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Abstract
This paper discusses aortic stenosis (AS) in China, emphasising the role of transcatheter aortic valve 
replacement (TAVR) in treating AS in an ageing population. AS characteristics, its treatment and the clini-
cal outcomes of transfemoral TAVR in Chinese patients are described via a systematic review. AS affects 
>1% of the Chinese population aged ≥65 years, with degenerative AS predominating over rheumatic AS
among this age group. Chinese patients often have high aortic valve (AV) calcification with bicuspid AV
morphology. In 2021, 38,000 surgical aortic valve replacements (SAVR) were reported in China, while
the number of TAVR increased from 293 in 2017 to 7,357 in 2021. There are four self-expanding valves
and one balloon-expandable SAPIEN 3 valve available in China. Among them, the Venus A-Valve is the
most studied and widely used, whereas limited data are available for VitaFlow, TaurusOne, and SAPIEN 3.
Notably, 10.0-16.5% of Venus A-Valve recipients and 0.2% of SAPIEN 3 recipients required multiple valve
implantations. The rates of 30-day paravalvular leakage were 0-11.7%/0% for Venus A-Valve, 2.0%/0% for
VitaFlow, and 0%/0% for SAPIEN 3, for moderate and severe leakage, respectively. Thirty-day all-cause
mortality rates were 3.7-10.0% for Venus A-Valve, 0.9% for VitaFlow, and 0-3.2% for SAPIEN 3. One-year
all-cause mortality rates were 5.9-13.6% for Venus A-Valve, 0-4.5% for VitaFlow, 6.7% for TaurusOne, and
6.2% for SAPIEN 3. The Venus A-Valve indicated lower 30-day permanent pacemaker implantation (PPI)
rates (7.4-20.5%) than VitaFlow and TaurusOne. Outcomes for patients with bicuspid or tricuspid aortic
valves were similar. AS is rising among the elderly Chinese population; SAVR is common, and TAVR is
increasing. Limited device comparisons exist, but the Venus A-Valve seems to have lower PPI rates, and
SAPIEN 3 has low 30-day mortality in China.
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Abbreviations
AR	 aortic regurgitation
AS	 aortic stenosis
AV	 aortic valve
BAV	 bicuspid aortic valve
CARRY	� China Aortic valve tRanscatheter Replacement 

registrY
PPI	 permanent pacemaker implantation
SAVR	 surgical aortic valve replacement
TAVI	 transcatheter aortic valve implantation
TAV-in-TAV	� transcatheter aortic valve-in-transcatheter aortic valve 
TAVR	 transcatheter aortic valve replacement
TV	 tricuspid aortic valve

Introduction
Aortic stenosis (AS) is one of the most common chronic, 
progressive heart valve disorders. The global prevalence of calcific 
aortic valve (AV) disease has increased more than 4-fold over the 
last 30  years. In 2019, AS afflicted over 9 million individuals 
worldwide, exhibiting an age-standardised prevalence of 116.3 
cases per 100,000 population1. Notably, East Asia experienced 
a staggering 47-fold increase in prevalence. Ageing is one of the 
main drivers of AS in Western and high-income Asian countries2,3, 
and the global prevalence of AS is expected to increase further in 
the coming years due to the ageing population in many countries1,4. 
According to current guidelines, treatment is recommended in 
patients at later stages of severe AS, when the risk of operative 
mortality is outweighed by the significantly elevated risk of 
mortality from the disease itself5, emphasising valve replacement 
as a lifesaving measure for severe AS cases6,7.

Treatment options for severe AS include surgical AV 
replacement (SAVR) and transcatheter AV replacement (TAVR)8. 
The treatment choice is made after weighing up an individual 
patient’s lifetime risks and benefits. In general, SAVR is 
recommended for younger patients at low surgical risk, while 
transfemoral TAVR is recommended for more elderly patients 
and those who are at high surgical risk8,9. Either SAVR or TAVR 
may be appropriate for other patients, depending on their clinical 
characteristics. 

The use of TAVR is increasing in many countries, although 
there is wide variation2,10,11. Uptake of TAVR was initially slower 
in Asian countries than in many Western countries, although it is 
now a well-established treatment strategy in the region12. China has 
a  population of more than 1.3 billion people, 16% of whom are 
aged ≥60 years13. The increase in ageing of the population means 
that the burden of degenerative heart valve disease in the country 
is also increasing14. The uptake of TAVR has grown in recent years 
in China, and several locally manufactured valves are available in 
addition to more established, internationally approved valves12.

This paper aims to describe the epidemiology and treatment 
of AS in China, with a  particular focus on the current status of 
TAVR for treating AS in an ageing population. The epidemiology, 
patient characteristics and treatment of AS in China are described. 

A  systematic review has been performed to summarise the 
clinical outcomes of studies of transfemoral TAVR in the Chinese 
population.

Editorial, see page 96

Epidemiology of aortic stenosis in China
The prevalence of AS in China exhibits some uncertainty, 
although it appears lower than in Western countries15. In a  large 
community-based study involving 14,618 people aged ≥35 years, 
the overall prevalence of AV disease (all types) in its Chinese 
population was 5.81%, with a marked increase in prevalence seen 
with increasing age, reaching 18.09% in those aged 65-74  years 
and 28.26% in those aged ≥75 years16. A cross-sectional national 
survey involving 34,994 individuals aged ≥35  years reported an 
overall AS prevalence of 0.7%, with the highest rates seen in those 
aged ≥65  years (1.5% among those aged 65-74  years and 3.4% 
among those aged ≥75 years)14. 

Smaller community-based studies have reported an AS 
prevalence of 0.13% among people aged ≥60 years (n=3,948; 
mean age 67  years)17 and 1.1% among people aged ≥65  years 
(n=3,538; mean age 72 years)18. A retrospective analysis of 287,556 
echocardiography-referred patients found AS in 1.26% of patients 
aged 65-84 years and in 1.76% of those aged ≥85 years, with severe 
AS found in 0.43% and 0.47% of these age groups, respectively15.

Although rheumatic AS remains common in China, AV 
calcification is the most common cause of AS among people 
aged ≥65  years (43.70% of cases of AS at age 65-84  years and 
79.75% in those aged ≥85  years15. In the hospital referral study 
discussed above, calcific AS was detected in 0.60% of patients 
aged ≥65  years, 0.55% of those aged 65-84  years and 1.41% of 
those aged ≥85 years15. A recent epidemiological study found that 
the prevalence of calcific AS was 4.1% (59/1,423) among those 
aged <60 years, 10.3% (131/1,278) among those aged 60-70 years 
and 21.9% (80/366) among those aged >70 years19. 

Therefore, considering China’s population size, AS represents 
a substantial healthcare burden, which is likely to increase as the 
population ages.

Clinical characteristics of AS patients in China
In the China-DVD Study, a  nationwide survey of hospitalised 
patients aged >60  years with clinically significant (moderate or 
severe) valvular heart disease in China, the median age of patients 
with AS (n=419) was 69 years (interquartile range 65-76), 36.8% 
were female, and 92.4% were symptomatic20. Comorbidities were 
common, including hypertension (49.4%), smoking (38.4%), 
angina (33.2%), coronary artery disease (31.5%) and diabetes 
(21.0%)20. A  study on low-risk patients (mean age 72.9  years; 
65.1% male) undergoing TAVR with self-expanding transcatheter 
heart valves (THVs) from 36 centres in China (National 
Transcatheter Valve Therapeutics Registry [NTCVR]) revealed 
higher comorbidities in patients with tricuspid AV (TV) than 
bicuspid AV (BAV) morphology. These comorbidities included 
hypertension (52.5% vs 44.1%), smoking (26.9% vs 21.0%), 
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diabetes (23.8% vs 13.5%), and chronic lung disease (10.6% vs 
8.7%)21.

According to the China Aortic valve tRanscatheter 
Replacement registrY (CARRY; n=2,097), the mean age of 
patients with symptomatic severe AS sent for TAVR screening 
was 73.2±7.6  years, and 58.4% were male22. Patients with 
symptomatic severe AS in China had a  higher burden of aortic 
leaflet calcification (approximately 680 mm3) compared with other 
countries (approximately 350 mm3)22.

Analysis of data from 438  patients with severe AS who 
underwent TAVR with the SAPIEN 3 (Edwards Lifesciences) 
valve showed that the mean age of patients was 73.7±8.6  years, 
55% were male, and 35.2% had severe aortic leaflet calcification23.

A high proportion of AS patients in China have a  BAV. 
A  systematic review of studies involving Chinese patients with 
AV disease (20 studies; 1,218 patients) found that the prevalence 
of BAV morphology was 10.9%16. In CARRY, 54% of patients 
with symptomatic severe AS undergoing TAVR screening had 
a BAV, with type 0 BAV being the most common (42.5% of BAV 
cases)22. In the SAPIEN 3 cohort, 50.9% of patients had a BAV, 
with type 1 BAV (29.0%) being slightly more common than type 
0 (20.8%)23. This contrasts with a  BAV rate of 17% that was 
reported for symptomatic AS patients in Europe24, among whom 
approximately 12% were type 024,25. In addition to a  potentially 
higher incidence of BAV-associated AV disease in the Chinese 
population26, possible reasons for the high prevalence of BAV 
among TAVR patients in China include treatment delay, disease 
awareness bias (patients with a  BAV tend to be younger27 and 
more affordable to treat than older TV patients), and potential 
selection bias (e.g., centres in some countries may exclude BAV 
patients from TAVR)28. 

Patients with a  BAV enrolled in CARRY had a  larger aortic 
annulus than those with a TV (mean 477.5  mm3 vs 451.2  mm3), 
a less elliptical annulus shape (mean eccentricity 21.7% vs 8.4%), 
and heavier calcification burden (558.7  mm3 vs 263.3  mm3)22. 
Similarly, in the SAPIEN 3 cohort, patients with a BAV had a larger 
mean annulus than patients with a  TV (492.5±105.0  mm2 vs 
456.9±85.8  mm2; p<0.001), and a  greater percentage had severe 
aortic leaflet calcification (42.2% vs 27.9%)23. In addition, 
recipients of the SAPIEN 3 valve who had a BAV were younger 
than those with a TV (71.6±8.2 years vs 75.9±8.4 years).

Regional differences in AS characteristics have been noted 
within China. For example, in CARRY, the highest proportion of 
BAV cases was seen in Central China and the lowest in Northern 
China22. Patients from Northern China had the smallest anatomical 
features (e.g., annulus), whereas those from Western China had 
the most dilated ascending aorta. Patients in Central China had 
the highest calcification burden, and those in Eastern China had 
the lowest.

AS treatment rates in China
According to the Chinese Cardiac Surgery Registry (n=38,131), 
aortic valve surgery (for any indication) was performed in 

50.2% of patients who underwent valve surgery procedures in 
China between 2016 and 201829, with the volume of isolated AV 
replacements increasing by 11.9% over this period30. The white 
book issued by the Chinese Society of Extracorporeal Circulation 
reported 77,077 cases of valvular surgery in 202131. Therefore, 
it can be estimated that there were approximately 38,000 SAVR 
procedures in 2021 (including both mechanical and bioprosthesis 
cases). Data from the NTCVR show that the number of TAVR 
procedures performed annually increased from 293 in 2017 to 
7,357 in 202132. 

TAVR technologies in China
The adoption of TAVR was slower in China than in Western 
countries33. Although the technology was first introduced in the 
country in 2010, devices only became commercially available 
from 2017 onwards20. Currently, four valves that were developed 
in China, as well as the non-domestic SAPIEN valves, are 
available commercially in the country. The Venus A-Valve (Venus 
Medtech) was the first to become available (2017) and is currently 
the most widely used in China33. This was followed by the 
J-Valve (JieCheng Medical; 2017), VitaFlow (MicroPort; 2019) 
and TaurusOne (Peijia Medical; 2021) devices34. The SAPIEN 3 
device was approved in China in June 2020 and became available 
for use in September 2020.

The Venus A-Valve, J-Valve, VitaFlow and TaurusOne are 
self-expanding devices incorporating nitinol frames and trileaflet 
porcine35,36 or bovine37 pericardial valves (Figure 1). The SAPIEN 
3 valve is a  balloon-expandable device incorporating a  cobalt-
chromium frame and trileaflet bovine pericardial valve (Figure 1)38. 
The SAPIEN 3, Venus A-Valve, VitaFlow and TaurusOne valves 
are implanted via the transfemoral route, whereas the J-Valve is 
inserted via the transapical route35,36,38,39.

Presently, there are more than 100 centres in China capable 
of performing TAVR33. According to the NTCVR, there were 
83 active sites in 2021, an increase from 25 sites in 201740.

TAVR outcomes in China 
Clinical outcomes for transfemoral TAVR in the Chinese population 
were evaluated using a systematic review methodology.

SEARCH STRATEGY
A search of global literature databases, including Medline 
(PubMed), Embase, and local Chinese databases (including CNKI, 
WANFANG MED, and VIP) was undertaken. An initial search 
was performed using the following terms (keywords): “TAVR”, 
“TAVI”, “transcatheter aortic valve replacement”, “humans”, 
“VitaFlow”, “SAPIEN 3”, “Venus-A”, “TaurusOne”, “clinical”, 
“death”, “mortality”, “second valve”, “valve-in-valve”, “PVL”, 
“paravalvular leak”, “PPI”, “PPM”, and “permanent pacemaker 
implantation”. Records published between 1 January 2009 and 17 
May 2022 were included. In addition, summary data (data on file) 
were obtained for a cohort of patients who received a SAPIEN 3 
valve during the first two years after it became available in China 
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(June 2020-May 2022). Studies were excluded if they were not 
published in English or Chinese, did not have an abstract, were 
non-human studies, or were case studies. 

STUDY SELECTION 
After the execution of the searches, duplicate records were 
removed, and the remaining set of unique studies were screened. 
Two independent reviewers examined eligibility for inclusion; 
a third reviewer acted as a tiebreaker for disagreements. Title and 
abstract screenings were performed, and those studies passing 
both screenings underwent a  full-text evaluation to determine 
if they met the criteria for inclusion. To be included, studies 
must have enrolled only Chinese patients and reported separate 
clinical outcomes for one of the following TAVR valves: Venus A, 
VitaFlow, TaurusOne, or SAPIEN 3. In addition, studies must 
have reported one of the following clinical outcomes: mortality, 
need for new permanent pacemaker implantation (PPI), valve-in-
valve, and paravalvular leakage rates.  

DATA EXTRACTION
Two reviewers extracted data from the studies included in the 
review. General study characteristics, including authorship, 
publication type, funding, and study setting, were recorded. 
Details related to study methodology, data sources, time horizon, 
and patient population were extracted, alongside the type of 
outcome(s) and results reported by the study. 

OVERVIEW OF STUDIES
A total of 22 studies were identified32,35,37,39,41-57, with 1732,35,37,41-44,47-56, 
two39,57, two23,46 and one45 studies specific to Venus A-Valve, 
VitaFlow, SAPIEN 3, and TaurusOne, respectively. Among the 17 
Venus A-Valve studies, 10 were Chinese-language studies47-56, and 
seven were English-language studies32,35,37,41-44. For VitaFlow, there 
was one Chinese-language57 and one English-language39 report. For 
SAPIEN 3, there was one Chinese46 and one English-language23 
report. The single study identified for TaurusOne was in English45. 
Among the 22 studies, 13 studies were prospective, and the other 
nine were retrospective32,35,37,39,41-57. Studies involved elderly patients 
(mean age 75.8 years old), and participants were equally distributed 

between males and females. Half (n=11) of the studies enrolled more 
than 100  patients23,32,37,39,41,43,45,50,54,55,57, while four studies involved 
50-99 patients42,46,49,56, five studies involved 20-49 patients35,44,47,51,53, 
and two involved fewer than 20 patients48,52.

MORTALITY 
Thirteen studies reported 30-day all-cause and/or cardiovascular 
mortality rates23,35,39,41-43,46-48,51,52,55,56 (Table 1). Overall, the lowest 
30-day all-cause mortality rate (0%) was reported in one of the 
SAPIEN 3 studies46, with the two other SAPIEN 3 studies both 
reporting a rate of 3.2%23. Among patients who received a VitaFlow 
valve, the 30-day all-cause and cardiovascular mortality rates were 
0.9% and 1.8%, respectively57. In this study, all-cause mortality 
was higher in TV patients than in BAV patients (9.72% vs 7.42%). 
Among recipients of the Venus A-Valve, 30-day all-cause and 
cardiovascular mortality rates ranged from 3.7% to 10%35,51 and 
from 4.5% to 10%41,51, respectively. Two Venus A-Valve studies 
compared outcomes for patients with TV versus those with BAV, 
with neither finding a statistically significant difference in 30-day 
all-cause mortality between the two groups (Song et al: 6.8% in 
those with BAV vs 3.8% in those with TV; p=0.5043; Fu et al: 
4.5% vs 5.4%41). Thirty-day mortality rates were not reported for 
TaurusOne.

Eight studies reported 1-year all-cause and/or cardiovascular 
mortality rates (Table 2)37,39,41,45,54-57. The 1-year all-cause mortality 
and cardiovascular mortality rates reported for VitaFlow were 2.7% 
and 1.8%, despite mean Society of Thoracic Surgeons (STS) scores 
of around 8.8%, suggesting a high surgical risk population39. On 
the other hand, Yang et al reported a 1-year mortality for VitaFlow 
of 4.5%14. Among VitaFlow recipients, 1-year all-cause and 
cardiovascular mortality rates were numerically higher for TV 
patients compared to BAV patients (4.4% vs 0% and 2.9% vs 0%, 
respectively); however, it should be noted that TV patients were 
older (mean 78.55±4.76  years vs 76.41±4.56  years; p=0.0223) 
and had a  higher mean STS score (9.72±6.28% vs 7.42±3.87%; 
p=0.019)39. Overall, among recipients of the Venus A-Valve, 
1-year all-cause and cardiovascular mortality rates range from 
5.9-13.6% and 11.4-12.2%, respectively. However, 1-year all-
cause mortality did not differ significantly between TV and BAV 

SAPIEN 3
(Edwards Lifesciences)

Venus A-Valve
(Venus Medtech)

VitaFlow
(MicroPort)

TaurusOne
(Peijia Medical)

J-Valve
(JieCheng Medical)

Figure 1. Transcatheter aortic valve replacement devices available in China12.
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patients who received the Venus A-Valve (13.5% vs 13.6%)41. The 
1-year all-cause mortality rate for TaurusOne was 6.7%45. Among 
recipients of the SAPIEN 3 valve, 1-year all-cause mortality and 
cardiovascular mortality rates were 6.2% and 4.9%, respectively23. 

PACEMAKER IMPLANTATION 
The need for PPI is one of the most common complications 
following TAVR, with an overall incidence of approximately 15% 
(about 25% with self-expanding valves and 7% with balloon-
expandable valves)58. In this systematic review, three23,41,55, 
six35,39,43,46,48,52, and three39,48,52 studies reported that patients 
underwent PPI during TAVR, within 30  days after TAVR, or 

≥1  year after TAVR, respectively. Eight other studies reported 
PPI as an outcome but did not specify when PPI was received42,49-

53,56,57. Thirty-day and 1-year PPI rates are summarised in Table 1 
and Table 2, respectively.

Among all Venus A-Valve studies that reported 30-day PPI rates 
for mixed TV/BAV cohorts, the lowest PPI rate was 7.4%, and the 
highest was 18.8%35,43. In the study that reported an overall rate 
of 18.8%, the rate of PPI in BAV patients was 20.5% and 18.9% 
in TV patients43. The study that reported the lower rate of PPI 
(7.4%) had a  very small sample size (n=27)35. The STS score is 
a predictive factor for long-term prognosis after a successful TAVR 
procedure59. Among the Venus A-Valve studies included in our 

Table 1. Thirty-day outcomes of the studies included in our systematic review of transfemoral TAVR in the Chinese population. 

Study characteristics Outcomes, %

Authors Year Valve N
Average 

STS

30-day mortality 30-day PVL
30-day 

PPI
ViV

Major
vascular

complicationsAll-cause
Cardio-
vascular

Mild Moderate Severe

Venus A

Song et al43 2018 BAV 44 5.0 6.8 20.5 20.5 4.5

TV 53 6.2 3.8 18.9 7.5 7.5

BAV+TV 101 5.5 5.3 18.8 15.8 5.9

Fu et al41 2020 BAV 44 7.63 4.5 4.5 6.8 6.8 9.1

TV 74 6.70 5.4 5.4 9.5 1.4 2.7

Liao et al35 2017 BAV+TV 27 6.2 3.7 7.4 14.8

Li et al42 2020 BAV+TV 63 >4 4.8

Li et al51 2018 Unspecified 30 2.4 3.3 3.3 10

Song et al37 2017 Unspecified 101 5.5 29.8 11.7 0 12.87 5.9

Li et al51 2017 Unspecified 10 5 10 10

Wang et al55 2019 Unspecified 238 7.14 5.9 17.6 10.5

He et al18 2021 Unspecified 129 16.1

Zhang et al44 2021 Unspecified 81 8.94 6 5.26

Zhou et al48 2022 Unspecified 12 15.4 8.3 0 0

Zhou et al47 2018 Unspecified 25 4

VitaFlow

Zhou et al39 2019 BAV 42 7.42

TV 68 9.72

BAV+TV 110 8.84 0.9 1.8 0 2 0 2.7

SAPIEN 3

Pan et al46 2022 Unspecified 50 6.0 0 0 0 2.0

Edwards Lifesciences 
(Edwards Lifesciences, 
data on file, 2023)23

2023 BAV+TV 438 3.2 0.2

Shang et al23 2023 BAV+TV 438 8.47 3.2 0.2

BAV 0.4

TV 0

BAV: bicuspid aortic valve; PPI: permanent pacemaker implantation; PVL: paravalvular leakage; STS: Society of Thoracic Surgeons; TAVR: transcatheter 
aortic valve replacement; TV: tricuspid aortic valve; ViV: valve-in-valve
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systematic review, the highest and the lowest average STS scores 
were 15.4% and 2.4%, respectively48,51. The likelihood of PPI after 
TAVR was found to be similar for BAV and TV populations after 
Venus A-Valve implantation41 and after SAPIEN 3 implantation23. 
Zhang et al 2021 reported that among patients who underwent PPI 
within 30  days after TAVR, the mean time to PPI following the 
TAVR procedure was 5.8±2.8 days44. 

Among studies that reported 1-year PPI rates, the rates for Venus 
A-Valve (BAV 9.1% and TV 13.5%) were substantially lower than 
the rates reported for VitaFlow (BAV 14.3% and TV 22.1%), and 
TaurusOne (BAV/TV combined 22.1%)39,41,45. One study reported 
a 2-year PPI rate of 19.10% with VitaFlow (cohort not specified 
as TV or BAV)43.

SECOND VALVE 
Seven studies involving the Venus A-Valve35,37,41,43,50,51,55 and one 
involving the SAPIEN 3 valve23 assessed the need for a  second 
valve implantation (Table 1). The rate was 0.2% with the SAPIEN 
3 valve and ranged from 10.0% to 16.1% with the Venus A-Valve 
in cohorts that included both BAV and TV patients (or where the 
status was not specified). One study involving both BAV and TV 
patients, in which 15.8% of Venus A-Valve recipients required 
a  second transcatheter aortic valve (TAV)-in-TAV during the 
procedure43, noted that oversizing of ≤15% was a  contributing 
factor for TAV-in-TAV (p<0.001), with a  rate of TAV-in-TAV of 
26.2%, compared with 3.6% in patients with device oversizing 
>15% (p<0.001)43. In addition, BAV was associated with a higher 
TAV-in-TAV rate compared with TV in this study (20.5% vs 
7.5%; p=0.06); however, this may be attributable to a  significant 
difference in the degree of oversizing (BAV 13% vs TV 19%; 

p=0.001), as the frequency of oversizing ≥15% was 36.4% with 
BAV versus 73.6% with TV (p<0.001)43. Another Venus A-Valve 
study found no significant difference between TV and BAV 
patients in the rate of implantation of two prostheses during the 
TAVR procedure (1.4% vs 6.8%; p=0.145)41; this was also the case 
in the SAPIEN 3 study (0% vs 0.5%; p=0.491)23.

PARAVALVULAR LEAK 
Paravalvular regurgitation can be associated with death following 
TAVR, even if the aortic regurgitation (AR) is mild60,61. In this 
systematic review, five studies examined rates of procedural 
AR23,35,41,52,53, and seven studies evaluated 30-day rates39,43,46,48,51,52,56 
(Table 1).

For the Venus A-Valve, one study observed that 11.5% of 
patients had more-than-mild AR during hospitalisation post-
TAVR35. Two studies reported that rates of moderate/severe 
periprocedural paravalvular regurgitation were higher in BAV 
patients compared with TV patients (11.4% vs 6.0%43 and 11.4% 
vs 6.8%41), but the latter study indicated that the difference was 
not significant41. At 30  days after Venus A-Valve implantation, 
moderate and severe paravalvular regurgitation were reported in 
0-11.7% and 0% of patients, respectively. One study reported that 
moderate paravalvular regurgitation occurred in 2.64% of patients 
at one year. 

For VitaFlow, 2% of patients had moderate paravalvular leakage 
at discharge and after 30  days; none had severe leakage39. At 
1-year follow-up, no patients had moderate or severe leakage. 
These low rates of moderate to severe paravalvular leakage might 
have contributed to the low all-cause mortality rates at discharge 
(0.6%) and at 30 days (0.9%)39. 

Table 2. One-year outcomes of the studies included in our systematic review of transfemoral TAVR in the Chinese population.

Study characteristics Outcomes, %

Authors Year Valve N STS
1-year mortality 1-year PVL 1-year 

PPIAll-cause Cardiovascular Mild Moderate Severe

Venus A

Fu et al41 2020 BAV 44 7.63 13.6 11.4 9.1

TV 74 6.70 13.5 12.2 13.5

Song et al43  2017 Unspecified 101 5.5 5.9

Wang et al55 2019 Unspecified 238 7.14 8.4

Zhang et al44 2021 Unspecified 81 8.94 6 2.64 2.64

VitaFlow

Zhou et al39 2019 BAV 42 7.42 0 0 0 0 14.3

TV 68 9.72 4.4 2.9 0 0 22.1

BAV+TV 110 8.84 2.7 1.8 29 19.1

Yang et al14 2020 Unspecified 110 8.8 4.5

TaurusOne

Wang et al45 2022 BAV+TV 120 6.7 22.1

SAPIEN 3

Shang et al23 2023 BAV+TV 225 8.47 6.2 4.9 6.7 1.3 4.4

BAV: bicuspid aortic valve; PPI: permanent pacemaker implantation; PVL: paravalvular leakage; STS: Society of Thoracic Surgeons; TAVR: transcatheter 
aortic valve replacement; TV: tricuspid aortic valve
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In one of the SAPIEN 3 studies, no patient experienced moderate 
or worse paravalvular leakage up to 30 days46, while in the other 
study (which did not specify the time period), 0.5% of recipients 
had moderate paravalvular leakage, and 8.9% had mild leakage23. 
In the latter study, the rate of moderate paravalvular leakage was 
similar in patients with BAV or TV (0.4% vs 0.5%). 

MAJOR VASCULAR COMPLICATIONS
A study of the Venus A-Valve revealed a  5.9% rate of major 
vascular complications following TAVR, with 4.5% in BAV patients 
and 7.5% in TV patients, which is not statistically significant 
(p=0.54)43. Fu et al showed a  higher incidence of major vascular 
complications at 30 days after TAVR in BAV patients (9.1%) than 
in TV patients (2.7%); p=0.19441. Another study reported a major 
vascular complication rate of the VitaFlow valve as 2.7%, with no 
significant difference between BAV and TV patients39. 

The most recent SAPIEN 3 study revealed low (0.2%) 
periprocedural major vascular complications with no significant 
difference between BAV (0.4%) and TV (0%)23, while Pan et al 
reported a 2.0% rate of major vascular events in mixed BAV/TV 
cohorts46.

SUMMARY
Although many studies had small sample sizes, the available data 
suggest that TAVR can be performed successfully in Chinese 
patients with AS using either self-expanding or balloon-expandable 
valves. The Venus A-Valve had the most data available, including 
evidence that there was generally no significant difference in 
outcomes between patients with BAV or TV. Direct comparisons 
between specific valve types in Chinese patients are lacking, and 
additional large studies are needed. Indirect comparison suggests 
that the Venus A-Valve might be associated with a  lower rate of 
PPI compared with the VitaFlow or TaurusOne devices. Finally, 
the low 30-day mortality rate reported for SAPIEN 3 is consistent 
with the PARTNER 3 trial in Western patients62, suggesting that 
the efficacy of this valve extends to the Chinese population.

Future perspective on TAVR in China
It can be assumed that the demand for TAVR in China will continue 
to increase in the future due to the ageing population. Currently, 
around 100 hospitals in China offer TAVR, with most located 
in socioeconomically advanced conurbations with high-quality 
medical resources40,41. It is anticipated that additional centres will 
develop expertise with this procedure in the coming years. 

Aortic valve replacement must be suitable for the anatomical 
profile associated with Chinese AS patients, which includes 
a high burden of AV calcification and high prevalence of bicuspid 
pathology. With careful selection of patients and preprocedural 
assessment, similar rates of successful implantation can be 
achieved in patients with BAV or TV63. Currently, most TAVR 
devices used in China are self-expanding, with the Venus A-Valve 
being the most commonly used device. A  balloon-expandable 
device (SAPIEN 3) was introduced to the Chinese market 

relatively recently. Limited evidence suggests similar overall 
safety and effectiveness may be achieved with self-expanding or 
balloon-expandable valves in Chinese patients. However, larger 
studies with extended follow-up are needed to confirm the relative 
benefits and risks of specific valves.

At present, SAVR remains the most common treatment for 
severe AS in China. The China-DVD Study found that 29% 
of patients with valvular heart disease refused surgery due to 
concerns about complications, cultural reservations about open-
heart surgery, or affordability20. It is possible that TAVR may be 
more acceptable to some patients, as it is a less invasive procedure. 
Measures to educate patients about the benefits of interventions 
could increase treatment uptake in the future63. However, although 
health insurance has increased amongst the Chinese population in 
recent years, patients must still cover some of the costs of medical 
care64, and accessibility to and affordability of healthcare services 
remain problematic for elderly people65.

Limitations
Our review did not present data on patient-prosthesis mismatch 
due to a lack of information in the available literature selected for 
analysis.

Conclusions
AS represents a  substantial healthcare burden in China, and this 
is likely to increase in the future due to the ageing population. 
Chinese AS patients have a  high burden of AV calcification 
and high prevalence of bicuspid pathology. SAVR is currently 
the most common therapeutic strategy, but the use of TAVR is 
increasing. Direct comparisons between specific TAVR devices in 
Chinese patients are lacking, and additional studies are needed. 
Indirect comparison suggests a  lower rate of PPI with the Venus 
A-Valve compared with the VitaFlow or TaurusOne devices. The 
low 30-day mortality rate reported for SAPIEN 3 suggests that the 
efficacy of this valve extends to the Chinese population.

Authors’ affiliations
1. Cardiovascular Surgery, Zhongshan Hospital, Fudan University, 
Shanghai, China; 2. Cardiology, Xiamen Cardiovascular 
Hospital, Xiamen University, Xiamen, China; 3. Department of 
Echocardiology, Zhongshan Hospital, Fudan University, Shanghai, 
China; 4. Institute for Pharmacology and Preventive Medicine, 
Cloppenburg, Germany

Funding 
This systematic literature review was funded by Edwards 
Lifesciences.

Conflict of interest statement
IPPMed Cloppenburg, represented by P. Bramlage, has received 
honoraria (or research funding) for consultancy from Edwards 
Lifesciences. The other authors have no conflicts of interest to 
declare.



A review of TAVR in China

117

A
siaIntervention 2

0
2

4
;10

:110
-118  

References
1. Yi B, Zeng W, Lv L, Hua P. Changing epidemiology of calcific aortic valve disease: 
30-year trends of incidence, prevalence, and deaths across 204 countries and territo-
ries. Aging (Albany NY). 2021;13:12710-32.
2. Tay ELW, Ngiam JN, Kong WK, Poh KK. Management of severe aortic stenosis: the 
Singapore and Asian perspective. Singapore Med J. 2018;59:452-4.
3. Eveborn GW, Schirmer H, Heggelund G, Lunde P, Rasmussen K. The evolving 
epidemiology of valvular aortic stenosis. the Tromsø study. Heart. 2013;99:396-400.
4. Thaden JJ, Nkomo VT, Enriquez-Sarano M. The global burden of aortic stenosis. 
Prog Cardiovasc Dis. 2014;56:565-71.
5. Vahanian A, Beyersdorf F, Praz F, Milojevic M, Baldus S, Bauersachs J, 
Capodanno D, Conradi L, De Bonis M, De Paulis R, Delgado V, Freemantle N, 
Haugaa KH, Jeppsson A, Jüni P, Pierard L, Prendergast BD, Sádaba JR, Tribouilloy C, 
Wojakowski W. 2021 ESC/EACTS Guidelines for the management of valvular heart 
disease. EuroIntervention. 2022;17:e1126-96.
6. Schwarz F, Baumann P, Manthey J, Hoffmann M, Schuler G, Mehmel HC, 
Schmitz W, Kübler W. The effect of aortic valve replacement on survival. Circulation. 
1982;66:1105-10.
7. Taniguchi T, Morimoto T, Shiomi H, Ando K, Kanamori N, Murata K, Kitai T, 
Kawase Y, Izumi C, Miyake M, Mitsuoka H, Kato M, Hirano Y, Matsuda S, Nagao K, 
Inada T, Murakami T, Takeuchi Y, Yamane K, Toyofuku M, Ishii M, Minamino-
Muta E, Kato T, Inoko M, Ikeda T, Komasa A, Ishii K, Hotta K, Higashitani N, Kato Y, 
Inuzuka Y, Maeda C, Jinnai T, Morikami Y, Sakata R, Kimura T; CURRENT AS 
Registry Investigators. Initial Surgical Versus Conservative Strategies in Patients With 
Asymptomatic Severe Aortic Stenosis. J Am Coll Cardiol. 2015;66:2827-38.
8. Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ, Iung B, 
Lancellotti P, Lansac E, Rodriguez Muñoz D, Rosenhek R, Sjögren J, Tornos Mas P, 
Vahanian A, Walther T, Wendler O, Windecker S, Zamorano JL; ESC Scientific 
Document Group. 2017 ESC/EACTS Guidelines for the management of valvular heart 
disease. Eur Heart J. 2017;38:2739-91.
9. Writing Committee Members; Otto CM, Nishimura RA, Bonow RO, Carabello BA, 
Erwin JP 3rd, Gentile F, Jneid H, Krieger EV, Mack M, McLeod C, O’Gara PT, 
Rigolin VH, Sundt TM 3rd, Thompson A, Toly C. 2020 ACC/AHA Guideline for the 
Management of Patients With Valvular Heart Disease: A  Report of the American 
College of Cardiology/American Heart Association Joint Committee on Clinical 
Practice Guidelines. J Am Coll Cardiol. 2021;77:e25-197.

10. Lutz M, Messika-Zeitoun D, Rudolph TK, Schulz E, Thambyrajah J, Lloyd G, 
Lauten A, Frey N, Kurucova J, Thoenes M, Deutsch C, Bramlage P, Steeds RP. 
Differences in the presentation and management of patients with severe aortic stenosis 
in different European centres. Open Heart. 2020;7:e001345. 

11. Mylotte D, Osnabrugge RLJ, Windecker S, Lefèvre T, de Jaegere P, Jeger R, 
Wenaweser P, Maisano F, Moat N, Søndergaard L, Bosmans J, Teles RC, Martucci G, 
Manoharan G, Garcia E, Van Mieghem NM, Kappetein AP, Serruys PW, Lange R, 
Piazza N. Transcatheter aortic valve replacement in Europe: adoption trends and fac-
tors influencing device utilization. J Am Coll Cardiol. 2013;62:210-9.

12. Lee CH, Inohara T, Hayashida K, Park DW. Transcatheter Aortic Valve 
Replacement in Asia: Present Status and Future Perspectives. JACC Asia. 
2021;1:279-93.

13. United Nations. World Population Ageing 2017 (ST/ESA/SER.A/408). Department 
of Economic and Social Affairs 2017. chrome-extension://efaidnbmnnnibpcajpcgl-
clefindmkaj/https://www.un.org/en/development/desa/population/publications/pdf/
ageing/WPA2017_Report.pdf. (Last accessed 05 May 2024).

14. Yang Y, Wang Z, Chen Z, Wang X, Zhang L, Li S, Zheng C, Kang Y, Jiang L, 
Zhu Z, Gao R. Current status and etiology of valvular heart disease in China: a popu-
lation-based survey. BMC Cardiovasc Disord. 2021;21:339.

15. Pan W, Zhou D, Cheng L, Shu X, Ge J. Candidates for transcatheter aortic valve 
implantation may be fewer in China. Int J Cardiol. 2013;168:e133-4.

16. Wang YT, Tao J, Maimaiti A, Adi D, Yang YN, Li XM, Ma X, Liu F, Chen BD, 
Ma YT. Prevalence of valvular heart diseases and associated risk factors in Han, Uygur 
and Kazak population in Xinjiang, China. PLoS One. 2017;12:e0174490.

17. Shu C, Chen S, Qin T, Fu Z, Sun T, Xie M, Zhang L, Dong N, Yin P. Prevalence 
and correlates of valvular heart diseases in the elderly population in Hubei, China. Sci 
Rep. 2016;6:27253.

18. He S, Deng H, Jiang J, Liu F, Liao H, Xue Y, Zheng M, Li H, Wu S. The Evolving 
Epidemiology of Elderly with Degenerative Valvular Heart Disease: The Guangzhou 
(China) Heart Study. Biomed Res Int. 2021;2021:9982569.

19. Chen J, Lyu L, Shen J, Pan Y, Jing J, Wang YJ, Wei T. Epidemiological study of 
calcified aortic valve stenosis in a Chinese community population. Postgrad Med J. 
2023;99:868-74.

20. Xu H, Liu Q, Cao K, Ye Y, Zhang B, Li Z, Hao J, Qi X, Zhao Q, Liu S, Gao R, 
Wu Y; China-DVD Study Investigators. Distribution, Characteristics, and Management 

of Older Patients With Valvular Heart Disease in China: China-DVD Study. JACC 
Asia. 2022;2:354-65.
21. Hong N, Pan W, Liu X, Zhou D, Wang J, Ge J. Transcatheter Aortic Valve 
Replacement for Bicuspid vs. Tricuspid Aortic Stenosis among Patients at Low 
Surgical Risk in China: From the Multicenter National NTCVR Database. J Clin Med. 
2023;12:387.
22. Xiong TY, Li YM, Yao YJ, Jia YH, Xu K, Fang ZF, Jin J, Fu GS, Yang YN, Jiang L, 
Li WD, Wu YQ, Guo YS, Guo R, Chen YD, Li Y, Shao YB, Zhang Y, Yang BS, 
Zhang YK, He JJ, Jia KY, He SH, Ren FX, Xiu JC, Gu XH, Chen LL, Han K, Feng Y, 
Chen M. Anatomical characteristics of patients with symptomatic severe aortic steno-
sis in China. Chin Med J (Engl). 2021;134:2738-40.
23. Shang X, Pan X, Zhang G, Jiang Z, Liu X, Song G, Li Y, Wang Y, Luo J, Tang Y, 
Yuan Y, Wu Y, Ma X, Zhu D, Zhong Y, Zhang C, Dong N. The first clinical data of the 
SAPIEN 3 aortic valve in the treatment of aortic stenosis in China. Front Cardiovasc 
Med. 2023;13:1064255. 
24. De Biase C, Siddiqui S, Brochado B, Ziviello F, van Mieghem NM, De Backer O, 
Sondergaard L, Silveira J, Saint-Etienne C, Bourguignon T, Lange R, Jovanovic M, 
Berthoumieu P, Bleiziffer S, Tuccillo A, Lemee C, Chapdelaine K, Dumonteil N, 
Tchetche D. Contemporary management of severe symptomatic bicuspid aortic valve 
stenosis: the BiTri Registry. J Cardiovasc Med (Hagerstown). 2021;22:492-5.
25. Tchetche D, de Biase C, van Gils L, Parma R, Ochala A, Lefevre T, Hovasse T, De 
Backer O, Sondergaard L, Bleiziffer S, Lange R, Kornowski R, Landes U, Norgaard BL, 
Biasco L, Philippart R, Molina-Martin de Nicolas J, Mylotte D, Lemee C, Dumonteil N, 
Van Mieghem NM. Bicuspid Aortic Valve Anatomy and Relationship With Devices: 
The BAVARD Multicenter Registry. Circ Cardiovasc Interv. 2019;12:e007107.
26. Wang Y, Wu B, Li J, Liu H, Shu X. Distribution Patterns of Valvular and Vascular 
Complications in Bicuspid Aortic Valve. Int Heart J. 2020;61:273-80.
27. Masri A, Svensson LG, Griffin BP, Desai MY. Contemporary natural history of 
bicuspid aortic valve disease: a systematic review. Heart. 2017;103:1323-30.
28. Yoon SH, Ahn JM, Hayashida K, Watanabe Y, Shirai S, Kao HL, Yin WH, Lee MK, 
Tay E, Araki M, Yamanaka F, Arai T, Lin MS, Park JB, Park DW, Kang SJ, Lee SW, 
Kim YH, Lee CW, Park SW, Muramatsu T, Hanyu M, Kozuma K, Kim HS, Saito S, 
Park SJ; Asian TAVR Investigators. Clinical Outcomes Following Transcatheter Aortic 
Valve Replacement in Asian Population. JACC Cardiovasc Interv. 2016;9:926-33.

29. Lin H, Hou J, Gong J, Wu Y, Zheng Z. Clinical characteristics, outcomes and 
regional variations of acquired valvular heart disease patients undergoing cardiac sur-
gery in China. BMC Cardiovasc Disord. 2022;22:188.

30. Lin H, Gong J, Wu Y, Zheng Z, Hou J. A Comparative Study on Surgical Treatment 
of Valvular Heart Disease between High-Volume Cardiac Centers in China and STS 
Data. J Cardiovasc Dev Dis. 2022;9:212.

31. Chinese Society of Extracorporeal Circulation. White book of Chinese cardiovas-
cular surgery and extracorporeal circulation in 2021. Chin J ECC. 2022;20:196-9.

32. Wang R, Kawashima H, Mylotte D, Rosseel L, Gao C, Aben JP, Abdelshafy M, 
Onuma Y, Yang J, Soliman O, Tao L, Serruys PW. Quantitative Angiographic 
Assessment of Aortic Regurgitation After Transcatheter Implantation of the Venus 
A-valve: Comparison with Other Self-Expanding Valves and Impact of a  Learning 
Curve in a Single Chinese Center. Glob Heart. 2021;16:54.

33. Li YM, Xiong TY, Xu K, Fang ZF, Jiang L, Jin J, He SH, Yang YN, He JJ, Jia YH, 
Zhang Y, Peng Y, Feng Y, Chen M. Characteristics and outcomes following trans-
catheter aortic valve replacement in China: a  report from China aortic valve trans-
catheter replacement registry (CARRY). Chin Med J (Engl). 2021;134:2678-84.

34. Liang Y, Wang W, Wang X, Hei F, Guan Y. A single-center analysis of outcomes, 
risk factors, and new valves in Asian patients treated with early transcatheter aortic 
valve implantation. Cardiovasc Diagn Ther. 2021;11:967-79.

35. Liao YB, Zhao ZG, Wei X, Xu YN, Zuo ZL, Li YJ, Zheng MX, Feng Y, Chen M. 
Transcatheter aortic valve implantation with the self-expandable venus A-Valve and 
CoreValve devices: Preliminary Experiences in China. Catheter Cardiovasc Interv. 
2017;89:528-33.

36. Luo X, Wang X, Li X, Wang X, Xu F, Liu M, Yu B, Li F, Tong M, Wang W. 
Transapical transcatheter aortic valve implantation using the J-Valve system: A 1-year 
follow-up study. J Thorac Cardiovasc Surg. 2017;154:46-55.

37. Song GY, Wang MY, Wang Y, Liu XB, Feng Y, Kong XQ, Wu YJ. [Effect of trans-
catheter aortic valve replacement using Venus-A valve for treating patients with severe 
aortic stenosis]. Zhonghua Xin Xue Guan Bing Za Zhi. 2017;45:843-7.
38. Binder RK, Rodés-Cabau J, Wood DA, Mok M, Leipsic J, De Larochellière R, 
Toggweiler S, Dumont E, Freeman M, Willson AB, Webb JG. Transcatheter aortic 
valve replacement with the SAPIEN 3: a new balloon-expandable transcatheter heart 
valve. JACC Cardiovasc Interv. 2013;6:293-300.

39. Zhou D, Pan W, Wang J, Wu Y, Chen M, Modine T, Mylotte D, Piazza N, Ge J. 
VitaFlow™ transcatheter valve system in the treatment of severe aortic stenosis: One-
year results of a multicenter study. Catheter Cardiovasc Interv. 2020;95:332-8.



118

A
siaIntervention 2

0
2

4
;10

:110
-118  

40. Hong N, Pan W, Zhou D, Ge J. The China Heart Valve Center and National 
Transcatheter Valve Therapeutics Registry database. Cardiol Plus. 2022;7:107-10.

41. Fu B, Chen Q, Zhao F, Guo Z, Jiang N, Wang X, Wang W, Han J, Yang L, Zhu Y, 
Ma Y. Efficacy and safety of transcatheter aortic valve implantation in patients with 
severe bicuspid aortic stenosis. Ann Transl Med. 2020;8:873.

42. Li F, Wang X, Wang Y, Li X, Xu D, Zhao S, Wang C, Guo Y, Wu Y, Wang W. 
Comparison of Procedural and 1-Year Clinical Results of Transcatheter Aortic Valve 
Implantation Using Prostheses with Different Design of Support Frame. Int Heart J. 
2020;61:1196-203.

43. Song G, Jilaihawi H, Wang M, Chen M, Wang J, Wang W, Feng Y, Liu X, Zhang R, 
Kong X, Xu B, Sievert H, Gao R, Yang Y, Wu Y. Severe Symptomatic Bicuspid and 
Tricuspid Aortic Stenosis in China: Characteristics and Outcomes of Transcatheter 
Aortic Valve Replacement with the Venus-A Valve. Struct Heart. 2018;2:60-8.

44. Zhang J, Chi C, Tian S, Zhang S, Liu J. Predictors of Permanent Pacemaker 
Implantation in Patients After Transcatheter Aortic Valve Replacement in a Chinese 
Population. Front Cardiovasc Med. 2022;8:743257.

45. Wang M, Song G, Chen M, Feng Y, Wang J, Liu X, Zhou S, Fang Z, Han Y, Xu K, 
Yu B, Xu B, Yang Y, Piazza N, Wu Y, Gao RL. Twelve-month outcomes of the 
TaurusOne valve for transcatheter aortic valve implantation in patients with severe 
aortic stenosis. EuroIntervention. 2022;17:1070-6.

46. Pan W, Zhang Y, Wu Y, Wang J, Chen M, Feng Y, Chen S, Zhou D, Ge J. Safety and 
effectiveness of the SAPIEN 3 transcatheter heart valve in the treatment of severe 
aortic stenosis: Early clinical outcomes of a multicenter study in China. Chinese 
Journal of Clinical Thoracic and Cardiovascular Surgery. 2022;29:553-9.

47. Zhou Z, Wu Y. Thrombosis and bleeding events in antithrombotic therapy for 
patients undergoing transcatheter aortic valve replacement. Chinese Journal of 
Molecular Cardiology. 2022;29:2617-20.

48. Zhou D, Liu X, Fan J, Wang L, Hu P, Jiang J, Pu Z, Lin X, Li H, Dai H, Zhu G, 
Xu Y, Wang. Clinical practice and prognosis of emergent transcatheter aortic valve 
replacement. Chinese Journal of Emergency Medicine. 2022;31:368-73. https://
rs.yiigle.com/cmaid/1360873. (Last accessed 24 June 2024).

49. Zhang Z, Zhang H, Li Y, Wang S, Liu W, Zhou Y, Yang H, Meng X. A clinical 
report  of conduction disturbance after transcatheter aortic valve implantation. Chinese 
Journal of Clinical Thoracic and Cardiovascular Surgery. 2020;36:716-20. https://
rs.yiigle.com/cmaid/1306818. (Last accessed 24 June 2024).

50. Xu D, Luo X, Wang X, Wang Y, Feng X, Li X, Qiu J, Wang W. Outcomes and 
preoperative evaluation of transfemoral transcatheter aortic valve replacement (TAVR) 
in the treatment of pure aortic regurgitation. Chinese Journal of Clinical Thoracic and 
Cardiovascular Surgery. 2021;28:1054-60.

51. Li J, Sun Y, Li G, Fan R, Dong H, Fu M, Yu C, Luo J. Safety and efficacy of tran-
scatheter aortic valve replacement in patients with low surgical risk. Chinese Journal 
of Interventional Cardiology. 2018;26:619-21.

52. Li J, Luo J, Fan R, Ding H, Li G, Yu C, Fu M, Zhou C, Chen J, Zhuang J. 
Preliminary experience of transcatheter aortic valve implantation with VENUS-A 
valve. Chinese Journal of Interventional Cardiology. 2017;25:486-90.

53. Pei H, Teng S, Luo T, Wu Y, Yang Y, Qiao S, Xu B, Gao R. Safety and feasibility 
of transfemoral sheathless aortic valve implantation. Chinese Journal of Cardiology. 
2017;45:782-5. https://rs.yiigle.com/cmaid/1006814. (Last accessed 24 June 2024).

54. Song G, Wang M, Wang Y, Liu X, Feng Y, Kong X, Wu Y. Effect of transcatheter 
aortic valve replacement using Venus-A valve for treating patients with severe aortic 

stenosis. Chinese Journal of Cardiovascular Diseases. 2017;45:843-7. https://rs.yiigle.
com/cmaid/1008639. (Last accessed 24 June 2024).
55. Wang X, Li Y, Ou Y, Wang Z, Liao Y, Feng Y, Chen M. Transcatheter aortic valve 
replacement with Venus A-Valve and other overseas devices. West China Medical 
Journal. 2019;34:379-84. 
56. Zhang P, Li F, Wang X, Xu D, Wang Y, Wu Y, Wang W. Comparison of 1-year clini-
cal results of transcatheter aortic valve replacement using prostheses with two different 
frame design. Chinese Journal of Clinical Thoracic and Cardiovascular Surgery. 
2021:1-6.
57. Yang L, Zhang X, Zhang L, Zhang Y, Chen S, Guan L, Pan W, Zhou D, Ge J. 
VitaFlow™ transcatheter valve system in the treatment of severe aortic stenosis: Two-
year results of a multicenter study. Chinese Journal of Interventional Cardiology. 
2020;28:316-20. 
58. Urena M, Webb JG, Tamburino C, Muñoz-García AJ, Cheema A, Dager AE, 
Serra V, Amat-Santos IJ, Barbanti M, Immè S, Briales JH, Benitez LM, Al Lawati H, 
Cucalon AM, García Del Blanco B, López J, Dumont E, Delarochellière R, Ribeiro HB, 
Nombela-Franco L, Philippon F, Rodés-Cabau J. Permanent pacemaker implantation 
after transcatheter aortic valve implantation: impact on late clinical outcomes and left 
ventricular function. Circulation. 2014;129:1233-43.
59. Hemmann K, Sirotina M, De Rosa S, Ehrlich JR, Fox H, Weber J, Moritz A, 
Zeiher AM, Hofmann I, Schächinger V, Doss M, Sievert H, Fichtlscherer S, 
Lehmann R. The STS score is the strongest predictor of long-term survival following 
transcatheter aortic valve implantation, whereas access route (transapical versus trans-
femoral) has no predictive value beyond the periprocedural phase. Interact Cardiovasc 
Thorac Surg. 2013;17:359-64.
60. Tateishi H, Campos CM, Abdelghani M, Leite RS, Mangione JA, Bary L, 
Soliman OI, Spitzer E, Perin MA, Onuma Y, Serruys PW, Lemos PA, Brito FS Jr. Video 
densitometric assessment of aortic regurgitation after transcatheter aortic valve 
implantation: results from the Brazilian TAVI registry. EuroIntervention. 
2016;11:1409-18.
61. Kodali S, Pibarot P, Douglas PS, Williams M, Xu K, Thourani V, Rihal CS, 
Zajarias A, Doshi D, Davidson M, Tuzcu EM, Stewart W, Weissman NJ, Svensson L, 
Greason K, Maniar H, Mack M, Anwaruddin S, Leon MB, Hahn RT. Paravalvular 
regurgitation after transcatheter aortic valve replacement with the Edwards sapien 
valve in the PARTNER trial: characterizing patients and impact on outcomes. Eur 
Heart J. 2015;36:449-56.
62. Mack MJ, Leon MB, Thourani VH, Makkar R, Kodali SK, Russo M, Kapadia SR, 
Malaisrie SC, Cohen DJ, Pibarot P, Leipsic J, Hahn RT, Blanke P, Williams MR, 
McCabe JM, Brown DL, Babaliaros V, Goldman S, Szeto WY, Genereux P, Pershad A, 
Pocock SJ, Alu MC, Webb JG, Smith CR; PARTNER 3 Investigators. Transcatheter 
Aortic-Valve Replacement with a Balloon-Expandable Valve in Low-Risk Patients. N 
Engl J Med. 2019;380:1695-705.
63. Ou-Yang WB, Wang W, Dong J, Xie YQ, Wan JY, Yue ZQ, Wang SZ, Meng H, 
Wang X, Xu DH, Zhang FW, Dong J, Pan XB, Zhang GJ. Propensity-matched com-
parison of balloon-expandable and self-expanding valves for transcatheter aortic valve 
replacement in a Chinese population. Ann Transl Med. 2022;10:97.
64. Tao W, Zeng Z, Dang H, Lu B, Chuong L, Yue D, Wen J, Zhao R, Li W, 
Kominski GF. Towards universal health coverage: lessons from 10 years of healthcare 
reform in China. BMJ Glob Health. 2020;5:e002086.
65. Chen L, Cheng M. Exploring Chinese Elderly’s Trust in the Healthcare System: 
Empirical Evidence from a  Population-Based Survey in China. Int J Environ Res 
Public Health. 2022;19:16461.


