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ABSTRACT
Objectives  Transcatheter aortic valve replacement (TAVR) 
is increasingly performed. Physically small Asians have 
smaller aortic root and peripheral vessel anatomy. The 
influence of gender of Asian patients undergoing TAVR is 
unknown and may affect outcomes. The aim of this study 
was to assess sex differences in Asian patients undergoing 
TAVR.
Methods  Patients undergoing TAVR from eight countries 
were enrolled. In this retrospective analysis, we examined 
differences in characteristics, 30-day clinical outcomes 
and 1-year survival between female and male Asian 
patients.
Results  Eight hundred and seventy-three patients (54.4% 
women) were included. Women were older, smaller and 
had less coronary artery and lung disease but tended to 
have higher logistic EuroSCOREs. Smaller prostheses were 
used more often in women. Major vascular complications 
occurred more frequently in women (5.5% vs 1.8%, 
p<0.01); however, 30-day stroke and mortality (women 
vs men: 1.5% vs 1.6%, p=0.95% and 4.3% vs 3.4%, 
p=0.48) were similar. Functional status improvement was 
significant and comparable between the sexes. Conduction 
disturbance and permanent pacemaker requirements 
(11.2% vs 9.0%, p=0.52) were also similar as was 1-year 
survival (women vs men: 85.6% vs 88.2%, p=0.25). The 
only predictors of 30-day mortality were major vascular 
injury in women and age in men.
Conclusions  Asian women had significantly smaller 
stature and anatomy with some differences in clinical 
profiles. Despite more frequent major vascular 
complications, women had similar 30-day stroke or 
mortality rates. Functional status improvement was 
significant and comparable between the sexes. Conduction 
disturbance and permanent pacemaker requirements were 
similar as was 1-year survival.

INTRODUCTION
Transcatheter aortic valve replacement 
(TAVR) has rapidly evolved to become an 
established treatment for patients with severe 
aortic valve stenosis who are inoperable or at 

high surgical risk1 2 and an attractive alter-
native in intermediate-surgical-risk and low-
surgical-risk patients.3–6

TAVR was introduced in Asia in 2009,7 
and the procedure has been increasingly 
performed in many centres and countries. 
There are now several reports demonstrating 
that women have outcomes comparable 
with men after TAVR in Western popula-
tions.8–16 However, data on the influence of 
gender on outcomes after TAVR in an Asian 
population are lacking, and there has only 
been a single report of a multicentre Asian 
registry.17 Asians are of smaller stature, and 
Asian women, in particular, have the smallest 
physique compared with other ethnic groups. 
It has been shown that Asians have smaller 
annulus and lower left coronary height than 
Caucasians,18 and Asian women have a signifi-
cantly smaller iliofemoral anatomy than Asian 

Key questions

What is already known about this subject?
►► Although many studies have examined sex differ-
ences in transcatheter aortic valve replacement 
(TAVR) in Western countries, there are no data for 
sex differences in TAVR in Asia.

What does this study add?
►► Despite the very small stature and more major vas-
cular injury, Asian women have similar 30-day out-
comes, functional status improvement, permanent 
pacemaker requirements and 1-year survival as 
Asian men, comparable with previously published 
studies on gender differences in TAVR.

How might this impact on clinical practice?
►► Gender does not affect outcomes after TAVR in Asian 
patients and should not be a factor taken into con-
sideration when assessing Asian patients for TAVR.
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men.19 Thus, the aims of this study were to assess the sex 
differences and outcomes of TAVR in Asian patients.

METHODS
Eight hundred and seventy-three patients undergoing 
TAVR from centres in eight countries across Northeast 
Asia and Southeast Asia were retrospectively included on 
all-comers basis in this observational registry. All centres 
underwent training and proctoring of the initial cases 
according to the manufacturers’ protocols. Both high-
volume and low-volume centres were eligible to partici-
pate.

All procedures were performed either with the balloon-
expandable transcatheter heart valve (THV) or with the 
self-expanding THV. The balloon-expandable Edwards 
Sapien XT valve was delivered via the NovaFlex (18–19 
French introducer sheaths) and then subsequently via the 
NovaFlex+ systems (16–18 French e-sheaths). Medtronic 
CoreValve prosthesis was delivered via the Accutrak (18-
French introducer sheath) system.

Patient selection
Patients were enrolled if they were inoperable for 
surgical aortic valve replacement or if they were deemed 
to be at high surgical risk. High surgical risk was defined 
as a logistic EuroSCORE ≥20% or a Society of Thoracic 
Surgeons Predicted Risk of Mortality ≥8% or a consensus 
opinion of two cardiothoracic surgeons/TAVR heart 
team.

Valve sizing
Early in the experience, echocardiography and angiog-
raphy were the main imaging modalities used for valve 
sizing and for access site assessment. Subsequently, CT 
angiography became widely used and, where possible, was 
performed for nearly all cases of valve sizing and periph-
eral access measurements due to its superior spatial reso-
lution.

End points
All end points were defined according to the Valve 
Academic Research Consortium -2 criteria.20 They were 
site-reported, and there was no central adjudication. 
Baseline demographics, procedural parameters, in-hos-
pital and 30-day outcomes and, where available, 1-year 
outcomes were recorded. The primary safety outcome 
was all-cause mortality at 30 days.

Statistical analysis
Continuous variables are presented as mean±SD and 
were compared between groups through the use of a two-
sample t-test. Categorical variables are given as frequen-
cies and percentages and were compared by the χ2 test 
or Fisher’s exact test. A value of p<0.05 was considered 
statistically significant.

The Kaplan-Meier survival analysis was used to estimate 
the unadjusted 1-year survival rate. Cox regression anal-
ysis was used to identify possible predictors of mortality. 

The first step was selection of the variables using univar-
iate analysis. Significant variables (p≤0.1) were included 
in the multivariate model using stepwise Cox regres-
sion. Statistical significance remained the convention-
ally defined p≤0.05 in the univariate and multivariate 
models. Statistical analyses were performed with SPSS 
V.20 (SPSS).

The study was investigator-led, and no industry funding 
was obtained. Each centre obtained local ethics committee 
approval for the study (including waiver of consent). 
There was no patient or public involvement in the study. 
The investigators take responsibility for the integrity of 
the data and have read and agree to the manuscript as 
written. We used the Strengthening the Reporting of 
Observational Studies in Epidemiology cohort checklist 
when writing our report.

RESULTS
Demographics
The mean age was 80±7.2 years, and 54.4% were women, 
with women being older (80.8±6.8 years vs 78.9±7.5 years, 
p<0.001). The average female height was 149.4±7.0 cm (vs 
men 163.3±7.1 cm, p<0.001), and the corresponding body 
surface area (BSA) was 1.47±0.17 m2 versus 1.67±0.17 m2, 
respectively (p<0.001). Women had less comorbidities of 
smoking, coronary artery disease including percutaneous 
coronary intervention or bypass graft surgery, and lung 
disease (table 1). More women had prior valve surgery and 
tended to have a higher logistic EuroSCORE (19.3±14.9 
vs 17.5±13.6, p=0.07). The mean left ventricular ejection 
fraction (LVEF) was higher, and the annulus diameter 
was smaller in women (table 1).

Procedural parameters
Slightly more CoreValves (52.7%) were used, less 
frequently in women compared with men (44.2% vs 
62.8%, p<0.001). Conversely, the Sapien valve was used 
in 413 patients (47.3%), more frequently in women 
compared with men (55.8% vs 37.2%, p<0.001). The 
transfemoral route was the access approach in 83.8% of 
women versus 88.2% of men (p=0.06). Valve sizes ≤23 mm 
were used more frequently in women (51.4% vs 10.6%, 
p<0.001), whereas valve sizes ≥29 mm were used less 
frequently in women (11.0% vs 47.1%, p<0.001). Proce-
dural success was high and similar (women vs men: 98.3% 
vs 98.5%, p=0.85) in both sexes (table 2).

Clinical outcomes
Women experienced more major vascular complica-
tions (5.5% vs 1.8%, p=0.006) but had a lesser incidence 
of ≥mild paravalvular leaks (28.8% vs 35.9%, p=0.02), 
without any difference in the incidence of moderate/
severe paravalvular leaks (2.7% vs 4.5%, p=0.16) (table 3). 
Mean pressure gradients were similar (women vs men: 
11.0±6.0 mm Hg vs 10.6±5.7 mm Hg, p=0.40); women had 
a smaller mean aortic valve area (AVA) (1.6±0.4 cm2 vs 
1.9±0.5 cm2, p<0.01), although there was no difference 
in the indexed AVA (1.09±0.30 vs 1.12±0.32, p=0.33) 
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(table  3). Both sexes derived comparable symptomatic 
benefit with a 30-day mean New York Heart Association 
(NYHA) class of 1.5±0.6 (from NYHA class 2.8±0.7), 
with only 5.7% of women and 4.8% of men remaining 
in NYHA class III or IV (p=0.82). There was no differ-
ence in the incidence of new left bundle branch block 
(women vs men: 14.5% vs 14.7%, p=0.99) or permanent 
pacemaker requirement (overall 9.4%; women vs men: 
11.2% vs 9.0%, p=0.52).

The 30-day mortality was 3.8%, with no difference 
between women and men (4.3% vs 3.4%, p=0.48). The 
30-day stroke rate was also similar (women vs men: 1.5% 
vs 1.6%, p=0.95). Survival at 1 year was 85.6% in women 
and 88.2% in men (p=0.25) (figure 1).

On multivariable analyses, predictors of major vascular 
injury were age (OR 1.08, 95% CI 1.02 to 1.16, p=0.011) 
and female sex (OR 2.81, 95% CI 1.02 to 7.74, p=0.046), 
whereas BSA or body mass index (BMI) was not associated.

Predictors of 30-day mortality were age (OR 0.93, 
95% CI 0.88 to 0.99, p=0.016) and major vascular injury 
(OR 11.66, 95% CI 3.28 to 41.41, p<0.001) for the entire 
cohort—major vascular injury only for women (OR 
21.70, 95% CI 4.17 to 112.79, p<0.001) and age only for 
men (OR 0.87, 95% CI 0.80 to 0.95, p=0.002). Predictors 
of 1-year mortality were logistic EuroSCORE (OR 1.05, 
95% CI 1.02 to 1.08, p=0.004), hypertension (OR 20.65, 
95% CI 2.21 to 192.64, p=0.008), moderate or more para-
valvular leak (OR 43.52, 95% CI 5.38 to 352.07, p<0.001) 

Table 1  Clinical characteristics

 �  All (n=873) Male (n=398) Female (n=475) P value

Age, mean (SD), years 80.0 (7.2) 78.9 (7.5) 80.8 (6.8) <0.001

Weight, mean (SD), kg 56.7 (12.3) 62.2 (11.5) 52.3 (11.0) <0.001

Height, mean (SD), cm 155.7 (9.8) 163.3 (7.1) 149.4 (7.0) <0.001

BSA, mean (SD) 1.56 (0.20) 1.67 (0.17) 1.47 (0.17) <0.001

BMI, mean (SD) 23.4 (4.1) 23.3 (3.8) 23.4 (4.4) 0.74

Logistic EuroSCORE (SD) 18.5 (14.4) 17.5 (13.6) 19.3 (14.9) 0.07

DM, n (%) 274 (31.4) 125 (31.4) 149 (31.4) 0.97

HPT, n (%) 663 (75.9) 305 (76.6) 358 (75.4) 0.74

Lipids, n (%) 475 (54.4) 218 (54.8) 257 (54.1) 0.67

Smoker, n (%) 150 (17.2) 129 (32.4) 21 (4.4) <0.001

IHD 449 (51.4) 228 (57.3) 221 (46.5) 0.002

Prior PCI, n (%) 301 (34.5) 157 (39.4) 144 (30.3) 0.005

Prior CABG, n (%) 111 (12.7) 68 (17.1) 43 (9.1) <0.001

Carotid artery stenosis >50%, n (%) 72 (8.2) 33 (8.3) 39 (8.2) 0.86

Peripheral vascular disease, n (%) 158 (18.1) 78 (19.6) 80 (16.8) 0.24

Prior valve replacement, n (%) 25 (2.9) 3 (0.8) 22 (4.6) <0.001

NYHA class, mean 2.8 (0.7) 2.8 (0.7) 2.8 (0.7) 0.25

NYHA class III or IV, n (%) 580 (66.4) 259 (65.1) 321 (67.6) 0.35

EF, % (SD) 58 (13) 55 (14) 59 (13) <0.001

AVA, mean (SD), cm2 0.66 (0.19) 0.70 (0.18) 0.63 (0.19) <0.001

Indexed AVA, mean (SD), cm2/m2 0.43 (0.12) 0.42 (0.11) 0.43 (0.13) 0.07

MPG, mean (SD), mm Hg 50.9 (18.8) 51.0 (18.5) 50.8 (19.0) 0.87

Annulus, mean (SD), mm 22.3 (3.1) 23.8 (3.6) 21.0 (1.9) <0.001

AR >grade 2, n (%) 152 (17.4) 66 (16.6) 86 (18.1) 0.29

MR >grade 2, n (%) 116 (13.3) 58 (14.6) 58 (12.2) 0.69

Renal disease, n (%) 53 (6.1) 26 (6.5) 27 (5.7) 0.74

Lung disease, n (%) 37 (4.2) 25 (6.3) 12 (2.5) 0.02

Calcified aorta, n (%) 44 (5.0) 18 (4.5) 26 (5.5) 0.25

Pulmonary hypertension, n (%) 9 (1.0) 5 (1.3) 4 (0.8) 0.69

Previous CVA, n (%) 6 (0.7) 2 (0.5) 4 (0.8) 0.68

Minimal femoral diameter, mean (SD), mm* 7 (1.7) 7.3 (1.8) 6.3 (1.5) <0.001

*Data taken from Chiam et al19 in a cohort of Asian patients with similar physical stature.
AR, aortic regurgitation; AVA, aortic valve area ; BMI, body mass index; BSA, body surface area; CABG, coronary artery bypass grafting; CVA, 
cerebrovascular accident; DM, diabetes mellitus; EF, ejection fraction; HPT, hypertension; IHD, ischaemic heart disease; MPG, mean pressure 
gradient; MR, mitral regurgitation; NYHA, New York Heart Association; PCI, percutaneous coronary intervention.
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and 30-day NYHA class III or IV (OR 8.90, 95% CI 1.82 to 
43.64, p=0.007) for the entire cohort; no separate analysis 
stratified by sex was performed due to the low end point 
count.

DISCUSSION
Transcatheter aortic valve replacement (TAVR) is increas-
ingly performed in Asia after a relatively late start.21 
Several studies have now examined TAVR in an Asian 
population,17 22 23 with the majority of data from the 
Japanese Optimised transCathEter vAlvular iNtervention 
(OCEAN)-TAVR registry, which is specific, however, to 
one Asian ethnic group and to the balloon-expandable 
device. Data comparing gender differences in a broad 
geography of Asia and across various Asian ethnicities are 
lacking. Our study is the first description of sex-related 
differences in patients undergoing TAVR across Asia and 
across the various Asian ethnic groups.

An interesting and unique finding was the very small 
physical stature (eg, average height ≈149 cm) in elderly 

female Asians. Female patients had better LVEF and less 
comorbidities with respect to coronary artery disease, 
smoking and chronic lung disease, but were older and 
more likely to have had prior heart valve surgery, resulting 
in a trend towards a higher logistic EuroSCORE. With 
the smaller physical stature, smaller aortic annulus and, 
as shown in a previous study, smaller iliofemoral dimen-
sions,19 the transfemoral route was used slightly less 
frequently, and the prostheses used in women were also 
smaller in size. However, mild or more paravalvular leak 
was also less frequent in women.

Despite more serious vascular complications occurring in 
female patients, the 30-day rates of stroke or mortality were 
low and similar between the sexes. Of note, most, if not all, 
centres were beginning their TAVR programmes, and most of 
the valves used were second-generation balloon-expandable 
or self-expanding valves. Functional status improved signifi-
cantly and uniformly for both sexes; NYHA class III or IV at 
baseline was 67.5% in women versus 65.3% in men (p=0.35) 
to 5.7% in women and 4.8% in men at 30 days (p=0.92). At 

Table 2  Procedural parameters and outcomes

 �  All (n=873) Male (n=398) Female (n=475) P value

CoreValve, n (%) 460 (52.7) 250 (62.8) 210 (44.2) <0.001

Sapien XT, n (%) 413 (47.3) 148 (37.2) 265 (55.8) <0.001

Valve size, n (%), mm

 � 20 3 (0.3) 0 (0) 3 (0.6) 0.26

 � 23 283 (32.4) 42 (10.6) 241 (50.8) <0.001

 � 26 346 (39.6) 168 (42.3) 178 (37.6) 0.15

 � 29 188 (21.5) 141 (35.5) 47 (9.9) <0.001

 � 31 51 (5.8) 46 (11.6) 5 (1.1) <0.001

Transfemoral, n (%) 749 (85.8) 351 (88.2) 398 (83.8) 0.06

Second valve, n (%) 9 (1.0) 7 (1.9) 2 (0.4) 0.16

Procedural success, n (%) 122 (98.4) 392 (98.5) 467 (98.3) 0.85

Table 3  Thirty-day clinical outcomes

 �  All (n=873) Male (n=398) Female (n=475) P value

Death, n (%) 33 (3.8) 13 (3.4) 20 (4.3) 0.48

Stroke, n (%) 13 (1.5) 6 (1.6) 7 (1.5) 0.95

Major vascular injury, n (%) 32 (3.7) 7 (1.8) 25 (5.5) 0.006

NYHA class, mean 1.5 (0.6) 1.5 (0.6) 1.5 (0.6) 0.88

NYHA class III or IV, n (%) 36 (4.1) 16 (4.8) 20 (5.7) 0.82

EF, % (SD) 59 (11) 58 (12) 61 (11) 0.02

AVA, mean (SD), cm2 1.7 (0.5) 1.9 (0.5) 1.6 (0.4) <0.001

Indexed AVA, mean (SD), cm2/m2 1.10 (0.31) 1.12 (0.32) 1.09 (0.30) 0.33

MPG, mm Hg (SD) 10.8 (5.9) 10.6 (5.7) 11.0 (6.0) 0.40

Paravalvular leak (mild or more), n (%) 280 (32.1) 143 (35.9) 137 (28.8) 0.02

Paravalvular leak (moderate-severe), n (%) 31 (3.6) 18 (4.5) 13 (2.7) 0.16

New LBBB, n (%) 116 (13.3) 51 (14.7) 65 (14.5) 0.99

PPM, n (%) 82 (9.4) 33 (9.0) 49 (11.2) 0.52

AVA, aortic valve area; EF, ejection fraction; LBBB, left bundle branch block; MPG, mean pressure gradient; NYHA, New York Heart Association; 
PPM, permanent pacemaker.
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1 year, there was no difference in survival between the sexes, 
despite women being older and having a trend towards a 
higher baseline EuroSCORE. The 1-year mortality some-
what approximated the baseline logistic EuroSCORE and is 
concordant with the findings from a previous Asian registry.17

Our data are consistent with several studies showing no 
difference in 30-day or 1-year survival between the sexes despite 
a higher incidence of major vascular complications,8 11–13 24 25 
although some studies demonstrate that women have a better 
1-year or long-term survival after TAVR.10 11 14 16 Although we 
did not record the iliofemoral dimensions in this study, it has 
been shown in a previous study by the first author that Asian 
women had significantly smaller iliofemoral dimensions than 
Asian men.19 In that study, the minimal femoral diameters 
were 6.3±1.5 mm versus 7.3±1.8 mm in women and men, 
respectively (p<0.001). The BSA of both sexes in that study 
was nearly identical with the current results (women vs men: 
1.5±0.2 vs 1.7±0.2, p<0.001 in the previous study compared 
with 1.47±1.7 vs 1.67±1.7, p<0.001 in this study), indicating 
that the physical stature of the study populations was similar. 
As there was no difference in the incidence of peripheral 
artery disease between the sexes and interestingly because 
BSA or BMI was not associated with major vascular injury, the 
higher rate of major vascular complications in women in our 
study may be attributed to smaller ilio-femoral dimensions, 
older age and female sex itself (both of these may arguably 
be markers of vessel fragility).

More importantly, our study demonstrated that TAVR 
could achieve an equally good outcome for Asian women 
despite their smaller size and anatomy and higher incidence 
of major vascular complications. In contrast, it has been 
shown in some studies that a smaller height and female sex 
may be correlated with increased mortality after surgical 
TAVR25–27; thus, it is reassuring that physically small Asian 
women do not experience increased short-term mortality 
after TAVR. In concordance with Western data, women had 
less comorbidities associated with coronary artery disease 
and lung disease,8–11 13 and these could be accounted for 
by a much lower incidence of smoking. Women also had 
less mild or more paravalvular leaks, consistent with some 

studies9 11 12 24 25 but not others.10 It has been suggested that 
this is possibly due to the smaller aortic annulus in women 
leading to less frequently undersized prosthesis and more 
relative valve oversizing. It is reassuring, however, to note that 
the incidence of permanent pacemaker replacement was not 
increased in women.

It was interesting to note that although age and major 
vascular injury predicted overall 30-day mortality, only major 
vascular injury was significant for women and only age was 
significant for men. This implies that it is imperative to 
reduce major vascular injury in women to decrease short-
term mortality.

The factors associated with 1-year mortality in this 
study—logistic EuroSCORE, hypertension, moderate or 
more paravalvular leak, 30-day NYHA class III or IV—
reaffirm what is already well understood and are broadly 
consistent with a previous Asian registry.17

With the third-generation balloon-expandable (Sapien 3) 
valve and self-expanding (Evolut R and Pro) valves becoming 
commercially available in Asia in the recent years, the 
outcomes can be expected to improve. In particular, residual 
paravalvular leaks (both severity and frequency) for both 
sexes should be lowered, and the incidence of major vascular 
complications, especially in women, can be expected to be 
reduced.

Limitations
This study was limited to centres that agreed to participate, 
and hence data from many institutions in Asia were not avail-
able. These factors may have introduced bias into the study 
population. The data and outcomes were recorded by the 
individual centres, and no central adjudication was available. 
The data were analysed retrospectively and the possibility of 
unmeasured confounders that may have affected our results 
could not be excluded. There were missing parameters such 
as femoral/iliac vessel dimensions (CT measurements were 
unavailable or incomplete in many centres).

No information was available regarding the types of 
anaesthesia used (general anaesthesia vs local anaesthesia/
conscious sedation) or the technique of femoral access 
(surgical cut-down versus fluoroscopy-guided percutaneous 
access). However, studies have shown that the incidence of 
major vascular injury was similar regardless of the access 
technique.28 29 The devices used in this study were second-
generation Sapien or CoreValve prostheses; thus, these 
results may not apply to other devices or new-generation 
contemporary technologies.

CONCLUSIONS
This is the first study examining sex differences in TAVR 
in patients across Asia and across multiple Asian ethnic-
ities. Women had significantly smaller physical stature and 
anatomy with some differences in clinical profiles. Despite 
a higher rate of major vascular complications, Asian women 
had similar 30-day stroke or death rates, functional status 
improvement, permanent pacemaker requirements and 
1-year survival as men.

Figure 1  One-year Kaplan-Meier survival curves of women 
versus men.
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