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Editorial

Favorable outcomes for female patients undergoing transcatheter 
aortic valve replacement?
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Transcatheter aortic valve replacement (TAVR) is an 
established treatment for high surgical risk or inoperable 
patients with severe aortic stenosis (AS) (1-3). Interestingly, 
unlike percutaneous coronary intervention (PCI), 
approximately 50% of patients who undergo TAVR are 
female, despite the fact that female patients have fewer 
comorbidities than male patients (4-6). Furthermore, 
female patients have been found to have favorable outcomes 
as compared to male patients (5-10). However, to date, it 
remains unclear why male patients have a higher incidence 
of mortality after TAVR. Understanding this might help 
determine the effect of sex differences in patients with 
severe AS undergoing TAVR and should therefore be 
evaluated.

Chandrasekhar and colleagues assessed sex differences in 
patients who underwent TAVR using data from the Society 
of Thoracic Surgeons/American College of Cardiology 
Transcatheter Valve Therapy Registry (6). Between 2011 
and 2014, 23,652 subjects (male: 11,844, female: 11,808) 
were enrolled in the study. To date, the study is the largest 
observational study investigating sex differences in patients 
treated by TAVR. Briefly, the main findings were as 
follows: (I) the female to male ratio of patients undergoing 
TAVR was in balance. However, there was an important 
sex difference with regards to age, prevalence of frailty, 
porcelaine aorta, presence of relevant mitral regurgitation, 
renal failure, and Society of Thoracic Surgeons (STS) 
score; (II) as compared to males, female subjects were more 

likely to undergo non-transfemoral TAVR. Moreover, 
TAVR in females was more often complicated by coronary 
obstruction, and females more often experienced conversion 
to cardiac surgery as compared to their male counterparts; 
(III) female subjects were observed to have a significantly 
higher adjusted risk of in-hospital vascular complications, 
resulting in a numerically higher rate of in-hospital bleeding 
events that did however not reach statistical significance; 
(IV) while no sex difference was documented with regards 
to in-hospital mortality or stroke, there was a significantly 
higher incidence of 1-year mortality in male as compared to 
female subjects.

The baseline characteristics of previous reports 
evaluating sex differences in TAVR are summarized in  
Table S1 (6-16). Consistent with the study by Chandrasekhar 
and colleagues, most of the previous reports showed that the 
prevalence of females was 40–60%, and that female patients 
were older and had a higher STS score than male patients. 
The overwhelming majority of patients undergoing TAVR 
in contemporary registries were treated for degenerative AS 
while bicuspid anatomy was rare. Hence, the risk factors for 
this population have some similarities to those for patients 
with coronary artery disease. However, in contrast to PCI 
populations, TAVR populations consistently feature a higher 
prevalence of females. The protective effects of estrogen 
might mitigate the progression of atherosclerosis in women 
(17,18). As a consequence, the proportion of males is higher 
among patients who undergo PCI. This discrepancy is 
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still controversial. However, given the effect of estrogen, 
different risk profiles might help to explain these findings. 
Furthermore, female patients are older than male patients in 
the population which undergo TAVR. These findings might 
also be a reason to interpret favorable clinical outcomes in 
female patients. Whether there are factors for the insidious 
progression of AS remains to be elucidated. Thus, it is 
necessary to evaluate risk factors using multi-state models 
in a larger population to determine the influence of sex 
differences in patients undergoing TAVR.

According to several previous reports, there were 
significant differences between male and female patients in 
clinical outcomes after TAVR. These findings are described 
in Table S2 (6-16). On average, general anatomy is smaller 
in females than males, with a shorter coronary height 
and narrower femoral artery dimensions. Thus, the non-
transfemoral approach is more likely to be used in female 
patients as a first-choice of access. Consequently, there is 
the significantly higher incidence of coronary obstruction, 
bleeding events, and vascular complications in female 
patients compared with male patients, as well as conversion 
to open surgery. However, since female patients also have 
smaller annuli, they tend to receive smaller valves and a 
narrower sheath compared with male patients. Female 
patients experienced more frequent vascular complications 
and bleeding events than male patients despite using a 
narrower sheath, which might be explained by their frailty. 
New generation devices that are miniaturized are mainly 
used as a first-line device for TAVR. These devices are 
associated with more favorable outcomes than conventional 
devices, as well as fewer complications and lower incidence 
of mortality (3). However, there are no reports in terms of 
the evaluation of clinical outcomes in sex differences after 
TAVR using new generation prostheses. Thus, it should be 
investigated to describe sex differences following TAVR in 
the real world.

Notwithstanding the fact that there are some differences 
in baseline characteristics between female and male 
patients, the incidence of mortality after TAVR was similar 
for both sexes at 30 days. In contrast, the incidence of 
1-year mortality was significantly lower in female patients 
than in male patients. However, Czarnecki and colleagues 
demonstrated that the 1-year mortality after TAVR was 
comparable between male and female patients when their 
baseline characteristics were matched by means of the 
inverse probability of treatment weighting (IPTW) (16). 
Only 999 patients were analyzed in their study, which is 
insufficient to evaluate sex differences in clinical outcomes 

after TAVR. However, given the results of the study, 
the findings of favorable outcomes following TAVR in 
female patients might be affected by the fact that females 
have fewer comorbidities. Furthermore, a meta-analysis 
performed in accordance with pooled analysis using a 
random-effect model to investigate 30-day and 1-year 
mortality after TAVR comparing male and female subjects 
has been published (19). In the study, the 30-day mortality 
was similar for both sexes, whereas the 1-year mortality was 
significantly lower for female patients than male patients. 
We do not have a proper understanding of sex differences 
in patients undergoing TAVR. Furthermore, the life 
expectancy evaluated by sex of patients treated by TAVR 
should be compared with that of the general population. 
This analysis might help to understand the real impact of 
sex differences in this treatment.

In summary, the largest observational study showed the 
assured findings with regards to sex differences in patients 
treated by TAVR. However, the study that matched baseline 
characteristics using IPTW has presented a different 
understanding of this issue.
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Table S1 Summarized baseline characteristics of previous reports with respect to sex differences

First author Year Sample size (M/F) Follow-up (months)
Age Logistic EuroSCORE STS Score CAD Previous CVEs Atrial fibrillation Transfemoral access

M/F (years) P value M/F (%) P value M/F (%) P value M/F (%) P value M/F (%) P value M/F (%) P value M/F (%) P value

Buchanan et al. 2011 305 (159/146) 12 78.8±7.8/80.1±6.8 0.1 24.5±17.3/24.0±16.8 0.8 8.2±7.8/9.1±7.9 0.36 15.7/15.8 0.99 81.1/82.2 0.59

Hayashida et al. 2012 260 (129/131) 12 82.4±6.5/83.8±5.9 0.08 26.2±13.0/22.3±9.1 0.005 79.1/48.9 <0.001 15.5/9.9 0.18 61.2/68.7 NA

Humphries et al. 2012 641 (312/329) 24 82/83 (median) 0.55 7.5/7.5 (median) 0.76 82.6/64.1 <0.001 21.4/15.9 0.07 38.9/32.5 0.09 62.0/48.0 <0.001

D'Ascenzo et al. 2013 377 (161/216) 490±250 days (mean) 81.7±5.3/82.9±5.5 0.03 23.7±15.1/22.4±13.2 0.4 7.6±6.2/5.6±3.1 0.007 6.2/7.8 0.77 84.3/86.1 0.91

Williams et al. 2014 295 (168/127) 24 82.9±7.1/84.5±6.3 NA 30.7±16.9/27.5±15.7 NA 11.8±3.7/11.9±2.8 NA 83.6/62.6 NA 30.2/28.3 NA 39.3 (overall) NA

Erez et al. 2014 224 (97/127) 24 81±8/82±6 0.82 31±16/27±14 0.09 69.0/38.0 <0.001 90.0/95.0 0.01

Sherif et al. 2014 1,432 (605/827) 12 80.3±6.4/82.8±5.8 <0.0001 20.0±14.0/21.0±13.0 <0.05 71.1/51.6 <0.0001 7.8/8.1 0.81 23.8/25.8 0.37 87.4/87.9 0.79

Gaglia et al. 2016 755 (372/383) 12 82.4±7.7/83.5±7.7 0.049 8.0±4.4/9.8±4.6 <0.001 46.0/36.5 0.01 82.0/76.2 0.052

Forrest et al. 2016 3,687 (1,979/1,708) 12 82.7±7.9/84.0±7.6 <0.01 23.4±16.5/20.7±15.0 <0.01 8.3±4.6/9.6±4.9 <0.01 88.7/67.6 <0.01 14.9/11.2 <0.01 47.0/41.0 <0.01 81.7/79.0 0.04

Chandrasekhar et al. 2016 23,652 (11,844/11,808) 12 81.7±8.6/82.3±8.5 <0.0001 8±6/9±6 <0.0001 12.9/11.6 0.003 42.7/38.9 <0.0001 65.1/55.0 <0.0001

Czarnecki et al. 
(before, after IPTW)

2017 999 (546/453) 12 83/85, 83/83 (median) <0.001, 0.002 36.3/27.4, 30.5/32.3 <0.01, 0.04 7.7/8.8, 7.8/9.2 0.51, 0.05 33.7/29.6, 31.1/30.0 0.16, 0.02 76.5/65.0 (after IPTW) 0.25

Values are mean ± standard deviation or counts (%). M, male; F, female; STS, the Society of Thoracic Surgeons; CAD, coronary artery disease; CVEs, cerebrovascular events; NA, not available; IPTW, the inverse probability of treatment weighting.
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Table S2 Summarized clinical outcomes of previous reports with respect to sex differences

First author Year
Sample size  

(M/F)

At 30 days
At 1 year,  

all-cause deathAll-cause death
Cardiovascular 

death
Disabling stroke

Life-threatening 
bleeding

Major vascular 
complication

Coronary 
obstruction

M/F (%)
P 

value
M/F (%)

P  
value

M/F (%)
P 

value
M/F (%)

P  
value

M/F (%)
P  

value
M/F (%)

P  
value

M/F (%)
P  

value

Buchanan et al. 2011 305 (159/146) 3.8/5.6 0.48 3.5/4.2 0.65 1.3/0.7 0.61 22.6/29.5 0.18 11.9/19.9 0.06 0.0/0.7 0.3 16.3/14.3 0.72

Hayashida et al. 2012 260 (129/131) 17.8/12.2 0.21 2.3/0.8 0.31 9.3/11.5 0.57 35.0/24.0 0.04

Humphries et al. 2012 641 (312/329) 11.2/6.5 0.05 1.8/2.0 0.89 15.8/21.6 0.08 5.4/12.4 0.003 27.5/17.3 0.007

D'Ascenzo et al. 2013 377 (161/216) 8.7/7.4 0.65 8.1/6.0 0.44 1.9/3.1 0.49 12.7/21.1 0.004 9.8/12.9 0.45 30.8/22.8 0.14

Williams et al. 2014 295 (168/127) 6.0/6.8 NA 3.5/4.8 NA 4.0/5.4 NA 9.5/10.9 NA 8.0/15.0 NA 37.7/28.2  
(2-year)

NA

Erez et al. 2014 224 (97/127) 5.2/3.1 0.45 11.3/6.3 0.32 26.8/8.6  
(2-year)

<0.001

Sherif et al. 2014 1,432 (605/827) 9.3/7.3 0.1 4.0/5.0 0.68 15.2/22.5 <0.001 17.2/25.2 <0.001 0.0/13.3 0.09 23.6/17.3 <0.01

Gaglia et al. 2016 755 (372/383) 5.4/9.4 0.04 3.5/7.6 0.01 4.1/4.0 0.95 5.4/10.1 0.02 8.1/12.3 0.06 21.5/20.6 0.87

Forrest et al. 2016 3,687 
(1,979/1,708)

5.8/5.9 0.87 5.6/5.8 0.74 2.1/3.6 0.01 10.2/14.3 <0.01 4.9/9.7 <0.01 24.1/21.3 0.08

Chandrasekhar 
et al.

2016 23,652 
(11,844/11,808)

4.3/5.6 0.29 1.9/2.6 NA 6.0/8.0 0.07 4.4/8.3 <0.0001 0.1/0.7 0.0001 24.5/21.3 <0.0001

Czarnecki et al. 2017 999 (546/453) 5.4/7.2 0.34 2.5/1.3 0.09 12.6/14.5 0.054 16.7/18.7 0.052 19.2/18.2 0.85

M, male; F, female; NA, not available.


