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Prognostic Implications of Left Ventricular Global Longitudinal Strain in Patients With Surgically Treated Mitral Valve Disease and Preserved Ejection Fraction
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Background: This study investigated whether left ventricular (LV) global longitudinal strain (LV-GLS), as an LV function parameter less affected by mitral valve (MV) repair or prosthesis, is associated with clinical outcomes in patients with surgically treated MV disease.

Methods: Among 750 patients who underwent MV surgery, we assessed LV-GLS by speckle tracking echocardiography in 344 patients (148 men, mean age 58 ± 13 years) who showed preserved LV ejection fraction on echocardiography between 6 months and 2 years after MV surgery and who did not undergo aortic valve surgery. The assessed clinical events included admission for worsening of heart failure and cardiac death.

Results: During a period of 42.4 ± 26.0 months, 32 (9.3%) patients were hospitalized for worsening heart failure, and 3 (0.8%) died due to cardiac causes. The absolute value of LV-GLS (|LV-GLS|) was significantly lower in patients with clinical events than in those without (12.1 ± 3.1 vs. 15.0 ± 3.2%, p < 0.001) despite comparable LV ejection fraction between groups. |LV-GLS| showed predictive value for clinical events (cut-off 13.9%, area under the curve 0.744, p < 0.001). Patients with |LV-GLS| ≤14.0% had poorer outcomes than those with |LV-GLS| >14.0% (log-rank p < 0.001). Prognosis was worse in patients with |LV-GLS| ≤14.0% and pulmonary hypertension than among those who with |LV-GLS| ≤14.0% without pulmonary hypertension (log rank p < 0.001). In nested Cox proportional hazard regression models, reduced |LV-GLS| was independently associated with the occurrence of clinical events.

Conclusions: In patients with surgically treated MV and preserved LV ejection fraction, assessment of LV-GLS provides functional information associated with cardiovascular outcomes.
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SYNOPSIS

• Reduced |LV-GLS| had a significant and independent association with cardiovascular events in patients with surgically treated mitral valve (MV) disease and preserved ejection fraction (EF).

• Reduced |LV-GLS| and pulmonary hypertension showed worse outcomes compared with preserved |LV-GLS| or reduced |LV-GLS| without pulmonary hypertension.

• Assessment of LV-GLS provides functional information associated with cardiovascular outcomes in patients with surgically treated MV disease and preserved EF.



INTRODUCTION

Readmission due to heart failure (HF) and cardiovascular events is not uncommon in patients with surgically treated mitral valve (MV) disease, even in those with preserved ejection fraction (EF) (1, 2). However, conventional echocardiographic parameters used to assess the risk of HF are not generally applicable in this population. In particular, the diagnosis of left ventricular (LV) diastolic dysfunction after MV surgery is challenging because many Doppler parameters are affected by the surgically treated MV (3). That is, the E/e' ratio does not reliably reflect LV filling pressure, and left atrial (LA) volume index is also more affected by MV disease before and after surgical correction than by LV diastolic dysfunction (4). Moreover, these parameters are also influenced by other factors, such as prosthetic valve regurgitation or obstruction, which can lead to increased LA pressure after surgery.

LV global longitudinal strain (LV-GLS) assessed by speckle tracking echocardiography is a useful parameter for detecting subclinical LV dysfunction in patients with preserved EF. It provides prognostic information for various cardiovascular diseases (5). In patients with native MV regurgitation, pre-operative LV-GLS can predict LV reverse remodeling and cardiovascular events after MV surgery (6–9). However, there is a paucity of data on the prognostic implications of post-operative LV-GLS in patients with surgically treated MV. In the present study, we hypothesized that post-operative LV-GLS would be associated with clinical outcomes in patients with preserved EF after MV surgery. To test our hypothesis, we assessed LV-GLS using speckle tracking echocardiography in patients with preserved EF on echocardiography between 6 months and 2 years after MV surgery.



MATERIALS AND METHODS


Study Population

This study included a total of 750 patients who underwent MV surgery for the treatment of symptomatic severe MV disease from January 2010 to September 2019 at a single tertiary hospital. In patients with cardiac valve surgery, echocardiography is performed as part of the clinical routine at baseline before surgery and every 6 months or 1 year after surgery at the clinicians' discretion. We excluded patients who had undergone prior or concomitant aortic valve surgery (n = 200), those who did not undergo echocardiography between 6 months and 2 years after MV surgery (n = 137), those who presented with a LV ejection fraction (LVEF) <50% (n = 34) or residual moderate or severe mitral regurgitation (MR) and MV obstruction (n = 2) on echocardiography performed between 6 months and 2 years after MV surgery, and those with a follow-up period of <6 months after echocardiography (n = 25). We also excluded cases involving poor image quality for strain measurement (n = 6). Finally, the analyses included 344 patients (Supplementary Figure 1). All echocardiography in this study was performed during the regular follow-up period, not during hospitalization for HF aggravation.

Patient clinical data, including data on medication history, demographics, and laboratory parameters, were recorded at the time of echocardiography performed between 6 months and 2 years after MV surgery and obtained from hospital records. We also evaluated possible prognostic factors as Charlson comorbidity index (CCI) (10). CCI was calculated as the sum of scores for several comorbidities based on the original definition. When defining AF, rhythm estimation was performed if AF was documented on electrocardiogram regardless of the rhythm at the time of echocardiography. Subgroup analyses were performed based on the rhythm characteristics [sinus rhythm (n = 139) vs. atrial fibrillation (n = 205)]. We also performed subgroup analyses according to follow-up duration after echocardiography [follow-up duration <40 months (n =172) vs. follow-up duration ≥40 months (n = 172)]. The study protocol was developed according to the principles of the Declaration of Helsinki, and was approved by the Institutional Review Board of Severance Hospital. Informed consent was waived for the retrospectively analyzed patients.



Echocardiography

All patients underwent two-dimensional Doppler echocardiography and speckle tracking echocardiography using a standard ultrasound machine (Vivid E9; GE Medical Systems; Wauwatosa, WI, Philips iE33; Philips Healthcare; Netherlands) with a 2.5–3.5 MHz probe. Standard echocardiographic measurements were performed according to recommendations from the American Society of Echocardiography guidelines (11). LVEF was measured using the biplane method of disks (modified Simpson's rule) from apical four- and two-chamber views (11). LA volume index was assessed manually using Simpson's method at the end of the ventricular systole and indexed to the body surface area (11). Systolic (S') and peak early (e') and late (A') diastolic annular velocities were obtained via tissue Doppler imaging of the septal mitral annulus. Pulmonary artery systolic pressure (PASP) was estimated using the following formula: 4 × [tricuspid regurgitant velocity (m/s)]2 + right atrial pressure (mmHg). Right atrial pressure was estimated from the inferior vena cava (IVC) diameter and respiratory variation as follows: 5 mmHg (IVC ≤2.1 cm, collapse with sniff >50%), 10 mmHg (IVC>2.1 cm, collapse >50%), and 15 mmHg (IVC >2.1 cm, collapse with sniff <50%) (12). Comprehensive assessment of prosthetic MV and repaired MV function was evaluated based on imaging and Doppler parameters: measurement of effective orifice area, Doppler velocity index, peak transvalvular velocity-time integral, and pressure half-time (13).



Speckle Tracking Echocardiography

From two-dimensional images of the apical two-, three-, and four-chamber views, LV-GLS was measured offline using a vendor-independent software package (TomTec software; Image Arena 4.6, Munich, Germany), as described previously (14). For myocardial deformation analysis, the endocardial border was traced on the end-systolic frame in each selected image. The end-systolic frame was defined by the QRS complex or based on the smallest LV volume during the cardiac cycle. The software automatically tracked speckles along the endocardial border and myocardium throughout the cardiac cycle. The value for LV-GLS was obtained by averaging all segmental strain values from three apical views (Figure 1A). LV-GLS was analyzed for a single cardiac cycle in patients with sinus rhythm. In patients with AF, we selected an index beat method for the measurement of LV-GLS, which has been validated for LV-GLS in a previous study (15). |LV-GLS| was defined as the absolute value of post-operative LV-GLS (removing the conventional negative value of GLS data). |LV-GLS|preop was used to represent absolute value of pre-operative LV-GLS. Echocardiographic data and strain values were analyzed by an experienced cardiologist blinded to clinical data. We randomly selected 20 patients from the study population and analyzed the intra- and inter-observer reproducibility of LV-GLS measurement by Bland–Altman analysis. The intra-class correlation coefficients for |LV-GLS| were 0.978 and 0.962 with regard to intra- and inter-observer variation, respectively. The Bland–Altman analysis showed the limits of agreement (LOA) across a broad range of GLS values; the bias for intra- and inter-observer measurements of LV-GLS were 0.46% (range: −1.02% to 1.03%, 95% LOA) and 0.45% (range: −1.25% to 1.05%), respectively.


[image: Figure 1]
FIGURE 1. (A) Representative images for assessing LV-GLS. (B) Area under the receiver-operating characteristics curve (area under the curve) of |LV-GLS|. |LV-GLS|, the absolute value of left ventricular longitudinal strain. The Arrow indicated that the position of the value of sensitivity and specificity of 78% and 63% when |LV-GLS| has largest AUC.




Clinical Events

The clinical events in this study were death from cardiovascular causes and hospitalization for HF after echocardiography between 6 months and 2 years after MV surgery. Our study population was followed up until August 2020. Death from cardiovascular causes was defined as death due to HF, arrhythmia, acute coronary syndrome, stroke, and sudden cardiac death. Hospitalization for HF was defined as readmission due to worsening of symptoms or signs of HF.



Statistical Analysis

Continuous variables are presented as mean ± standard deviation (SD) or median (interquartile range) and were compared using the paired Student's t-test (for normally distributed data) or the Mann–Whitney U test (for non-normally distributed data). Categorical variables are presented as absolute numbers and percentages and were analyzed using the chi-square or Fisher's exact test. The cut-off values for CCI and |LV-GLS| were determined as the values that maximized the sum of the sensitivity and specificity for clinical events in receiver operating characteristic (ROC) curve analysis. The cumulative event-free survival was calculated using Kaplan–Meier curves and compared between groups by log-rank tests. Cox univariate analysis was performed to determine the relationships between clinical and echocardiographic variables and clinical events. Nested Cox proportional hazard regression models were used to estimate the risk of cardiovascular events according to |LV-GLS|. Initially, |LV-GLS| was included in Cox proportional hazards regression as a covariate, with adjustments for CCI and AF. In further multivariate analysis, we adjusted for LAVI, PASP, and pre-operative LV-GLS. The variables selected for entry into multivariate analysis were those with a p-value < 0.1 in Cox univariate analysis. A two-sided p-value < 0.05 was considered to indicate statistical significance. All analyses were performed using IBM SPSS Statistics for Windows, version 25.0 (IBM Corp., Armonk NY, USA).




RESULTS


Baseline Characteristics and Clinical Events

The baseline characteristics of the study population according to the occurrence of clinical events are presented in Table 1. The mean age was 58 ± 13 years, and 57% of patients were female. Patients who experienced clinical events had more comorbidities, such as atrial fibrillation, diabetes mellitus, and chronic kidney disease, and had been taking more cardiovascular drugs. There were 214 (62.2%) and 130 (37.8%) patients with severe MR and severe MS, respectively. In the patients with severe MR, all patients had primary MR without secondary MR. Among these patients, 173 (81.2%) patients had prolapse or flail of MV and 31 (14.4%) patients had rheumatic MV and 10 (4.6%) patients had barlow MV. In total, 224 (64.2%) patients in our study population underwent MV replacement and 125 (35.8%) underwent MV repair. There were no significant differences between the two groups in surgery type, percentage of concomitant surgery, or laboratory parameters. During 42.4 ± 26.0 months of follow-up after LV-GLS assessment, 32 (9.3%) patients were hospitalized for worsening HF, and 3 (0.8%) died due to cardiac causes.


Table 1. Baseline characteristics of the study population.
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Echocardiographic Characteristics and |LV-GLS|

Table 2 shows conventional echocardiographic parameters, pre-operative LV-GLS, and post-operative LV-GLS assessed between 6 months and 2 years after MV surgery. The mean pre-operative |LV-GLS| was 16.1 ± 4.8%, which was higher than |LV-GLS| after MV surgery. Patients who experienced clinical events had a significantly lower |LV-GLS|preop than those who did not (14.1 ± 3.8% vs. 16.3 ± 4.8%, p = 0.018). There were no differences in the timing of post-operative echocardiography and clinical follow-up duration after echocardiography between patients with and without clinical events.


Table 2. Echocardiographic parameters and left ventricular global longitudinal strain.
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Since this study excluded patients with reduced LVEF, the average LVEF was 63.3%. There were no significant differences in LVEF between patients with and without clinical events; however, patients who experienced clinical events had a significantly higher LA volume index, LV mass index, and PASP. In terms of tissue Doppler parameters, e' velocity was lower in patients with clinical events than in patients without clinical events. The mean |LV-GLS| was 14.8 ± 3.3%. Patients who experienced clinical events had a significantly lower |LV-GLS| compared to patients who did not (12.1 ± 3.1% vs. 15.0 ± 3.2% p < 0.001). Regardless of sinus rhythm or atrial fibrillation, |LV-GLS| was significantly lower in patients with clinical events than in those without (Figures 2A,B).


[image: Figure 2]
FIGURE 2. Comparison of |LV-GLS| according to clinical events in subgroups categorized by rhythm (A) and (B). |LV-GLS|, the absolute value of left ventricular longitudinal strain.




Prognostic Implications of LV-GLS

In ROC analysis, the |LV-GLS| value showing the largest area under the curve (AUC) for the association with adverse clinical outcomes was 13.9% (AUC 0.744, p < 0.001), with a sensitivity and specificity of 78 and 63%, respectively (Figure 1B). In the subgroups according to cardiac rhythm, when GLS 14% is set as a cut off value, the sensitivity and specificity of 74 and 51%, respectively in the patients with AF and the sensitivity and specificity of 80 and 78%, respectively in the patients with sinus rhythm. |LV-GLS| showed a largest AUC of predictive value for clinical events than conventional parameters (LAVI > 40 ml/m2, AUC = 0.604, p = 0.065; TR >2.8 m/s, AUC = 0.670, p = 0.003). After dividing patients into two groups based on the cut-off value, those with |LV-GLS| ≤14.0% had poorer outcomes than patients with |LV-GLS| >14.0% (log-rank p < 0.001; Figure 3A). When the subjects were classified into three groups according to |LV-GLS| and PASP, those with |LV-GLS| ≤14.0% and PASP ≥35 mmHg had significantly worse outcomes compared to those in the other groups (log-rank p < 0.001; Figure 3B). There was no significant correlation between |LV-GLS| value and post-operative echocardiography timing (r = 0.018, p = 0.742). In addition, if |LV-GLS| was lower than 14.0%, there were more clinical events irrespective of post-operative echocardiography timing (Supplementary Figure 2). Also, in subgroup analysis according to follow-up duration, patients with |LV-GLS| ≤14.0% consistently showed a worse prognosis (Supplementary Figure 3).
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FIGURE 3. (A) Kaplan–Meier survival curve showing poor prognosis in subjects with reduced |LV-GLS| compared those without. (B) Poorer outcomes in subjects with reduced |LV-GLS| and pulmonary hypertension. |LV-GLS|, the absolute value of left ventricular longitudinal strain.




Factors Associated With Clinical Events

Table 3 shows the results of univariate Cox regression analyses to investigate the factors associated with clinical events. In univariate survival analysis, diabetes mellitus, chronic kidney disease, atrial fibrillation, echocardiographic parameters such as e' velocity, LA volume index, PASP, |LV-GLS|preop, and |LV-GLS| were significantly associated with the occurrence of cardiac events. Lower |LV-GLS| (|LV-GLS| ≤ 14.0% and |LV-GLS| ≤ 16.0%) was independently associated with cardiac events after adjustment for conventional echocardiographic parameters (Table 4). In nested Cox proportional hazard regression models (Table 5), patients with lower |LV-GLS| had increased risk of adverse clinical outcomes in CCI and AF (Model1) adjusted analysis (hazard ratio, HR: 4.3; 95% confidence interval, CI: 1.83–10.29, p = 0.001). In further multivariate models, the associations were attenuated, and lower |LV-GLS| remained a significant factor in adverse clinical outcomes (Model 2; HR: 4.33; CI: 1.83–10.26; p = 0.001, Model 3; HR: 3.30; CI: 1.34–8.12; p =0.009). Moreover, lower |LV-GLS| was significantly associated with adverse clinical outcomes, even after adjusting for |LV-GLS|preop (Model 4; HR: 3.68; CI: 1.54–8.80; p = 0.003). Also, there were no differences in pre and post-operative change in LVGLS between patients without clinical events and those with clinical events (1.2 ± 4.9 vs. 1.8 ± 4.7, p = 0.500).


Table 3. Cox proportional hazard regression univariate analysis of clinical outcomes.
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Table 4. Prognostic values of LV-GLS with conventional echocardiographic parameters for adverse outcomes by cox proportional hazard regression multivariate analysis according to different cut off value.
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Table 5. Cox proportional hazards model of clinical outcomes (nested analysis).
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Incremental Prognostic Value of LV-GLS

To evaluate incremental prognostic value of LV-GLS on cardiovascular events, we used global chi-square testing (Figure 4). Model 1 was adjusted for age and sex. In model 2, in which comorbidities including hypertension, diabetes mellitus, chronic kidney disease and atrial fibrillation were added to Model 1, the value increased to significantly (p < 0.001). Model 3 adjustments included the factors in Model 2 and LAVI with significantly elevated prognostic value. Finally, in Model 4, |LV-GLS| provided an incremental prognostic value with regard to the association with cardiac events (global chi-square from 54 to 69; p = 0.002).


[image: Figure 4]
FIGURE 4. Incremental value of |LV-GLS|. The graphs show the incremental value of |LV-GLS| according to demographics, clinical factors, and LAVI. |LV-GLS|, the absolute value of left ventricular longitudinal strain; LAVI, left atrial volume index.





DISCUSSION

The principal findings of this study were as follows: (1) reduced post-operative |LV-GLS| had a significant and independent association with cardiovascular events in patients with surgically treated MV disease and preserved EF; (2) patients with both reduced |LV-GLS| and pulmonary hypertension showed worse outcomes compared to patients with preserved |LV-GLS| or those with reduced |LV-GLS| without pulmonary hypertension. The results of this study suggest that |LV-GLS| is associated with adverse clinical outcomes. Furthermore, the presence of pulmonary hypertension is related to unfavorable outcomes in patients with surgically treated MV disease and preserved EF.

MV disease is one of the most common heart valve diseases, particularly in the aging population (16); moreover, HF with preserved EF is also prevalent and accounts for more than half of all HF hospitalizations (17, 18). Therefore, many patients may have both MV disease and HF, and risk stratification for HF with preserved EF is necessary even after the treatment for MV disease. In particular, with recent advances in surgical and percutaneous interventions for MV disease, interest in cardiac function and prognosis after the correction of MV disease is increasing. However, in patients with surgically treated MV disease, there are limitations to applying conventional echocardiographic parameters obtained via mitral inflow pulse wave Doppler and mitral annular tissue Doppler imaging with regard to risk stratification for HF. Owing to the MV prosthesis, the Doppler velocities from mitral inflow measurements are elevated compared to actual blood flow velocities (19, 20), and annular fixation of the prosthesis tends to decrease tissue Doppler velocities at the mitral annulus (21). Thus, the E/e' does not accurately reflect LV filling pressure. Moreover, the LA volume index is also more affected by the chronicity of underlying MV disease and atrial rhythm than by LV diastolic dysfunction. Due to these limitations, risk assessment depends only on LVEF, and no existing functional parameters can accurately predict the occurrence of HF and the prognosis of patients who have undergone MV surgery. In this study, patients with clinical events were more commonly prescribed aldosterone antagonists or loop diuretics. This fact indirectly indicates that these patients showed more signs and symptoms of HF despite having preserved LVEF and no problems with MV disease post-operative. Patients with treated MV disease may have subclinical or overt LV longitudinal dysfunction associated with various cardiovascular risk factors. Patients with surgically treated MV disease are not free from the occurrence of HF with preserved EF due to aging and risk factors. Since there is a history of MV disease, LV longitudinal dysfunction confirmed through LV-GLS can be a residual dysfunction of previous LV dysfunction. Whatever the mechanism is, evaluating LV longitudinal function in patients with previously treated MV disease is clinically important, and LV-GLS can be a diagnostic measure of HF with preserved EF and a useful indicator associated with clinical events. Furthermore, the stronger association of LV-GLS plus PASP with cardiovascular risk may contribute to better decision-making for further treatment in this population (4).

The importance of LV function as well as valve function itself has been emphasized in patients with MV disease, although the evaluation of LV function remains highly challenging in this population (22). LV-GLS is a more sensitive parameter of ventricular dysfunction in various diseases, especially in those involving preserved LVEF (23–25). Previous studies have suggested that early detection of subclinical LV dysfunction by speckle tracking echocardiography in asymptomatic patients with chronic MV disease is important to optimize the timing of MV interventions and to prevent LV dysfunction after surgery (26, 27). In recent studies, the cut-off value of LV-GLS before MV surgery was ~-18%, which could be used to predict clinical outcomes in patients with primary severe MR undergoing MV surgery (26, 27). In addition, the authors have also studied the time course of LV function by analyzing serial changes in LV-GLS before and after MV surgery (28). Until now, most studies have focused on the detection of LV dysfunction in the native valve state before MV surgery and the prediction of LV dysfunction after surgery (26, 27). However, the present study focused on the stratification of future cardiovascular risk by assessing LV-GLS in patients in whom MV disease had already been treated. The results of this study suggested that even if LVEF is preserved after MV surgery, the patient is at high risk for future HF-related hospitalization or cardiac death if |LV-GLS| is <14%. Moreover, in ROC analysis, |LV-GLS|preop value showing the largest AUC for the association with adverse clinical outcomes was 15.0 % (ACU = 0.639, p = 0.011) with a sensitivity and specificity of 75 and 66%, respectively. Compared with the AUC of |LV-GLS| (AUC = 0.744, p < 0.001), there was no statistical difference (p = 0.121), but |LV-GLS| is more useful as a predictor of prognosis than |LV-GLS| preop because of the large value of AUC in post-operative LVGLS. Also, reduced |LV-GLS| is significantly associated with cardiac events after adjusting for |LV-GLS|preop. The cut-off value of |LV-GLS| in our study was slightly lower than those in previous studies that assessed pre-operative status. This discrepancy might be mainly explained by the disappearance of volume overload and hemodynamic stabilization after MV surgery. In addition, the cut-off value of |LV-GLS| might be low because this study evaluated LV-GLS after successful MV surgery and after a certain recovery time; moreover, the study endpoint was not LV dysfunction, but rather clinical events during HF-related hospitalization or cardiac death.

In subgroup analysis according to rhythm characteristics, regardless of sinus rhythm or atrial fibrillation, |LV-GLS| remained significantly lower in patients with clinical events than in patients without clinical events. Atrial fibrillation is common in patients with MV disease; hence, this study included many patients with atrial fibrillation (59.6%). Patients with atrial fibrillation are at a high risk of HF with preserved EF.

In this study, estimated PASP was another important factor associated with clinical events. Patients with impaired |LV-GLS| associated with an increase in PASP had significantly worse outcomes than patients without an increase in PASP. The prognostic significance of pulmonary hypertension in left heart disease has been recognized in previous studies. The presence of pulmonary hypertension in left heart disease is associated with worse outcomes (29, 30). Furthermore, pulmonary hypertension with HF with preserved EF is common and is associated with mortality and cardiac hospitalization (28). In this respect, PASP may be a surrogate marker for cardiovascular events in patients with surgically treated MV disease with preserved EF.

This study presents clinical perspectives on treatment and future research. |LV-GLS| ≤14.0% and elevated PASP may be useful for diagnosing HF with preserved EF in patients with surgically treated MV disease.

This study has several limitations. First, the study population was evaluated retrospectively; thus, strain measurements were performed using stored images using vendor-independent software. For accurate measurement of strain, we excluded six patients with poor echocardiogram quality. Also, due to the limitations of retrospective studies, it possible that there were undetected confounding factors in multivariate analysis. Second, since the study population had been treated for MV disease, the number of patients with clinical events was small, which may be a limitation of this study. Third, PASP was calculated non-invasively by Doppler echocardiography and not measured by catheterization. Fourth, the difference by variable time point at which the post-operative echocardiography is present. Fifth, LA strain representing LA mechanical dysfunction is important prognostic value in patients undergoing MV surgery ADDIN EN.CITE (29–31). However, we did not evaluate LA mechanical function by speckle tracking echocardiography since there were technical limitations related to acoustic shadowing of the corrected MV. Therefore, we did not evaluate LA mechanical function in present study. Last, given that the cut-off value of LV-GLS might be different in other populations of surgically corrected MV, prospective validation in large populations is warranted.



CONCLUSIONS

LV-GLS was significantly associated with cardiovascular events in patients with surgically treated MV disease with preserved LVEF. Our results suggest the potential prognostic implications of LV-GLS for risk stratification in patients with surgically treated MV disease with preserved EF.
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