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INTRODUCTION

Concentric left ventricular hypertrophy is a compensatory mechanism for the chronic pressure overload observed in aortic stenosis (AS). Although the development of concentric left ventricular (LV) remodeling and LV hypertrophy is a physiological response to increased wall stress in order to maintain left ventricular ejection fraction (LVEF), the adaptive mechanisms to pressure overload finally become insufficient and the LV becomes unable to maintain normal stroke volume in the setting of limited preload reserve, a condition known as "afterload mismatch". Consequently, systolic wall stress becomes markedly elevated, and LVEF decreases, eventually leading to the development of myocardial fibrosis and potentially irreversible myocardial dysfunction if the valvular obstacle is not relieved [START_REF] Dweck | Calcific aortic stenosis: a disease of the valve and the myocardium[END_REF][START_REF] Gaasch | Left ventricular structural remodeling in health and disease: with special emphasis on volume, mass, and geometry[END_REF][START_REF] Hein | Progression from compensated hypertrophy to failure in the pressure-overloaded human heart: structural deterioration and compensatory mechanisms[END_REF].

Several recent studies have suggested increased mortality in symptomatic AS patients with LVEF between 50 and 59% (4-6). However, symptomatic patients with severe AS have a class I indication for surgery because of symptoms, irrespective of the LVEF. According to American College of Cardiology/American Heart Association [START_REF]ACC/AHA guidelines for the management of patients with valvular heart disease. A report of the American College of Cardiology/American Heart Association. Task Force on Practice Guidelines (Committee on Management of Patients with Valvular Heart Disease)[END_REF] and European society of Cardiology [START_REF] Baumgartner | ESC/EACTS Guidelines for the management of valvular heart disease[END_REF] guidelines, aortic valve replacement (AVR) is a class I indication in patients with asymptomatic severe aortic stenosis (AS) and left ventricular systolic dysfunction defined as LVEF < 50%.

However, this guideline is rarely applicable because LV systolic dysfunction in patients with asymptomatic severe AS is uncommon, as it has been previously reported in less than 1% of patients [START_REF] Henkel | Asymptomatic left ventricular systolic dysfunction in patients with severe aortic stenosis: characteristics and outcomes[END_REF]. To our knowledge, no data are available concerning the prognostic value of LVEF in asymptomatic or minimally symptomatic AS patients in order to propose a LVEF threshold value for AVR in these patients. We hypothesized that a LVEF cutoff of 50% for referral to aortic valve replacement (AVR) in asymptomatic AS is too low and that a LVEF cutoff higher than 50% would be associated with poor outcome, as LVEF < 50% usually occurs late in the course of the disease, after onset of symptoms, when myocardial impairment is probably at least partially irreversible [START_REF] Lund | Preoperative risk evaluation and stratification of long-term survival after valve replacement for aortic stenosis. Reasons for earlier operative intervention[END_REF][START_REF] Lund | Cardiac pathology after isolated valve replacement for aortic stenosis in relation to preoperative patient status. Early and late autopsy findings[END_REF]. The objective of this study was therefore to determine the best LVEF cutoff to predict long-term mortality in patients with asymptomatic or minimally symptomatic severe AS and LVEF ≥ 50% under conservative management and after surgical correction of AS.

METHODS

Between 2000 and 2016, patients aged ≥ 18 years diagnosed with at least mild AS (aortic valve calcification with restricted systolic leaflet motion and aortic valve area (AVA) < 2 cm²) in the echocardiography laboratories of 2 French (Amiens and Lille) and one Belgian (Brussels) tertiary centers, were prospectively identified and included in an electronic database. Patients presenting the following criteria were excluded: (i) patients with more than mild aortic and/or mitral regurgitation; (ii) patients with prosthetic valves, congenital heart disease (with the exception of bicuspid aortic valves), supravalvular or subvalvular AS, or dynamic left ventricular outflow tract obstruction, and (iii) patients who declined to participate in the study. The present analysis was based on 1,678 patients with severe AS (defined as AVA ≤ 1 cm² and/or AVA normalized to body surface area [BSA] ≤ 0.6 cm²/m²), LVEF ≥ 50% and no or minimal symptoms at diagnosis. Symptoms were ascertained by each patient's cardiologist. Patients with atypical chest pain and elderly patients with minimal dyspnea not clearly related to AS were considered to be minimally symptomatic.

Patients were retrospectively divided into three groups according to baseline LVEF: LVEF ≥ 60%, LVEF between 55 and 59% and LVEF < 55%. The Charlson comorbidity index, comprising the sum of the individual comorbidities, was calculated for each patient [START_REF] Charlson | A new method of classifying prognostic comorbidity in longitudinal studies: development and validation[END_REF].

Coronary artery disease was defined by the presence of a documented history of acute coronary syndrome, coronary artery disease previously confirmed by coronary angiography or history of coronary revascularization. The study was approved by an independent ethics committee and was conducted in accordance with institutional policies, national legal requirements, and the revised Declaration of Helsinki.

Echocardiography

All patients underwent a comprehensive Doppler-echocardiographic assessment using commercially available ultrasound systems. Aortic flow was systematically recorded using continuous wave Doppler on several views (apical five-chamber, right parasternal, suprasternal, and epigastric). The view identifying the highest velocities was used to determine Vmax. Three consecutive measurements in patients in sinus rhythm or 5 consecutive measurements in patients in atrial fibrillation (AF) in this view were systematically averaged. The alignment of both pulsed and continuous-wave Doppler was optimized to be parallel with flow. Pressure gradients were calculated using the simplified Bernoulli equation [START_REF] Currie | Continuous-wave Doppler echocardiographic assessment of severity of calcific aortic stenosis: a simultaneous Doppler-catheter correlative study in 100 adult patients[END_REF]. AVA was calculated using the continuity equation [START_REF] Skjaerpe | Noninvasive estimation of valve area in patients with aortic stenosis by Doppler ultrasound and two-dimensional echocardiography[END_REF]. Left ventricular (LV) dimensions were assessed from parasternal longaxis views by 2-dimensional-guided M-mode using the leading-edge methodology at enddiastole and end-systole. LVEF was calculated using Simpson's biplane method tracings of the interface between the compacted myocardium and the LV cavity in the apical four-and twochamber views [START_REF] Lang | Recommendations for cardiac chamber quantification by echocardiography in adults: an update from the American Society of Echocardiography and the European Association of Cardiovascular Imaging[END_REF]. LV mass was estimated by an equation based on linear measurements normalized to BSA [START_REF] Lang | Recommendations for cardiac chamber quantification by echocardiography in adults: an update from the American Society of Echocardiography and the European Association of Cardiovascular Imaging[END_REF]. Systolic pulmonary artery pressure was calculated from the maximum peak tricuspid regurgitation velocity, using the simplified Bernoulli equation.

Follow-up

Median [interquartile range] follow-up was 43.0 months. Patients were followed by clinical consultations and echocardiography in the outpatient clinics of the 3 tertiary centers. A few patients were followed in public hospitals or private practices by referring cardiologists working in collaboration with the tertiary centers. Ninety-four percent of patients were followed for at least 2 years or until death. Follow-up was complete up until death or the end of the study for 1,510 patients (90%). Events were ascertained by direct patient interview and clinical examination and/or by repeated follow-up letters, questionnaires, and telephone calls to physicians, patients, and (if necessary) next of kin. The study endpoint was overall survival in medically and surgically managed patients after diagnosis at baseline echocardiography. Survival in medically and surgically managed patients encompassed all modalities of medical and surgical management. Survival was also analyzed separately in the subgroup of patients operated within 3 months after the baseline echocardiography (surgical management group) and in the subgroup of patients not operated on during the first three months after baseline echocardiography (conservative management group). Survival analysis in the conservative management group continued until last follow-up on medical management (censored at surgery).

Statistical analysis

SPSS software (version 18.0, IBM) and R (R project for Statistical Computing, version 3.3.3) were used for statistical analysis. Continuous variables were expressed as mean ± standard deviation or median [interquartile range], and categorical variables were expressed as numbers and percentages. The relationship between continuous baseline variables and the various groups was explored using one-way ANOVA (for normally distributed variables) or Kruskal-Wallis tests (for non-normally distributed variables). Pearson's chi-squared statistic or Fisher's exact test was used to examine the association between categorical baseline variables and the various groups. The significance of the difference between the reference group (LVEF ≥ 60%) and the other groups was examined when a significant intergroup difference was observed. Inter-individual differences were compared with a Mann-Whitney U test (with Bonferroni correction for multiple comparisons) and a Tukey test for normally distributed data. The start of follow-up for survival analysis was baseline echocardiography. The intraobserver, interobserver and intercenter reproducibility were evaluated using Pearson correlation coefficient, intraclass correlation coefficient (ICC) and coefficient of variation (CV). To assess intraobserver reproducibility, the main investigator of Amiens (YB) repeated the analysis in a randomly chosen subset of 20 patients with severe AS, ≥1 month after the first analysis. To assess the interobserver reproducibility, those 20 randomly chosen exams were analyzed by 2 investigators of Amiens (YB and CT). To assess intercenter reproducibility, those 20 randomly chosen exams were delivered to the other 2 centers and analyzed independently by one investigator of each center (YB for Amiens, SM and JLV for Lille and Brussels respectively). Event rates ± standard errors in the 3 groups were estimated using the Kaplan-Meier method and compared by twosided log-rank tests. Univariate and multivariable analyses of times to events were performed using Cox proportional hazards models with LVEF as an independent variable in a categorical format without the use of model-building techniques. The following covariates considered to have a potential prognostic impact (on the basis of epidemiological data) were included: age, sex, BSA, hypertension, coronary artery disease, history of myocardial infarction, history of AF, comorbidity index and aortic valve area. Hazard ratios (HR) and their 95% confidence intervals (CI) were estimated for all-cause mortality. The proportional hazards assumption was confirmed using statistics and graphs based on Schoenfeld residuals. For continuous variables, the assumption of linearity was assessed by plotting residuals against independent variables. Penalized smoothing splines (P-splines) were used to illustrate the association between LVEF as a continuous variable and the risk of mortality. Subgroup analyses (stratified by age, sex, coronary artery disease, hypertension, history of myocardial infarction and AF) were performed to determine the homogeneity of the association between low LVEF (<55%) and the outcome variable. The effect of LVEF on the risk of overall mortality was first estimated in each subgroup using a Cox univariate model, and then formally tested for first-order interactions in Cox models by entering interaction terms separately for each subgroup. The limit of statistical significance was p<0.05. All tests were two-tailed.

RESULTS

Baseline characteristics and management

The study population consisted of 1,678 patients (839 males: 49.8%; mean age: 76 years, mean LVEF: 64%) divided into 1,108 patients with LVEF ≥ 60% (66%), 331 patients with LVEF between 55 and 59% (20%) and 239 patients with LVEF < 55% (14%). Seven hundred and fiftyeight patients were managed medically: 469 with LVEF ≥ 60% (62%), 167 with LVEF between 55 and 59% (22%), and 122 with LVEF < 55% (16%) and 920 patients were managed surgically (patients operated within 3 months after baseline echocardiography): 639 with LVEF ≥ 60% (69%), 164 with LVEF between 55 and 59% (18%), and 117 with LVEF < 55% (13%).

No differences in terms of age, BSA, hypertension, diabetes mellitus, history of coronary artery disease and Charlson comorbidity index were observed between the groups. Patients with LVEF between 55 and 59% were more often men (p<0.05) and had greater LV end-diastolic (p<0.05) and end-systolic diameters (p<0.001) and volumes (both p<0.001) compared to the reference group (LVEF ≥ 60%). Patients with LVEF < 55% were mostly men (p<0.05), had a higher frequency of AF (p<0.05) and more frequently a history of myocardial infarction compared to patients with LVEF ≥ 60%. They had lower peak aortic jet velocities (p<0.001), mean pressure gradients and indexed stroke volumes (both p<0.05), greater LV end-systolic and end-diastolic diameters and volumes (all p<0.001) and lower global longitudinal strain values (p<0.05) compared to the reference group (Table 1).

Reproducibility

Intraobserver, interobserver and intercenter reproducibility for LVEF values are summarized in Supplemental Table 1. Intraobserver (R=0.96; ICC: 0.95; CV= 3%), interobserver (R=0.90; ICC=0.87, CV= 4.5%) and intercenter (R between 0.88 and 0.90; ICC between 0.83 and 0.89 and CV between 4.2% and 4.6%) analyzes showed good reproducibility.

Outcome analyses

Outcome with medical and surgical treatment.

Five-year survival rate was 72±2% for patients with LVEF ≥60%, 74±2% for patients with LVEF between 55 and 59% and 59±4% for patients with LVEF <55% (log rank p value<0.001).

Univariate and multivariable Cox analyses revealed between-group differences for overall mortality (both p<0.001) (Table 2). No significant difference was observed between the LVEF ≥ 60% and LVEF 55 to 59% groups, even after covariate adjustment (p=0.199) (Table 2) and further adjustment for surgery treated as a time dependent variable (p=0.48). Patients with LVEF<55% displayed significant excess mortality even after covariate adjustment (Adjusted HR=2.29[1.68-3.17]; p<0.001) (Table 2) and further adjustment for surgery treated as a time dependent variable (Adjusted HR=2.77[2.13-3.61]; p<0.001) (Figure 1A) compared to the reference group of patients with LVEF ≥ 60%.

As regard to gender, LVEF<55% was associated with increased mortality in men (HR 2.19 [1.54-3.11]; p<0.001) and women (HR 2.08 [1.41-3.06]; p<0.001) with no interaction between sex and LVEF<55% (p for interaction= 0.85). As illustrated by the supplemental figure 2, on multivariable analysis, LVEF<55% was associated with excess mortality compared to LVEF≥60% irrespective of gender (adjusted HR=2.29[1.47-3.56]; p<0.001 for men and adjusted HR=2.13[1.39-3.24]; p<0.001 for women). Further adjustment for surgery treated as a time dependent variable showed comparable results (adjusted HR=2.65[1.91-3.77]; p<0.001 for men and adjusted HR=2.38[1.52-3.51]; p<0.001 for women).

By dividing the whole study population into two groups with a 55% LVEF cut-off, the 5-year survival rate was 72±2% for patients with LVEF ≥55% and 59±4% for patients with LVEF <55% (log rank p value <0.001). On univariate Cox analysis, overall mortality was significantly higher for the LVEF<55%group (Table 2); this excess risk persisted after covariate adjustment (adjusted HR=2.18 [1.60-2.96]; p=<0.001) (Table 2) and further adjustment for surgery treated as a time dependent variable (Adjusted HR=2.86[2.21-3.68]; p<0.001) (Figure 1B). AVR was associated with better survival in patients with LVEF≥55% than in patients with LVEF<55% (adjusted HR 4.16 [3.33-5.26) vs. adjusted HR 2.32 [1.53-3.57]; p for interaction 0.017).

The shape of the relationship between LVEF as continuous variable and the risk of death was estimated using spline functions for LVEF (Figure 2). After adjustment, there was no increase in mortality risk with decreasing LVEF when it remained ≥55% (adjusted HR, 0.98 [0.96-1.04] per 1% LVEF decrement; P=0.22). With LVEF <55%, there was important increase in mortality risk with decreasing LVEF (adjusted HR, 0.86 [0.75-0.97] per 1% LVEF decrement; P=0.002). As regard to gender, on multivariable analysis, there was no increase in mortality risk with decreasing LVEF when it remained ≥55% (p=0.44 for men and p=0.11 for women) while there was important increase in mortality risk with decreasing LVEF when LVEF was <55% for both, men (p<0.001) and women (p=0.020).

The association between LVEF<55% and risk of death was consistent in subgroups of patients with no interactions between LVEF<55% and any of the subgroups (Figure 3). LVEF<55% was independently associated with mortality in each center compared to LVEF ≥55% (all p<0.05) with no interaction between LVEF<55% and centers (p for interaction=0.21).

Above the 60% cutoff, outcome was not influenced by further LVEF stratification, as no significant difference was observed between patients with LVEF between 60 and 64% and patients with LVEF ≥ 70% (p=0. [START_REF] Currie | Continuous-wave Doppler echocardiographic assessment of severity of calcific aortic stenosis: a simultaneous Doppler-catheter correlative study in 100 adult patients[END_REF], or between patients with LVEF between 65 and 69% and ≥ 70% (p=0.32) after covariate adjustment. No significant difference was observed between patients with LVEF between 55 and 59% and patients with LVEF ≥ 70% (p=0.07), but patients with LVEF < 55% displayed excess mortality compared to patients with LVEF ≥ 70% (adjusted HR=2.74 [1.85-4.01]; p=<0.001) (supplemental figure 2).

Comparison of patients with LVEF < 55% according to the type of management (i.e. initially conservative or surgical) demonstrated excess mortality in medically managed patients, even after covariate adjustment (Adjusted HR: 2.70[1.98-3.67]; p<0.001) (Supplemental figure 3).

Outcome in the conservative management subgroup

Patients were mostly women (p<0.001), more often diagnosed with hypertension (p=0.002) and AF (p<0.001) and more often had a history of myocardial infarction (p=0.016) compared to patients who underwent AVR within 3 months after baseline echocardiography. These patients had less severe AS at baseline with higher AVA, lower peak aortic jet velocity and mean pressure gradients (all p<0.001). They had higher end-systolic diameters (p=0.025) and volumes (p<0.001) and lower LVEF (p<0.001) compared to patients initially managed surgically (Table 3).

In patients initially managed conservatively, 249 (33%) deaths were recorded and 329 (43%) underwent surgery during follow up. Five-year survival rate was 54±3% for patients with LVEF ≥60%, 46±6% for patients with LVEF between 55 and 59% and 38±7% for patients with LVEF <55% (log rank p value<0.001). No significant difference was observed between the LVEF ≥ 60% and LVEF 55 to 59% groups, even after covariate adjustment (p=0.527) (Table 2). Patients with LVEF < 55% displayed significant excess mortality, even after covariate adjustment (Adjusted HR=2.44 [1.51-3.94]; p<0.001) compared to the reference group (Table 2, Figure 4A).

By dividing the whole study population into two groups with a 55% LVEF cutoff, the 5-year survival rate was 52±3% for patients with LVEF ≥ 55% and 38±7% for patients with LVEF <55% (log rank p value <0.001). On univariate Cox analysis, overall mortality was significantly higher for the LVEF < 55% group (Table 2); this excess risk persisted after covariate adjustment (adjusted HR=2.34 [1.49-3.67]; p=<0.001) (Table 2, Figure 4B).

Outcome in the surgical management subgroup

In patients who underwent surgery within 3 months after baseline echocardiography, 151 (16%) deaths were recorded during follow-up. Five-year survival rate was 83±2% for patients with LVEF ≥ 60%, 81±4% for patients with LVEF between 55 and 59% and 68±6% for patients with LVEF < 55% (log rank p value<0.001). No significant difference was observed between patients with preoperative LVEF ≥ 60% and patients with preoperative LVEF between 55 and 59%, even after covariate adjustment (p=0.360) (Table 2). Patients with preoperative LVEF < 55% displayed significant excess mortality, even after covariate adjustment (Adjusted HR=2.51 [1.58-4.00]; p<0.001) compared to those with preoperative LVEF ≥ 60% (Table 2, Figure 5A). By dividing the whole study population into two groups with a 55% preoperative LVEF cutoff, the 5-year survival rate was 83±2% for patients with LVEF ≥ 55% and 68±6% for patients with LVEF < 55% (log rank p value <0.001). On univariate Cox analysis, overall mortality was significantly higher for the LVEF < 55% group (Table 2); this excess risk persisted after covariate adjustment (adjusted HR=2.38 [1.52-3.72]; p=<0.001) (Table 2, Figure 5B). We did an analysis integrating the time after recoding the surgery variable (no surgery, surgery performed within 3 months after baseline echocardiography and surgery performed after 3 months). The interaction between this new surgery variable and LVEF was significant (p for interaction= 0.021).

DISCUSSION

The present study, based on a large registry of patients with severe AS and no or minimal symptoms at diagnosis and LVEF ≥ 50% managed in routine clinical practice, demonstrates that baseline LVEF assessed by Doppler-echocardiography is a major independent determinant of long-term outcome in response to conservative or surgical management. LVEF has a major impact on mortality that persists after adjustment for factors known to be major determinants of outcome, such as age, comorbidity, atrial fibrillation, coronary artery disease, history of myocardial infarction and aortic valve area. LVEF < 55% (observed in 14% of the study population) was associated with a greater than 2-fold increase in the risk of all-cause mortality. Moreover, our results show that LVEF < 55% is not simply predictive of excess mortality in medically managed patients but is also an independent determinant of poorer survival after surgical correction of AS, despite the marked reduction of mortality associated with surgery.

While surgery is currently a class I indication in patients with LVEF < 50%, this is a very rare situation in asymptomatic severe AS. These results suggest that AVR could be discussed before reaching an LVEF of 55%.

Concentric left ventricular hypertrophy is a compensatory mechanism for the chronic pressure overload observed in AS. As a result of impaired LV relaxation and compliance, this adaptive mechanism initially leads to diastolic dysfunction, constituting an established prognostic marker in AS [START_REF] Mandinov | Impact of systolic and diastolic dysfunction on postoperative outcome in patients with aortic stenosis[END_REF][START_REF] Rusinaru | Left Atrial Volume and Mortality in Patients With Aortic Stenosis[END_REF][START_REF] Debry | Prognostic significance of left ventricular concentric remodelling in patients with aortic stenosis[END_REF][START_REF] Christensen | Relation of Left Atrial Size, Cardiac Morphology, and Clinical Outcome in Asymptomatic Aortic Stenosis[END_REF] and subsequently systolic dysfunction. Some studies [START_REF] Kearney | Global longitudinal strain is a strong independent predictor of all-cause mortality in patients with aortic stenosis[END_REF][START_REF] Lancellotti | Risk stratification in asymptomatic moderate to severe aortic stenosis: the importance of the valvular, arterial and ventricular interplay[END_REF][START_REF] Salaun | Apical four-chamber longitudinal left ventricular strain in patients with aortic stenosis and preserved left ventricular ejection fraction: analysis related with flow/gradient pattern and association with outcome[END_REF] have shown that a decrease in myocardial contractility of longitudinal fibers occurs earlier and can be detected in many patients with AS despite a normal LVEF. This longitudinal fiber dysfunction, evaluated by studying myocardial deformation in 2-dimensional strain analysis, is associated with poor outcomes. Although the development of concentric LV hypertrophy is a physiological response to maintain LVEF, the adaptive mechanisms to pressure overload subsequently become insufficient. Systolic wall stress becomes markedly elevated, and LVEF decreases, eventually leading to the development of myocardial fibrosis and potentially irreversible myocardial dysfunction if the valvular obstacle is not relieved (1-3). Myocardial fibrosis can also be observed prior to onset of LV dysfunction and is associated with increased morbidity and mortality even after aortic valve replacement [START_REF] Yarbrough | Myocardial remodeling with aortic stenosis and after aortic valve replacement: mechanisms and future prognostic implications[END_REF]. Consequently, the 50% LVEF cutoff for referral to AVR in asymptomatic AS appears to be too low because this is an uncommon situation that occurs late in the course of the disease, when myocardial impairment is probably (at least partially) irreversible [START_REF] Capoulade | Echocardiographic predictors of outcomes in adults with aortic stenosis[END_REF][START_REF] Dahl | Effect of left ventricular ejection fraction on postoperative outcome in patients with severe aortic stenosis undergoing aortic valve replacement[END_REF].

The prognostic value of LVEF has been studied in symptomatic AS patients. LVEF < 60% has been reported to be associated with poorer long-term outcomes in conservatively managed patients [START_REF] Taniguchi | Prognostic Impact of Left Ventricular Ejection Fraction in Patients With Severe Aortic Stenosis[END_REF] and in patients undergoing surgical AVR [START_REF] Taniguchi | Prognostic Impact of Left Ventricular Ejection Fraction in Patients With Severe Aortic Stenosis[END_REF][START_REF] Lund | Preoperative risk evaluation and stratification of long-term survival after valve replacement for aortic stenosis. Reasons for earlier operative intervention[END_REF][START_REF] Lund | Cardiac pathology after isolated valve replacement for aortic stenosis in relation to preoperative patient status. Early and late autopsy findings[END_REF]. Nevertheless, these symptomatic patients already present a class I indication for surgery irrespective of the LVEF, and, to the best of our knowledge, no study has yet specifically focused on LVEF in asymptomatic and minimally symptomatic patients, excluding those with LVEF < 50% who already have a class I indication for AVR in AHA/ACC and European guidelines [START_REF]ACC/AHA guidelines for the management of patients with valvular heart disease. A report of the American College of Cardiology/American Heart Association. Task Force on Practice Guidelines (Committee on Management of Patients with Valvular Heart Disease)[END_REF][START_REF] Baumgartner | ESC/EACTS Guidelines for the management of valvular heart disease[END_REF]. While surgery is currently a class I indication in asymptomatic patients with severe AS with LVEF < 50% [START_REF]ACC/AHA guidelines for the management of patients with valvular heart disease. A report of the American College of Cardiology/American Heart Association. Task Force on Practice Guidelines (Committee on Management of Patients with Valvular Heart Disease)[END_REF][START_REF] Baumgartner | ESC/EACTS Guidelines for the management of valvular heart disease[END_REF], this is an exceptional situation. The results of the present study show that, among asymptomatic or minimally symptomatic patients with severe AS and LVEF ≥ 50%, LVEF remains a strong predictor of survival during long-term follow-up on conservative and surgical management. LVEF <55% (observed in 14% of patients in the study population) is associated with a greater than 2-fold increase in the risk of all-cause mortality in medically or surgically managed patients after adjustment for factors known to be major determinants of outcome. Although surgery is associated with a reduction of mortality in this setting compared to conservative management, excess mortality persists after AVR. These results suggests that AVR could be discussed before reaching an LVEF of 55%

Limitations

As this study was based on retrospective follow-up data, it presents the inherent limitations of this type of analysis. The specific indications for surgery during follow-up were not recorded in our database. Diagnosis and follow-up were performed by cardiologists with expertise in valvular heart disease, and surgical decisions were taken by the cardiology team with the approval of the patient's physician in accordance with current practice guidelines and the operative risk. We chose to analyze a subgroup of patients with no or minimal symptoms (i.e. patients with atypical chest pain and elderly patients with minimal dyspnea not clearly related to AS) because it is often difficult to differentiate between asymptomatic individuals and those with minimal symptoms in populations of elderly patients. Although previous guidelines have used LVEF of <50% as a cutoff for LV dysfunction in AS, recent ASE guidelines state that a normal LVEF in men is 52% and above whereas for women it is 54% and above [START_REF] Lang | Recommendations for cardiac chamber quantification by echocardiography in adults: an update from the American Society of Echocardiography and the European Association of Cardiovascular Imaging[END_REF]. In our study, on multivariable analysis, there was no increase in mortality risk with decreasing LVEF when it remained ≥55% in men and women respectively, while there was important increase in mortality risk with decreasing LVEF when LVEF was <55% for both genders.

Limitations of LVEF are its operator and acoustic window dependency. In our opinion, these inherent limitations of LVEF do not hamper its ability to predict mortality. Elsewhere, precise LVEF thresholds are used when discussing surgery for patients with heart valve disease as well as in heart failure patients before cardiac resynchronization therapy or when considering intracardiac defibrillator implantation in patients with systolic LV dysfunction in primary prevention. Lastly, this study exclusively concerned patients with severe AS and no significant valve regurgitation. Further studies are needed to evaluate the role of LVEF in other subsets of patients with severe AS.

CONCLUSION

This study demonstrates that LVEF is a powerful predictor of survival in a population of AS patients with no or minimal symptoms at diagnosis and LVEF ≥ 50%. Patients with LVEF < 55% (14%) exhibited excess mortality when managed conservatively and after AVR and should be considered for surgery. To avoid the excess mortality observed after AVR in patients with LVEF < 55%, aortic valve replacement could be discussed before LVEF drops below 55% in asymptomatic patients with severe AS.

Perspectives COMPETENCY IN MEDICAL KNOWLEDGE

Current guidelines recommend aortic valve replacement in asymptomatic severe AS when left ventricular ejection fraction (LVEF) is < 50%. However, LV systolic dysfunction in asymptomatic severe AS is uncommon and data are lacking concerning the prognostic value of higher LVEF cutoffs in asymptomatic or minimally symptomatic AS patients. The present study demonstrated that LVEF < 55% was independently associated with poorer long-term outcomes in conservatively or surgically managed patients.

TRANSLATIONAL OUTLOOK

The optimal cutoff to define normal systolic function is unknown in the setting of AS-associated remodeling. Our findings challenge the current 50% LVEF cut-off value used to define LV systolic dysfunction in severe AS. Further prospective studies are needed to explore the outcome of higher LVEF cutoffs in asymptomatic severe AS. Normally distributed continuous variables are expressed as mean ±1 standard deviation, non-normally distributed continuous variables are expressed as median (25th and 75th percentiles), and categorical variables are expressed as percentages and numbers. Abbreviations: LV: left ventricular and sPAP: systolic pulmonary artery pressure

Figure 1 :

 1 Figure 1: Time dependent adjusted survival curves in medically and surgically managed patients according to left ventricular ejection fraction (LVEF), dividing the population A) into 3 groups (LVEF ≥ 60%, LVEF 55-59% and LVEF < 55%) and B) into 2 groups (LVEF ≥ 55% and LVEF < 55%).

Figure 2 :

 2 Figure 2: Hazard ratio (solid line) and 95% confidence intervals were estimated in a Cox multivariable model with left ventricular ejection fraction (LVEF) represented as a spline function.

Figure 3 :

 3 Figure 3: Hazard ratio (HR) and 95% confidence interval (CI) plot (with a logarithmic scale) for the risk of all-cause mortality associated with left ventricular ejection fraction (LVEF) < 55% in subgroups of patients with asymptomatic and minimally symptomatic severe aortic stenosis.

Figure 4 :

 4 Figure 4: Adjusted survival curves in conservatively managed patients according to left ventricular ejection fraction (LVEF), dividing the population A) into 3 groups (LVEF ≥ 60%, LVEF 55-59% and LVEF < 55%) and B) into 2 groups (LVEF ≥ 55% and LVEF < 55%).

Figure 5 :

 5 Figure 5: Adjusted survival curves in surgically managed patients according to left ventricular ejection fraction (LVEF), dividing the population A) into 3 groups (LVEF ≥ 60%, LVEF 55-59% and LVEF < 55%) and B) into 2 groups (LVEF ≥ 55% and LVEF < 55%).

  

Table 1 :

 1 Baseline demographic, clinical and echocardiographic characteristics of the study population with asymptomatic and minimally symptomatic severe aortic stenosis according to left ventricular ejection fraction (LVEF)

	Variables	LVEF ≥60%	LVEF 55-59%	LVEF<55%	p value
		(n=1108)	(n=331)	(n=239)	
	Demographic data and symptoms Age (years) Male gender (%, n) Body surface area (m²)	75.8±10.3 517 (46.7%) 1.88±0.24			
	Medical history and risk factors Hypertension (%,n) Diabetes mellitus (%,n) Coronary artery disease (%, n) History of atrial fibrillation (%, n) History of myocardial infarction (%, n) Charlson comorbidity index	796 (71.8%) 268 (24.2%) 488 (44%) 239 (21.6%) 60 (5.4%) 2.41±1.83			
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