoints of valves.

To reduce potential bias, we introduced inverse 
probability of treatment weighting (IPTW) (21). IPTW 
weights individual patients on the basis of the inverse 
probability of their treatment allocation to create a pseudo-
data set in which the distribution of potentially confounding 
variables is balanced between the 2 groups. With this 
method, a logistic regression model was first fitted to 
generate a propensity score, adjusted for baseline covariates. 
Subsequently, the TAVI sample received a weight of 1/pi,  
while the SAVR sample received a weight of 1/(1−pi), in 
which pi is individual i’s estimated propensity score (22). In 
the pseudo-dataset created by weighting each participant by 
IPTW, the number of observations is the sum of weights. 
The IPTW has the advantage of making use of all data. 
The literature has shown a trend toward the use of IPTW 
over the years (23).

The Cox proportional hazards model was then applied to 
analyze the predictors of all-cause mortality, postoperative 
stroke, and postoperative HF in both the weighted and 
unweighted samples. Variables with significance (P<0.1) upon 
univariate analysis or which were clinically relevant were 
included in a multivariate regression analysis to explore whether 
the endpoints could have been biased by baseline differences 
or outcomes. Appendix 1 shows the details of the univariate 
analyses and test of multicollinearity. The variables finally 
selected for inclusion in the model to predict all-cause mortality 
were liver disease, bicuspid valve, New York Heart Association 
(NYHA) class ≤II, age, postoperative HF, postoperative stroke, 
and TAVI. Variables in the HF prediction model included age, 
male sex, smoking history, ejection fraction, body mass index 
(BMI), TAVI, NYHA class ≤II, diabetes, and hypertension. 
The variables enrolled in the stroke model were TAVI, age, 
MI, diabetes, stroke history, and hypertension. We conducted 
additional 10 models to test predictive validity of risk factors, 
which is shown in Appendix 1. Hazard ratio (HR) were 
also calculated to estimate the treatment effect between the  
2 groups. 

 Tests of hypotheses were 2-sided and conducted at a 
standard statistical significance level of 0.05, with a 95% 
confidence interval (CI) adopted. Statistical analyses were 
conducted using SPSS version 25 (IBM Corp., Armonk, 
NY, USA) and R version 4.0.2 (https://www.R-project.org/) 
with the “Survival”, “reportReg”, “MatchIt”, “Survey”, and 
“Tableone” packages.

Results

General characteristics

A total of 206 patients were scheduled for elective TAVI 
between September 2012 and January 2018. Prior to 
treatment, 2 patients withdrew and 1 died. Twelve 
participants exclusively underwent aortic valvuloplasty 
due to severe aortic calcification or an abnormal aortic 
arch angle. Ten TAVI cases were converted to alternative 
surgeries due to valve migration (n=8), or severe ventricular 
fibrillation (n=1) or cardiac tamponade (n=1) before valve 
deployment. Six participants died intraoperatively. The 
major causes of death included coronary obstruction 
(n=1), severe ventricular fibrillation (n=2), and ventricular 
perforation or pericardial tamponade (n=3). Ultimately, 
175 participants received TAVI successfully (Figure 1).  
Among them, 9 were treated with Sapien XT, 97 with Venus 
A, 17 with TaurusOne, 25 with VitaFlow, and 27 with J-Valve. 

https://cdn.amegroups.cn/static/public/cdt-20-928-1.pdf
https://cdn.amegroups.cn/static/public/cdt-20-928-1.pdf
https://cdn.amegroups.cn/static/public/cdt-20-928-1.pdf
https://www.R-project.org/
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Two participants who had been assigned to transfemoral TAVI 
underwent conversion to transaortic access intraprocedurally. 
Finally, in the TAVI group, transfemoral access was used in 
134 cases, transapical access in 26 cases, transaortic access in 13 

cases, and transcarotid access in 2 cases. During the same period,  
109 patients undergoing SAVR were enrolled, none of whom 
died intraoperatively. As shown in Table 1, there were significant 
differences between the groups at baseline. However, after 

Table 1 Baseline characteristics

Baseline
Overall Cohort IPTW Matched Cohort

SAVR (n=109) TAVI (n=175) P value SAVR (n=109†) TAVI (n=175†) P value

Age, years 72.72±2.69 76.57±5.84 <0.001* 74.79±3.79 74.55±7.19 0.861

Male, n (%) 65 (59.6) 104 (59.4) 0.973 (74.8) (63.5) 0.161

BMI, kg/m2 24.68±3.14 23.17±3.72 0.001* 22.91±3.92 23.80±3.69 0.381

STS score (%) 1.49 (1.15, 2.08) 2.67 (1.76, 3.8) <0.001* 2.23 (1.37, 2.68) 2.11 (1.46, 3.1) 0.426

Hypertension, n (%) 52 (47.7) 109 (62.3) 0.016* (56.8)  (53.9) 0.798

Diabetes, n (%) 14 (12.8) 52 (29.7) 0.001* (11.2) (24.2) 0.068

Liver disease, n (%) 0 (0.0) 4 (2.3) 0.284 (0.0) (1.5) 0.057

Syncope, n (%) 20 (18.3) 32 (18.3) 0.989  (17.3)  (17.0) 0.958

COPD, n (%) 12 (11.0) 37 (21.1) 0.028* (15.5)  (21.7) 0.436

Myocardial infarction, n (%) 2 (1.8) 22 (12.6) 0.002* (7.7) (8.9) 0.844

PCI, n (%) 3 (2.8) 28 (16.0) <0.001*  (8.4) (11.6) 0.638

Peripheral vascular disease, n (%) 20 (18.3) 52 (29.7) 0.032* (16.5) (24.9) 0.280

Stroke history, n (%) 25 (22.9) 100 (57.1) <0.001* (41.8) (47.3) 0.656

HAVB, n (%) 0 (0.0) 4 (2.3) 0.284  (0.0)  (1.5) 0.057

Atrial fibrillation, n (%) 7 (6.4) 39 (22.3) <0.001*  (6.6) (16.2) 0.053

Inotropic drugs, n (%) 11 (10.1) 35 (20.0) 0.028* (22.4) (19.5) 0.815

ACEI/ARB drugs within 48hours, n (%) 15 (13.8) 42 (24.0) 0.036* (31.0) (21.1) 0.390

EF, n (%) 60.53±8.01 57.10±12.50 0.011* 57.35±8.41 57.42±12.33 0.977

PLT, ×109/L 186.51±51.67 198.01±72.38 0.150 176.41±49.24 192.51±64.77 0.092

Hematocrit, n (%) 40.84±4.50 37.65±4.89 <0.001* 38.50±4.92 38.58±4.74 0.941

NYHA ≤ II, n (%) 34 (31.2) 23 (13.1) <0.001* (17.6) (19.7) 0.766

Bicuspid valve, n (%) 37 (33.9) 41 (23.4) 0.053 (30.2) (23.4) 0.475

CRBBB, n (%) 3 (2.8) 12 (6.9) 0.133 (1.6) (4.8) 0.096

CLBBB, n (%) 2 (1.8) 8 (4.6) 0.376 (3.5) (3.9) 0.907

Pure aortic regurgitation, n (%) 5 (4.6) 5 (2.9) 0.661 (3.4) (4.0) 0.841

Smoking history, n (%) 34 (31.2) 66 (37.7) 0.263  (53.2) (39.9) 0.237

Values are mean ± SD, median (IQR) or n (%). *, significant values. †, n is the weighted sample induced by IPTW. ACEI, angiotensin 
converting enzyme inhibitors; ARB, angiotensin receptor blocker; BMI, body mass index; CLBBB, complete left bundle branch 
block; COPD, chronic obstructive pulmonary disease; CRBBB, complete right bundle branch block; EF, ejection fraction; HAVB,  
high-grade atrioventricular block; IPTW, inverse probability of treatment weighting; NYHA, New York heart association; PLT, platelet; PCI, 
percutaneous coronary intervention; SAVR, surgical aortic valve replacement; STS, society of thoracic surgeons; TAVI, transcatheter aortic 
valve implantation.
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adjustment by IPTW, no statistical differences were observed. 

Postoperative outcomes

Follow-up was performed for a median of 29 months (IQR: 
16.5, 46 months). Participants in the TAVI group were 
less likely to require general anesthesia (38.9% vs. 100%, 
P<0.001) and intensive care unit (ICU) admission (37.1% 
vs.100%, P<0.001) than patients in the SAVR group, and 
the TAVI group also had a shorter operative duration (115 
vs. 184, P<0.001). These outcomes were robust after IPTW 
adjustment (IPTW-adjusted P<0.001). The TAVI cohort 
also appeared to have higher rates of all-cause mortality 
(16.3% vs. 4.4%, TAVI vs. SAVR, HR: 3.79, 95% CI: 
1.31 to 10.96, P=0.014) and PPI (17.0% vs. 2.9%, TAVI 
vs. SAVR, HR: 6.17, 95% CI: 1.87 to 20.36, P=0.003) at 
3 years than the SAVR cohort. These results were in line 
with the effects after IPTW adjustment (all-cause mortality: 
11.4% vs. 2.4%, HR: 4.79, 95% CI: 1.47 to 15.57, IPTW-
adjusted P=0.009; PPI: 14.6% vs. 1.6%, HR: 9.98, 95% CI: 
2.71 to 36.67, TAVI vs. SAVR, IPTW-adjusted P<0.001). 
With regard to postoperative HF, the TAVI cohort had a 
higher rate of HF (7.2% vs. 1.8%, TAVI vs. SAVR, HR: 
3.57, 95% CI: 0.79 to 16.1 P=0.098) at 3 years than the 
SAVR cohort, although there was no statistical difference. 
However, the difference became slightly significant after 
IPTW adjustment (4.9% vs. 0.9%, TAVI vs. SAVR, HR: 
4.89, 95% CI: 1.0 to 23.95, IPTW-adjusted P=0.051). The 
differences in AF and readmission at 3 years between the 
TAVI and SAVR cohorts were not statistically significant, 
and remained insignificant after IPTW adjustment (Table 2).

Kaplan–Meier curves estimating the mid- to long-
term survival of the 2 groups are shown in Figure 2. The 
cumulative all-cause mortality showed a trend toward a 
higher incidence in the TAVI group than in the SAVR group 
(HR: 5.49, 95% CI: 1.71 to 17.68, IPTW-adjusted P=0.004).

Causes of mortality and readmission

After discharge, 24 participants were readmitted to the hospital 
and 26 died on the basis of the available data. The causes of 
readmission and death were analyzed individually and are 
identified in Figure 3. The leading causes of readmission in the 
TAVI group were HF (25%) and stroke (20.8%).

Predictors of poor outcomes 

Multivariable Cox regression was used to analyze the 

predictors of all-cause mortality, stroke, and HF. The 
adjusted results revealed that liver disease was a risk 
predictor of all-cause mortality (HR: 5.080, 95% CI: 1.067 
to 24.174, P=0.041). After IPTW adjustment, the effect 
remained (HR: 8.421, 95% CI: 1.813 to 39.108, IPTW-
adjusted P=0.007). A history of smoking was related to the 
occurrence of postoperative HF (HR: 4.902, 95% CI: 1.265 
to 18.999, P=0.022) and this effect remained after IPTW 
adjustment. Additionally, age (HR: 1.141, 95% CI: 1.010 to 
1.288, P=0.034) and diabetes (HR: 7.301, 95% CI: 2.414 to 
22.079, P<0.001) were found to be related to the increased 
risk of postoperative stroke in the multivariable Cox 
regression; however, these effects were slightly attenuated 
after IPTW adjustment (age: IPTW-adjusted P=0.051, 
diabetes: IPTW-adjusted P=0.082) (Figure 4).

Valve comparison

We compared the outcomes of  TAVI procedures 
performed using Venus A, TaurusOne, VitaFlow, and 
J-Valve. With the exception of readmission (P=0.038), 
the 1-year  outcomes did not  di f fer  s igni f icant ly 
between the valves. Specifically, TaurusOne (23.5%) 
had the highest occurrence of readmission, followed by 
VitaFlow (4.5%), Venus A (4.4%), and J-Valve (4.3%). 
The all-cause mortality rate was the highest among 
participants who received J-Valve (19.0%); However, the 
difference was not significant. Participants who received 
TaurusOne had a briefer postoperative length of stay  
(7 days) compared with those who received Venus A (9 days, 
adjusted P=0.003), VitaFlow (8 days, adjusted P=0.006), 
and J-Valve (10 days, adjusted P=0.001). The composite 
endpoints in the VitaFlow subgroup remained the lowest 
(28%) compared with those of Venus A (38.2%), TaurusOne 
(35.3%), VitaFlow (28%), and J-Valve (34%), but there was 
no statistical difference (P=0.896) (Table 3).

We ran Cox regression separately to explore whether the 
type of valve used had an impact on all-cause mortality, stroke, 
postoperative HF, and readmission. The results revealed that 
none of the valves had a significant association with all-cause 
mortality, postoperative stroke, or HF (Table S1).

PVL

The incidence of PVL was calculated independently 
based on the data available. The detailed data available 
from follow-up are shown in Table S2. The rate of >mild 
PVL (moderate or severe PVL) in the TAVI cohort at  

https://cdn.amegroups.cn/static/public/CDT-20-928-Supplementary.pdf
https://cdn.amegroups.cn/static/public/CDT-20-928-Supplementary.pdf
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Table 2 Postoperative outcomes

Overall Cohort IPTW Matched Cohort

SAVR (n=109) TAVI (n=175) HR (95% CI) P value SAVR (n=109†) TAVI (n=175†) HR (95% CI) P value

General anesthesia,  
n (%)

109 (100.0) 68 (38.9) – < 0.001*  (100.0)  (41.1) – <0.001*

ICU, n (%) 109 (100;0) 65 (37.1) – < 0.001*  (100.0)  (39.6) – <0.001*

Operative duration, 
min

184.0  
(164, 220.5)

115 (97, 145) – < 0.001* 185  
(171.5, 215.6)

115.0 (100, 145) – <0.001*

Postoperative length 
of stay, days

7 (7, 11) 8 (7, 13) – 0.154 8.0 (7.0, 10.2) 7.0 (7.0, 12) – 0.433

1 year

All-cause mortality,  
n (%)

2 (1.8) 13 (7.5) 4.14  
(0.93–18.35)

0.061  (1.2)  (5.6) 4.64  
(0.97–22.16)

0.054

Stroke, n (%) 1 (0.9) 8 (4.6) 5.07  
(0.63–40.51)

0.126  (5.0)  (3.3) 0.65  
(0.08–5.18)

0.684

MI, n (%) 0 3 (1.8) – 0.168‡ 0  (1.2) – 0.080‡

AF, n (%) 15 (13.8) 17 (9.7) 0.69  
(0.35–1.39)

0.304  (11.9)  (8.5) 0.71  
(0.24–2.12)

0.533

Valve thrombosis,  
n (%)

0 2 (1.2) – 0.262‡ 0  (0.8) – 0.100‡

PPI, n (%) 3 (2.9) 24 (13.9) 5.38  
(1.62–17.86)

0.006*  (1.6)  (12.2) 8.80  
(2.39–32.41)

0.001*

Heart failure, n (%) 2 (1.8) 9 (5.5) 2.88  
(0.62–13.34)

0.176  (0.9)  (3.8) 4.06  
(0.81–20.39)

0.088

HAVB, n (%) 3 (2.8) 23 (13.4) 5.09  
(1.53–16.96)

0.008*  (1.2)  (11.5) 10.05  
(2.79–36.22)

<0.001*

Readmission, n (%) 11 (10.4) 12 (7.6) 0.66  
(0.29–1.50)

0.319  (17.2)  (5.1) 0.25  
(0.07–0.89)

0.032*

3 years

All-cause mortality,  
n (%)

4 (4.4) 23 (16.3) 3.79  
(1.31–10.96)

0.014*  (2.4)  (11.4) 4.79  
(1.47–15.57)

0.009*

Stroke, n (%) 2 (2.4) 12 (9.8) 4.09  
(0.91–18.27)

0.066  (5.6)  (6.4) 0.92 (0.13–6.35) 0.930

AF, n (%) 16 (15.5) 18 (10.8) 0.69  
(0.35–1.35)

0.278  (19.1)  (9.2) 0.54  
(0.19–1.53)

0.249

Heart failure, n (%) 2 (1.8) 11 (7.2) 3.57  
(0.79–16.1)

0.098  (0.9)  (4.9) 4.89  
(1.0–23.95)

0.051

HAVB, n (%) 3 (2.8) 24 (14.1) 5.33  
(1.61–17.72)

0.006*  (1.2)  (12.1) 10.52  
(2.93–37.78)

<0.001*

PPI, n (%) 3 (2.9) 27 (17.0) 6.17  
(1.87–20.36)

0.003*  (1.6)  (14.6) 9.98  
(2.71–36.67)

<0.001*

Readmission, n (%) 12 (12.8) 21 (18.2) 1.11  
(0.55–2.26)

0.771  (18.1)  (11.8) 0.46  
(0.13–1.57)

0.213

Values are median (IQR) or n (%). *, significant values. ‡, values from log rank test. †, n is the weighted sample induced by IPTW. AF, atrial 
fibrillation; CI, confidence interval; HAVB, high-grade atrioventricular block; HR, hazard ratio；ICU, intensive care unit; MI, myocardial 
infarction; PPI, permanent pacemaker implantation. SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation.
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1 week, 1 month, and 1 year after surgery was 6.6%, 
5.5%, and 2.6%, respectively. Compared with SAVR 
(following which no cases of mild, moderate, or severe 
PVL were reported), TAVI was still inferior (P<0.001). 
The rates of ≥mild PVL (mild or worse PVL) among 

participants who received Sapien XT and Venus A were 
similar, and were higher than those for TaurusOne, 
J-Valve, and VitaFlow. Notably, for VitaFlow, no cases 
of >mild PVL were detected. However, the differences 
were not significant (Figure 5, Table S2). 
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Figure 4 Predictors of poor outcomes in Cox regression. CI, confidence interval; HF, heart failure; HR, hazard ratio; TAVI, transcatheter 
aortic valve implantation.

Table 3 Perioperative and 1-year outcomes among different valves

Outcomes Venus A (n=97) TaurusOne (n=17) VitaFlow (n=25) J-Valve (n=27) P§ value Sapien XT (n=9) SAVR (n=109)

Perioperative Outcomes

Reintervention, n (%) 11 (11.3) 3 (17.6) 4 (16.0) 1 (3.7) 0.378 0 -

Valve-in-valve, n (%) 11 (11.3) 2 (11.8) 2 (8.0) 0 0.276 0 -

General anesthesia, n (%) 26 (26.8) 6 (35.3) 3 (12.0) 27 (100.0) <0.001* 6 (66.7) 109 (100.0)

ICU, n (%) 26 (26.8) 5 (29.4) 4 (16.0) 27 (100.0) <0.001* 3 (33.3) 109 (100.0)

Operative duration, min 120.0  
(105, 152)

145  
(107.5, 185)

99  
(87.5, 129.5)

92 (70, 127) <0.001* 130  
(107.5, 150)

184.0 (164, 
220.5)

Postoperative length of 
stay, days

9 (7, 13) 7 (5, 7) 8 (7, 13.5) 10 (7, 14) 0.001* 7.0 (7, 7.5) 7 (7, 11)

1-year outcomes, n (%)

Composite endpoints 37 (38.2) 6 (35.3) 7 (28.0) 9 (34.0) 0.857 4 (44.4) 20 (36.2)

All-cause mortality 6 (6.2) 1 (5.9) 1 (4.0) 5 (19.0) 0.145 0 2 (1.8)

Major vascular 
complication

5 (5.2) 1 (5.9) 0 1 (3.7) 0.700 0 1 (1.0)

Stroke 5 (5.2) 0 1 (4.0) 1 (3.7) 0.807 1 (11.1) 1 (0.9)

AF 7 (7.2) 3 (17.6) 3 (12.0) 2 (7.4) 0.519 2 (22.2) 15 (13.8)

Heart failure 6 (6.5) 0 1 (4.0) 1 (4.3) 0.707 1 (11.1) 2 (1.8)

MI 2 (2.1) 1 (5.9) 0 0 0.490 0 0

HAVB 16 (16.9) 1 (5.9) 4 (16.0) 1 (3.7) 0.266 1 (11.1) 3 (2.8)

PPI 16 (16.8) 2 (11.8) 4 (16.0) 1 (3.7) 0.393 1 (11.1) 3 (2.9)

Readmission 4 (4.4) 4 (23.5) 1 (4.5) 1 (4.3) 0.038* 3 (33.3) 11 (10.4)

Values are median (IQR) or n (%). *significant values. P§ value was the difference among Venus A, TaurusOne, VitaFlow, and J-Vale. AF, 
atrial fibrillation; HAVB, high-grade atrioventricular block; HR, hazard ratio; ICU, intensive care unit; MI, myocardial infarction; PPI, 
permanent pacemaker implantation. SAVR, surgical aortic valve replacement.
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Discussion

We defined “early TAVI” as a procedure performed in the 
6 years after TAVI was developed at our institution. During 
this period, the number of TAVI procedures was limited, 
averaging approximately 40 procedures per year. It was not 
until 2018 that TAVI began to exceed 100 cases per year 
(unpublished data). The results of the present study showed 
that TAVI was associated with increased all-cause mortality 
compared with SAVR, with or without IPTW adjustment, 
which appears to contradict previous reports (24,25). It could 
be assumed that the poor outcomes may have resulted from 
the lack of experience; therefore, we divided TAVI cases into 
4 stages according to time and compared the outcomes of 
every stage to explore the impact of experience on outcomes. 
The results did not vary widely between the “early” and 
“recent” stages (Table S3, Figure S1). Moreover, 2 surgeons 
(including an interventional cardiologist), both of whom are 

proficient in the field, conducted all TAVI procedures and 
sometimes collaborated to complete TAVI. Accordingly, it 
was less likely that the variance between surgeons or the lack 
of experience contributed significantly to poor outcomes. 
Also, we included patients with pure aortic regurgitation, 
which might be associated with an inferior outcome (26). 
Accordingly, we conducted a sensitivity analysis to examine 
whether aortic regurgitation had influenced outcomes. The 
results revealed that aortic regurgitation barely impacted 
patients’ prognoses (Table S4). Nevertheless, the reasons 
for the poor outcomes of patients could be complex. 
Furthermore, whether or not the outcomes were related to 
the characteristics of the Asian study population remains 
unclear. Further studies to compare the outcomes between 
populations from Asia and other continents are needed to 
elucidate this issue.

This study, to some extent, has outlined 1 reason why 
TAVI has developed slowly in Asia: surgeons are prudent 
in the selection of recipients, and also consider patients’ 
preferences. However, due to this study being restricted by 
its sample size and retrospective characteristics, it has limited 
power to elucidate this vital issue. Accordingly, future 
randomized trials comparing TAVI with SAVR in Asia will 
be of paramount importance. Currently, TAVI has showed a 
trend toward being increasingly adopted worldwide due to its 
minimally invasive nature, and we are not able to reject the 
expansion of this technique in Asia merely on the grounds of 
the current outcomes. Instead, more investigations should 
be conducted to explore the underlying factors that have 
precluded the rapid expansion of TAVI in Asia. For centers 
that initiate TAVI, effective communication with patients, 
sufficient preparation, proper perioperative management, 
and immediate summaries of experience are of paramount 
importance to avoiding poor outcomes.

Postoperative HF was the leading cause of readmission 
(25%) and a predictor of death (HR: 2.985, 95% CI: 1.068 
to 8.340, adjusted P=0.037) among patients in the study 
(Appendix 1). Similar results were observed in a study by Saji 
et al., in which 25% of patients had unplanned readmission 
following TAVI, mainly due to HF (27). Patients who receive a 
prescription for a renin-angiotensin system inhibitor at hospital 
discharge have been found to have a significantly lower risk 
of mortality and HF readmission than those who receive no 
prescription (28). The underlying risk factors for HF include 
chronic pulmonary and kidney disease, diabetes mellitus, 
previous AF, and a post-TAVI left ventricular ejection fraction 
of ≤35% (29). Smoking has previously been estimated to be 
responsible for 17% of HF cases (30,31), and we also found 

Figure 5 Paravalvular leakage at 1 year. (A) Paravalvular leakage 
after TAVI and SAVR, and (B) ≥mild paravalvular leakage 
for different TAVI valves. TAVI, transcatheter aortic valve 
implantation; SAVR, surgical aortic valve replacement.
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that a smoking history carried significant prognostic value, 
with a strong association with HF. Additionally, Aune et al. 
concluded that the HF risk decreases as the time since smoking 
cessation lengthens (32). Great variation exists between reports 
regarding the smoking cessation duration required to achieve 
improved outcomes; however, it is widely accepted that the 
longer the duration of cessation preoperatively, the greater the 
benefit to the patient (33). 

Stroke was the second leading cause of readmission in 
this study and has been reported to be correlated with a 
significant increase in 30-day mortality (HR: 6.1, 95% 
CI: 5.4 to 6.8, P<0 .001) (34). The rate of postoperative 
stroke (9.8% vs. 2.4%, HR: 4.09, 95% CI: 0.91 to 18.27, 
P=0.066) was slightly higher in the TAVI group than that 
in the SAVR group in our center; this result contradicts 
the findings of previous studies (1,35,36), and was probably 
influenced by preoperative confounders. However, this 
effect was obviously attenuated after IPTW adjustment 
(6.4% vs. 5.6%, HR: 0.92, 95% CI: 0.13 to 6.35, TAVI vs. 
SAVR, IPTW-adjusted P=0.93). Moreover, recent research 
has shown that TAVI resulted in a lower risk of stroke (HR: 
0.81, 95% CI: 0.68 to 0.98, P=0.028) than did SAVR (24). 
Cox regression analysis further revealed that while stroke 
was not related to the type of surgery, it was associated 
with age and diabetes. Older patients with diabetes are 
more likely to suffer from vascular lesions that increase 
the risk of stroke. Accordingly, stroke might not preclude 
the expansion of TAVI; however, identifying risk factors, 
optimal monitoring, and immediate medical treatment 
intensification are all paramount to improving the quality of 
care and reducing the healthcare costs associated with this 
treatment.

To the best of our knowledge, this study has provided 
a preliminary comparison of the newly developed valves, 
which will help to fill in the gap in valve selection and 
improvement. Notably, patients who received J-Valve were 
more likely to require general anesthesia and ICU admission 
(P<0.001). These differences were mainly associated with 
the type of access, with TAVI via the transapical approach 
(for J-Valve) being performed under general anesthesia 
and requiring routine transfer to the ICU. It should be 
emphasized that Sapien XT accounted for the highest rates 
of readmissions (33.3%). Also, the rate of ≥ mild PVL in 
Sapien XT cases varied widely (33.3–62.5%), though it has 
been observed as 54.3% elsewhere (37). To a large extent, 
this finding was attributable to the small sample size of 
Sapien XT cases (n=9). To date, the causes of readmission at 
our hospital have varied widely between the valves (Figure 3). 

Further studies with a larger sample size in this TAVI group 
will better elucidate this issue.

Overall, VitaFlow was associated with the lowest 
composite endpoint and PVL (with no cases of > mild 
PVL detected in the available data), although there were 
no statistical differences (Table S2), and there were no 
other notable outcomes. On the basis of a comprehensive 
assessment, among the valves in question, VitaFlow may 
be associated with slightly superior outcomes; however, 
conclusive evidence is lacking. Further comparisons between 
these valves should be performed through randomized 
studies or well-controlled prospective registries.

Limitations

First, as this was a retrospective, single-center, non-
randomized controlled trial, there were several potential 
unmeasured variables that may have influenced outcomes, 
such as frailty and aortic valve calcium score. This study 
was limited by its small sample size and the research 
characteristics; thus, further prospective studies with a large 
sample size will be necessary to verify our results. Second, 
identification of PVL relied on echocardiographic findings 
in Fuwai Hospital. Since some participants, particularly 
those with SAVR, returned to local hospitals for further 
examination, which made their PVL data difficult to obtain. 
Furthermore, 6 participants died intraoperatively, and 
the current study did not investigate the details of those 
cases. Additionally, only 9 participants received Sapien 
XT, and this insufficient number resulted in the failure to 
make any comparative conclusions regarding this valve. 
Finally, following IPTW, the model might not have been 
well established, which to some extent contributed to the 
underlying outcome bias. Owing to the limited sample size, 
the vital HR value in our study had a wide 95% CI.

Conclusions

In the first 6 years in which we initiated TAVI at our 
hospital, TAVI was mainly applied to specific patients. We 
found that TAVI is associated with higher rates of all-cause 
mortality, PPI, HF, and PVL than SAVR; however, it has 
lower rates of general anesthesia use and ICU admission, 
as well as a shorter operative duration. Liver disease 
was identified as a predictor of all-cause mortality, and a 
smoking history was observed to increase the risk of HF. 
Age and diabetes increase the risk of postoperative stroke. 
The VitaFlow valve appears to have the lowest composite 
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endpoint among the new Chinese valves examined, although 
there is an absence of conclusive evidence. 

Our results have demonstrated that not all TAVI procedures 
attained satisfactory outcomes compared with SAVR when 
initiated. At first, our center faced some challenges in delivering 
TAVI, and this is probably 1 of the reasons why the adoption of 
TAVI has been slow in Asia. Further investigations are needed 
to explore the underlying factors which have precluded the 
rapid expansion of TAVI in Asia.
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Supplementary

Table S1 Impact of different valves on outcomes

P-value HR 95% lower confidence limit 95%upper confidence limit

Venus A

All-cause mortality 0.980 1.012 0.416 2.462

Stroke 0.973 0.980 0.295 3.255

Heart failure 0.779 0.830 0.227 3.039

Readmission 0.281 0.586 0.221 1.549

TaurusOne

All-cause mortality 0.909 0.884 0.108 7.238

Stroke 0.987 0 0 –

Heart failure 0.987 0 0 –

Readmission 0.223 2.217 0.615 7.988

VitaFlow

All-cause mortality 0.314 0.353 0.047 2.683

Stroke 0.624 1.487 0.304 7.270

Heart failure 0.987 0 0 –

Readmission 0.706 0.749 0.166 3.369

J-Valve

All-cause mortality 0.193 1.871 0.729 4.801

Stroke 0.895 1.112 0.231 5.339

Heart failure 0.325 2.260 0.446 11.454

Readmission 0.448 0.558 0.124 2.514

*, significant values. HR, Hazard Ratio; NYHA, New York heart association. In verifying the impact of valves on outcomes, variables 
enrolled in Cox regression models. All-cause mortality: liver disease, bicuspid valve, NYHA ≤ II, age, postoperative heart failure, 
postoperative stroke. Stroke: age, diabetes, myocardial infarction, stroke history, hypertension. Heart failure: age, male, smoking history, 
ejection fraction, BMI, NYHA ≤ II, diabetes, hypertension. Readmission: age, myocardial infarction, bicuspid valve, syncope, NYHA ≤ II, 
diabetes, smoking history.
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Table S2 Paravalvular leakage of different TAVI valves

Valves Sapien XT (n=9) Venus-A (n=97) TaurusOne (n=17) VitaFlow (n=25) J-Valve (n=27) Total number P value

≥mild PVL

1 week: number 9 92 17 25 25 168

 n (%) 3 (33.3) 44 (47.8) 3 (17.6) 5 (20.0) 8 (32.0) 63 (37.5) 0.029

1 month: number 8 69 12 20 19 128

 n (%) 5 (62.5) 27 (39.1) 3 (25.0) 6 (30.0) 6 (31.6) 47 (36.7) 0.473

1 year: number 8 61 14 18 16 117

 n (%) 3 (37.5) 26 (42.6) 2 (14.3) 5 (27.8) 3 (18.8) 39 (33.3) 0.174

>mild PVL

1 week: number 9 92 17 25 25 168

 n (%) 1 (11.1) 10 (10.9) 0 0 0 11 (6.5) 0.098

1 month: number 8 69 12 20 19 128

 n (%)  1 (12.5) 4 (5.8) 2 (16.7) 0 0 7 (5.5) 0.139

1 year: number 8 61 14 18 16 117

 n (%) 0 2 (3.3) 0 0 1 (6.3) 3 (2.6) 0.735

TAVI, transcatheter aortic valve implantation; PVL, paravalvular leakage.

Table S3 Outcomes of different stages

Stage Time (year/month) All-cause mortality, n (%) Stroke, n (%) HF, n (%) PPI, n (%)

1 year

Stage 1, n=45 2012/9–2014/10 0 2 (4.4) 2 (5.0) 5 (11.4)

Stage 2, n=34 2014/11–2015/11 3 (9.0) 1 (2.9) 1 (3.3) 8 (23.9)

Stage 3, n=40 2015/12–2016/12 4 (10.1) 3 (7.5) 2 (5.0) 5 (12.5)

Stage 4, n=56 2017/1–2018/1 6 (10.7) 2 (3.6) 4 (7.2) 6 (10.7)

P value 0.178 0.773 0.862 0.321

3 years

Stage 1, n=45 2012/9–2014/10 6 (14.0) 4 (10.1) 3 (7.5) 6 (14.4)

Stage 2, n=34 2014/11–2015/11 5 (15.2) 1 (2.9) 1 (3.3) 9 (27.5)

Stage 3, n=40 2015/12–2016/12 6 (15.6) 5 (18.7) 3 (8.2) 6 (15.6)

Stage 4, n=56 2017/1–2018/1 6 (10.7) 2 (3.6) 4 (7.2) 6 (10.7)

P value 0.873 0.232 0.804 0.313

HF, heart failure; PPI, permanent pacemaker implantation.
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Table S4 Sensitivity analysis in TAVI

Total (n=175) Without aortic valve regurgitation (n=170) HR (95% CI) P value

1 year, n (%)

All-cause mortality 13 (7.5) 13 (7.7) 0.970 (0.450–2.093) 0.939

Stroke 8 (4.6) 8 (4.7) 0.971 (0.365–2.588) 0.954

MI 3 (1.8) 3 (1.2) 0.970 (0.196–4.807) 0.971

AF 17 (9.7) 16 (9.4) 1.032 (0.521–2.043) 0.928

Valve thrombosis 2 (1.2) 2 (1.2) 0.970 (0.137–6.887) 0.976

PPI 24 (13.9) 24 (14.3) 0.971 (0.551–1.709) 0.918

Heart failure 9 (5.5) 8 (5.0) 1.090 (0.421–2.826) 0.859

HAVB 23 (13.4) 23 (13.8) 0.970 (0.544–1.730) 0.919

Readmission 12 (7.6) 11 (7.2) 1.058 (0.467–2.399) 0.892

3 years, n (%)

All-cause mortality 23 (16.3) 23 (16.9) 0.963 (0.540–1.717) 0.899

Stroke 12 (9.8) 12 (10.2) 0.961 (0.432–2.140) 0.923

AF 18 (10.8) 17 (10.5) 1.027 (0.530–1.994) 0.936

Heart failure 11 (7.2) 10 (6.8) 1.065 (0.452–2.507) 0.886

HAVB 24 (14.1) 24 (14.5) 0.970 (0.551–1.708) 0.915

PPI 27 (17.0) 27 (17.6) 0.968 (0.568–1.650) 0.904

Readmission 21 (18.2) 20 (17.8) 1.012 (0.549–1.867) 0.969

Values are n (%). AF, atrial fibrillation; CI, confidence interval; HAVB, high-grade atrioventricular block; HR, hazard ratio；MI, myocardial 
infarction; PPI, permanent pacemaker implantation; TAVI, transcatheter aortic valve implantation.

Figure S1 Outcomes of different stages. HF, heart failure; PPI, permanent pacemaker implantation.
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