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Abstract

As populations age worldwide, the burden of valvular heart disease has grown exponentially, 

and so has the proportion of affected women. Although rheumatic valve disease is declining in 

high-income countries, degenerative age-related etiologies are rising. Calcific aortic stenosis and 

degenerative mitral regurgitation affect a significant proportion of elderly women, particularly 

those with comorbidities. Women with valvular heart disease have been underrepresented in 

many of the landmark studies which form the basis for guideline recommendations. As a 

consequence, surgical referrals in women have often been delayed, with worse post-operative 

outcomes compared to men. As described in this review, a more recent effort to include women 

in research studies and clinical trials has increased our knowledge about sex-based differences in 

epidemiology, pathophysiology, diagnostic criteria, treatment options, outcomes, and prognosis.
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INTRODUCTION

Valvular heart disease (VHD) increases with age, with the majority of VHD diagnosed in 

patients greater than 65 years old. In an echocardiographic study of 2,500 primary care 

patients over 65 years old in the United Kingdom, over half had some degree of VHD, 

while 6.4% had moderate to severe VHD.1 Men and women are equally likely to experience 
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VHD, but sex-specific prevalence varies by type of valve lesion.1–3 In general, women 

more frequently suffer from mitral valve (MV) diseases such as mitral valve prolapse 

(MVP) or rheumatic MV disease, while men more often develop aortic valve (AV) diseases 

including aortic regurgitation or aortic stenosis (AS) associated with bicuspid AVs (Central 

Illustration, Figure 1 and Figures 2a–c). Men are also more likely than women to suffer from 

endocarditis of any valve.

The epidemiology of VHDs is shifting away from rheumatic- and congenital- etiologies and 

towards degenerative age-related etiologies.4 As the age at diagnosis continues to increase in 

patients with VHD, so does the proportion of women, making it increasingly important 

to understand how sex-based differences affect diagnosis, treatment, and prognosis in 

VHD. Women with VHD have been underrepresented in many of the landmark studies 

which form the basis for guideline recommendations. As a result, our understanding of 

the pathophysiology, clinical manifestations, diagnostic criteria, and management strategies 

are extrapolated from data on male patients. Important metrics for grading disease severity 

and gauging timing for surgery were developed in predominately male populations. Left 

ventricular (LV) dimensions in aortic and mitral regurgitation, poor adoption of parameters 

indexed to body size, and lack of sex-specific diagnostic criteria may all lead to inaccurate 

quantification of VHD severity for women who, among other differences, have smaller 

hearts than men.5 Sex-based disparities in the diagnosis of VHD may cause women to be 

more symptomatic and experience later referral for surgical or percutaneous interventions 

(Central Illustration, Figure 1).

Employing body-surface indexed measurements or sex-specific diagnostic criteria may 

decrease anatomical and biological sex-based disparities in VHD. However, psychological 

and societal factors continue to contribute to sex-based disparities in many aspects of 

cardiovascular care. Despite ongoing efforts to include more women in clinical trials,6 

enrollment of women still lags behind disease prevalence for many conditions. In addition, 

women are less likely to receive prescriptions for certain evidence-based cardiovascular 

medications, and women have lower rates of referral for interventional procedures.7, 8 

Patient-provider gender concordance has been shown to influence patient outcomes, yet 

women with VHD are also rarely cared for by female clinicians.9 Women comprise 

only about 15% of practicing cardiologists and 4% of interventional cardiologists.10, 11 

Regardless of gender of the provider, physicians are known to underestimate female 

patients’ pain and attribute symptoms to mental rather than physical conditions. Throughout 

this review we outline how women with VHD often experience later referrals for 

valve replacement and worse outcomes. Gender disparities in VHD are almost certainly 

multifactorial with contributions from underappreciation of the physiologic differences in 

VHD between sexes, cultural and societal norms by gender, and unconscious bias from 

providers.

This review explores the current evidence on sex-based differences in VHD, including 

epidemiology, pathophysiology, diagnostic criteria, treatment options, outcomes, and 

prognosis.
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AORTIC VALVE DISORDERS

Etiology and Prevalence

In developed countries, AV disease makes up the majority of VHD, with AS comprising 

47% and aortic regurgitation comprising 18% of all VHD, respectively.3 Non-rheumatic, 

calcific AV disease affects over 12 million patients globally, and is the most prevalent VHD 

in high-income countries.12 Male sex has classically been considered a major risk factor for 

AS partly because of the higher prevalence of bicuspid AV in men. In a recent study of 

25,556 newborns in Denmark screened with echocardiography, bicuspid AVs were identified 

in 0.77% of screened newborns with a male-female sex ratio of about 2 to 1.13 However, 

the majority of patients with AS in the United States now have calcific degeneration of 

tricuspid AVs. Although men are still at higher risk of developing AS overall than women, 

AS is increasingly common in elderly women and the majority of AS patients over 80 

years old are women (Figure 2b).2, 3, 14–16 Similarly, the risk of moderate or greater aortic 

regurgitation also increases with age, reaching almost 2% in patients over 65 years old.1 

Therefore, as with AS, the proportion of women with aortic regurgitation increases with 

age. Nonetheless, aortic regurgitation has more marked sex differences than AS and is more 

common among men across the age spectrum, possibly due to the male predilection for both 

bicuspid AV and endocarditis.3, 17

Pathophysiology

Male sex and sex aneuploidy (e.g. Turner syndrome) are well-established risk factors for 

congenital AV disease and aortopathies, leading to the hypothesis that X-linked genes are 

instrumental in the development of a normal aorta and AV.18 Familial clustering has been 

clearly demonstrated and hereditability has been estimated as high as 89%.16, 19 Genes 

associated with bicuspid AV include NOTCH1, GATA4, GATA6, SMAD4, SAMD6, and 

ROBO4.20–23 In addition, different variants may be associated with bicuspid AV according 

to sex: EGFR rs533525993 and TEX26 rs12857479 are linked to bicuspid AV in men and 

NOTCH1 rs61751489, TGFBR2 rs1155705, and NKX2–5 rs2277923 in women.24

The pathogenesis of acquired AS shares many similarities with vascular atherosclerosis, 

which also has a male predilection: endothelial damage results in lipid infiltration, 

inflammation, fibrosis, and calcification. In AS, leaflet calcification is considered the culprit 

lesion, leading to leaflet thickening and restriction.25 However, it is now well-established 

that women with severe AS have less AV calcium compared to men, even after indexing 

to body surface area or aortic annulus area.26–29 Sex-specific hormonal differences may 

explain why men develop more calcified AVs: apolipoprotein E-null mice treated with 

testosterone have greater calcific deposition in the aortic sinus.30 However, it remains 

unclear why women develop hemodynamically more severe AS at a lower degree of AV 

calcification. One potential explanation may be valvular fibrosis.31 In a study of 125 patients 

with explanted stenotic tricuspid AVs, women were found to have more histologically-

quantified valvular fibrosis compared to men, despite having lower aortic calcification 

density. In a subgroup of 24 tightly-matched patients, valves explanted from women had 

more collagen fibers and a greater proportion of the valve occupied by dense connective 

tissue.31
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Clinical Presentation

Women with severe AS more often have diabetes, hypertension, chronic lung disease, and 

atrial fibrillation, while men more often have coronary or peripheral arterial disease.32 

Wild-type transthyretin cardiac amyloid has a high prevalence among patients with age-

related degenerative AS—and affects about 15% of patients undergoing transcatheter 

aortic valve implantation (TAVI).33, 34 Wild type transthyretin amyloid cardiomyopathy 

disproportionately affects men, with a male proportion estimated up to 87%.35 At 

presentation, women with severe AS are often older and have greater symptom burden, 

including having more exertional dizziness and more advanced New York Heart Association 

(NYHA) class.36 Although less well-studied, a similar trend of greater symptomatology 

among women has also been described in aortic regurgitation.37 Among patients with 

bicuspid AVs, men are more likely to develop complications including aortic regurgitation, 

aortopathies, and endocarditis, while women more often develop AS.38

Optimal Imaging Modalities

Echocardiography is the primary modality for the assessment of AV morphology and 

function, as well as the effects of valvular pathology on cardiac chamber size and 

function. 39, 40 Transthoracic echocardiography (TTE) is the initial test of choice. However, 

transesophageal echocardiography (TEE) as well as computed tomography (CT) and cardiac 

magnetic resonance (CMR) imaging have become important adjuncts to the accurate 

diagnosis and management of AV disease. Reflecting basic science studies,30, 41 women 

with AS present with less AV calcification than men, as measured by echocardiography,42 

histology27 and CT43 for the same hemodynamic severity of AS. Compared to men, women 

with AS had more pronounced fibrotic remodeling, irrespective of the valve morphology 

or age of the patient.44 Thus, thresholds of AV calcification used to identify severe AS are 

sex-specific, with 1,300 Agatston Units in women and 2,000 Agatston Units in men 28, and 

useful in differentiating significant disease in the setting of discordant echocardiographic 

grading (i.e. low flow, severe AS) (Table 1). Calcium burden predicts adverse outcomes42, 45 

and thus may disproportionately affect men compared to women. However, two studies, 

COFRASA (Aortic Stenosis in Elderly: Determinant of Progression) and GENERAC 

(Genetic of Aortic Valve Stenosis-Clinical and Therapeutic Implications), used multi-slice 

CT to show the annualized relative progression rate was significantly higher in women (33 ± 

32% vs. 19 ± 16%, p = 0.004). After adjusting for lower baseline CT calcium score, female 

sex was an independent predictor of AV calcium progression (p = 0.002).46

Sex differences in LV remodeling have also been described in patients with AS. Men 

more often have eccentric LV hypertrophy whereas women have concentric LV hypertrophy 

with greater diffuse intra-myocardial fibrosis detected by extracellular volume fraction on 

CMR (Central Illustration, Figure 1 and Table 1).47 Echocardiographic analysis showed that 

women were more likely to manifest heart failure with preserved ejection fraction with 

higher LV ejection fraction, higher LV mass index, and higher left atrial volume index.48 

Importantly, concentric remodeling detected by echocardiography has been identified as a 

predictor of worse outcomes in women but not in men. 49 Concentric remodeling may result 

in low flow (≤35 ml/m2), low gradient AS; however, the applicability of this cutoff to both 

males and females may not be appropriate. Sex-specific thresholds of stroke volume index 
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that are independently associated with increased mortality: for men the cutoff of 40 ml/m2 

was associated with an adjusted hazard ratio (HR) of 1.54 (95% CI: 1.02 to 2.32, p = 0.042), 

and for women the cutoff of 32 ml/m2 was associated with an adjusted HR of 2.05 (95% CI: 

1.21 to 3.47, p < 0.01) (Table 1).50

Percutaneous Treatment Options

TAVI has become the standard of care for patients with symptomatic severe AS at 

high and prohibitive risk for surgical intervention. In addition, current guidelines give 

TAVI a Class I indication for patients aged 65–80 years and characteristics suitable for 

transfemoral approach 40. Unlike coronary artery disease trials, women constitute almost 

half of the patients studied in trials. However, women demonstrate significant differences in 

baseline characteristics. They are older with fewer comorbidities, a finding consistent across 

randomized trials and registries alike 51, 52. Procedural outcomes of TAVI by gender show 

no differences in device success. Nonetheless, female gender is associated with an increased 

rate of major vascular complications and major bleeding in TAVI 51–53, albeit with a lower 

incidence of ≥moderate paravalvular regurgitation and multiple studies reporting better mid- 
54 and long-term survival 55. Recent TAVI trials and registries 53, 56–58 show no apparent 

sex-specific differences in survival or stroke on multi-variable analysis, possibly reflecting 

the changing demographic of patients enrolled, use of newer-generation valves and delivery 

systems, and more accurate valve sizing techniques. Analysis of the Society of Thoracic 

Surgeons (STS) / American College of Cardiology registry found no sex-specific differences 

in post-TAVI health-related quality of life as measured by the Kansas City Cardiomyopathy 

Questionnaire.59

Nonetheless, mortality was found to be higher in older women compared to older men in the 

FRAILTY-AVR study. 48 Women in this study had higher levels of physical but not cognitive 

frailty at baseline, with a higher risk of 1-month mortality or major morbidity (the latter 

driven by vascular bleeding complications). Women undergoing TAVI in the FRAILTY-

AVR cohort more frequently had physical frailty and more often required discharge to a 

rehabilitation facilities.48 Mortality at 12-months was greater in women with pulmonary 

artery systolic pressure >60 mmHg (Figure 3a). However, in the absence of pulmonary 

hypertension, there was no sex-specific differences in outcomes (Figure 3a). Similar findings 

were also seen in the PARTNER I study, in which pulmonary hypertension was associated 

with adverse outcomes in women but not men.60 Female sex is a well-established risk 

factor for pulmonary vascular disease, possibly due to multifactorial effects of estrogen 

on pulmonary vascular remodeling.61 Women with heart failure with preserved ejection 

fraction may also preferentially develop pulmonary hypertension, which is associated with 

increased symptoms and more right ventricular dilation.62 Similar pathophysiology may 

occur in valvular heart disease, in which women may be prone to more pulmonary vascular 

remodeling, more symptomatology, and worse outcomes. Although outcomes in TAVI are 

improving with time, gender disparities in TAVI persist.63

Surgical Options

Recent analyses of clinical practice in Europe and the United States (US) show persistent 

undertreatment of AV disease compounded by sex disparities.64, 65 For example, in a 
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US cohort of 43,000 patients diagnosed with severe AS between 2008 and 2016 from 

2,000 hospitals and 7,000 outpatient clinics, only 28% of patients underwent surgical or 

transcatheter intervention within a year of diagnosis, and women were 20% less likely 

than men to undergo AV replacement, even after adjusting for clinical characteristics, 

socioeconomic status and access to healthcare.64 Women who did undergo intervention 

were more likely to be treated with TAVI compared to men.64 Similar findings were also 

shown in a retrospective analysis of 3,632 patients with at least mild-to-moderate AS from 

a single-center in Canada. Despite comparable hemodynamics to men and adjustment for 

covariates, women in this cohort experienced a higher risk of death over a mean of 4 years 

of follow up (Figure 3b). The worse survival among women was partially attributed to a 

lower rate of aortic valve replacement (surgical or transcatheter), especially among women 

with low-gradient aortic stenosis.65 In several analyses, women treated with surgical AV 

replacement (SAVR) were more likely to be older with more advanced disease at the time 

of surgery than men, and this is reflected in higher operative mortality after SAVR in 

women compared to men.64, 66, 67 Female sex per se’ has been also been reported to be 

an independent predictor of worse operative mortality and morbidity after SAVR (Figure 

3c).64, 67, 68

Female sex is included as a risk factor in many surgical risk prediction tools such as the 

Society of Thoracic Surgeons (STS) and EuroSCORE calculators. These risk prediction 

scores are frequently used in clinical practice to select which patients are considered surgical 

candidates. These risk scores do have validity in women; for example, the EuroSCORE I 

was shown to be an independent predictor of 1-year death or stroke in 1,019 intermediate- 

to high-risk women with severe symptomatic AS in the WIN-TAVI registry, the first 

TAVI registry enrolling exclusively women.69 However, risk scores are often derived in 

populations of predominantly men and required continued validation in cohorts of women. 

Even the most updated version of the STS calculator was developed in a SAVR cohort 

comprised of only 40% women.70 Furthermore, while risk prediction calculators are 

important tools in the assessment of peri-operative risk, they are derived and validated from 

retrospective analyses of real-world populations and are therefore susceptible to referral 

bias. Women will always appear higher-risk surgical candidates relative to men on risk 

predictions tools, and it’s possible this may further promote disparities and further delay 

referral for consideration of surgical valve interventions.

Prognosis

The mortality of untreated severe AS at one year in an analysis of 43,000 US patients was 

similar for men and women (31.1% vs. 31.3%, adjusted HR 0.98, 95% confidence interval 

(CI) 0.94–1.03). 64 Intervention was associated with substantially improved prognosis, 

however one-year mortality after SAVR was significantly higher in women (9.0%) compared 

to men (7.6%) (HR 1.43, 95% CI 1.21–1.69). Unmeasured confounders such as increased 

frailty, more patient prosthesis mismatch with smaller aortic annular dimensions, higher 

prevalence of paradoxical low-flow aortic stenosis, and higher incidence of permanent 

pacemaker requirement in women may contribute to poorer short-term outcomes and worse 

long-term survival.65, 71, 72 These factors may have less impact on outcomes after TAVI, 

where there no significant difference in mortality exists between women and men at one year 
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(HR 1.05, 95% CI 0.86–1.27).64 The ongoing RHEIA trial (NCT04160130), a randomized 

controlled trial of SAVR versus TAVI in women, will help further elucidate if outcomes for 

TAVI are superior to SAVR in women.

Implications for Pregnancy

Native Aortic Valve Disease—Pregnancy introduces physiological conditions that 

may impact AV disease. It is important to perform a comprehensive assessment of AV 

disease when considering pregnancy and implement a plan for cardiovascular monitoring 

throughout pregnancy, during delivery, and in the post-partum period. In general, AS is 

more problematic than aortic regurgitation during pregnancy. The additional pressure load 

is poorly tolerated, and there is the potential for significant morbidity for both the fetus 

and the mother. Patients with mild to moderate AS and aortic regurgitation are generally 

considered at moderate risk for morbidity and mortality according to the modified World 

Health Organization (WHO) classification and risk assessment.73 However, maternal risk 

can vary considerably within these categories, and algorithms exist for more individualized 

assessment during pregnancy, including the CARPREG II and ZAHARA models.74, 75

Patients with asymptomatic severe AS may be medically managed throughout pregnancy 

provided they do not meet Class of Recommendation I criteria for valve intervention and 

asymptomatic status has been confirmed with exercise testing. Women with symptomatic 

severe AS have a high risk of adverse maternal outcomes and are advised against pregnancy 

(Figure 4).73, 76 Patients with severe aortic regurgitation are at moderate risk but can 

generally be medically managed through pregnancy. Surgical intervention is typically 

necessary in patients who have NYHA class 4 symptoms and severe aortic regurgitation.40

Special consideration should be given to patients with bicuspid AVs (regardless of presence 

of stenosis or regurgitation) and a dilated aorta. Patients with bicuspid AV and ascending 

aortic dimensions of <45 mm are considered to have moderate maternal risk of morbidity 

and mortality. Patients with bicuspid AV and aorta dimension of 45–50 mm are considered 

to have severely increased risk of morbidity and mortality. Women with aortic dimensions of 

>50 mm are advised against pregnancy.73

The complexity of these issues and the potential need for intervention highlights the 

importance of a multidisciplinary team and shared decision-making for patients with severe 

AV disease during pregnancy.

Prosthetic Valves in Pregnancy—Pregnancy is associated with a hypercoagulable state 

and pregnant patients are at increased risk for thrombosis, raising special issues for those 

with valve prostheses. Patients with bioprosthetic valves are at lower risk than those with 

mechanical prosthesis, and are generally managed with aspirin alone, starting in the second 

trimester.

Patients with mechanical valve prostheses are considered to be at significantly increased 

risk according to WHO Classifications (Figure 4).73, 77 Maternal complications include 

valve thrombosis, bleeding, thromboembolism and death. Risks of fetal complications are 

also significant. Studies have shown approximately 33% of women with mechanical heart 
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valves have a serious complication (including fetal complications) during pregnancy. The 

main causes of morbidity are related to the need for anticoagulation during pregnancy. 

Warfarin is associated with dose-dependent fetal birth defects in the first trimester and 

may cause significant maternal bleeding in the peripartum. There is currently no optimal 

anticoagulation strategy for both mother and fetus. However, a widely used strategy for 

anticoagulation briefly outlined in Figure 4 attempts to take both fetal and maternal factors 

into account.76 Overall, close monitoring of the mother and fetus is necessary throughout 

pregnancy by a multidisciplinary team with both maternal-fetal and cardiology expertise.

MITRAL VALVE DISORDERS

Etiology and Prevalence

In developed countries, mitral valve (MV) diseases comprise about a quarter of VHD, 

with mitral regurgitation (MR) being much more common than mitral stenosis (MS).3 

However, globally, MR is the most common VHD, affecting about 1–2% of the world’s 

population with a prevalence that increases to 7–9% among patients over 75 years of age.78 

Rheumatic heart disease is largely responsible for the global burden of MV pathology, and is 

more common among women across all age groups (Figure 2a).2 Worldwide, nonrheumatic 

degenerative MV disease is also more common in women compared to men (265 versus 

209 cases per 100,000), although men predominate among patients with nonrheumatic MV 

disease undergoing surgery.3, 79, 80 Other disorders of the MV, including MS and mitral 

valve prolapse (MVP) also have a female predilection (Figure 2c).3, 81 MVP affects 2–3% of 

the population and occurs more commonly in women.3, 81–83

Pathophysiology

Whereas FLNA has been identified as causing an X-linked form of MVP, mutations in 

DCHS1 and DZIP1 have been recently associated with the more common form of autosomal 

dominant MVP.84–86 Sex-related differences exist not only in the prevalence of MVP in 

the familial setting,83 but also in valvular morphologic features at the population level. In 

a study of over 8,000 patients with MVP, women were found to have thicker leaflets, less 

posterior prolapse, and less flail compared to men (Central Illustration, Figure 1).87 These 

findings may be attributable to sex-based differences in extracellular matrix remodeling 

which predispose women to more myxomatous valves with bileaflet MVP, and men to 

posterior MVP with flail. Differences in valve morphology likely explain why women with 

MVP also less frequently have severe MR (10% vs 23%, p<0.001).87 In secondary MR, 

women seem at disproportionately elevated risk of developing MR as a consequence of 

myocardial infarction or coronary artery disease.16 Gender differences also exist in the 

pathophysiology of mitral apparatus calcification. Men may have more posterior leaflet 

calcification while female gender has been associated with increased risk of mitral annular 

calcification.88, 89

Clinical Presentation

Women with LV dilation or myocardial infarction may be at higher risk of developing MR 

compared to men.16 Compared to men, women referred for MV surgery for secondary MR 

more often have co-morbid hypertension and less often have ventricular arrythmias or a 
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history of smoking.90 At time of referral, women have less dilated ventricles and less severe 

MR but may have worse heart failure symptoms and worse mental health scores.90 As seen 

in AV disease, pulmonary hypertension relating to MS seems to disproportionately affect 

women compared to men. Compared to men, women with mitral stenosis have more pre-

capillary pulmonary hypertension which may be a function of adverse pulmonary vascular 

remodeling.91

Optimal Imaging Modalities

Echocardiography remains the primary imaging modality for assessment of the MV, 

providing assessment of the valve anatomy and function as well as the mechanism of 

abnormalities. Echocardiography has superior temporal resolution compared to CMR and 

CT, and is often more effective at assessing leaflet function and mobile masses. Doppler 

echocardiography provides valuable measures of valve hemodynamics such as stenosis and 

regurgitation. Echocardiography is generally easily accessible and widely available. It is 

important to consider sex- and size-specific parameters for LV size when evaluating for LV 

dilation in the setting of MR (Table 1).

TEE with 3D assessment is often necessary for more precise delineation of mitral valve 

pathologic anatomy, such as the mechanism of flail leaflet for decision-making regarding 

intervention. TEE can also be very helpful if the TTE image quality is poor, or if better 

spatial resolution is necessary to assess for endocarditis. CMR may also be helpful in these 

settings, particularly for quantification of MR. TEE is the primary imaging modality for 

both pre-procedure assessment and guidance of percutaneous MV procedures including 

repair and replacement. Real-time imaging for transseptal puncture, guidance of device, and 

post-deployment assessment are also critical roles of TEE.

CT has a more limited role in assessment of MV disease. There has been increased use 

of multidetector CT to assess MV annulus anatomy and neo-LV outflow tract anatomy in 

planning transcatheter MV replacement.92

Sex Differences in Procedural Options for Mitral Valve Disease

Although the prevalence of MVP is greater in women than men, men are referred for surgery 

or intervention at a higher rate.82, 93 It is therefore important to understand that current 

guidelines for intervention for primary MR are based primarily on a predominantly male 

population. Cut-off values are not consistently derived from indexed values nor on sex-based 

differences, which may also explain why women are under referred. In part due to delayed 

referral, female gender has been associated with worse outcomes after MV surgery (Central 

Illustration, Figure 1 and Figure 5a).94 In a post-hoc analysis of Cardiothoracic Surgical 

Network Clinical Trials on Ischemic Mitral Regurgitation randomized clinical trials, women 

had worse outcomes following surgery for ischemic MR (Figure 5b). In this study, women 

also had significantly worse functional status and quality of life at 2 years, as measured 

by multiple metrics 90 The reasons for this are unclear, although it has been hypothesized 

that there is a mismatch between degree of MR and ventricular size.90 Female gender is 

a strong predictor of reverse LV remodeling following transcatheter edge-to-edge repair 

(TEER).95 Nonetheless, women treated with TEER may experience a less marked reduction 
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in heart failure hospitalizations compared to men (Figure 5c).96 As with SAVR, female sex 

is considered a risk factor in risk prediction tools such as the STS for surgical mitral valve 

replacement.70

Although women make up the majority of patients with rheumatic MS, reports on outcomes 

after percutaneous balloon mitral valvuloplasty are mixed. Some studies report more 

favorable outcomes in men while other report more favorable outcomes in women, and it 

remains unclear if there are sex-based differences in outcomes after balloon valvuloplasty.97 

For calcific MS, women are again more commonly affected (Figure 2c).88 Treatment options 

remain poor, although transcatheter therapy is being studied actively. It is likely that TEE 

and CT will be important in the assessment of suitability and guidance for calcific MS 

interventions as these therapies are developed.

Percutaneous Treatment Options

Current ACC/AHA guidelines give a IIA recommendation for TEER for MR to treat either 

severely symptomatic primary MR patients at high or prohibitive surgical risk, or secondary 

MR patients who are severely symptomatic despite guideline-directed medical therapy, 

in anatomically-appropriate MV anatomies. The ideal anatomy for TEER 98 includes: non-

commissural pathology, no or minimal calcium in the grasping zone, baseline MV area 

≥4 cm2, baseline transmitral gradient <4 mmHg, flail width <15 mm and flail gap <10 

mm, coaptation depth <11 mm and coaptation length ≥2 mm.99 Patients with non-ideal 

anatomy may still benefit from TEER. 100–103 Sex differences in MV morphology have 

been described; women more often have anterior or bileaflet prolapse and men present more 

often with posterior leaflet prolapse. 82 Arrhythmogenic MVP is more common in young 

adult women, with distinctive mitral annular disjunction and systolic curling, associated with 

fibrosis of the papillary muscles and inferobasal LV. 104 Finally, female sex is a predictor of 

incident mitral annulus calcification 88 and 68% of patients in the transcatheter mitral valve 

replacement in Mitral Annulus Calcification Global Registry were women 105.

For secondary MR, additional criteria should be met prior to consideration of TEER 

therapy; the LV ejection fraction between 20–50%, LV end-systolic dimension ≤70 mm and 

pulmonary artery systolic pressure ≤70 mmHg. 40 These recommendations are based on the 

entry criteria for the COAPT trial. 106 However women represented only 36% of patients in 

COAPT and only 25% of patients in the Percutaneous Repair with the MitraClip Device for 

Severe Functional/Secondary Mitral Regurgitation (MITRA-FR) trial 107, raising questions 

about the applicability of results to women. In a sub-analysis of the COAPT trial specifically 

looking at sex-specific outcomes, significant differences in baseline characteristics were 

seen; women were younger than men and had fewer comorbidities, but reduced quality 

of life and functional capacity at baseline.96 In a joint frailty model accounting for the 

competing risk of death, the 2-year cumulative incidence of the primary endpoint of all heart 

failure hospitalizations was higher in men compared with women treated with guideline 

directed medical therapy alone. The relative reduction in heart failure hospitalizations with 

TEER on the other hand, was greater in men (HR 0.43; 95%CI 0.34–0.54) than women 

(HR 0.78; 95%CI 0.57–1.05) (Pinteraction = 0.002). A significant interaction was present 

between time and treatment with TEER versus medical therapy alone for all heart failure 
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hospitalizations in women (HR 0.57; 95%CI 0.39–0.84, and HR 1.39; 95%CI 0.83–2.33 

between 0–1 year and 1–2 years after randomization, respectively, Pinteraction = 0.007). This 

interaction was not demonstrated in men (Pinteraction = 0.16). Female sex was independently 

associated with a lower adjusted risk of death at 2 years (HR 0.64; 95%CI 0.46–0.90; 

P = 0.011). Thus, although TEER resulted in improved clinical outcomes compared with 

guideline-directed medical therapy alone, irrespective of sex, the impact of TEER in 

reducing heart failure hospitalizations was less pronounced in women compared with men 

beyond the first year after treatment (Figure 5c).

Studies disagree about sex-differences in clinical improvement with the TRAMI registry 
108 and the GRASP registry 109 demonstrating less improvement in NYHA Class, but the 

European Registry of Transcatheter Repair for Secondary Mitral Regurgitation (EuroSMR) 

study showing equivalent quality of life and symptomatic improvements in both women and 

men 110.

Surgical Options

Major sex disparities have been observed in the treatment of MV disease. In a national 

analysis of over 100,000 patients admitted to hospital with MR in France between 2014 

and 2015, only 8% of patients underwent MV surgery within one year, and women were 

significantly less likely than men to undergo MV intervention.111 Women undergoing MV 

intervention do so later in the disease course: in a US cohort of 47,602 patients aged 

65 years and older undergoing MV surgery between 2000 and 2009, 58% of women 

compared with 47% of men had preoperative heart failure in the year before surgical MV 

repair, and women were also more likely to have pre-operative atrial fibrillation, respiratory 

failure or need urgent surgery than men.112 For primary or degenerative MR, MV repair is 

preferred to replacement for early and late survival benefit.113 However, women undergoing 

mitral surgery were less likely than men to receive mitral repair rather than replacement 

(31.9% vs. 44%, p=0.001).112 These differences were reflected in higher mortality after 

MV surgery in women (7.7%) compared to men (6.1%) (odds ratio 1.24, 95%CI 1.14–1.36, 

P=0.0001).112, 114 Unmeasured confounders such as frailty, and differences in the prevalence 

and severity of secondary MR, rheumatic valve disease and mitral annular calcification may 

contribute to these differences.

Prognosis

In patients hospitalized with MR who did not undergo intervention, one-year mortality was 

14.3%.111 Compared with a US population matched for age and sex, surgical mitral repair 

restored normal life expectancy for men, but not women.112 Long-term survival after MV 

repair was slightly worse for women (Figure 5a), although survival after MV replacement 

was similar between women and men at ten years (HR 0.99; 95%CI 0.96–1.02).112 There 

is no long-term population-level survival data yet available for percutaneous mitral repair or 

replacement.

Implications for pregnancy

Native Mitral Valve Disease in Pregnancy—Pregnancy results in increased circulating 

blood volume, increased cardiac output, and increased heart rate, all of which increase 
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transvalvular gradients and arrythmia risk in MS.115 Severe MS is poorly tolerated in 

pregnancy, and is considered a contraindication to pregnancy by the modified WHO 

classification system (Figure 4).73 Pre-pregnancy intervention for severe MS is preferred 

whenever possible, and exercise stress testing is often useful in cases where MS severity or 

symptomatology is unclear. Activity restriction, beta-blockers (e.g. metoprolol, bisoprolol), 

and diuretics may be useful in symptomatic pregnancy women with MS, and anticoagulation 

may be required for women with co-occurring diagnosis of atrial fibrillation.73 Pregnant 

women with severe MS with favorable anatomy should be considered for percutaneous 

mitral balloon valvulotomy after 20 weeks gestation, which is associated with a lower rate of 

fetal complications relative to open mitral valve commissurotomy.116

Conversely, mitral regurgitation is generally well-tolerated during pregnancy. Physiologic 

chamber dilation during pregnancy may lead to annular dilation; however, reductions in 

systemic vascular resistance and afterload can often result in a net reduction of MR severity 

during pregnancy (Figure 4). Nonetheless, severe MR can be associated with poor outcomes 

in pregnancy when it is accompanied by significant reductions in LV function.73, 115

Prosthetic Valves in Pregnancy—Patients with bioprosthetic valves in the mitral 

position are at lower risk than those with mechanical prostheses, and are generally managed 

with aspirin alone, starting in the second trimester. Those with mechanical prostheses 

requiring anticoagulation are managed with a protocol similar to the one described for aortic 

mechanical prostheses (Figure 4).

TRICUSPID VALVE DISORDERS

Etiology and Prevalence

Tricuspid regurgitation (TR) may be due to primary or secondary etiologies. Primary TR 

includes a variety of congenital and genetic anomalies (e.g. Ebstein’s anomaly, tricuspid 

dysplasia, and myxomatous degeneration leading to tricuspid valve prolapse) or acquired 

valve disease (e.g., endocarditis, carcinoid, rheumatic involvement, or device-related). 

Secondary TR occurs when valvular anatomy is normal but there is incomplete leaflet 

coaptation due to tethering or tenting of the leaflets or annular dilation often from right 

ventricular dilation or dysfunction.117 In the Framingham Heart Study, mild or greater 

TR was identified in 18% of women, with a male-to-female ratio of 1 to 1.6,17 and 

a female preponderance for TR has been replicated in other community-based cross 

sectional studies.118 Nonetheless, specific etiologies including congenital TR, right-sided 

endocarditis, carcinoid heart disease, and device-related TR may be more common in 

men.18, 119, 120

Pathophysiology

Recently, there has been growing recognition that the tricuspid valve exhibits a great deal 

of normal anatomic variability, with only about half of patients having three well-defined 

leaflets and 39% having four functional leaflets.121 It remains unknown whether there are 

sex-related differences in tricuspid valve (TV) anatomy. However, women are significantly 

more likely than men to have TR, and once they develop mild regurgitation they progress 
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more rapidly to moderate to severe disease (Table 2).122 One potential explanation is sex-

related differences in annular anatomy. In a postmortem study of patients with secondary 

TR, myocardium was found in all male atrioventricular annuli, but consistently absent from 

female annuli. Consequently, the atrioventricular annuli of men were more elastic, more 

cellular, and smaller when correcting for heart weight.123 Therefore, it has been proposed 

that triggers such as atrial fibrillation have a more pronounced effect in driving annular 

dilation and secondary TR in women.

Clinical Presentation

Women with secondary TR present older and more symptomatic than men.124, 125 Although 

increasing pulmonary hypertension severity confers equal risk of TR to both sexes, atrial 

fibrillation seems to confer a greater risk of secondary TR in women compared to men 

(Table 2).125

Optimal imaging modalities for diagnosis

Echocardiography remains the first diagnostic test for the assessment of the TV. Visualizing 

of the TV should be performed from multiple TTE and TEE windows. The newest American 

Society of Echocardiography (ASE) guidelines outline the recommended TTE views for 

performing a comprehensive evaluation of the valve 126, assessment of function 127, and 

measurement of the right heart chamber.128 TEE is ideal for imaging the high variability of 

leaflet number and subvalvular complexity. A recent TEE study of 579 patients confirmed 

these finding with 3 leaflets seen in just over 50% of patients and 4 leaflets seen in 39% of 

patients 121. A majority of quadricuspid valves (32% of the entire cohort) had 2 posterior 

leaflets.121 The approach to 3D imaging of the TV has been addressed in both guidelines 129 

and reviews.130

Grading the severity of TR has been well-described by the ASE guidelines 131 as well as the 

European Association of Echocardiography guidelines, and focuses on assessment by TTE 
132. Multiple investigators are attempting to refine133–135 and validate136–139 newer methods 

and criteria for quantitation of TR. In addition, an extended grading scheme identifying 2 

grades above severe,135 has recently been supported in the new ESC/EACTS Valvular Heart 

Disease guidelines.140

Multi-modality imaging of the tricuspid valve includes the use of CT as well as CMR to 

assess the TV apparatus (valvular annular, and subvalvular), right heart size and function, 

adjacent anatomic structures such as the right coronary artery and vena cava.141, 142 As 

with MR, evaluation TR severity often relies on quantification of chamber sizes. Just as LV 

dimensions are influenced by body size and sex, the same is true for right-sided chambers. 

Sex-specific RV dimensions for 2D echocardiography, 3D echocardiography, and CMR are 

available and may be references to allow for accurate quantification of chamber size and 

thus TR severity in women (Table 1).128, 143

Percutaneous Treatment Options

There are currently no transcatheter devices approved for use in the US, however 3 devices 

are currently in pivotal trials. Among the compassionate use or early feasibility trials, 144–146 
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women make up 53–66% of enrolled patients highlighting the sex-differences in prevalence 

of the disease in this elderly population.17 Women are diagnosed with significant TR at an 

older age compared with men (72 [62 to 79] years vs. 70 [61 to 77] years; p = 0.003) and 

the TR etiology in women was more often isolated or related to left-sided VHD, whereas 

men more often had LV dysfunction related TR.124 After propensity score matching, there 

was no sex difference in outcomes, however TR etiologies remained significantly associated 

with all-cause mortality with left valvular disease or LV dysfunction related TR had lower 

survival compared with patients with primary TR (p = 0.004 and p = 0.019, respectively).

Surgical Options

Surgery for isolated TV disease is rarely performed: in a state-wide analysis of 289 

patients diagnosed with moderate to severe or severe TR, only 3.8% of the study 

population underwent tricuspid operation during the 10-year study period.147 An analysis 

of the National Inpatient Sample, which represents approximately 20% of all US hospital 

admissions, identified between 290 and 780 operations per year in the United States 

between 2004 and 2013.148 In this analysis in-hospital mortality after tricuspid surgery 

was 8.8%, repair was associated with better survival and there was no significant difference 

in outcomes between men and women, who represented the majority of patients undergoing 

tricuspid surgery (58%) (Table 2).

Prognosis

The prognosis of TV disease is predominantly determined by the severity of left-sided heart 

disease. In a state-based analysis of 289 patients diagnosed with moderate to severe or 

severe TR, five-year mortality was significantly higher (47.8%) compared to an age and 

sex-matched population (36.3%, P=0.005).147 Women with TR have more rapid progression 

from milder disease to moderate and severe disease (Table 2).122 Sex-specific data on 

procedural outcomes in TR are limited, and sex-based differences have not been well-

documented. Several risk prediction calculators have been proposed to help clarify the 

risk profile of patients being considered for tricuspid valve surgery. These risk prediction 

models, such as the TRI-SCORE, rely heavily on severity of heart failure severity (e.g. 

NYHA functional class, diuretic dose, LV and/or RV dysfunction, etc.) and co-morbidities 

(age, renal function, liver function).149, 150 The TRI-SCORE was developed from a cohort 

comprising of about 50% women; however, given women present with TR older and more 

symptomatic than men, further investigation is warranted on how risk prediction scores 

might affect surgical referrals by sex.

Implications for Pregnancy

The most common etiologies for TR in pregnancy are congenital abnormalities of the 

TV such as Ebstein’s Anomaly or atrioventricular canal defects, endocarditis, or rarely 

rheumatic valve disease. TR, even severe, in pregnancy is generally well tolerated.73

Pulmonic Valve Disorders

Over 95% of cases of pulmonic stenosis (PS) occur due to congenital defects. The 

prevalence of pulmonary valve disorders in adult patients are increasing due to an aging 
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population as well as advances in the treatment of children with congenital heart defects. 

The best studied genetic contribution to PS is Noonan syndrome, and neither Noonan 

syndrome nor PS are thought to have a sex predilection.151, 152 Intervention with balloon 

valvuloplasty is typically required for PS in patients with gradients above 50 mmHg and 

current guidelines define severe PS as having peak gradient over 64 mmHg or mean 

gradient >35 mmHg on TTE (Table 1).113, 153 Early studies on balloon valvuloplasty did 

not investigate differences in outcomes by sex.154 More recent studies have not found 

differences in procedural outcomes by sex, although larger studies would be needed to 

confirm these findings.155 Pulmonic regurgitation (PR) most often results as a consequence 

of prior interventions on the pulmonic valve, and is generally well-tolerated. Nonetheless, 

of particular importance to women is the management of pulmonic valvular disease in 

pregnancy, given both PS and PR occur in women of childbearing age due to congenital 

abnormalities. Mild and moderate PS are well tolerated in pregnancy with little or no 

maternal risk (Figure 4).156 Severe PS is associated with increased maternal risk including 

preeclampsia, early delivery, thromboembolism, right ventricular failure and arrythmias.157 

Management of pregnancy in patients with severe PS should be performed with a 

multidisciplinary heart valve team with consideration of pre-pregnancy intervention on 

the pulmonary valve. Pulmonary regurgitation, even severe, is well-tolerated in pregnancy. 

Intervention on the pulmonary valve may be needed in rare cases of severe symptomatic PR 

with RV failure.

GAPS IN KNOWLEDGE

Major gaps in knowledge still exist regarding sex-differences in VHD. Although the 

availability of advanced imaging techniques has grown exponentially, and “heart team” 

evaluations have become the standard of care in most medical centers, access to care 

may still be limited for women due to socioeconomic factors, racial disparities, or family 

obligations. As the primary caregivers for children and/or parents, women may defer clinical 

follow-ups or surgical interventions. The impact of social and psychological factors on 

long-term outcomes in women with VHD is unclear.

As highlighted by the most recent update of the ACC/AHA guidelines for the 

management of VHD,113 basic science studies on the genetic and pathobiological causes of 

valvulopathies are needed to better understand mechanisms of disease, and develop medical 

therapies to halt progression. Such studies should be enriched by female animal models to 

highlight sex-differences in biological pathways and response to therapy.

CONCLUSIONS

The burden of VHD has increased significantly among aging populations, and so has 

the proportion of women affected by VHD. Although men are still at higher risk of 

developing calcific AS than women, the majority of AS patients over 80 years old are 

women. Women with AS typically have less calcification and more fibrotic remodeling of 

the aortic valve, highlighting the importance of sex-specific thresholds of AV calcification 

by cardiac imaging. MV disease in women is more commonly related to MVP or rheumatic 

involvement. Left ventricular dimension values guiding surgical timing are not consistently 
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based on indexed values nor on sex-based differences, which may explain why females are 

under-referred or experience delayed referrals and worse post-operative outcomes compared 

to men (Central Illustration, Figure 1). Overall, transcatheter therapies are becoming more 

available and appear to decrease sex differences in outcomes.
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AS Aortic Stenosis
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CT Computed Tomography
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MS Mitral Stenosis

MV Mitral Valve

MVP Mitral Valve Prolapse
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US United States

VHD Valvular Heart Disease
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Figure 1. 
CENTRAL ILLUSTRATION: Sex Differences in Valvular Heart Disease
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Figure 2. 
Age- and Sex-Specific Global Prevalence of Three Forms of Valvular Heart Disease2
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Figure 3: 
Sex-Based Differences in Survival after Interventions for Aortic Stenosis

A) Survival after Transcatheter Aortic Valve Intervention

Survival following Transcatheter Aortic Valve Intervention among patients with and without 

pulmonary hypertension in FRAILTY-AVR48

B) Survival among patients with at least Mild-to-Moderate AS

Survival among patients with at least mild-moderate AS in single-center from Canada. 

IPW-HR, inverse-probability weighted hazard ratio65

C) Survival after Surgical Aortic Valve Replacement

Sex-Differences in Survival following Surgical Aortic Valve Replacement After Propensity 

Score Matching in the Multicenter Spanish Aortic Valve Registry68
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Figure 4. 
Valvular Heart Disease in Pregnancy73, 76, 115, 158
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Figure 5. 
Sex-Based Differences in Outcomes after Interventions for Mitral Regurgitation

A) Mitral Valve Surgery for Ischemic Mitral Regurgitation

Sex-Differences in All-Cause Mortality following Mitral Valve Surgery for Severe Ischemic 

Mitral Regurgitation in the Cardiothoracic Surgical Trials Network90

B) Transcatheter Edge-to-Edge Repair

Sex-Differences in Heart Failure Hospitalizations following Transcatheter Edge-to-Edge 

Repair in the COAPT trial96

C) Surgical Mitral Valve Repair

Sex-Differences in Survival Following Surgical Mitral Valve Repair in Medicare 

Beneficiaries112

DesJardin et al. Page 31

Circ Res. Author manuscript; available in PMC 2023 February 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

DesJardin et al. Page 32

Table 1.

Sex-Specific Differences in Quantification of Valvular Heart Disease113, 128, 143

Imaging parameters of severe valvular 
heart disease (ACC/AHA Guidelines)

Gender considerations in grading the severity of valvular heart 
disease

Aortic Stenosis • High-Gradient AS: Vmax ≥4 m/s, mean ΔP 
≥40 mmHg, AVA ≤1.0 cm2

• Low-Flow Low-Gradient AS with 
Reduced LVEF: AVA ≤1.0 cm2, Vmax <4 
m/s, mean ΔP <40 mmHg; Dobutamine stress 
echocardiography shows AVA <1.0 cm2 with 
Vmax ≥4 m/s at any flow rate
• Paradoxical Low-Flow AS with Normal 
LVEF: AVA ≤1.0 cm2 with Vmax <4 m/s or 
mean ΔP <40 mm Hg AND stroke volume 
index <35 mL/m2

• Indexed AVA on 2D Echocardiography:
○ /  - Indexed AVA ≤ 0.6 cm2/m2

• Gender-Specific Stroke Volume Index on 2D Echocardiography in 
Paradoxical Low-Flow Low-Gradient Aortic Stenosis:
○  - Stroke Volume Index ≤ 32 ml/m2

○  - Stroke Volume Index ≤ 40 ml/m2

• Quantification of AV Calcification on Cardiac CT:
○  - Severe Calcification > 1,300 Agatston Units
○  - Severe Calcification > 2,000 Agatston Units

Aortic 
Regurgitation

• Jet width ≥65% of LVOT
• Vena contracta >0.6 cm
• Holodiastolic flow reversal in the proximal 
abdominal aorta
• Regurgitant volume ≥60 mL/beat
• Regurgitant fraction ≥50%
• EROA ≥0.3 cm2

• LV dilation

• Gender-Specific and Indexed LV Dimensions on 2D 
Echocardiography:
○  - Normal: LV EDV index <61mL/m2, LVESV index < 35 mL/m2

○  - Normal: LV EDV index <74mL/m2, LV ESV index < 24 mL/m2

○ /  - consider indexed LV ESD > 25 mm/m2 in addition to the non-
indexed LV ESD >50 mm to define LV dilation
• Gender-Specific and Indexed Aortic Dimensions on 2D 
Echocardiography or CMR:
○ See reference tables for Age and Gender normal ranges for aortic 
annulus, sinuses of Valsalva, sinotubular junction, and proximal ascending 
aorta sizes.
• Gender-Specific and Indexed LV Chamber Size on CMR:
○  - Normal: LV EDV index < 96 mL/m2, LV ESV index < 34 mL/m2

○  - Normal: LV EDV index < 105 mL/m2, LV ESV index < 38 mL/m2

Mitral 
Stenosis

• Mitral valve area ≤1.5 cm2

• Diastolic pressure half-time ≥ 150 ms
• Severe LA enlargement
• Elevated pulmonary artery systolic pressure 
> 50 mmHg

• Indexed LA Volumes on 2D Echocardiography:
○ /  - Normal: LA volume ≤ 34 mL/m2

Mitral 
Regurgitation

• Central jet MR >40% LA or holosystolic 
eccentric jet MR
• Vena contracta ≥0.7 cm
• Regurgitant volume ≥60 mL
• Regurgitant fraction ≥50%
• EROA ≥0.40 cm2

• Moderate or severe LA enlargement
• LV enlargement
• Pulmonary hypertension

• Gender-Specific and Indexed LV Dimensions on 2D 
Echocardiography or CMR:
○ See “Aortic Regurgitation” Section above
• Indexed LA Volumes on 2D Echocardiography:
○ See “Mitral Stenosis” Section above

Tricuspid 
Regurgitation

• Central jet ≥50% RA
• Vena contracta width ≥0.7 cm
• EROA ≥0.40 cm2

• Regurgitant volume ≥45 mL
• Dense continuous wave signal with 
triangular shape
• Hepatic vein systolic flow reversal
• Dilated RV and RA

• Gender-Specific and Indexed RA Dimensions on 2D 
Echcardiography:
○  - normal RA volume 21 + 6 mL/m2

○  - normal RA volume 25 + 7 mL/m2

• Gender-Specific and Indexed RV Dimensions on 2D 
Echocardiography:
○  - Normal RV EDA index < 11.5 cm2/m2, RV ESV index < 6.4 
cm2/m2, RV EDV index < 74 mL/m2, RV ESV index < 36 mL/m2

○  - Normal RV EDA index < 12.6 cm2/m2, RV ESV index < 7.4 
cm2/m2, RV EDV index < 87 mL/m2, RV ESV index < 44 mL/m2

• Gender-Specific RV Size and Function on 3D Echocardiography:
○ See reference tables for Age and Gender normal ranges for RV EDV, 
RV ESV, RV EF. Women have smaller volumes and slightly higher RV EF.
• Gender-Specific and Indexed RV Chamber Size on CMR:
○  - Normal: RV EDV index < 112 mL/m2, RV ESV index < 52 mL/m2

○  - Normal: RV EDV index < 121 mL/m2, RV ESV index < 59 mL/m2

Pulmonic 
Stenosis

• Peak gradient 64 mmHg (peak velocity >4 
m/s)
• Mean gradient >35 mmHg
• RV dilation and dysfunction

• Gender-Specific RVOT Measurements on 2D Echocardiography:
○  - Normal RVOT EDA < 20 cm2

○  - Normal RVOT EDA < 24 cm2
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AS, aortic stenosis; AV, aortic valve; AVA, aortic valve area; ERO, effective regurgitant orifice; EDV, end-diastolic volume; EDA, end-diastolic 
area; ESD, end-systolic dimension; EF, ejection fraction; ESV, end-systolic volume; LA, left atrium; LV, left ventricular; ΔP, pressure gradient 
between the left ventricle and aorta; RA, right atrium; RV, right ventricular; RVOT, right ventricular outflow tract; Vmax, maximum velocity.
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Table 2.

Sex Differences in Tricuspid Regurgitation

Women Men 

• Generally more common (male-female ratio 1 to 1.6)
• Progresses more rapidly
• Atrial fibrillation confers greater risk
• More symptomatic
• Older at diagnosis

• More often due to congenital lesions, endocarditis, device-related, due to LV 
dysfunction
• Annuli more often contain myocardium (possibly more elastic, cellular, and smaller 
when correcting for heart weight)
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