
Abstract

Degenerative aortic stenosis is currently a public 
health problem. Affecting the elderly population, this 
pathology has been showing an increasing prevalence 
as a direct result of the population aging. In this context, 
women have a greater life expectancy, corresponding 
to most of the population with degenerative aortic 
stenosis. Specific characteristics of this pathology in 
females are present in the diagnosis, pathophysiology, 
anatomical aspects, imaging and in therapeutic 
approach. Women present a more severe disease with 
less valve calcification than men, more concentric 
ventricular remodeling, higher transvalvular gradients, 
and less myocardial fibrosis. Less evident symptoms 
mean that these patients are referred later for surgical 
or percutaneous therapeutic treatment. The greater 
comorbidity presented by females and  possibly due 
to the smaller body surface, bring specific aspects that 
affect the surgery results, leading to higher mortality 
rates and, more often, the prosthesis-patient mismatch. 
Percutaneous valve implantation is a good alternative, 
with better results in females, when compared to 
surgery, both in the treatment of native valves and in 
the treatment of a previously implanted bioprosthesis’ 
dysfunction. The challenges encountered for the 

treatment of aortic stenosis in women and their  possible 
solutions are described in this article, focusing on the 
observed difference of aortic stenosis in females and 
their possible solutions.

Introduction

According to the GBD 2019, the prevalence of 
calcified aortic valve disease in Brazil has tended to 
increase to a total of 201.8%, from 7.9 (95% IU 6.3 - 
9.6) per 100,000 in 1990 to 23 .7 (95% IU 19.1 - 29) per 
100,000 in 2019, with an increase of 218.8% for men 
and 182.2% for women.

Although age-standardized mortality decreased in 
this period, crude mortality rates from calcified aortic 
valve disease increased sharply by 17% (95% IU 2.0 - 
38.5) in the elderly (≥70 years), as a reflection of the 
aging population and prevalent cardiovascular risk 
factors. In 2019, the mortality rate from calcified aortic 
valve disease in Brazil was comparable in men (1.6; 
II95 1.43-1.82) and women (1.6, II95- 1.32-1.96). On the 
other hand, women had higher proportional mortality 
rates from aortic stenosis (AS) in Brazil in 2019 (Figure 
1).  This highlights the changes in the age distribution 
of the Brazilian population which shows a notably life 
expectancy increase in women.1 These facts have made 
the treatment of aortic stenosis an important public 
health issue, especially due to its economic impact. 
Unless the aortic valve replacement is performed soon 
after symptoms appear, the mortality rate is estimated 
to be greater than 50% at 2 years in patients with 
symptomatic AS.2
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In the treatment of AS, gender-related issues such 
as dissimilarities in diagnosis, treatment outcomes 
and prognosis are of great importance.3 A better 
understanding of the different forms of development 
and progression of AS in women is necessary for 
choosing the therapeutic approach.

Etiopathogenesis of degenerative aortic stenosis

The developmental process of degenerative 
AS, is an active process, which involves lipids, the 
renin-angiotensin system, inflammation and genetic 
predisposition. The scenario begins with stress and 

Figure 1 – Proportional mortality rates from non-rheumatic aortic stenosis, both sexes, all ages, Brazil, GBD, from 1990 to 2019, GBD, 2019.
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rupture of the basement membrane, subendothelial 
accumulation of intracellular lipids and lipoproteins, 
angiogenesis, infiltration of macrophages (foam cells) and 
T lymphocytes. This inflammatory process allows  the 
activation of native valvular interstitial cells that acquire 
an osteogenic and procalcific profile and differentiate 
into osteoblasts. Fibrosis and progressive calcification of 
the valve leaflets lead to a gradual increase in thickness, 
stiffness and consequent obstruction of left ventricle 
(LV) outflow.3,4

Clinical factors associated with the progression of 
the valvular disease are similar to those of coronary 
atherosclerosis, and LDL-C plays an important role.4 
Advanced age, male gender, hypertension, smoking, 
diabetes mellitus and metabolic syndrome are common 
risk factors for both diseases, probably reflecting a 
common etiopathogenesis. The progression to severe AS 
is variable between individuals of both sexes.

Valve phenotypes related to clinical presentations

Increasing evidence suggests that gender can determine 
important distinctions between men and women, in 
relation to the process of valve calcification, fibrosis 
and hemodynamic severity of aortic stenosis. These 
differences lead to implications in the development of 
different valve phenotypes, left ventricular hypertrophy 
and cardiovascular outcomes. A recent study showed 
that, compared to men, women with AS had more 
pronounced fibrotic remodeling, regardless of valve 
morphology or patient age.5 

In addition, higher transvalvular gradients, greater 
relative wall thickness, and better systolic function were 
found in women, who often develop more heart failure 
with preserved ejection fraction (EF), whereas, in general, 
heart failure when it occurs in men is accompanied often 
by a reduction in the EF.6  Transcriptome analysis revealed 
that a maladaptive left ventricular remodeling may be 
associated with more pronounced activation of pro-fibrotic 
and inflammatory markers in men, while fibrosis-related 
inflammatory pathways are suppressed in women.7

Men have higher gene expression of collagen I and 
III and matrix metalloproteinase (MMP) -2 and -9 in 
intraoperative biopsies of aortic valve procedures than 
women, and the levels of collagen I and III are related to 
the degree of hypertrophy and changes in LV geometry. 
This may explain the less pronounced interstitial fibrosis 
in female hearts, as estrogen can prevent the upregulation 
of collagen, thus inhibiting its synthesis.8

The symptoms and progression of patients with AS 
are determined by the response of the LV to increased 
afterload, which remodels in order to maintain normal 
wall tension. Women with severe AS generally show 
remodeling with more concentric LV geometry, with 
a greater relative wall thickness, less myocardial 
fibrosis, and better systolic function compared to men.8,9 
Women are often referred to procedures belatedly due 
to lower symptomatology and higher life expectancy. 
In elderly women signs and symptoms are masked by 
self-limitation resulting from advanced age, often with 
detection of a drop in ventricular ejection fraction prior to 
the onset of symptoms, leading to a worse prognosis.10-12 
The inclusion of imaging methods to define severity can 
help to define the moment of intervention for this gender, 
since symptoms are less frequently reported and the 
current indications for an intervention in asymptomatic 
patients refer to very advanced pathology.

Diagnosis by imaging

Echocardiographic data for the diagnosis and 
classification of aortic stenosis do not reveal differences 
between the genders. The echocardiogram, through 
speckle-tracking echocardiography, can detect incipient 
ventricular dysfunctions by measuring the global 
longitudinal strain (GLS), which can help us to define 
the intervention before the deterioration of ventricular 
function. Data from a meta-analysis showed that the 
risk of death for patients with absolute GLS < 14.7% 
increases by 2.5-fold.10,13 The measurement of the first-
phase ejection fraction (EF-1) on the echocardiogram, 
which shows the EF obtained in the ejection phase up to 
the peak of aortic velocity in aortic stenosis, is another 
factor studied with the purpose of adding prognostic 
value to AS. The delay in this phase, predicting early 
impairment of ventricular contractile function, is 
suggested to have prognostic value, but it needs more 
data to be used for clinical decision making.11  A possible 
echocardiographic interesting point in women is related 
to the small aortic root more frequent in females that can 
overestimate the severity of the stenosis due to pressure 
recovery phenomena.3,11  

Computed tomography can verify a significant 
difference in the quantification of the calcium score 
in the aortic valve between men and women. For the 
same degree of severity of AS, men have more intense 
degrees of calcification than women, that is, for the same 
degree of calcification, women have hemodynamically 
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more significant stenosis than men. This difference 
remains even if adjustments are made for a smaller 
body surface and a smaller valve annulus area in 
women. The quantification performed by Agatstom, a 
method that quantifies the intensity of calcium on CT 
angiography, exhibits a marked interscan, inter and 
intraobserver reproducibility in this analysis. Data 
obtained from studies quantify that calcium scores in 
men ≥ 3000 Agatstom Units (AU), and women ≥ 2000 AU 
were associated with the very likely presence of 
severe aortic stenosis, and men ≥ 2000 AU and women  
≥ 1600 AU as likely severe AS. This difference in values ​​
is directly related to the pathophysiology of AS in 
women, who have a greater degree of fibrosis and 
connective tissue deposited in the aortic valves than 
men, where calcification is more present. When treating 
the bicuspid aortic valve in women, it is possible to 
find severe AS with minimal calcification and intense 
fibrosis.14,15 The level of valve calcification is the most 
valuable independent predictor of disease progression 
in asymptomatic individuals. Aortic calcification 
density, defined according to gender, has been shown 
to have similar independent prognostic value for men 
and women and in all AS subgroups.16

Cardiac magnetic resonance imaging (MRI) assists 
in the assessment of myocardial status in patients 
with AS by detecting and qualifying the type of 
myocardial fibrosis by late gadolinium enhancement 
and by quantifying the extracellular matrix by T1 
mapping. The presence of focal fibrosis is considered 
irreversible even after the correction of the stenosis.13 

Among numerous studies conducted with the objective 
of early intervention in AS, the Evolved Trial (Early 
Valve Replacement Guided by Biomarkers of LV 
Decompensation in Asymptomatic Patients With 
Severe Aortic Stenosis) is being conducted based on 
fibrosis image by MRI to assess the prognosis of these 
patients.10  Treibel et al., using cardiac MRI, showed 
differences between the genders in LV remodeling. 
Normal geometry or concentric remodeling dominated 
in women, with 82% and 60% of cases respectively. 
Concentric or eccentric hypertrophy had prevalence 
higher in men, 71% and 76% respectively. Men more 
often have myocardial fibrosis with higher focal fibrosis 
and extracellular expansion. This more adverse pattern 
in men was related to higher N-terminal portion of 
B-type natriuretic peptide (NT-proBNP) and high-
sensitivity troponin T (hsTnT), in addition to greater 
myocardial fibrosis (focal and diffuse).9

Treatment of aortic stenosis

Three large clinical studies, named the  Scottish 
Aortic Stenosis and Lipid Lowering Trial (SALTIRE), the 
Simvastatin and Ezetimibe in Aortic Stenosis (SEAS), and 
the Aortic Stenosis Progression Observation: Measuring 
Effects of Rosuvastatin (ASTRONOMER), failed in an 
endeavor to prove the benefits of drug treatment in 
an attempt to delay or prevent the progression of AS, 
with a consequent decrease in clinical events.17-19 Drug 
therapies are useful in relieving symptoms, however, 
they do not change the clinical progression. In the 
HAVEC Registry patients with severe AS undergoing 
intervention with EF between 50% and 59% had less 
favorable outcomes and had more heart failure-related 
deaths than those with EF > 60% at a 4-year survival 
observation (63% with EF < 60% x 78% with EF > 60%; 
p < 0.05).20 Therefore, surgical aortic valve replacement 
(SAVR) and transcatheter aortic valve implantation 
(TAVI) are the only treatments capable of modifying 
the quality of life and the evolutionary prognosis of the 
pathology.21,22  The evaluation of the results of SAVR and 
TAVI showed different aspects between the genders. 
Analyzing these aspects, would it be possible to infer 
the existence of a more adequate therapy for women? 

Procedures in native aortic valves (SAVR and TAVI)

Surgical Aortic Valve Replacement (SAVR)
The surgery is less performed on women, and when 

women undergo the surgery, they have an increased 
mortality rate, with worse long-term results when 
compared to men.23-25 ​​Because they are diagnosed later 
with a more advanced stage of aortic stenosis, they are 
referred less frequently and belatedly for SAVR, leading 
to a higher surgical mortality rate.26  

SAVR can be performed using a conventional 
approach or a minimally invasive technique using a 
ministernotomy in the upper third or a minithoracotomy 
in the second right intercostal space. Despite the aesthetic 
appeal of the latter for women, there are technical 
restrictions for the procedure on this gender due to 
reduced body surface area (BSA) and advanced age.

The choice of prosthesis for aortic valve replacement 
takes into account the age group, anatomical 
characteristics, socioeconomic conditions and the 
patient's consent. The prostheses can be mechanical, 
biological xenografts (porcine or bovine pericardium), 
with support or stent (stented prosthesis) or without 
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support (stentless prosthesis) and biological allografts 
(cryopreserved human valves).27,28 In degenerative AS, 
due to a lower life expectancy and risk of continuous 
anticoagulation in females, there is a worldwide trend 
towards the use of biological prostheses. 

Specific anatomical aspects of the aortic valve complex 
in women may explain many of the disparities in 
treatments for this gender. In a recent sub-analysis of 
the Simvastatin and Ezetimibe in Aortic Stenosis study, 
a small root, with a root height <14mm/m in women 
and <15mm/m in men, was observed in 17% of patients 
analyzed. These patients had a significantly smaller aortic 
ring diameter (21.3 mm) when compared to those with 
a normal aortic root. In this context, there is a strong 
dominance of females in all studies, accounting for up 
to 88-91% of patients who receive small prostheses, 19 
mm or 21 mm.29 

A good option for small aortic annulus in females is 
the use of a stentless bioprosthesis, which have shown 
better hemodynamic performance when compared to 
a conventional stented prosthesis, generating smaller 
aortic transvalvular gradients.30 However, it has some 
disadvantages, the technique for implanting stentless 
is more complex compared to stented; as well as a 
higher rate of coronary obstruction in patients with a 
degenerated stentless prosthesis who are subsequently 
submitted to TAVI using the valve-in-valve (VIV) 
technique, when compared to stented prosthesis.31

Prosthesis-patient mismatch (PPM) is evaluated by 
measuring the indexed effective orifice area (iEOA), 
considered insignificant if the iEOA is > 0.85cm²/m², 
moderate between 0.65 and 0.85cm²/m², and important 
if <0.65cm²/m².32 Predictors of PPM are: female gender, 
advanced age, arterial hypertension, diabetes, renal failure, 
high body mass index (BMI) and annulus < 23 mm.32 
Due to the higher prevalence of a smaller diameter of the 
aortic valve annulus (≤ 21 mm); women have a higher 
risk of PPM.33-35 To avoid PPM, a larger prosthesis can be 
implanted using techniques of surgical enlargement of the 
aortic annulus; however, these are associated with longer 
surgery and technical difficulty in calcified aortic rings, 
which may result in increased morbidity.

Aiming to reduce mortality from SAVR in women, 
alternatives for performing a faster and more effective 
procedure, with improved hemodynamic functioning 
and reducing complications, would be a great proposal. 
Two prostheses aim to achieve this goal. The rapid 
implant or rapid release prostheses, the Intuity (Edwards 

Lifescience, Irvine, California, USA), which is fixed in 
the aortic annulus with only three stitches, and has a 
stent for fixation in the left ventricular outflow tract. 
Another alternative is the self-expanding, sutureless 
nitinol prosthesis, Perceval S (LivaNova, London, United 
Kingdom), which does not require sutures for fixation 
to the aortic annulus. Both have some limitation for 
a bicuspid aorta. The results obtained are favorable, 
especially in minimally invasive procedures.36,37 Although 
we do not yet have comparative data between the 
genders, these results may alter the disadvantages in the 
surgery for women.

Transcatheter aortic valve implantation (TAVI)
Women have a longer life expectancy than men, 

therefore, more degenerative AS, representing a larger 
portion of patients undergoing TAVI,38 wich is more 
frequently indicated because it is a less invasive procedure 
with good results.39,40 Although underrepresented in 
coronary trials, a metanalyses including 11.310 patients 
refers that women represent almost half of patients 
evaluated in TAVI studies.41

The lower mortality rate for women vs men on TAVI 
has been reported in several studies, including a recent 
meta-analysis by Siontis et al.42 One of the possible factors 
is the fact that women have lower acute renal failure 
rates, and another could be the fact that women have a 
lower risk of moderate/severe aortic insufficiency (AI) 
after TAVI. Both well-known factors for increased post-
procedure mortality. Women received more balloon-
expandable prostheses (Sapien - Edwards Lifescience, 
Irvine, California, USA), while men received more 
self-expanding prostheses (CoreValve and Evolut - 
Medtronic, Minneapolis, Minnesota, USA), which may 
have contributed to less AI in women when compared to 
men.43 Another fact was evidenced in the meta-analysis 
by Saad et al,43 which involved 17 studies, reporting 
that the higher number of self-expanding prostheses 
implanted in men compared to women led to a greater 
need for a permanent pacemaker in men (17% vs 10, 4%), 
a factor that also influences the increase in mortality.  

The choice of prosthesis depends on the anatomical 
evaluation through computed tomography. Female 
patients, due to the smaller diameter of the aortic 
annulus, may benefit from transcatheter prostheses with 
a supra-annular attribute, such as the Evolut (Medtronic, 
Minneapolis, Minnesota, USA), Portico (Abbott, Aboott 
Park, Illinois, USA) or Accurate (Boston Scientific, 
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Massachusetts, Massachusetts, USA). Self-expanding 
prostheses present a better hemodynamic performance 
than annular balloon expandable protheses, with a 
lower transvalvular gradient and higher EOA, as well 
as providing a lower incidence of rupture. Actually 
there is still no evidence that this finding translates into 
reduce incidence of adverse outcomes as mortality, 
rehospitalization or prothesis degeneration.44 Based on 
that, the newly launched SMART trial was designed 
to answer this question 45 Another aspect that is more 
common in women, a lower-height coronary artery, 
may also require specific types of prostheses to avoid 
coronary occlusion. The use of completely repositionable 
prostheses, such as Evolut and Portico, may have 
an advantage over other prostheses as they can be 
repositioned, allowing the procedure to be reversed in 
case of occlusion.46 The Accurate prosthesis has technical 
specifications that accept its use for lower coronary 
arteries and clinical records show lower numbers of 
coronary occlusion than other prostheses, but we still 
do not have comparative randomized studies.47 Finally, 
procedures with complex techniques, using coronary 
protection devices, may prevent occlusion.

Femoral access is always the first choice for TAVI as 
it leads to the best results. Women have smaller and 
more tortuous arteries, which can limit transfemoral 
access.48 ​​Female patients often undergo TAVI through 
alternative, non-femoral routes. However, with the 
technological advances of all prostheses, which have 
become more flexible and smaller in caliber, making 
it possible to perform TAVI in arteries of increasingly 
smaller diameters, there has been a significant reduction 
in TAVI performed through alternative access routes.49

Some complications related to TAVI are mentioned as 
more frequent in women: major vascular complications, 
major bleeding, coronary occlusion, rupture of the aortic 
valve annulus and left ventricular perforation. Vascular 
complications are almost twice as frequent in women. This 
is likely due to smaller femoral arteries in comparison to 
men's and smaller stature.50 Life-threatening bleeding or 
severe bleeding has a 50% higher incidence in females 
than in males. This discrepancy is more pronounced in 
patients with a lower BMI.37 In the largest multicenter 
registry reporting post-TAVI coronary obstruction, the 
vast majority (>80%) of patients were women.51 Ring 
rupture is rare, possibly due to the smaller diameter of 
the ring in women. In the series reported by Barbanti et 
al.,52 74% of the patients who developed annular rupture 
were women. Left ventricular perforation is a very rare 

complication, but more frequent in females, possibly due 
to the smaller size of this cavity in women.44

Although the post-TAVI complications described 
above occur more frequently in women, this has not 
interpreted into an increased mortality rate. In a meta-
analysis of 27,186 patients, correction of AS in women 
using TAVI demonstrated significantly lower one-
year mortality than SAVR. One of the reasons for this 
finding would be a lower occurrence of PPM, which 
would facilitate greater recovery of systolic ventricular 
function.53

Therapeutic procedures in failure of valve prostheses

The degeneration of surgical or percutaneous 
prostheses and the occurrence of PPM are considered 
reasons for an intervention. A reoperation (redo-surgery) 
for the replacement of a degenerated bioprosthesis is, 
to date, considered the gold standard approach for 
patients with a dysfunctional bioprosthesis. However, 
when compared to the first surgery, redo-surgery has 
higher rates of morbidity and mortality. Considering that 
women already have a higher mortality rate for the first 
surgery, the limitation of this approach is accentuated.

On the other hand, studies demonstrated the feasibility 
and safety of the VIV procedure, which consists of the 
implantation of a transcatheter bioprosthesis inside the 
dysfunctional surgical bioprosthesis. The medium-term 
follow-up of these patients showed improvement in 
hemodynamic status and excellent functional results, 
and its indication was recently incorporated into North 
American and European cardiology guidelines.22,54 

In a recent meta-analysis, Mahmoud et al described 
the results of this procedure in a series of 22 studies, 
totaling 5,553 patients undergoing VIV.55 In that review, 
a 97% success rate was observed, with 5% mortality and 
2% stroke within 30 days. In long-term follow-up, a 
subanalysis of the VIVID registry published by Bleiziffer 
et al with 1006 VIV procedures performed more than five 
years ago observed a lower eight-year survival in patients 
who came in with a failed bioprosthesis with an internal 
diameter ≤ 20 mm. Independent predictors of mortality 
included small prostheses, including those with PPM, 
and non-transfemoral access, both of which were more 
prevalent in women.56 

Literature data on PPM are poorly explained due to the 
difference between PPM measurements in post-surgery 
and post-TAVI studies. They are different concepts 
and different measures used. Most post SAVR studies 
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have used the predicted EOA to define PPM, which is 
calculated by dividing the normal reference value of EOA 
for model and prosthesis size by the patient's BMI. TAVI 
studies do not use the predicted PPM, they have used the 
iEOA measured by echodopplercardiography to identify 
PPM, resulting in what is known as measured PPM. In a 
study published by Ternacle et al,57 if the predicted EOA 
measurement after TAVI is used, most patients with PPM 
will be reclassified to those without PPM after TAVI.

In cases of TAVI prosthesis failure, comparison of 
the results of implanting a second prosthesis by TAVI 
inside the dysfunctional (redo-TAVI) vs. VIV in the 
International Redo-TAVI Registry showed no difference 
in 30-day and 1-year mortality, and larger area and 
smaller residual mean gradient were observed in patients 
undergoing redo-TAVI. The rate of ≥ moderate residual 
aortic regurgitation (AR) was the same in both groups, 
but there was a difference in mild AR, which was higher 
in the redo-TAVI group.58 These results are encouraging 
for a future therapeutic alternative, given the greater 
number of women undergoing TAVI. Concerns about 
the durability of these transcatheter prostheses can be 
minimized knowing that the redo-TAVI alternative is 
comparable to the VIV alternative.

Although we do not have studies looking at VIV 
outcomes specifically in women, it is important to take 
into account all aspects of the studies described above 
that may be beneficially applicable to women. 

Two techniques, which require greater expertise, 
are described to enable transcatheter VIV procedures 
in more complex anatomies. First, when the implanted 
surgical bioprosthesis is small, inflating a balloon inside 
it to break the ring, allowing VIV to be performed with 
a higher iEOA becomes an alternative. A study of this 
technique in 75 patients at 25 centers demonstrated that 
the procedure can be performed safely with a significant 
reduction in the final residual gradient.59 A second 
technique, the procedure called BASILICA (Bioprosthetic 
or Native Aortic Scallop Intentional Laceration to Prevent 
Iatrogenic Coronary Artery Obstruction), consists of 
the intentional laceration of the bioprosthesis leaflet to 
prevent iatrogenic obstruction of the coronary artery 
during VIV implantation, and can also be used in a native 
aortic artery when submitted to TAVI. According to the 
BASILICA international registry, which included 214 
patients from 25 centers in the United States and Europe, 
leaflet laceration was successful in 94.4% of patients, with 
partial or complete coronary obstruction in 4.7% of cases.60

Figure 2 – Characteristics of aortic stenosis in females. 
LV: left ventricle; PPM: prothesis-patient mismatch; TAVI: transcatheter aortic valve implantation.
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 Synopsizing the above, figures 2 and 3 are central 
figures, they represent a general summary of the 
important aspects contained in different parts of this 
text. Figure 2 presents the characteristics of degenerative 
aortic stenosis in women, enumerating anatomical, 
clinical, pathophysiological and therapeutic aspects 
present in females. Figure 3 seeks a correlation between 
the differences found and the prospects for a solution for 
each challenge that is presented.

Conclusion

In women, severe AS with fibrotic degeneration is 
more frequently observed than the calcified phenotype, 
which predominates in men. This suggests that, rather 
than the typical profibrotic remodeling paradigm 
that progresses to calcification, female valve disease 
results from a continuous accumulation of collagen. A 
smaller symptomatology is observed, possibly due to 
self-limitation due to advanced age, and there may be 
a drop in the ventricular ejection fraction before the 
presentation of symptoms, leading to a worse prognosis 
due to the delay in the intervention. Several studies 
have shown that SAVR is associated with a higher risk 
for women compared to men. The increase in mortality 

and 30-day SAVR in women is possibly due to increasing 
age, comorbidities, and higher in-hospital mortality. 
TAVI, unlike SAVR, has proven benefits in women, with 
superior results in terms of hospital mortality, as well 
as in terms of medium and long-term outcomes, when 
compared to their male counterparts. 
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Figure 3 – Challenges in the treatment of women with aortic stenosis and possible solutions. 
PPM: prosthesis-patient mismatch; TAVI: transcatheter aortic valve implantation.
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