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Editorial

Sex differences in outcomes with transcatheter aortic valve 
replacement
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Transcatheter aortic valve replacement (TAVR) has 
emerged as a new standard of care for treating patients with 
symptomatic aortic stenosis (AS) and inoperable status. It 
was approved by the US Food and Drug Administration 
(FDA) in November 2011 (1). Ten months later, TAVR 
was approved by the FDA for treatment of high-risk but 
operable status patients with AS. Since then, TAVR has 
rapidly been adopted in clinical practice for the treatment 
of symptomatic AS patients at high risk for surgery. 
However, it remains unclear and unresolved whether there 
are sex-related differences in outcomes for patients who  
undergo TAVR.

To address this question, Chandrasekhar et al. used 
4-year data (from 2011 through 2014) from the Society 
of Thoracic Surgeons/American College of Cardiology 
Transcatheter Valve Therapy (STS/ACC TVT) registry, 
the national mandatory TAVR registry in the US, to study 
both in-hospital and 1-year TAVR outcomes in male and 
female patients (2). This paper included 11,808 female 
(49.9%) and 11,844 male (51.1%) patients who underwent 
TAVR and thus represented the largest observational study 
that examined sex-specific differences at presentation, 
in-hospital and after 1 year. The authors showed that 
compared with males, female patients undergoing TAVR 
tended to have fewer comorbidities but a different risk 
profile such as older age, more frailty, higher STS score, 
more moderate or severe mitral valve regurgitation and a 
higher rate of porcelain aorta. These differences at baseline 

were consistent with findings from prior studies (3-6). Such 
differences suggest a strong need to apply patient-centered 
TAVR risk/benefit assessment metrics for female and male 
patients. For procedural characteristics and outcomes, this 
study reported that female TAVR patients were more likely 
to undergo non-transfemoral approach relative to males 
(45.0% vs. 34.0%), which was different from a recent large 
scale meta-analysis study (5). One explanation could be 
that the meta-analysis paper included five previous studies 
using a total of 11,310 patients from multiple countries’ 
TAVR registries (7-11) whereas Chandrasekhar’s paper 
only used the STS/ACC TVT registry in the US. More 
importantly, Chandrasekhar et al. reported for the first time 
that female patients experienced a higher rate of coronary 
obstruction and conversion to open heart surgery (2). 
This highlights the importance of adjusting for the sex-
related anatomical differences such as smaller annuli and 
left ventricular outflow tract dimensions in comparing 
outcomes of female and male patients undergoing TAVR 
procedure to help determine if these differences are the 
reason why women have higher rates of obstruction and 
conversion. For in-hospital outcomes, Chandrasekhar et al.  
found that compared with male patients, females had a 
significantly increased rate of vascular complications [4.39% 
vs. 8.27%; adjusted hazard ratio (AHR), 1.70; 95% CI, 
1.34–2.14; P<0.001] and a trend for higher bleeding rate 
(5.96% vs. 8.01%; AHR, 1.19; 95% CI, 0.99–1.44; P=0.06). 
These observed sex-specific differences in perioperative 
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outcomes are in line with preexisting literature (3-6). But, 
Chandrasekhar et al. also demonstrated that female patients 
had much lower 1-year all-cause mortality rate relative to 
males (21.3% vs. 24.5%; AHR, 0.73; 95% CI, 0.63–0.85; 
P<0.001). This finding is consistent with the vast majority 
of previous studies (3,5-7,12) although there are very few 
prior studies showing similar or even higher mortality in 
female TAVR patients relative to males (8,13). 

There are some possible  explanations for  why 
women were found to have superior long-term TAVR 
outcomes that may be related to the methodology 
of the study by Chandrasekhar et al .  First,  at any 
fixed age, women have a longer life expectancy than 
men. For example, the average l ife expectancy of 
82 years old (the mean age of TAVR patients in the 
study) women is 8.5 years compared with 7.3 years 
for men (14). Although it would probably not alter the 
significant differences found in the study, this survival 
difference should ideally be accounted for in the analyses. 

Second, as noted above, there is a large difference in the 
use of transfemoral access in the study, with a utilization 
of 65% for men and 55% for women. Since transfemoral 
access is generally associated with superior outcomes (15), 
this would appear to convey an added survival advantage 
to men in the analyses. However, access site is controlled 
for in the risk-adjustment process, so this advantage is 
removed. There are a few reasons why women may have 
had lower use of transfemoral access, including available 
sheath sizes and center preference, as mentioned by the 
authors. Another possible reason is more calcification of 
femoral arteries combined with smaller vessels, and it is 
arguable as to whether this should be controlled for when 
examining survival differences between the sexes. It would 
be interesting to compare survival differences separately for 
transfemoral and non-transfemoral access sites. 

It is also notable that although women had higher 2-year 
survival rates, they had significantly higher rates of in-
hospital coronary destruction/compression, unplanned other 
cardiac surgery, and major vascular complications, as well 
as higher unadjusted rates of in-hospital death, myocardial 
infarction (MI) and stroke. For example, the survival 
curves in the central illustration show that crude mortality 
and MI rates for women are higher until about 4 months 
after TAVR. This emphasizes the need to study the causes 
of mortality, as the authors recommend. It would be 
interesting to identify whether more late deaths among men 
occur because of TAVR complications or failure, or whether 
it was primarily due to a cause unrelated to TAVR. 

One possible reason why the survival curves separated 
over time in favor of women may be related to differences in 
medication adherence. For example, although the evidence 
on sex-related medication adherence is mixed, Manteuffel 
et al. found that for patients with diabetes and select 
cardiovascular conditions, women were significantly more 
likely than men to use one or more medications during 
the analysis period (68% vs. 59%, P<0.001), although 
men were more likely to receive the medication treatment 
and monitoring recommended by clinical guidelines (16). 
It should be noted that other studies have found either 
differences in favor of higher adherence for men (17) or no 
difference in adherence (18) by sex.  

It is also important that the conclusion that women have 
better longer-term outcomes than men is very dependent 
on the finding that women are sicker than men at the time 
of procedure being performed, and that women fare better 
in the long run despite having worse (or at least not better) 
short-term outcomes. As the authors note, women were 
sicker in some respects (higher rate of porcelain aorta, 
lower glomerular filtration rate, higher STS score) but were 
less sick in other respects (lower prevalence of coronary 
artery disease, atrial fibrillation and diabetes). The statistical 
model used by the authors was different than earlier models 
using the STS score (19) or the New York statistical model 
for surgical valve patients (20), and it would be interesting 
to see if the use of those two statistical models would have 
yielded similar results.

In  conclus ion,  Chandrasekhar  e t  a l .  are  to  be 
congratulated for shedding more light on TAVR outcome 
differences between the sexes, and their study raises some 
interesting questions to be addressed in future studies. 
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