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ABSTRACT
Valvular heart diseases (VHDs) are a major cause of cardiovascular
morbidity and mortality worldwide. As degenerative and functional
mechanisms represent the main etiologies in high-income countries
are degenerative and functional, while in low income countries etio-
logie is mostly rheumatic. Although therapeutic options have evolved
considerably in recent years, women are consistently diagnosed at
later stages of their disease, are delayed in receiving surgical referrals,
and exhibit worse postoperative outcomes, compared to men. This
difference is a result of the historical underrepresentation of women in
studies from which current guidelines were developed. However, in
recent years, important research, including more female patients, has
been conducted and has highlighted substantial sex-specific differ-
ences in the etiology, diagnosis, and treatment of VHDs. Systematic
consideration of these sex-specific differences in VHD patients is
crucial for providing equitable healthcare and optimizing clinical out-
comes in both female and male patients. Hence, this review aims to
explore implications of sex-specific particularities for diagnosis, treat-
ment options, and outcomes in women with VHDs.
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R�ESUM�E
Les valvulopathies sont une cause majeure de morbidit�e car-
diovasculaire et de mortalit�e dans le monde. Les m�ecanismes
d�eg�en�eratifs et fonctionnels repr�esentent maintenant les principales
�etiologies dans les pays à revenu �elev�e, mais la maladie valvulaire
rhumatismale demeure très pr�evalente dans les pays à revenu faible.
Par ailleurs, même si les options th�erapeutiques ont �evolu�e depuis
quelques ann�ees, les femmes reçoivent syst�ematiquement leur diag-
nostic à des stades plus avanc�es de la maladie, sont orient�ees plus
tard en chirurgie et les issues postop�eratoires sont moins favorables
par rapport aux hommes. Cette diff�erence s’explique par une sous-
repr�esentation historique des femmes dans les �etudes sur lesquelles
reposent les lignes directrices actuelles. Cependant, des �etudes
importantes r�ealis�ees ces dernières ann�ees ont mis au jour des
diff�erences substantielles entre les sexes en ce qui a trait à l’�etiologie,
au diagnostic et au traitement des valvulopathies. Il est essentiel de
tenir compte des diff�erences selon le sexe chez les patients atteints
d’une valvulopathie pour fournir des soins de sant�e �equitables et
optimiser l’issue clinique tant chez les femmes que chez les hommes.
Cette analyse vise donc à explorer les implications des particularit�es
selon le sexe en ce qui concerne le diagnostic, les options th�erapeu-
tiques et les issues chez les femmes atteintes de valvulopathies.
Lay Summary

Valvular heart diseases (VHDs) are a major cause of disease and
death. Each of the 4 valves can either “leak” because they fail to
close properly, be too “narrow” for proper blood flow, or both.
Even with improved treatments, female patients are diagnosed
and referred for treatment later than male patients and have
worse outcomes than men after surgery. This review explores sex-
specific differences that are important for better diagnosis, treat-
ment, and outcomes in women with VHDs.
Valvular heart diseases (VHDs) are one of the leading
causes of cardiovascular morbidity and mortality worldwide.
Even though rheumatic valve disease remains the most prev-
alent form of VHD in low-income countries, degenerative and
functional diseases have become predominant in high-income
countries due to the wide access to group A Streptococcus
treatment and significant improvement in socioeconomic
conditions.1,2 As the population ages, the burden of degen-
erative heart valve disease is expected to grow substantially in
the upcoming years. Therapeutic options, which have evolved
considerably in the past few decades, rely mostly on in-
terventions, either surgical or transcatheter, as no
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Figure 1. Incidence of valvular heart diseases (VHDs) according to the sex of the patient.5 (A) Incidence per 100,000 person-years of VHDs and (B)
relative frequencies in % of VHDs in Sweden, according to the sex of the patients. The pink bars represent the data for women and the blue bars
represent the data for men. *Significantly different incidence of VHDs between sexes. AR, aortic regurgitation; AS, aortic stenosis; MR, mitral
regurgitation; MS, mitral stenosis; PR, pulmonary regurgitation; PS, pulmonary stenosis; TR, tricuspid regurgitation; TS, tricuspid stenosis. From
Clavel et al.5(The data presented in this figure are obtained from the study of Andell et al.4) with permission from BMJ Publishing Group Ltd.
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pharmacologic treatment has exhibited beneficial outcomes on
valvular disease progression in human subjects to date.3

In high-income countries, the vast majority (w70%) of
VHDs are diagnosed in patients aged � 65 years, except for
pulmonary valve disease. Despite the belief that VHDs affect
mostly male patients, 47% of the patients diagnosed with any
VHDs are female, with a slightly lower incidence rate of any
VHDs in female compared to male patients, except for
tricuspid regurgitation and mitral stenosis (Fig. 1).4-6

Although many studies have underrepresented female pa-
tients, major differences regarding valvular disease pathophysi-
ology, presentation, referral for intervention, treatment, and
outcomes of male vs female patients have been documented in
recent years. We here sought to explore sex-specific differences
in clinical presentation, management, and therapeutic out-
comes of the most common degenerative or functional VHDs
in adultsdrespectively, aortic stenosis (AS), chronic aortic
regurgitation (AR), mitral regurgitation (MR; both organic and
functional), and tricuspid regurgitation (TR).
Aortic Stenosis

Prevalence, etiology, and pathophysiology

Calcific AS is the most common VHD in industrialized
countries, with a prevalence of 0.4% in the general popula-
tion, and of up to 1.7% in adults older than 65 years.7 The
number of incident patients older than 65 years hospitalized
with AS is shown to be similar for men vs women.6 However,
the incidence is higher in men before that age, due to the
higher prevalence of bicuspid aortic valve in men, with an
estimated 3 cases in men for every 1 case in women.8,9

AS physiopathology is characterized by progressive valve
leaflet stiffening and remodeling caused by a complex process



Figure 2. Principal features of aortic stenosis (AS) in women. LVEF, left ventricular ejection fraction; TAVI, transcatheter aortic valve implantation.
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that includes a primary injury, lipid deposition, inflammation,
and mineralization. For the same hemodynamic severity of
stenosis, male patients present with more-calcified aortic
valves than female patients, who are shown to exhibit higher
levels of fibrosis and dense connective tissue.10,11 In addition
to biomechanical alterations of the aortic valve, the narrowed
valve area increases afterload, resulting in left ventricular
eccentric or concentric hypertrophy. An interesting sex-
specific adaptation of the left ventricle (LV) occurs, with
more concentric hypertrophy in female patients (Fig. 2) and
more eccentric hypertrophy in male patients.12 This
myocardial adaptation, which initially maintains wall stress
and preserves LV function, is deleterious in the long-term. In
fact, capillary networks do not expand sufficiently to meet the
high oxygen demands of increased afterload and myocardial
mass, which results in myocyte apoptosis, fibrosis, and sub-
sequent scarring.13

Presentation and diagnosis

Assessment of AS severity is performed using Doppler
echocardiographic parameters, with values of mean gradient
> 40 mm Hg, peak aortic jet velocity > 4 m/s, and aortic
valve area < 1.0 cm2 indicating severe disease. As the ventricle
presents a concentric remodeling and/or hypertrophy in
women, more women will present with low-flow AS despite
having a preserved left ventricular ejection fraction (LVEF;
ie, paradoxical low flowdFig. 2). This presentation has 2
major implications for women’s diagnosis and referral for
intervention. First, the LVEF threshold of 50% to assess LV
systolic dysfunction is probably too low in women. An
interesting finding in recent studies is that in both male and
female grouped patients cohorts, the LVEF threshold associ-
ated with mortality is probably more than 55%-60%.14,15

Second, discordance between the aortic valve area (in the se-
vere range) and the mean gradient (in the moderate range)
occurs frequently in female patients, is often associated with
low flow, and it is insidious, as LVEF remains normal or
supra-normal. Thus, both peak aortic jet velocity and/or
gradient and aortic valve area must be evaluated and consid-
ered, as opposed to the proposed approach in the American
guidelines, which is based mostly on velocity.16 These 2
points may both contribute equally to underdiagnosis of se-
vere AS in women and delay or denial of aortic valve
replacement (AVR) in women. In North America, women are
less likely to be referred to a cardiologist and to undergo
diagnostic tests, and AVR is performed in women at rates
significantly lower than those for men,17 especially if echo-
cardiography parameters are discordant.18

To avoid such delay, aortic valve calcification must be
measured by computed tomography if echocardiographic
parameters are discordant. As female patients develop less
aortic valve calcification, but more valvular fibrosis, than
men for the same level of AS severity,10,11 sex-specific
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thresholds of aortic valve calcification measured by computed
tomography to identify severe AS have been proposed (ie,
1200 or 1300 Agatston units in female patients, and 2000
Agatston units in male patients; Fig. 2).19,20 These thresh-
olds are included in the current American and European
guidelines.21,22 Moreover, despite women having less calci-
fication and more fibrotic remodeling than men, regardless of
valve phenotype or age, this difference appears to be even
more important in young patients.11 Indeed, in young
bicuspid female patients, aortic valve calcification is often
lower than expected for a female patient and is sometimes
totally absent, even in cases of severe AS.11,23; thus aortic
valve calcification measured by computed tomography
should be used with caution. Also, if follow-up echocardio-
grams are available, a LVEF decrease of 10% should raise
concern, even if the LVEF is 60%. If follow-up examinations
are not available, global longitudinal strain (GLS) could be
used to assess systolic dysfunction. Indeed, an impaired GLS
of below 15 (in absolute value) has been associated with
worse outcome in asymptomatic AS patients.24

The classic triad of symptoms in AS consists of angina,
dyspnea, and syncope, with a poor prognosis (2-3eyear
survival) when one of these manifestations arises and no
intervention is performed. An interesting difference is that
female patients present more often with shortness of breath,
whereas males more often present with angina. This differ-
ence may be due to the higher incidence of coronary artery
disease in male patients.25 These differences in presentation
could also contribute to the delay in treatment of women,
due to their having “less severe” or “less dramatic” symp-
toms. The use of type-B natriuretic peptide (BNP) or N-
Terminal pro-BNP level may help in determining an asso-
ciation of shortness of breath with cardiac diseases; however,
the expected value must be used, as the levels of both BNP
and N-Terminal pro-BNP increase with age and are higher
in women.26 Serial BNP assessments (every 6 or 12 months)
can also be very useful, as they avoid the limitation of
mandatory use of the expected value, by using patient’s
baseline values as a control.27 Indeed, patients with higher
annualized BNP changes have a greater risk of cardiac events,
despite having similar baseline values.27

Therapeutic options

As no pharmacologic treatment has been proven to be
effective in preventing AS or halting its progression, AVR,
either surgical or percutaneous, is required once AS is severe
and the patient has become symptomatic or has impaired LV
function (class I indications).16 Male sex is clearly associated
with a higher frequency of early AVR, despite the fact that
women exhibit more symptoms. Moreover, in patients pre-
senting with severe AS and class I indications for AVR in
accordance with echocardiographic parameters, a significantly
higher proportion of men than women are referred for eval-
uation by a cardiac surgeon.28,29 The higher incidence of AVR
in male patients may be related in part to the higher occur-
rence of concomitant surgery at the time of AVR, such as
coronary artery bypass grafting, aorta repair, or aorta
replacement (either associated or unassociated with bicuspid
aortic valve). However, in patients with similar evaluation and
comorbidities, women are still referred to AVR less often than
men, especially in the group of patients with discordant
echocardiographic findings.18

In adults, intervention options include surgical AVR
(SAVR) and transcatheter AVR (TAVR). The consensus in
the literature is that male patients tend to benefit more than
female patients from surgical approaches when undergoing
AVR.30-32 After SAVR, women have higher rates than men of
in-hospital mortality, non-home discharge, and long-term
mortality.31-33 The clear disparity in outcomes can be attrib-
uted in part to the worse preoperative characteristics in the
women, who were older and had a poorer health status at
baseline than the men.18,31 Moreover, concentric hypertrophy
is associated with significantly higher mortality compared with
other patterns of myocardial remodelling, in women specif-
ically.12 Accordingly, some specific features of AS in women
are associated with a worse outcome after SAVR, such as low-
flow AS with preserved LVEF.34 Women also present with a
smaller aortic annulus than that of men, for the same body
size, which makes them more vulnerable to prosthesisepatient
mismatch (PPM; Fig. 2). PPM occurs when the effective
orifice area of the prosthesis is too small in relation to the
patient’s body size, and consequently, to their cardiac output
requirements. The prevalence of PPM following SAVR is
10%-20% and 20%-70%, for severe and moderate PPM,
respectively. The impacts of PPM following AVR include
lower regression of left ventricular myocardial hypertrophy,
less recovery of coronary flow reserve, less regression of MR,
less improvement in functional class, worse exercise capacity,
increased incidence of late cardiac events, increased bleeding
complications, increased incidence of bioprosthesis structural
valve deterioration, and negative impact on short- and long-
term survival.35,36

An interesting finding is that TAVR may be able to
overcome some of these specific features of AS. Occurrence of
severe PPM after TAVR is about 1%, and of moderate PPM is
about 10%,37 and TAVR is superior to SAVR for PPM
prevention, especially in small aortic annuli.38-40 Self-
expanding valves could be superior to balloon-expandable
valves in terms of PPM, as their positioning is supra-
annular.41 Also, given that the TAVR procedure is less inva-
sive, it may be preferable for patients with low flow and
reduced or preserved LVEF, as they have impaired diastolic
function, decreased GLS, and reduced stroke volume in-
dex.42,43 In addition, the quantity of aortic valve calcification
has been associated with worse outcomes after TAVR,44,45

such as increased paravalvular leak and greater need for a
permanent pacemaker; also, as discussed earlier, women have
less calcification than men. This difference may explain the
fact that despite TAVR being associated with a greater fre-
quency of both paravalvular leak and permanent pacemaker
implantation than SAVR, their incidence is lower in women
than it is in men.46-49

In high-risk female patients, TAVR is associated with lower
late mortality than SAVR (28.2% vs 38.2% at 2 years),
especially when TAVR is performed through a transfemoral
access (Fig. 2).50 A meta-analysis of randomized controlled
trials comparing survival in severe AS patients undergoing
SAVR or TAVR showed that in women, TAVR has a 26% to
31% lower odds of mortality than does SAVR.51 Women now
represent more than 50% of patients undergoing TAVR, and
this percentage is expected to increase with the additional



Table 1. Comparison of the most commonly used frailty scales in the context of aortic valve replacement

Frailty scale Items Cutoff Pros Cons

Essential Frailty Toolset (EFT) - Chair rise time (5)
- Cognitive impairment (MMSE
or Mini-Cog test)

- Serum hemoglobin
- Serum albumin

� 3/5 - Objectiveness
- Multiple domains assessed
- Quick to perform (if Mini-Cog
Test used instead of MMSE)

- Time-consuming

Short Physical Performance Battery
(SPPB)

- Gait speed
- Chair rises
- Side-by-side/semi-tandem/tan-
dem stand

� 8/12 - Objectiveness - Few domains assessed
- Modest specificity
- Time-consuming

Fried Scale - Gait speed
- Grip strength
- Weight loss (self-reported >
10% unintentional in the last
year)

- Exhaustion (self-reported)
- Inactivity (calories spent/wk)

� 3/5 - Multiple domains assessed - Patient-reported items in-
troduces potential recall bias

- Specialized equipment required
(grip strength)

- Time-consuming

Rockwood Clinical Frailty Scale
(CFS)

- Symptoms (self-reported)
- Mobility (self-reported)
- Inactivity (self-reported)
- Exhaustion (self-reported)
- Disability for ADLs
- Instrumental ADLs

� 5/9 - Reasonable interrater reliability
- Does not require extensive
training

- Lacks objectivity

Bern Scale - Gait speed
- Cognition (MMSE)
- Nutrition (Mini Nutritional
Assessment)

- Instrumental ADLs
- Basic ADLs
- Instrumental ADL disability

� 3/7 - Objectiveness
- Multiple domains assessed
- Does not require specialized
equipment

- Time-consuming

Columbia score - Gait speed
- Grip strength
- Serum albumin
- ADLs disability (Katz ADL
survey)

� 6/12 - Objectiveness
- Quick to perform
- Does not rely on self-reported
items

- Specialized equipment required
(grip strength)

- Time-consuming

ADL, activity of daily living; MMSE, Mini Mental State Examination.
Adapted from Chuang et al.59 with permission from Elsevier.

Figure 3. Principal features of aortic regurgitation (AR) in women. BAV, bicuspid aortic valve.
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evidence corroborating the superiority of TAVR over SAVR in
female patients with severe AS52 and the results of the ongoing
Randomized Research in Women All Comers With Aortic
Stenosis (RHEIA) trial.53

AVR in female patients planning pregnancy

In women planning pregnancy and in whom AVR in
necessary, several concerns need to be addressed. In young
patients, a mechanical prosthesis is often the first choice, given
the increased durability of the device compared to that of a
bioprosthesis, which usually lasts 10-15 years before a reop-
eration is necessary. In such patients, long-term anti-
coagulation is required to avoid thrombotic events, but the
medication also increases the risk of bleeding. Despite anti-
coagulation being possible in pregnancy by replacing warfarin,
which is associated with higher fetal mortality, by heparin,
which is less effective, it is less than ideal.54 Thus, if pregnancy
is minimally anticipated before AVR, a mechanical valve
should be avoided, as no anticoagulation medication is
optimal for both mother and fetus.55 The Ross procedure is
an especially attractive option, as it is not accompanied by
either need for long-term anticoagulation or increased con-
cerns for bioprosthetic valve durability, as accompanies use of
a bioprosthesis in young patients (Fig. 2).56 This operation,
devised by Donald Ross in 1967, allows for the native aortic
valve to be excised and replaced by the patient’s own pul-
monary valve. Allograft tissue is then positioned in the low-
pressure pulmonary position. The Ross procedure is associ-
ated with a lower reintervention rate and better survival than
other AVR options in high-volume centres.57 However, the
procedure has its own challenges, given that it carries a risk of
converting a single-valve disease into a double-valve disease,
potentially exposing patients to complex reoperations, with a
significant rate of reintervention mortality.57,58 Thus, an
important point to highlight is that the Ross procedure is a
technically complex procedure and its outcomes are highly
dependent on surgeon expertise and hospital surgical volumes.

Frailty indexes

When discussing sex differences in baseline presentation
for AVR, frailty, associated with poor functional recovery
potential in geriatric patients, is a recurring theme. In fact,
although several scales can be used to measure frailty, a lack of
consensus remains regarding their accuracy and standardiza-
tion. In fact, the prevalence of frailty varies greatly, depending
on the scale used by physicians to measure it (Table 1).59

Thus, with women consistently being evaluated as having
higher frailty scores, compared to those of men, bias in the
assessment of frailty could be in part responsible for the lower
referral rates to AVR of female patients. The Essential Frailty
Toolset (EFT), a standardized frailty score that has been
demonstrated to be the strongest predictor of death at 30 days
and at 1 year following TAVR, as well as worsening disability
at 1-year post-TAVR, seems to outperform other frailty scales
and is therefore recommended in this setting.60

Implications

Given the complexity of factors that need to be taken into
consideration when selecting an appropriate intervention for
severe AS patients, a comprehensive assessment by a
specialized heart team should be performed to ensure that an
appropriate individualized decision is made. Sex-specific dif-
ferences in pathophysiology and adaptive mechanisms are also
crucial to consider in identifying the best point for interven-
tion to produce maximal benefit. Accordingly, the paradoxical
low-flow low-gradient pattern exhibited in a significant subset
of female patients should be given greater recognition in
clinical practice, to ensure that women have access to optimal
therapeutic options even when presenting with a preserved
LVEF.
Aortic Regurgitation

Prevalence, etiology, and pathophysiology

AR is a common VHD with an estimated prevalence of
4.9% and 0.5%, when including either any degree of AR or
solely moderate/severe AR, respectively.61 AR is more
frequently observed in men than in women (13% vs 8.5%;
Fig. 3), and its incidence increases with age.62 In high-income
countries, the main etiology of AR is degenerative, especially
in patients with bicuspid aortic valve (BAV), which explains
why the disease is more prevalent in male patients. Indeed,
BAV affects approximately 0.5%-2% of the population, with
a 1:3 female-to-male patient ratio (Fig. 2). An interesting
finding is that the most frequent type of degeneration of the
BAV in men is AR, whereas AS is the most common in
women.63,64 (BAV is also often associated with dilatation of
the aortic root or of the proximal ascending aorta, which
makes patients more susceptible to secondary AR. In patients
with BAV, men show larger diameters of the aortic root
structures, and of the ascending aorta, and thus have more
aortopathies (Fig. 3).65 Additionally, patients with AS often
have concomitant AR, with about 75% of patients with a
primary diagnosis of AS exhibiting some degree of AR.66

The disease is characterized by the reflux of blood from the
aorta to the LV during diastole, reducing the effective stroke
volume and resulting in volume overload of the LV. AR can
be the consequence of abnormalities of either the aortic leaf-
lets or the structures supporting them, mainly the aortic root
and the aortic annulus. Mild and moderate AR are generally
well tolerated, and they are benign if LV dimensions remain
within normal range. However, as the severity of the disease
increases, the LV undergoes adaptive remodelling. Eccentric
hypertrophy is the most predominant pattern, with LV cavity
dilatation, which initially preserves stroke volume and ven-
tricular function, but later results in systolic dysfunction.67 An
interesting finding is that female patients have smaller ven-
tricular volumes and mass, compared to those of men, even
when measurements are indexed to body surface area (BSA;
Fig. 3).68 However, this difference seems to be present mainly
in patients with mild AR.68

Presentation and diagnosis

The first-line assessment of AR is echocardiography, which
allows imaging of valve morphology and hemodynamics, as
well as visualization of the aortic root and ascending aorta. LV
size and systolic function are also assessed, as they are crucial
criteria for referral to intervention. AR is considered severe
when conditions are as follows: the Doppler jet width is



Figure 4. Principal features of mitral regurgitation in women. EROA, effective regurgitant orifice area; MR, mitral regurgitation.
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� 65% of LV outflow tract; the vena contracta is superior to
0.6 cm; the regurgitant volume is � 60 mL/beat; the regur-
gitant fraction is � 50%; and the effective regurgitant orifice
area is � 0.3 cm2.16 Diagnosis of severe chronic AR also re-
quires evidence of LV dilatation.16 As the female LV is smaller
than the male LV,69 absolute measurement of the vena con-
tracta and the regurgitant volume probably underestimates AR
severity in women (Fig. 3); thus, the regurgitant fraction
should be preferred in female patients.

Therapeutic options

Compared to male patients, female patients consistently
present for aortic valve surgery with more advanced symptoms
and exhibit a higher incidence of postintervention mortality.
This difference is a result of the later referral of women to
both tertiary-centre evaluation and intervention (Fig. 3), as
evidence shows that worse outcomes for female patients with
AR cannot be explained by biological idiosyncrasies.70
However, an important point to note is that posteaortic
valve surgery survival rates for women have greatly improved
in recent years.70

Regarding the timing of intervention, aortic valve surgery is
indicated in symptomatic patients regardless of their LV sys-
tolic function. In asymptomatic patients with chronic severe
AR and LVEF � 55%, surgery is indicated if no other cause
for systolic dysfunction is identified. Intervention is also rec-
ommended in patients with severe AR who are planning to
undergo cardiac surgery for another indication.16 Further-
more, the cutoff point of the LV end-systolic diameter for
optimal postoperative survival is indexed to BSA (< 25 mm/
m2).16,22 This approach is a significant improvement, as
previous guidelines did not take into account patients’ body
size, obviously resulting in significantly lower intervention
referral rates for female patients, possibly for more-severe AR,
given that female patients have smaller hearts.71

Although the rate of TAVR has skyrocketed in the context
of AS in recent years, its role in isolated chronic AR is less
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clear. Indeed, the dilatation of both the aortic annulus and the
aortic root, often associated with AR, limits the use of TAVR
in this subset of patients, as this dilatation increases the risk of
prosthesis migration and significant paravalvular leak.72,73

Hence, TAVR is considered mainly in carefully selected pa-
tients who have pure severe AR and prohibitive surgical risk.

In asymptomatic patients with chronic AR, medical ther-
apy is recommended in hypertensive patients, to reduce
afterload.16 However, no evidence supports the use of vaso-
dilating drugs to reduce severity of AR in the absence of
arterial hypertension.16 Diuretics and vasodilators are the
drugs of choice, and they also can be used to manage symp-
toms in patients deemed inoperable. The most used treat-
ments include angiotensin-converting enzyme (ACE)
inhibitors, and calcium-channel blockers, classically nifedi-
pine.3,74 No sex-specific management has been proposed yet.

Implications

AR is an undertreated VHD, but this is even more true for
female patients. Indeed, there are clear disparities between
male and female patients in their referral and management for
severe symptomatic AR, even though current guidelines are
unequivocal regarding the benefits of surgery in this subset of
patients.75 For female patients, indexing LV end-systolic
diameter to BSA is already an improvement, compared to
the approach recommended in previous guidelines, but even
when they are indexed to BSA, women still exhibit smaller
ventricular volumes. Hence, a preferable approach is to
determine sex-specific thresholds, as the 25 mm/cm2 that is
included in the guidelines is probably too large, and it
certainly plays a role in the undertreatment of female patients.
Additionally, the regurgitant fraction should be preferred to
the effective regurgitant volume area, as it is inherently
adapted to a patient’s LV size.
Mitral Regurgitation

Prevalence, etiology, and pathophysiology

MR can be subdivided into 2 entities: organic MR and
functional MR. Organic MR, also called degenerative or
primary MR, results from structural deformity or damage to
leaflets, chordae tendineae, or papillary muscles, causing
malcoaptation of the mitral leaflets during systole. Conse-
quently, blood flows into the left atrium from the LV during
ventricular systole. Common causes include MV prolapse
and/or flail, rheumatic disease, papillary muscle rupture, and
leaflet perforation.76 Women present more rheumatic MR,
more severe annulus calcification, less flail of leaflets, and
more bileaflet or anterior leaflet prolapse MR than do men
(Fig. 4).77-79 Female patients also are known to have more
leaflet thickening, which indicates a more generalized myxo-
matous degeneration than that in male patients.80

Functional MR, also called secondary MR, is not caused by
a structural problem of the MV, but rather by a LV wall
motion abnormality, or LV or LA remodelling, with a dilation
of the mitral annulus and displacement of the papillary
muscles causing incomplete leaflet coaptation. The prevalence
of functional MR is estimated at 2.0-2.5 million people in the
US in 2000, and this undoubtedly will increase considerably
in upcoming years, as it is expected to reach 4 million in 2030
as the population ages and the rate of postinfarction survival
increases.81,82 Functional MR is one of the most frequent
complications of LV remodelling due to coronary artery dis-
ease, and it is observed more frequently in male than in female
patients.83 Indeed, in most high-income countries, women
develop ischemic heart disease approximately 7 to 10 years
later than their male counterparts, with acute coronary syn-
dromes being 3 to 4 times more prevalent in men before age
60 years. However, after the age of 75 years, female sex is
associated with a majority of patients presenting with ischemic
cardiac events.84 On the other hand, functional MR as a result
of left atrial, and consequently annular, dilatation predomi-
nantly affects elderly female patients (58% vs 42% male) with
atrial fibrillation.85

Diagnosis

Current guidelines provide a recommendation to grade the
severity of MR; however, the proposed thresholds are not sex-
specific and are not indexed to body size.16,22 Thus, as women
have smaller hearts than men, even for the same body size,69

current guidelines tend to underestimate the severity of MR in
women.86 As they are less often diagnosed with severe MR
and a dilated LV, women’s referral to intervention is often
delayed,86-88 and consequently, they present with a worse
preoperative profile.89

Moreover, elderly women are less active than men of the
same age, making them less likely to present with flagrant
symptoms. Consequently, physicians may be more likely to
refer male patientsdwho have more-typical cardiac symptoms
(ie, chest pain, dyspnea)dto surgery at the appropriate time
than women, who exhibit more-subtle symptoms, such as
fatigue.89

Therapeutic options

If left untreated, severe MR can lead to ventricular
dysfunction, left atrial enlargement, secondary atrial fibrilla-
tion, and eventually, decompensated heart failure (HF),
resulting in a very reserved prognosis.

Organic MR. In patients presenting with severe organic MR,
MV surgical repair is the intervention of choice when the
valve is deemed repairable. Surgical MV replacement is per-
formed when the valve is deemed unrepairable. If the patient
is at prohibitive surgical risk, percutaneous procedures are
considered. The literature is clear as to the superiority of
surgery over percutaneous intervention, and that of MV repair
over replacement, in regard to lower incidence of operative
mortality, greater long-term survival, and reduced incidence of
reoperation and valve-related complications, in both women
and men with severe organic MR.90

As women often present with more challenging MV lesions
for surgical repair (ie, rheumatic, anterior, or multileaflet
prolapse), the crude rate of MV repair is lower in women than
it is in men (Fig. 4).79 However, when evaluated by etiologies,
repair is as achievable in women as it is in men, and women
derive the same benefit from surgery as men.86 Rheumatic
valve disease in women also is associated with concomitant
MV stenosis, which is an indication for valve replacement
rather than repair, resulting in worse outcomes.78,79
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In women, worse outcomes are generally reported after
valve surgery for degenerative MR, but this is believed to be a
consequence of referral patterns. In fact, male and female
patients presenting with the same type and degree of MR, as
well as comparable comorbidities, undergo the same types of
surgical interventions and exhibit similar outcomes (Fig. 4).91

Transcatheter edge-to-edge repair (TEER) is an attractive,
minimally invasive option for patients with high surgical risk,
as it is deemed to be a safe and effective treatment for both
primary and secondary MR. Studies also are being conducted
to explore whether the indications for TEER can be widened
to include selected patients with moderate surgical risk.92

Results from the Endovascular Valve Edge-to-Edge Repair
Study (EVEREST II trial) demonstrated the noninferiority of
TEER (using a MitraClip) to surgical intervention in patients
with severe primary MR, in regard to safety and improve-
ments in clinical outcomes, but it was found to be less
effective than surgery at reducing regurgitation.93

Functional MR. Regarding functional MR, no consensus
has been reached as to the superiority of either valve repair or
replacement for treatment when the disease becomes severe
and cannot be managed solely pharmacologically.94 Among
patients with symptomatic HF and moderate-to-severe or
severe (functional) MR, TEER is associated with better out-
comes than medical therapy alone.95 However, many patients
who are at prohibitive risk for surgery are ineligible for
transcatheter MV replacement, owing to their having small
LV dimensions, severe mitral annulus calcification, and too-
small or too-large mitral annular diameters; thus, such pa-
tients are treated medically, which generally results in poor
outcomes. As small LV dimensions and severe mitral annulus
calcification are more frequent in women, more female pa-
tients are ineligible for TEER.96

Female patients seem to undergo surgical MV repair more
often than do male patients, although no difference is seen
between the sexes in transcatheter edge-to-edge valve repair
frequency. However, women with severe ischemic MR,
compared to men, have higher incidence of 2-year mortality,
and of major adverse cardiac and cerebrovascular events, and
worse 2-year quality of life and functional status after surgical
MV repair or replacement.97

Prior to MV clip implantation, female patients tend to be
older than men, but with fewer comorbidities. All-cause
mortality at 1 year, durability of MR reduction, improve-
ment in symptoms, quality of life, and functional quality
postintervention are all similar between the 2 groups of pa-
tients.98 Thus, sex should not be considered a critical factor
when selecting candidates for TEER or direct annuloplasty, in
regard to postintervention outcome.99,100 However, left atrial
enlargement, which is significantly associated with male sex, is
a powerful independent predictor of adverse long-term
outcome after transcatheter MV repair, for both organic and
functional MR.101,102

Implications

Addressing bias that affects diagnosis and referral to MV
interventions for male vs female patients should be a priority,
as early interventions have been proven to improve long-term
outcomes in patients with degenerative diseases.103-105
Furthermore, technical developments in TEER should be a
priority, mainly regarding the size of devices, as a high number
of surgically inoperable patients who could benefit from such
interventions fail screening, because of anatomic features, and
are thus treated medically, resulting in higher mortality rates.
Tricuspid Regurgitation

Prevalence, etiology, and pathophysiology

In the US, moderate to severe TR is diagnosed in 0.55% of
the general population. The prevalence of TR increases with
age, and about 4% of patients aged 75 years or older have
clinically significant TR.106,107 To date, factors predicting TR
are not completely understood. Even though men and women
share many aspects in regard to the etiology and pathophys-
iology of heart disease, the literature on the differences in TR
between sexes is growing.108 Furthermore, evidence indicates
that female sex is a determinant of TR, and that women are
diagnosed with severe TR at a later age, compared to
men.62,109

TR may be separated into primary and secondary TR,
based on etiology, with secondary TR representing about 90%
of cases.106 Primary TR is caused by primitive lesions of the
tricuspid valve (TV), and it can be congenital (ie, Ebstein’s
anomaly, double orifice TV, tricuspid dysplasia, giant right
atrium) or acquired (ie, myxomatous degeneration, endo-
carditis, carcinoid syndrome, rheumatic disease, trauma, and
pacemaker- and/or device-related).110,111 On the other hand,
secondary TR is caused by an underlying disease that causes
subsequent right ventricular (RV) and/or atrial dilatation,
such as left-sided heart disease, pulmonary hypertension,
chronic atrial fibrillation, RV dysfunction, and annular dila-
tion. Secondary TR leads to inadequate coaptation between
the tricuspid leaflets.111,112

TR is rarely isolated and is quite prevalent in association
with other VHDs.113 In addition, multiple studies have noted
the higher prevalence of TR in women compared to men in
the general population, especially in the community setting,
even though this difference may be reduced in the tertiary-care
setting.4,62,106,109 Moreover, the prevalences of etiologies of
TR and predisposing factors of TR, including ischemic heart
disease, LV dysfunction, left valvular disease, and atrial
fibrillation, differs between the sexes.106,108,114 Among TR
patients with no congenital heart disease, nor prior TR sur-
gery, women are more likely to have LV heart diseaseerelated
TR and isolated TR etiology. On the other hand, men are
more likely than women to have diabetes mellitus, hyper-
cholesterolemia, a smoking habit, coronary artery disease,
devices such as an implantable cardioverter-defibrillator (ICD)
in situ and pacemaker, larger corrected ventricular size, and
worse ventricular dysfunctionerelated TR.109

In terms of pathophysiology, the reason that female sex is
associated with a greater burden of disease, more rapid
progression, and more symptomatic disease is un-
clear.109,115,116 However, the large inherent variability in
tricuspid valve anatomy is clear, with varying numbers of
leaflets and papillary muscles.110 A study of the human
atrioventricular annuli in postmortem hearts of secondary
TR showed that the corrected annular circumference was
larger in female patients. On the other hand, male patients
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had more myocardium, cellularity, and elasticity in their
atrioventricular annuli, which may help them adapt to he-
modynamic changes and protect them against annular
insufficiency and valvular incompetence. In addition, the
larger corrected circumference of the atrioventricular annuli
in female patients may limit valvular coaptation.117 These
findings may partly explain why triggers of TR, such as atrial
fibrillation, have greater impact on women, in that they cause
annular dilatation to a greater extent and a greater predis-
position to a higher risk of valvular incompetence.111,116

Therapeutic options

Although medical or conservative therapies are available in
certain cases, they are very limited (diuretics, aldosterone ag-
onists, pulmonary vasodilators, rhythm control). However,
use of medical therapies should not delay an evaluation for
surgery or transcatheter-based therapy. In fact, recent work
has highlighted the need for early TR intervention to prevent
the development of secondary RV damage and severe TR,
which is associated with excess mortality and worsening
HF.22,106,118 The treatment of TR also includes both surgical
and transcatheter options. However, evidence gaps remain
regarding sex-specific considerations for indications and the
timing of treatment.22

Surgical options

Until recently, surgery was the only definitive treatment for
TV disease. However, rates of TR surgery to treat patients
with TR disease have been very low, despite isolated TR being
associated with excess mortality. In the absence of another
indication to undergo cardiac surgery, isolated TR surgery is
relatively uncommon. In fact, most severe TR cases have been
treated medically.119 Recently, a strong initiative has advo-
cated for a more proactive surgical approach. The American
College of Cardiology guidelines strongly recommend surgical
treatment of the TR in patients undergoing left-sided valve
surgery. In addition, they recommend surgical treatment in
patients with right-sided HF and severe TR, as well as patients
with right-sided HF and isolated TR associated with annular
dilatation refractory to medical therapy.16 Surgical repair is the
gold standard for secondary TR, and TR annuloplasty has
been linked to the best long-term outcome, whereas a surgical
replacement is reserved primarily for advanced cases and pri-
mary TR.120 TV surgery of nonsevere TR is, in most cases,
not necessary, even in patients undergoing repair of isolated
MV prolapse. However, female sex is an independent risk
factor for increased TR over time in patients who have un-
dergone MV repair for MR.121

Women make up about 60% of those undergoing TV
surgery for TR, with the greatest proportion being for cases
of TV replacement.122,123 In addition, women undergoing
TV surgery are more likely to have undergone prior valve
surgery and to be hypertensive, whereas men are more likely
to have coronary disease and chronic kidney disease and to
have undergone prior bypass surgery at the time of TV
surgery.122,123 However, no significant sex-specific differ-
ences occur in regard to in-hospital mortality, length of
hospitalization, or long-term mortality in patients who have
undergone isolated TV surgery, although women may have
higher rates of redo surgery.122 An important point to note is
that women are known to present with significant TR older
than men, as mentioned above, and they have a higher risk of
refractory atrial fibrillation or recurrence.109 Stroke and
rheumatic heart disease have been identified as predictors of
long-term mortality posteTV replacement and are known to
be more common in women. Overall, risk stratification of
patients undergoing TV surgery may be important, especially
in women, to provide them with the best treatment available.

Transcatheter options

Transcatheter TV interventions (TTVIs) are currently
targeted primarily to inoperable or very-high-risk patients with
advanced TR,120 with a 2b level C recommendation for TTVI
of severe symptomatic TR in inoperable patients, in European
guidelines.22 Although they are not readily available in the
US, 3 feasibility studies have shown that various TTVIs had
favourable safety results (ie, low major adverse event rate),
improved functional status, were acceptable for low in-
hospital mortality, and had significant reduction of the TR
and improvement of quality of life.124-127

With regard to sex differences, the sex distribution in
successful vs unsuccessful TTVI was not statistically signifi-
cantly different.127 However, compared to medical treat-
ment, TTVI had a greater decrease in mortality from any
cause or rehospitalization for HF in men, compared to
women.127 Additionally, TTVI significantly reduced mor-
tality in the absence of pacemakers and ICDs; however, the
difference was inconclusive when patients had pacemakers
and/or ICDs. Furthermore, the reduction in mortality and
rehospitalization was also fostered by the absence of RV
dysfunction estimated visually or by measuring the tricuspid
annular plane systolic excursion.127 An important finding is
that LV dysfunction and left valvular diseaseerelated TR had
a higher mortality rate, compared to that among patients
with primary TR.109 As mentioned previously, LV
dysfunctionerelated TR is more common in men, whereas
left valvular diseaseerelated TR is more frequent in women.
Overall, TTVI outcomes may be affected by the sex of the
individual, but sex-specific differences are only one of mul-
tiple factors affecting the effectiveness and safety of TTVI in
the treatment of TR.

Implications

Sex differences have been found in the prevalence, etiology,
and pathophysiology of TR disease. In addition, a strong
incentive exists for early surgical or transcatheter referral, to
improve outcomes, especially for moderate to severe TR dis-
ease. Although surgery is still considered the mainstay treat-
ment of TR disease, transcatheter options may provide an
interesting alternative. However, significant sex differences
exist in the surgical rate, referral latency, surgical redo rate,
and outcomes, for both surgical and transcatheter treatments.
Standardization of care and risk stratification of patients un-
dergoing TV procedures, as a means to appropriately select the
treatment strategy, especially for women, would improve
outcomes and reduce inequalities. More research is needed to
compare sex differences for the relative performance of sur-
gical and transcatheter-based treatments.
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Conclusions
Sex-specific features occur in all major VHDs and have

consequences for diagnosis, treatment referral, and treatment
choice. Women are more likely to have an underestimated
severity of VHD and a delay in treatment referral, owing to a
lack of indexing of parameters for severity evaluation and
trigger to surgery. Moreover, symptoms are often less pro-
nounced in women and therefore are also underestimated.
Sex-specific features of VHDs are also associated with
different outcomes after intervention. Thus, to improve
women’s valvular heart health, these sex-specificities must be
accounted for; referral to intervention should not be delayed,
and the choice of intervention should be tailored for women.
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