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INTRODUCTION

Normal-flow, low-gradient "severe" aortic stenosis (NF-LG-SAS) is the most prevalent form of low-gradient aortic stenosis (AS) [START_REF] Clavel | Low-gradient aortic stenosis[END_REF], with preserved left ventricular ejection fraction (LVEF) [START_REF] Minners | Inconsistent grading of aortic valve stenosis by current guidelines: haemodynamic studies in patients with apparently normal left ventricular function[END_REF][START_REF] Lancellotti | Clinical outcome in asymptomatic severe aortic stenosis: insights from the new proposed aortic stenosis grading classification[END_REF]. Its management is a matter of debate, as there is uncertainty about the "true" severity of AS. Patients with NF-LG-SAS are classically elderly women, with a small body surface area (BSA), less concentric left ventricular (LV) hypertrophy and concentric remodeling, less left atrial dilatation, less impaired systolic longitudinal function, and larger aortic valve area (AVA) than other forms of severe AS [START_REF] Lancellotti | Clinical outcome in asymptomatic severe aortic stenosis: insights from the new proposed aortic stenosis grading classification[END_REF][START_REF] Mehrotra | Differential left ventricular remodelling and longitudinal function distinguishes low flow from normal-flow preserved ejection fraction low-gradient severe aortic stenosis[END_REF][START_REF] Barone-Rochette | Aortic valve area, stroke volume, left ventricular hypertrophy, remodeling, and fibrosis in aortic stenosis assessed by cardiac magnetic resonance imaging: comparison between high and low gradient and normal and low flow aortic stenosis[END_REF]. The outcome of this entity is a subject of debate. Indeed, several studies suggest that these patients have "true" severe AS and that aortic valve replacement (AVR) should be performed when symptoms appear [START_REF] Dayan | Outcome and impact of aortic valve replacement in patients with preserved LVEF and low-gradient aortic stenosis[END_REF][START_REF] Ozkan | Impact of aortic valve replacement on outcome of symptomatic patients with severe aortic stenosis with low gradient and preserved left ventricular ejection fraction[END_REF][START_REF] Melis | Systolic volume index by Doppler echocardiography is an useful marker for stratification and prognostic evaluation in patients with severe aortic stenosis and preserved ejection fraction[END_REF][START_REF] Tarantini | Valve replacement for severe aortic stenosis with low transvalvular gradient and left ventricular ejection fraction exceeding 0.50[END_REF][START_REF] Mohty | Outcome and impact of surgery in paradoxical low-flow, low-gradient severe aortic stenosis and preserved left ventricular ejection fraction: a cardiac catheterization study[END_REF][START_REF] Zusman | Intervention versus observation in symptomatic patients with normal flow-low gradient severe aortic stenosis[END_REF][START_REF] Clavel | The complex nature of discordant severe calcified aortic valve disease grading: new insights from combined Doppler echocardiographic and computed tomographic study[END_REF][START_REF] Saeed | The impact of aortic valve replacement on survival in patients with normal flow low gradient severe aortic stenosis: a propensity-matched comparison[END_REF], whereas others have considered this entity to be in the majority of cases a moderate form of AS [START_REF] Mehrotra | Differential left ventricular remodelling and longitudinal function distinguishes low flow from normal-flow preserved ejection fraction low-gradient severe aortic stenosis[END_REF][START_REF] Tribouilloy | Low-gradient, low-flow severe aortic stenosis with preserved left ventricular ejection fraction: characteristics, outcome, and implications for surgery[END_REF][START_REF] Jander | Outcome of patients with lowgradient "severe" aortic stenosis and preserved ejection fraction[END_REF][START_REF] Kang | Watchful observation versus early aortic valve replacement for symptomatic patients with normal flow, low-gradient severe aortic stenosis[END_REF][START_REF] Eleid | Flow-gradient patterns in severe aortic stenosis with preserved ejection fraction: clinical characteristics and predictors of survival[END_REF][START_REF] Chadha | Outcome of Normal-Flow Low-Gradient Severe Aortic Stenosis With Preserved Left Ventricular Ejection Fraction: A Propensity-Matched Study[END_REF]. Given the paucity of data on the evolution of hemodynamic parameters over time in NF-LG-SAS with preserved LVEF, we studied the evolution of echocardiography Doppler parameters over time in these patients. We hypothesized that this entity represents an "intermediate" stage between moderate AS and high gradient severe AS (HG-SAS) with preserved LVEF, tending to evolve towards the classic pattern of HG-SAS with preserved LVEF.

METHODS

We retrospectively identified all cases of NF-LG-SAS with preserved LVEF diagnosed from 2005 to 2015 at the echocardiography laboratories of three academic centers (Amiens, Lille, and Brussels). Inclusion criteria were (i) the presence of NF-LG "severe" AS with preserved LVEF diagnosed by transthoracic echocardiography based on the following criteria: AVA < 1 cm², mean pressure gradient (MPG) < 40 mmHg, indexed stroke volume (SVi) ≥ 35 mL/m², and LVEF ≥ 50%; and (ii) availability of a second follow-up Doppler echocardiographic examination at least 6 months after baseline echocardiography (Figure 1).

We 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 LV outflow tract obstruction; (iii) patients experiencing AVR between the two examinations; and (iv) patients who did not provide authorization to be included in the study. The second echocardiography was performed when scheduled during the patient's follow-up or when requested by the patient's referring cardiologist. When several follow-up echocardiograms were performed, we used the last one available for analysis. Rapid progression of AS was defined as an increase of peak aortic jet velocity ≥ 0.3 m/s/year [START_REF] Nistri | Hemodynamic progression and outcome of asymptomatic aortic stenosis in primary care[END_REF] Baseline clinical and demographic characteristics, including cardiovascular risk factors, the presence of symptoms according to New York Heart Association (NYHA) class, comorbidity status, and the presence of coronary artery disease (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), were retrospectively recorded from medical charts. The Charlson comorbidity index was calculated for each patient. We obtained institutional review board authorizations before conducting the study. The study was conducted in accordance with institutional policies, national legal requirements, and the revised Helsinki declaration. Given the retrospective nature of the study inform consent was waived.

Blood pressure and heart rate were measured for all patients at the time of echocardiography. LV outflow tract (LVOT) diameter was measured in a zoomed cine loop of the parasternal long-axis view in early systole at the level of aortic cusp insertion. Aortic flow was systematically recorded using continuous wave Doppler from several views (apical 5chamber, right parasternal, suprasternal, and epigastric) [START_REF] Benfari | Feasibility and relevance of right parasternal view for assessing severity and rate of progression of aortic valve stenosis in primary care[END_REF]. The view identifying the highest velocities was used to determine peak aortic jet velocity and calculate the aortic velocity-time integral (VTI) and MPG (using the simplified Bernoulli equation). Three consecutive measurements for patients in sinus rhythm or five consecutives measurements for patients in atrial fibrillation (AF) in this view were systematically averaged. The LVOT VTI was recorded using pulsed-wave Doppler from the apical 5-chamber view, with the sample volume positioned approximately 5 mm proximal to the aortic valve [START_REF] Chadha | Outcome of Normal-Flow Low-Gradient Severe Aortic Stenosis With Preserved Left Ventricular Ejection Fraction: A Propensity-Matched Study[END_REF]. The alignment of both pulsed and continuous wave Doppler was optimized to be parallel with aortic flow.

Effective AVA was calculated using the continuity equation: π x (LVOT area / 2)² x (LVOT VTI) / (Aortic VTI). Stroke volume was calculated by multiplying the LV outflow tract area with the LV outflow tract VTI and was indexed to BSA. The degree of calcification of the aortic valve was assessed during echocardiography [START_REF] Rosenhek | Predictors of outcome in severe, asymptomatic aortic stenosis[END_REF]. LVEF and ventricular volumes were calculated using the Simpson biplane method . LV wall thickness and dimensions were measured, when possible, from M-mode imaging or by default from two-dimensional images obtained in the parasternal long-axis view using the leading-edge methodology. LV mass was estimated by the formula on the basis of linear measurements and indexed to BSA. LV hypertrophy was defined as a LV mass index > 115 g.m -2 in men and > 95 g.m -2 in women and patients were classified according to four patterns of LV geometry: normal; LV concentric remodelling; eccentric LV hypertrophy; and concentric LV hypertrophy [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 recorded from the maximum peak tricuspid regurgitation velocity in any view using the simplified Bernoulli equation.

Statistical analysis was performed using SPSS version 25 (IBM, Armonk, New York).

Categorical variables were summarized as counts and frequency percentages. Because of skewed distribution, continuous variables were expressed as medians and interquartile ranges.

For comparison between baseline and follow up, categorical variables were compared using the Pearson chi-square test and continuous variables by matched-pair analysis using the paired t-test (for normally distributed variables) or paired samples Wilcoxon test (for non-normally distributed variables). Annualized progression was calculated as the difference between the last measurement and the first measurement divided by the duration of follow-up. Univariate and multivariate linear regression were performed to identify factors associated with annualized progression of Vmax. All covariates associated with Vmax increase in univariate analysis (p < 0.10) were entered in the model for multivariable analysis. The limit of statistical significance was p < 0.05.

RESULTS

The baseline demographic and clinical characteristics of the 96 patients are presented in Table 1. The median age was 79 years, with a predominance of women (62%). More than 75% of the study population had hypertension, one-quarter had diabetes mellitus, and almost 40% had coronary artery disease. The Charlson comorbidity index and Euroscore II were low at echocardiographic diagnosis, with a median of 3 and 2.01, respectively. Patients were mostly asymptomatic or pauci-symptomatic (83%) at diagnosis.

The baseline and follow-up echocardiographic parameters are displayed in Table 2.

The median time between the two echocardiographic examinations was 25 (15-52) months.

At follow-up, the peak aortic jet velocity increased by 0.65 ± 0.60 m/s over baseline (Figure 2), corresponding to a median annual rate of progression of 0.25 [0.08-0.44] m/s/year (mean 0.34 m/s/year). Overall, 80 patients (84%) showed an increase in peak aortic jet velocity at follow-up. In this group, the median annual progression rate was 0.32 [0.14-0.47] m/s/year (mean 0.42 m/s/year). The increase in Vmax between baseline and follow-up was ≥ 0.3m/s in 43 patients (44.8%).

At follow-up, MPG showed a 13 ± 11 mm Hg mean increase compared to baseline (Figure 2), corresponding to a median annual rate of progression of 4.3 [1.7-8.1] mm Hg/year (mean 6 mm Hg/year). Overall, we observed an increase in MPG in 84 patients (88%), a decrease in six (6%), and it remained unchanged in six (6%). The increase in MPG between baseline and follow-up was ≥ 4 mmHg/year in 55 patients (57.3%).

At follow-up, the reduction in AVA was -0.16 ± 0.16 cm² (Figure 2), reflecting a median annual progression rate of -0.05 [-0.10 to -0.02] cm²/year (mean -0.06 cm²/year). A decrease in AVA was observed in 80 patients (83%) at follow-up. In this group, the median annual reduction in AVA was -0.07 [-0.11 to -0.03] cm²/year (mean -0.09 cm²/year). The indexed AVA also showed a significant decrease at follow-up relative to baseline (p < 0.001).

At follow-up, 46 patients (48%) had acquired the features of classical HG-SAS (i.e. MPG ≥ 40 mm Hg, AVA < 1 cm²). In these patients, the median progression of peak aortic jet velocity, MPG, and AVA was 0.32 [0.18-0.45] m/s/year (mean 0.39 m/s/year), 6.6 [3.0-9.6] mm Hg/year (mean 8 mm Hg/year), and -0.06 [-0.11 to -0.04] cm²/year (mean -0.08 cm²/year), respectively. Factors associated with annualized progression of Vmax are displayed in Table 3. On multivariable linear regression analysis, age<70 years (r -0.284; p=0.014), Vmax at baseline ≤ 3m/s (r -0.220; p=0.030), and concentric LV hypertrophy (r 0.214; p=0.026) were associated with annualized progression of Vmax. At follow-up, 11 patients (11%) had acquired the features of low-flow low-gradient severe AS with preserved LVEF (i.e. SVi < 35 mL/m², MPG < 40 mm Hg, AVA < 1 cm² and LVEF ≥ 50%), whereas four (4%) had acquired those of low-flow low-gradient severe AS with reduced LVEF (LVEF between 32% and 49%).

No significant change over time were observed in terms of LV end-diastolic diameter, LV end-systolic diameter, indexed LV mass or LVEF (all p>0.14) (Table 2, Figure 3). However, over time, we observed an increase in the number of patients with concentric LV hypertrophy (from 55% to 70%, p = 0.025), at the expense of less eccentric LV hypertrophy (from 27% to 10%, p = 0.004), and a significant increase in left atrial area (p = 0.02), systolic pulmonary artery pressure (p = 0.04), and valvulo-arterial impedance (p < 0.001) (Table 2, Figure 4). Stroke volume and stroke volume indexed to BSA both showed a significant decrease at follow-up relative to baseline (p = 0.006 and p = 0.002, respectively) (Table 2,

Figure 4).

After the second echocardiography, 26 patients (27%) underwent AVR (mean time: 6±13 months) and 31 patients (32%) died (mean time: 14±27 months).

DISCUSSION

We demonstrate significant hemodynamic progression over time in NF-LG-SAS with preserved LVEF. Indeed, at follow-up, we observed worsening of at least one parameter of AS severity quantification (MPG, peak aortic jet velocity, or AVA) in > 80% of patients.

Mean MPG and peak aortic jet velocity were significantly higher at follow-up than at baseline (p < 0.001 both), with 48% of patients developing the hemodynamic profile of HG-SAS.

Median annual rates of progression of MPG and peak aortic jet velocity were 4.3 mm Hg per year and 0.25 m/s per year, respectively, with a simultaneous annual reduction of AVA of 0.05 cm² per year. Such hemodynamic progression was not associated with significant LVEF impairment. However, we observed more LV concentric hypertrophy over time and an increase in left atrial area.

Patients with NF-LG-SAS and preserved LVEF are classically elderly, with a small BSA and less concentric LV hypertrophy, less severe left atrial dilation, and less severely impaired systolic longitudinal function than other forms of severe AS [START_REF] Lancellotti | Clinical outcome in asymptomatic severe aortic stenosis: insights from the new proposed aortic stenosis grading classification[END_REF][START_REF] Mehrotra | Differential left ventricular remodelling and longitudinal function distinguishes low flow from normal-flow preserved ejection fraction low-gradient severe aortic stenosis[END_REF]. However, its outcome and its management are a matter of debate. Several studies have suggested a poor outcome for this form of AS [START_REF] Dayan | Outcome and impact of aortic valve replacement in patients with preserved LVEF and low-gradient aortic stenosis[END_REF][START_REF] Ozkan | Impact of aortic valve replacement on outcome of symptomatic patients with severe aortic stenosis with low gradient and preserved left ventricular ejection fraction[END_REF][START_REF] Zusman | Intervention versus observation in symptomatic patients with normal flow-low gradient severe aortic stenosis[END_REF][START_REF] Clavel | The complex nature of discordant severe calcified aortic valve disease grading: new insights from combined Doppler echocardiographic and computed tomographic study[END_REF][START_REF] Saeed | The impact of aortic valve replacement on survival in patients with normal flow low gradient severe aortic stenosis: a propensity-matched comparison[END_REF]. A meta-analysis even suggested that the prognosis of this entity is comparable to that of HG-SAS, reporting a 52% reduction in the relative risk of mortality when AVR was performed in this population [START_REF] Dayan | Outcome and impact of aortic valve replacement in patients with preserved LVEF and low-gradient aortic stenosis[END_REF]. On the other hand, we and others reported that patients with NF-LG-SAS show comparable survival to that of moderate AS patients when AVR was performed during follow-up, according to guidelines and suggest that AVR performed at the stage of NF-LG AS does not improve survival [START_REF] Mehrotra | Differential left ventricular remodelling and longitudinal function distinguishes low flow from normal-flow preserved ejection fraction low-gradient severe aortic stenosis[END_REF][START_REF] Tribouilloy | Low-gradient, low-flow severe aortic stenosis with preserved left ventricular ejection fraction: characteristics, outcome, and implications for surgery[END_REF][START_REF] Kang | Watchful observation versus early aortic valve replacement for symptomatic patients with normal flow, low-gradient severe aortic stenosis[END_REF][START_REF] Chadha | Outcome of Normal-Flow Low-Gradient Severe Aortic Stenosis With Preserved Left Ventricular Ejection Fraction: A Propensity-Matched Study[END_REF]. Moreover, we recently reported that patients with HG-SAS showed significant excess mortality compared to patients with NF-LG-SAS with preserved LVEF [START_REF] Chadha | Outcome of Normal-Flow Low-Gradient Severe Aortic Stenosis With Preserved Left Ventricular Ejection Fraction: A Propensity-Matched Study[END_REF]. These data suggest that most of these patients should be considered to have a moderate form of AS and should be initially treated conservatively [START_REF] Chadha | Outcome of Normal-Flow Low-Gradient Severe Aortic Stenosis With Preserved Left Ventricular Ejection Fraction: A Propensity-Matched Study[END_REF]. Accordingly, Kang et al. [START_REF] Kang | Watchful observation versus early aortic valve replacement for symptomatic patients with normal flow, low-gradient severe aortic stenosis[END_REF] reported that overall and cardiovascular mortality were not significantly different for symptomatic patients with NF-LG-SAS when a watchful observation strategy was applied compared to an early AVR strategy. Current European guidelines consider that patients with NF-LG-SAS usually only have moderate AS and should not be referred at this stage for AVR [START_REF] Baumgartner | ESC/EACTS Guidelines for the management of valvular heart disease[END_REF][START_REF] Nishimura | ACC/AHA Task Force Members. 2014 AHA/ ACC guideline 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[END_REF].

Although changes in Doppler echocardiographic parameters over time in patients with low-flow low-gradient severe AS and preserved LVEF have been specifically investigated [START_REF] Tribouilloy | Progression of Low-Gradient, Low-Flow, Severe Aortic Stenosis With Preserved Left Ventricular Ejection Fraction[END_REF][START_REF] Dahl | Development of paradoxical low-flow, low-gradient severe aortic stenosis[END_REF], there is no specific data concerning the evolution over time of hemodynamic severity parameters in the NF-LG-SAS setting. These data are however essential for understanding the "true" severity of this form. Prospective studies on the rate of hemodynamic progression in AS have reported an average rate of increase in MPG of 7 mmHg/year, with an increase in aortic jet velocity of 0.3 m/s/year, and a decrease in AVA of 0.1 cm²/year [START_REF] Freeman | Spectrum of calcific aortic valve disease: pathogenesis, disease progression, and treatment strategies[END_REF]. Here, we report a comparable mean progression in patients with NF-LG-SAS and preserved LVEF (averages of 0.34 m/s/year, 6 mm Hg/year, and 0.06 cm²/year respectively), but with individual variations. Accordingly, Kang et al. [START_REF] Kang | Watchful observation versus early aortic valve replacement for symptomatic patients with normal flow, low-gradient severe aortic stenosis[END_REF] reported that MPG increased significantly in patients with NF-LG-SAS at a median echocardiographic follow-up of 1.9 years when a strategy of watchful observation was applied. Here, we observed that nearly half the patients (48%) acquired the features of classical HG-SAS, with a median follow-up of 25 months. Such a high rate of progression of NF-LG-AS with preserved LVEF towards classical HG-SAS supports careful and close echocardiographic monitoring for these patients, especially when MPG is close to 40 mm Hg or Vmax to 4 m/s.

During follow-up, we also observed changes in LV geometry, with more concentric LV hypertrophy associated with an increase of LA area, suggesting evolution of the aortic valve disease. The observed significant decrease in stroke volume index may suggest an alteration of LV systolic function. However, we did not observe a significant reduction in LVEF or left ventricular volume variation.

Our study had several limitations. First, it was subject to the limitations inherent in the analysis of retrospective data. Second, there was a certain degree of selection bias, as we selected patients who had at least one available follow-up echocardiography and no aortic valve intervention between the two examinations. Third, although cardiologists with expertise in valvular heart disease performed the diagnosis and follow-up, inherent measurement errors may have led to a certain degree of misclassification of NF-LG-SAS as another form of AS.

Fourth, valvular calcium scoring assessed by computed tomography, which has been identified as a predictor of AS progression was not available in our database. Fifth left ventricular global longitudinal strain data were not available. Finally, we identified some factors associated with the hemodynamic progression of AS. Unfortunately, the aortic valve calcium scoring using computer tomography, a classic factor of progression, is not available in our database.

In conclusion, these findings strongly suggest that NF-LG-SAS with preserved LVEF generally represents an "intermediate stage" of AS between classical moderate AS and classical HG-SAS with preserved LVEF. Over time, these patients present a high risk of rapid progression to high gradient AS, with LA and LV remodeling, without significant LVEF impairment. They should therefore be subject to close and rigorous clinical and echocardiographic monitoring and be referred for AVR when indicated, in accordance with current European guidelines. 
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Figure 4 .

 4 Figure 4. Changes in indexed stroke volume (A), valvulo-arterial impedance (B), left atrial

  

  

  

  

Acknowledgments: none

Source of funding: none

Disclosure: none

Solid lines in the boxplots represent the median value and cross mark in the boxplots represent the mean value.