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Abstract

:

Sex-related disparities have been recognized in incidence, pathological findings, pathophysiological mechanisms, and diagnostic pathways of non-rheumatic mitral regurgitation. Furthermore, access to treatments and outcomes for surgical and interventional therapies among women and men appears to be different. Despite this, current European and US guidelines have identified common diagnostic and therapeutic pathways that do not consider patient sex in decision-making. The aim of this review is to summarize the current evidence on sex-related differences in non-rheumatic mitral regurgitation, particularly regarding incidence, imaging modalities, surgical-derived evidence, and outcomes of transcatheter edge-to-edge repair, with the goal of informing clinicians about sex-specific challenges to consider when making treatment decisions for patients with mitral regurgitation.
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1. Introduction


Non-rheumatic mitral valve regurgitation (MR) is one of the predominant valvular heart diseases in western countries, with an incidence that increases with age [1].



Several sex-related disparities have been recognized in the incidence, pathological findings, and pathophysiological mechanisms of MR, as well as in diagnostic accuracy of currently available imaging tools. In addition, the likelihood of access to treatments and outcomes for both surgical and interventional therapies among women and men with MR appears to be dissimilar [2].



Nonetheless, current European and US guidelines identified common diagnostic and therapeutic pathways encompassing medical, surgical, and transcatheter treatments for both women and men that do not take into account patient sex as factor impacting on the decision-making process [3,4].



This review aims at summarizing current knowledge on sex-related differences in incidence, imaging modalities, surgical derived evidence, and outcomes of transcatheter edge-to-edge mitral valve repair (TEER) to inform clinicians about sex-specific challenges to consider when making treatment decisions for patients with MR.




2. Epidemiology


Mitral regurgitation (MR) is the most common valvular heart disease, affecting about 1% to 2% of the world’s population with a prevalence that increases to 7% to 9% among patients over 75 years of age [1]. Prevalence in the western countries is thought to be greater because of higher life expectancy. In the Framingham Heart Study, the reported prevalence of MR, defined as more than mild, was 19.0% in men and 19.1% in women [5]. In a cohort study reviewing 6851 consecutive individuals without suspected valve disease, the overall prevalence of more than moderate MR was 11.7% in male and 12.5% in female patients [6].



Primary (or degenerative) MR is usually caused by anatomical abnormalities of mitral leaflets, such as mitral valve prolapse (MVP), whereas secondary (or functional) MR results from abnormal left ventricular (LV) size, shape, or function, mainly in the context of heart failure [7]. The evaluation, treatment, and prognosis in patients with these conditions do differ significantly. Moreover, sex is associated with different distribution of MR aetiologies, with males more affected by the secondary form, in particular when associated with ischemic heart disease, and women more often affected by primary MR.



In a large European prospective cohort reviewing 63,463 echocardiographic studies performed for any indication, significant MR was present in up to 5% of all studies [8]. Among patients with MR, sexes were similarly represented (male 53%, female 47%). However, women were, on average, 3.1 years older than men. Severe LV dysfunction, defined as LV ejection fraction (LVEF) < 30%, was significantly more common in men, whereas severe calcification of the mitral apparatus was more common in women [8].



Among causes of primary MR, MVP affects 2% to 3% of the population and occurs more commonly in women, but men predominate in patients undergoing mitral valve surgery or intervention [9,10,11,12,13,14]. In a large cohort study from the Mayo Clinic assessing 8229 patients with MVP [15], women with severe MR were less likely than men with severe MR to undergo mitral valve surgery (52% vs. 60%, adjusted risk ratio, 0.79 [95% CI, 0.74 to 0.84]). At 15 years, women with no or mild MR had better odds of survival than men (87% vs. 77%, adjusted risk ratio, 0.82 [CI, 0.76 to 0.89]), but those with severe regurgitation had worse survival than men (60% vs. 68%, adjusted risk ratio, 1.13 [CI, 1.01 to 1.26]). The survival rate 10 years after surgery was similar in women and men [15].



Mitral annular disjunction (MAD) is associated with MVP and has been shown to be a risk factor for ventricular arrhythmias [16]. MAD is defined as an abnormality of the mitral annulus, in which the posterior mitral leaflet inserts into the left atrial wall, separate from the LV myocardium, which is normally in contact with the mitral annulus [17]. Several factors may be associated with a higher MAD frequency in patients with MVP. Putnam et al. retrospectively investigated 90 patients with severe MVP and MR who underwent preoperative computed tomography. MAD was detected in 20% of these patients, being most often associated with female sex, smaller mitral annulus size, and greater posterior leaflet length [17]. Furthermore, the malignant bileaflet MVP syndrome, described in previous literature, is characterized by bileaflet MVP, frequent ventricular ectopy, and female sex [18,19].



Opposite to primary MR, secondary MR is more frequent in men than women [8,13,20]. This is because secondary MR develops in the setting of LV dysfunction, i.e., heart failure with reduced ejection fraction, which has higher prevalence among males [21,22]. Ischaemic LV dysfunction is significantly more common in men, whereas non-ischaemic aetiology is more prevalent in women [20]. However, women seem at disproportionately elevated risk of developing MR after myocardial infarction or in the context of coronary artery disease [23]. Regarding comorbidities and risk factors, women referred for mitral valve surgery for secondary MR more often have comorbid hypertension and less often have ventricular arrythmias or a history of smoking, compared with men [24]. Furthermore, women have less dilated ventricles and less severe MR but may have worse heart failure symptoms and worse mental health scores [24]. Sex differences were observed also in the treatment strategies, where women with secondary MR more often underwent surgical mitral valve replacement when compared with men, although no differences were observed for TEER [20].




3. Morphology and Imaging


3.1. Sex-Specific MR Phenotypes


Compared to male patients, female patients have different anatomical, morphological, and pathophysiological features [25].



First, women have smaller atrial and ventricular dimensions as well as smaller regurgitant volumes. These differences persist even after indexing the measurements for body size [15,26]. In the setting of primary MR, MVP is the most prevalent cause in western countries and in the female population [1,10,25]. It encompasses a broad spectrum of phenotypes that significantly impact on technical aspects and outcomes of any type of intervention, both surgical and percutaneous. In this setting, women present less frequently with flail leaflets or posterior leaflet prolapse and more often with thicker and myxomatous valves with multiscallop and anterior prolapse, thus challenging both surgical correction as well as TEER [15]. A distinct sex-related remodeling in the extracellular matrix can explain the morphological presentation and the different prevalence of complex lesions in females leading to a higher procedural complexity of surgical repair [2].



Furthermore, mitral annulus calcification is more frequently encountered in women and, irrespective of the degree of its extension, it is a predictor of mortality and mitral valve replacement in surgical patients [27].



Finally, functional atrial MR (AMR) has been recently recognized as a new pathophysiological entity. AMR is defined as leaflet malcoaptation caused by isolated annular dilatation with insufficient leaflet growth and impaired annular dynamics in patients with atrial fibrillation and/or heart failure with preserved ejection fraction [28]. This mechanism of MR has a high incidence and significant prognostic implication. Studies have shown a greater frequency of AMR in women [28,29]. Several factors might explain this association such as increased atrial fibrosis, higher levels of inflammation markers, differences in the histological composition of the annulus with reduced elastic components, and less myocardium leading to a higher degree of dilatation [29].



Figure 1 shows morphological features frequently encountered in female patients with MR.




3.2. Multimodality Imaging in MR Assessment


Two-dimensional and three-dimensional echocardiography represent the cornerstone of MR quantification. Even if several studies support current guidelines for quantitative and qualitative MR quantification and indications for mitral valve intervention, many pitfalls that can delay referrals in women must be considered. Indeed, current guidelines do not include sex-specific criteria to adequately account for sex-related differences, do not mandate indexing volumes, and their evidence is based on studies derived from populations with male predominance [3,4,30,31]. Although it is clearly established that women have smaller cardiac chambers and effective regurgitant orifice area (EROA), even when indexed for smaller body surface area (BSA), a lower percentage of women reach current definition of severe MR and for mitral valve intervention [15,26]. As a consequence, women referred for mitral valve surgery in degenerative MR had larger LA and LV volumes after indexing for BSA. Moreover, women with functional MR referred for TEER have smaller annular area, distance between the papillary muscles, and EROA, while their EROA/left ventricular end-diastolic volume ratio is larger, thus suggesting more severe degrees of regurgitation [32,33]. So, especially in women, if doubts persist about correct quantification of MR, or significant discrepancies are evident between reported symptoms and echocardiographic findings, several other tools are available to guide the decision-making process.



The assessment of vena contracta area with 3D echocardiography allows direct measurement of EROA, eliminating geometric and flow assumption of 2D echocardiography. Compared to 2D PISA methods, which are based on the limiting supposition that EROA is circular, it improves the accuracy of MR grading and is highly sensitive for definition of severe primary MR [34,35].



In current guidelines, reduction in LVEF is a main parameter for mitral valve surgery [3,4]. However, this parameter has significant intraobserver and interobserver variability and detects myocardial disfunction later in the disease course. Left ventricular global longitudinal strain (LV-GLS) is a reproducible, accurate, and load-independent echocardiographic parameter that can detect early subclinical LV dysfunction in asymptomatic patients [35]. Speckle tracking echocardiography permits assessment of myocardial deformation before LVEF declines, and it has shown significant prognostic value to predict adverse clinical outcomes in patients with LVEF > 60% undergoing mitral valve repair [36,37]. Therefore, LV-GLS may provide additional prognostic value in patients with asymptomatic or undefined MR, and it has been proposed as a possible parameter for referring to cardiac surgery. The main limitations of this technique are that image post-processing is time-consuming, that optimization of image acquisition is imperative to ensure adequate image quality, and that inter-vendor variability makes standardized GLS application challenging.



However, the most remarkable results in MR quantification have been achieved by cardiac magnetic resonance imaging (CMR). CMR is the gold standard to assess chamber volume quantification and thus to evaluate LV and left atrial dilatation, and it is also the most accurate method for quantification of regurgitant volumes. The use of CMR reclassifies a substantial number of patients with MR defined as severe by echocardiography [38]. Furthermore, CMR is an independent predictor of LV reverse remodeling after MR correction whereas echocardiography is not [39]. Therefore, most recent studies suggest that CMR-specific thresholds may be more appropriate and more closely related to outcome compared to echocardiography, and CMR seems to be the most reliable method to identify patients with severe MR that will benefit most from the intervention.



Finally, natriuretic peptides are the most widely used markers of cardiac volume overload in daily clinical practice. Their application in the assessment of patients with valvular heart disease is emerging, and many studies have shown a strong correlation between natriuretic peptides and clinical outcomes in patients with symptomatic and asymptomatic MR [40,41]. Although specific cut-offs have not yet been defined, they can be another useful tool for implementing the management of patients with MR when indication for intervention is not clear. Importantly, sex is one of the factors together with BMI and age that influence the values of natriuretic peptides. However, the performance of these peptides for diagnosing heart failure and their prognostic utility are similar in both sexes, and sex-specific cut-off points are not usually recommended [42,43,44].



Therefore, quantification of MR, particularly in the decision-making process driving timing of intervention, should not only be focused on conventional echocardiographic parameters but must include, with a holistic approach, different diagnostic tools and patients features, especially in women.





4. Surgical Therapy


Sex differences have been described in both mitral valve pathology, surgical approaches, and clinical outcomes after mitral valve surgery.



From an anatomical perspective, in relation to their smaller body surface area, women show smaller LV dimensions and, thus, smaller mitral valve annular dimensions, as compared with men [15].



From a pathological perspective, diffuse calcifications of the mitral annulus and leaflets are commonly encountered in females, while isolated prolapse of the posterior leaflet is more common in males [15]. Furthermore, the incidence of mitral stenosis, as a standalone pathology or in association with MR, is higher in females [45].



These pathological characteristics translate into different surgical approaches between males and females as well as relevant discrepancies in outcomes.



Firstly, women are less likely to be referred for surgical interventions as compared to men, raising the issue of a large unmet need for treatment in females [15]. Furthermore, referral delays cause women to undergo surgical mitral valve intervention at an older age as compared to their male counterparts along with an over-representation of women in non-elective patients, thus increasing their procedural risk [46]. In addition, women are often referred to surgery at a later disease stage with higher New York Heart Association (NYHA) class at presentation. Finally, because of the greater presence of diffuse calcifications of the mitral leaflets, mitral valve repair represents a challenging procedure. Thus, females are more frequently treated with mitral valve replacement as compared to men, with an obvious impact on long-term outcomes.



Female patients undergoing mitral valve surgery have, as well, a higher operative mortality and lower long-term survival as compared to males. This finding is only partially explained by the presence of associated comorbidities [46]. In the setting of primary MR, mitral valve repair was able to restore life expectancy in men. Nonetheless, this prominent prognostic achievement was not mirrored in women that showed the persistence of a relevant excess in mortality after surgical repair [46].



Female sex is also included as a covariable in surgical risk prediction tools such as the EuroSCORE II and the Society of Thoracic Surgeon score (STS score), given its independent association with adverse outcomes after surgery [47].



In summary, surgically derived data show that females are less likely referred to MR surgical correction, often scheduled at a later disease stage. Their anatomical characteristics do often impact on the choice between repair and replacement with a lower likelihood of mitral valve repair. In addition, even when adequately repaired, their life expectancy is not fully restored as is in their male counterparts. Reasons for these discrepancies are only partially explained so far and might depend upon associated comorbidities, as well as with an intrinsic risk derived from female sex.




5. Interventional Therapy


5.1. Evidence from Randomized Clinical Trials


The first comparative trial assessing safety and clinical efficacy of TEER versus surgery was the EVEREST II trial [48]. The primary endpoint was set as the composite of freedom from death, mitral valve surgery, and recurrent MR grade ≥3 at 12 months. The study enrolled highly selected patients fulfilling strict echocardiographic criteria. This led to the inclusion of patients with predominant degenerative MR (73%) while females were almost one third in both study groups (38% TEER, 34% Surgery). Sex interaction was analyzed in a pre-specified post-hoc subgroup. Among female patients, freedom from death, surgery, and recurrent MR was observed in 37 (55%) out of 67 patients enrolled in the TEER arm as compared to 22 (73%) out of 30 in the surgical arm (p value for interaction 0.97). Thus, in this highly selected cohort of patients derived from the EVEREST trial, no signals pointing towards a sex-related hazard for the occurrence of short-term adverse events after TEER as compared to surgery was evident.



In the extended 5-year follow-up, initial sex-related discrepancies became apparent. While no differences emerged for the occurrence of the primary endpoint among both sexes (freedom from death, surgery, and recurrent MR grade ≥3 in females: TEER 46.4% vs. surgery 65.0%, p-value = 0.15), surgical male patients showed a significant higher freedom from adverse events at follow-up (TEER 42.9% vs. surgery 63.9%, p value = 0.03), thus confirming the known prognostic differences evident among sexes in surgical studies. Nonetheless, no evidence for treatment heterogeneity was observed among males and females, suggesting that surgical treatment was associated with better outcomes at follow-up in both sexes [49].



The MITRA-FR trial was an investigator initiated randomized clinical trial aiming to assess whether TEER on top of optimal medical treatment (OMT) was able to confer any prognostic advantage as compared to OMT alone in patients with functional MR [50]. The primary efficacy endpoint was set as the incidence of death or heart failure hospitalizations at 12 months. Female sex was under-represented in this trial as only 75 women (24.4% of the whole study group) were enrolled in the study. The primary endpoint occurred in 16/30 (53.3%) in the TEER group as compared to 25/45 (55.6%) of those allocated to OMT, with no evidence, thus, of significant sex-related discrepancies (OR 0.9; 95% CI 0.4–2.3; p value for interaction 0.73). Clearly, these results must be considered in the light of the intrinsic limitations associated with the small sample size of patients enrolled. Currently, no reports derived from the MITRA-FR trial focusing on sex disparities at an extended follow-up are available.



On this topic, additional data derived from the COAPT trial is available. This randomized controlled trial from 2018 aimed at assessing safety and effectiveness of TEER with the MitraClip device in patients with heart failure, reduced ejection failure, and secondary MR who remained symptomatic despite the use of guideline-directed medical therapy [51]. The trial enrolled 614 patients randomized 1:1 to TEER plus OMT vs. OMT alone. The primary endpoint, defined as the composite of death and heart failure hospitalizations at two years, was met, showing a significant reduction in TEER patients as compared to medical therapy. Among study patients, 221 (36%) were female (124 treated with TEER and 97 included in the medical treatment arm). Despite a younger mean age than their male counterparts (mean age 69.5 ± 12.8 vs. 73.8 ± 9.8, p < 0.001), women had a higher functional class at enrollment and a lower quality of life as assessed with the Kansas City Cardiomyopathy Questionnaire score. Moreover, female patients were less frequently affected by ischemic cardiomyopathy. Despite comparable procedural success rates among both sexes and a comparable survival benefit conferred by percutaneous treatment, the effect of TEER in reducing heart failure hospitalizations was less pronounced in women compared with men beyond the first year after treatment [52].




5.2. Evidence from Registries


Initial registry-derived data reporting sex related differences were published almost 10 years ago. The first available report was derived from a small sample (overall 171 patients of whom 65 were females) assessing patients with predominant functional etiology enrolled in the GRASP registry [53]. This initial report confirmed that, even between TEER patients, women were referred to treatment at an older age than their male counterparts. Authors reported a high success rate in both groups, leading to considerable reduction of MR grade, more pronounced in females. Authors also reported a low rate of procedure-related complications, without significant sex-related differences. Interestingly, while heart failure symptoms were improved early after the intervention (i.e., 30 days) in both groups, a trend toward poorer results in females was evident at 30 days and persisted through 12 months [53].



A subsequent multicenter registry pooling 173 TEER patients, with only 64 women, from Royal Brompton Hospital (London, UK), Rigshospitalet (Copenhagen, Denmark), and Karolinska University Hospital (Stockholm, Sweden) confirmed an older age of referral in women. In line with previous surgical series, even among TEER patients, differences regarding LV volumes were confirmed with females showing smaller LV end systolic and diastolic volumes related to their lower body surface area. Even among this cohort, comparable acute procedural and echocardiographic results after TEER were reported at 12 months between both sexes [54].



The ACCESS EU registry published in 2016 provided a larger comparative analysis, reporting data on 205 women treated with TEER among 14 European sites [55]. Even among patients enrolled in this multicenter registry, females were characterized by an older age at treatment, lower BMI, LV volumes, burden of associated comorbidities, and a higher NYHA class at presentation, thus mirroring surgical experiences. Women were less likely to be treated with multiple clip implantation, this probably due to the smaller annular sizes associated with a smaller body surface area. Nonetheless, comparable safety and efficacy among sexes was confirmed [55].



On this topic, an American perspective is provided by two studies derived from the US National Inpatient Sample. The first study by Doshi et al. assessed the impact of sex disparities in a relatively large analysis derived from administrative data of 521 patients (219 females) treated between 2012 and 2014 [56]. Authors reported no significant differences for in-hospital mortality between both sexes. No differences were also reported for the occurrence of major post-procedural complications such as acute renal failure, stroke, bleeding requiring transfusions, cardiogenic shock, or length of in-hospital stay. Interestingly, cost analysis showed a significantly lower resource allocation per procedure in females (male 50 533 USD vs. female 45 182 USD, p = 0.022) [56].



A subsequent analysis was performed querying the National Inpatient Sample database for patients treated by TEER between 2012 and 2016 [57]. Authors reported an exponential increase in the number of procedures performed during the study period among both sexes, leading to 10,015 hospitalizations with 4715 (47.1%) women and 5300 (52.9%) men. Both unmatched and matched analyses (performed after extensive propensity score matching including 26 different variables) showed no differences for the primary outcome of in-hospital mortality between sexes (unmatched cohorts 2.1% in women vs. 2.7% in men, odds ratio [OR] 0.77; 95% confidence interval; 0.48–1.23, p = 0.27 matched cohorts 2.4% in women vs. 3.0% in men, OR 0.78; 95% CI: 0.47–1.29, p = 0.33) [57]. In the matched cohort, no differences were observed in terms of conversions to surgical mitral valve replacement, cardiac arrest, cardiogenic shock, use of mechanical circulatory support, acute renal insufficiency, need for hemodialysis, respiratory complications, acute myocardial infarction, stroke, complete heart block, cardiac tamponade, discharges to nursing facility, and mean length of hospital stay. These results, even with the intrinsic limitations derived from a retrospective administrative database derived data, confirm the procedural safety of TEER in women also beyond in-hospital mortality.



The German TRAMI registry reported on 828 consecutive patients treated between 2010 and 2013, comparing outcomes among 501 males (60.5%) and 327 females (39.5%) with predominant functional MR without sex-related differences with regard to their etiology [58]. Frailty, reported by the enrolling centers, was much more common in females, justifying a percutaneous approach in 28.9% of all women as compared to 17.4% of men (p < 0.001), nonetheless not impacting on procedural success rates. Significantly higher rates of bleedings requiring transfusions and a borderline increase in the rate of vascular complications in women was also reported, highlighting peculiarities of women undergoing TEER [58]. One-year survival was similar among sexes. Nonetheless, while most patients showed a significant clinical benefit in terms of functional capacity and subjective health status 1 year after treatment, females more frequently remained symptomatic after treatment, reporting NYHA classes ≥2 in 45.3% as compared to 31.7% in males (p = 0.003).



Recently, sex-related differences in the outcomes after TEER were explored in the EuroSMR registry. A previous analysis derived from the registry confirmed an effective and similar MR reduction with TEER in women and men patients with secondary MR with no sex-related differences in clinical outcomes up to two years of follow-up [59]. More recently, an analysis focusing on the relationship between body surface area and all-cause mortality at two years in patients with functional MR stratified according to sex showed an inverse linear association in males (with lower event rate at higher body surface areas), while a U-shaped relationship in women (with higher event rates at low and high body surface area) [60], partially explaining the commonly perceived higher risk of mortality in females.



Several other percutaneous approaches have been developed such as direct and indirect mitral valve annuloplasty as well as techniques for percutaneous and microinvasive mitral valve replacement or repair [61]. Nonetheless, these approaches are still in their germinal phase and only few data are available allowing sex comparisons [62,63].



In summary, evidence derived from TEER studies mirror surgical experiences showing that females are underrepresented in studies and are often referred to surgery at an older age and at a higher disease stage, suggesting limited access to treatment. Frailty more often justifies a percutaneous approach in women as compared to males. Reassuringly, as a difference from surgical series, no signal towards outcome dissimilarities among sexes is evident both at short- and mid-term follow-up. Nonetheless, persistence of limiting symptoms even after adequate management in women represents an unmet need for treatment.





6. Conclusions


Sex is associated with relevant differences regarding epidemiology, clinical presentation, and pathological and echocardiographic findings in patients with mitral regurgitation (Figure 2). These differences have an impact on treatment strategies translating into different surgical outcomes among women and men. In patients treated with TEER, sex also represents a relevant factor impacting on therapeutic and interventional strategies. Nonetheless, this does not seem to have a clear impact on short term procedural outcomes. After TEER, the signal suggesting that female sex seems to be associated with a reduced clinical efficacy at follow-up requires further confirmation. After gaining more data from randomized control trials and real-world evidence, there will be a need to evaluate new gender-based recommendation on MR therapy in future guidelines.
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Figure 1. Morphological features more frequently found in female patients on bidimensional echocardiography. Barlow’s disease with multi-scallop and bileaflet prolapse (A). Extensive mitral annular calcification (B). Excessive annular dilatation in atrial functional mitral regurgitation (C). Posterior leaflet tethering in ischemic functional mitral regurgitation (D). 
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Figure 2. Graphical summary of sex differences in epidemiology, morphology, mechanisms, and treatment of mitral valve regurgitation. MI: myocardial infarction; MR: mitral regurgitation; PMR: primary mitral valve regurgitation; SMR: secondary mitral valve regurgitation; TEER: transcatheter edge-to-edge mitral valve repair. 
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