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Abstract

Aims Identification of heart failure (HF) patients with secondary mitral regurgitation (SMR) that benefit from mitral valve
(MV) repair remains challenging. We have focused on the role of left ventricular global longitudinal strain (LV-GLS) and
reservoir left atrial longitudinal strain (LASr) for the prediction of long-term survival and reverse remodelling in patients with
SMR undergoing endoscopic MV repair.
Methods and results The study population consisted of 110 patients (age 67 ± 11 years, 66% men) with symptomatic SMR
undergoing isolated MV repair using a minimally invasive surgical approach. Speckle tracking-derived LV-GLS and LASr were
assessed in apical views using vendor-independent software. Over a median of 7.7 years (IQRs 2.9–11.2), 64 patients (58%)
died. Significant reverse LV (↓ LVESVI >10 mL/m2), LA (↓ LAVI >10 mL/m2) remodelling or both were observed in
43 (39%), 37 (34%) and 19 (17%) patients, respectively. LV-GLS (HR 0.68, 95% CI 0.58–0.79, P < 0.001) and LASr (HR 0.93,
95% CI 0.88–0.97, P< 0.01) but not LV ejection fraction (LVEF) and LA volume index (LAVi) emerged as independent predictors
of all-cause mortality in Cox regression analysis. LV-GLS was the only independent predictor of LV reverse remodelling
(OR 1.24, 95% CI 1.05–1.43, P < 0.001) whereas LAVi and LASr were both independent predictors of LA reverse remodelling
(both P < 0.05). In patients with atrial fibrillation at baseline, only LASr was an independent predictor (P < 0.05) of LA reverse
remodelling.
Conclusions In patients with SMR undergoing endoscopic MV repair, LV-GLS and LASr are independently associated with
long-term survival and reverse remodelling and may be helpful in selecting SMR patients who may benefit from this
procedure.
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Introduction

Minimally invasive mitral valve (MV) repair is associated with
improved prognosis in selected patients with HF and second-
ary mitral regurgitation (SMR).1–3 However, selecting individ-
uals who might benefit from MV intervention remains
challenging.2,4–7 In the randomized COAPT trial, transcatheter
MV repair using MitraClip was associated with significant
reduction of all-cause mortality compared with
guideline-directed medical therapy.2 Yet, despite the overall
survival benefit, patients assigned to the MitraClip arm exhib-

ited high mortality as well as left ventricular (LV) and atrial
(LA) adverse remodelling.2,8 Therefore, identifying parame-
ters that may predict long-term survival and reverse remodel-
ling following minimally invasive MV repair in SMR patients is
of utmost importance.

LVEF and LAVI are routinely used parameters for assessing
LV and LA function. However, several studies suggest that
these indices may not be appropriate to identify individuals
that may benefit from MV repair.9–11 In patients with
SMR, LV global longitudinal strain (LV-GLS) measured by
speckle tracking echocardiography, unlike LVEF, has been
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demonstrated to be independently associated with increased
risk of all-cause mortality.10 Decreased LASr is the earliest
marker of LA dysfunction.9,11 LASr has been recently shown
to be independently associated with all-cause mortality in
patients with significant secondary MR and its incremental
prognostic value over LA volume and left ventricular global
longitudinal strain has been demonstrated.12 However, the
long-term outcome implications of LV-GLS and LASr in
patients with SMR undergoing minimally invasive MV repair
remain inconclusive. Therefore, the aim of the present study
was to assess the contribution of LV-GLS and LASr in
predicting long-term survival and reverse remodelling in
symptomatic patients with SMR undergoing endoscopic MV
repair.

Methods

Patients

Using a retrospective review of prospectively collected data,
we identified 110 consecutive patients (n = 110, age
67 ± 11 years, 66% men) with symptomatic SMR that had
undergone isolated MV repair using video-assisted minimally
invasive surgical approach between 2006 and 2012.13,14 An
undersized rigid or semi-rigid annuloplasty ring was used in
all patients, concomitant tricuspid valve (TV) annuloplasty
and/or the MAZE procedure was performed whenever
considered appropriate by the surgeon.

Patients were found eligible if they had [1] LVEF<45%; [2]
significant SMR (grade 3–4/4) present in at least 2 separate
assessments; [3] acceptable quality baseline echocardiogra-
phy with a sufficient frame rate allowing LV and LA strain
analysis. Acute coronary syndrome or myocardial revascular-
ization within previous 6 months, moderate/severe concomi-
tant aortic valve stenosis or regurgitation, mitral regurgita-
tion of degenerative, rheumatic or infective aetiology or
limited life-expectancy were considered as exclusions. The
study protocol was performed in accordance with the ethics
committees of our institutions. The need for consent to
participate in the research study was waived in view of its
observational and anonymous nature.

Echocardiography

Baseline echocardiography was performed within 4 weeks
prior to MV surgery; last available echocardiogram
(performed at least 6 months post-surgery) was used for
follow-up analysis. All echocardiographic data were stored
digitally in the hospital information system and analysed
using TomTec (TomTec Imaging Systems GmbH,
Unterschleissheim, Germany) by an experienced reader
blinded to clinical outcomes. Assessment of LV dimensions,

volumes and ejection fractions (biplane Simpson method)
and LAVI was performed according to current
recommendations.15 SMR was defined as restrictive systolic
leaflet motion in accordance with current
recommendations.16 Significant SMR was defined as grade
3/4 or 4/4. Although quantitative assessment of SMR severity
was not consistently available in this retrospective study, only
patients with significant SMR (grades 3/4 and 4/4) at two
different occasions were selected for the study. All patients
were symptomatic despite diuretics. The SMR was also clini-
cally considered severe enough to indicate MV intervention.
LV-GLS and LASr were assessed using the speckle tracking
technique.15,17 Briefly, endocardial borders were drawn
manually in apical views and automatically tracked using
software. Tracking was manually adjusted in suboptimal
cases. LV-GLS and LASr were calculated as the average of
the segmental values in apical views. In patients with AFib,
cycles with the most similar RR intervals were used for LV
and LA strain analysis. The left atrial reservoir strain (LASr)
was defined as the first peak positive deflection and repre-
sented the LA reservoir function. The LARS was calculated
as the mean longitudinal strain in 2 apical views (4 and 2
chambers) using R-R gating as the zero-reference point.
Intra- and inter-observer variability was assessed in
20 randomly selected patients. The intra-class correlation
coefficient for intra- and inter-observer variability was 0.93
(95% CI, 0.88–0.98) and 0.88 (95% CI, 0.83–0.93), respec-
tively, for LV-GLS, and 0.91 (95% CI, 0.85–0.96) and 0.87
(95% CI, 0.81–0.93), respectively, for LASr.

Left ventricle and left atrium reverse remodelling

LV and LA reverse remodelling was defined as decrease of
LVESVI and LAVI by at least 10 mL/m2. This cut-off represents
14–17% change from baseline values in our study, which we
have considered clinically relevant. These cut-offs are in
agreement with previously published studies. LV reverse
remodelling was defined as an improvement in either LVEDVI
or LVESVI of >12–15% in multiple other studies.18–20 An
improvement in LA end-systolic volume >15% has been used
as a definition of LA reverse remodelling as well.21 Further,
the selected cut-offs (10 mL/m2) are also large enough to
avoid incidental noise associated with intraobserver or
day-to-day variability of assessment.

Follow-up

Follow-up data were obtained using hospital and ambulatory
records or electronic files of patients (75% of patients).
Survival status of remaining 25% of patients was obtained
at the end of follow-up from national population registry;
at the same time the survival status of remaining 75% of
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patients with known vital status was compared with data in
national population registry obtaining the same data in all
patients.

Statistical analysis

Data are expressed as the mean ± SD. Receiver-operating
characteristic curves were constructed to assess the area
under the curve for LV-GLS and LASr when predicting 5 year
mortality and LV/LA reverse remodelling. Logistic regression
was used to identify baseline predictors of AF recurrence,
reverse LV (decrease in LVESVI <10 mL/m2) and LA remodel-
ling (decrease in LAVI <10 mL/m2). Cox proportional hazard
model was used to identify independent predictors of
all-cause mortality. Clinically relevant parameters were
included in the univariable analysis. All significant predictors
in the univariable analysis were included in the multivariable

analysis. For avoidance of overfitting, the general rule of
thumb of 10 clinical events per covariate included in the
model was fulfilled. For all tests, values of P < 0.05 were
considered significant. For statistical analysis, R 3.6.2.
was used.

Results

Patients

A total of 110 patients with significant SMR were enrolled;
46% had ischaemic aetiology of HF, the remaining 54% had
dilated cardiomyopathy. The majority of patients were
severely symptomatic men with significant LV and LA remod-
elling. A total of 72 patients (65%) had AF (23/21%
paroxysmal AF, 49/44% long-standing persistent). All patients

Table 1 Baseline and perioperative characteristics

All patients (N = 110) Survivors (N = 46) Non-survivors (N = 64) P

Clinical data
Age, years 67 ± 11 61 ± 12 72 ± 9 <0.001
Male sex, n (%) 73 (66) 33 (72) 40 (63) 0.411
Ischaemic aetiology, n (%) 51 (46) 16 (34) 35 (55) 0.053
Diabetes, n (%) 22 (20) 6 (13) 16 (25) 0.151
MDRD, mL/min/1.73 m2 62 ± 23 73 ± 17 54 ± 23 <0.001
COPD, n (%) 11 (10) 2 (4) 9 (14) 0.116
Stroke, n (%) 17 (15) 4 (9) 13 (20) 0.180
NYHA III/IV, n (%) 74 (67) 24 (52) 50 (78) 0.007
Atrial fibrillation, n (%) 72 (65) 25 (54) 47 (73) 0.044

Therapy
Beta-blockers, n (%) 78 (71) 33 (72) 45 (70) 1.00
ACE inhibitors/ARB, n (%) 76 (69) 31 (67) 45 (70) 0.84
MRA, n (%) 67 (61) 25 (54) 42 (66) 0.24
Any diuretics, n (%) 110 (100) 46 (100) 64 (100) 1.00
CRT, n (%) 19 (17) 7 (15) 12 (19) 0.80
Implantable defibrillator, n (%) 16 (15) 7 (15) 9 (14) 1.00

Echocardiography
Heart rate, min�1 81 ± 18 83 ± 19 80 ± 17 0.47
Systolic blood pressure, mmHg 125 ± 25 125 ± 25 125 ± 26 0.905
LV end-diastolic diameter, mm 61 ± 10 61 ± 10 61 ± 9 0.700
LV end-systolic diameter, mm 51 ± 10 51 ± 11 51 ± 10 0.781
LVEDVI, mL/m2 100 ± 36 101 ± 35 100 ± 37 0.882
LVESVI, mL/m2 69 ± 28 69 ± 29 69 ± 28 0.946
LV ejection fraction, % 33 ± 8 33 ± 8 33 ± 8 0.604
LV GLS, % - 6.8 ± 2.7 - 8.9 ± 2.4 - 5.4 ± 1.8 <0.001
LA diameter, mm 48 ± 6 48 ± 7 48 ± 9 0.859
LAVI, mL/m2 60 ± 20 56 ± 18 63 ± 23 0.152
Reservoir LAS, % 19.3 ± 8.9 23.4 ± 10.7 16.9 ± 6.6 0.001
Systolic PAP, mmHg 36 ± 12 33 ± 13 38 ± 11 0.073

Perioperative data
STS score, % 4.9 ± 7.4 1.6 ± 1.9 7.4 ± 8.9 <0.001
Clamp, min 85 ± 29 88 ± 31 83 ± 28 0.488
MAZE, n (%) 36 (33) 17 (27) 19 (30) 0.537
TV annuloplasty, n (%) 44 (40) 16 (35) 28 (44) 0.431

Procedure-related mortality
Operative mortality, n (%) 1 (1) NA 1 (2) NA
In-hospital mortality, n (%) 8 (7) NA 8 (13) NA

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blockers; COPD, chronic obstructive pulmonary disease; CRT, cardiac
resynchronization therapy; LA, left atrial; LAS, LA longitudinal strain; LAVI, LA volume index; LV, left ventricular; LVEDVI, LV
end-diastolic volume index; LVESVI, LV end-systolic volume index; LV GLS, LV global longitudinal strain; MDRD, Modification of Diet in
Renal Disease; MRA, mineralocorticoid receptor antagonist; PAP, pulmonary artery pressure; TV, tricuspid valve.
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Table 2 Long-term outcomes

All patients (N = 110) Survivors (N = 46) Non-survivors (N = 64) P

All-cause mortality
1-year mortality, n (%) 13 (12) NA 13 (20) NA
5-year mortality, n (%) 43 (39) NA 43 (67) NA
Total mortality, n (%) 64 (58) NA 64 (100) NA

Heart failure hospitalizations, n (%) 30 (27) 9 (20) 21 (33) 0.136
NYHA III, IV, n (%)

Baseline 74 (67) 24 (52) 50 (78) 0.007
Follow-up 17 (67)** 2 (5)* 15 (34)** <0.001

Atrial fibrillation, n (%)
Baseline 72 (65) 25 (54) 47 (73) 0.044
Follow-up 43 (51) 18 (43) 25 (58) 0.274

Redo mitral valve surgery, n (%) 4 (5) 0 4 (9) 0.116
LVEDVI, mL/m2

Baseline 100 ± 36 101 ± 35 100 ± 37 0.882
Follow-up (n = 84) 96 ± 44 86 ± 33* 109 ± 56 0.048

LVESVI, mL/m2

Baseline 69 ± 28 69 ± 29 69 ± 28 0.882
Follow-up (n = 84) 65 ± 28 51 ± 28* 79 ± 55 0.023

↓ LVESVI >10 mL/m2 33 (39%) 46 (55%) 18 (21%) 0.007
LV ejection fraction, %

Baseline 33 ± 8 33 ± 8 33 ± 8 0.604
Follow-up (n = 84) 35 ± 15 39 ± 16 † 31 ± 14 0.018

LAVI, mL/m2

Baseline 60 ± 20 56 ± 18 63 ± 23 0.152
Follow-up (n = 84) 54 ± 18* 49 ± 16* 59 ± 18 0.020

↓ LAVI >10 mL/m2 29 (34%) 34 (40%) 24 (28%) 0.551
Systolic PAP, mmHg

Baseline 36 ± 12 33 ± 13 38 ± 11 0.073
Follow-up (n = 84) 32 ± 10 28 ± 9 36 ± 10 0.005

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blockers; COPD, chronic obstructive pulmonary disease; CRT, cardiac
resynchronization therapy; LA, left atrial; LAS, LA longitudinal strain; LAVI, LA volume index; LV, left ventricular; LVEDVI, LV
end-diastolic volume index; LVESVI, LV end-systolic volume index; LV GLS, LV global longitudinal strain; MDRD, Modification of Diet in Re-
nal Disease; MRA, mineralocorticoid receptor antagonist; PAP, pulmonary artery pressure; TV, tricuspid valve.
*P < 0.05.
**P < 0.01.
***P < 0.001 versus baseline.

Table 3 Predictors of all-cause mortality in all patients (total mortality) and in individuals successfully discharged from hospital

Total mortality Total mortality Mortality in discharged patients

Univariable analysis Multivariable analysis Multivariable analysis

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age 1.07 (1.04–1.10) <0.001 1.01 (0.97–1.05) 0.78 1.00 (0.97–1.06) 0.59
Male sex 0.76 (0.45–1.26) 0.26
Ischaemic aetiology 1.70 (1.04–2.80) 0.036 1.62 (0.92–2.86) 0.12 1.51 (0.79–2.92) 0.22
MDRD 0.97 (0.96–0.98) <0.001 0.99 (0.98–1.01) 0.40 1.00 (0.98–1.01) 0.58
Diabetes 1.57 (0.88–2.78) 0.12
NYHA III/IV 2.27 (1.25–4.13) 0.007 2.09 (1.04–4.19) 0.038 2.09 (1.01–4.36) 0.049
Atrial fibrillation 1.80 (1.03–3.14) 0.039 1.24 (0.48–3.21) 0.66 1.15 (0.42–3.11) 0.79
LVEDVI 1.00 (0.99–1.01) 0.675
LVESVI 1.00 (0.99–1.01) 0.929
LV ejection fraction 0.99 (0.96–1.02) 0.46
LV GLS 0.67 (0.59–0.76) <0.001 0.68 (0.58–0.79) <0.001 0.68 (0.58–0.80) <0.001
LAVI 1.01 (0.99–1.02) 0.28
Reservoir LAS 0.93 (0.89–0.97) <0.001 0.93 (0.88–0.97) 0.001 0.94 (0.89–0.98) 0.007
RVEDD basal 1.00 (0.97–1.04) 0.60
RVEDD mid 1.00 (0.96–1.05) 0.93
TAPSE 0.96 (0.89–1.03) 0.29
FAC 0.98 (0.95–1.01) 0.07

CI, confidence interval; HR, hazard ratio.
Multivariable analysis was performed with all parameters that were identified as significant predictors in univariable analysis (i.e. age,
aetiology of LV dysfunction, MDRD, NYHA, history of atrial fibrillation, LV-GLS and LASr). Items in bold are statistically relevant findings
(P < 0.05).
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underwent restrictive MV repair, concomitant MAZE was
performed in 33% and TV annuloplasty in in 40% of patients.
None of the patients underwent concomitant myocardial
revascularization. Acute periprocedural reduction of SMR to
<grade 2+/4 was achieved in all patients. Operative and
in-hospital mortality was 1% and 7%, respectively. The
median hospital stay length was 12 days (IQR 9–23 days).
Patients’ characteristics is in Table 1.

Baseline characteristics and follow-up

After a median follow-up of 7.7 years (IQR 2.9–11.2 years), a
total of 46 patients (42%) were still alive (survivors) whereas
64 patients (58%) had died from any cause (non-survivors).
Compared with non-survivors, long-term survivors were

younger, had better renal function, lower NYHA functional
class, lower prevalence of AF and more preserved LV-GLS
and LASr at baseline (all P < 0.05) (Table 1). On the contrary,
no differences were found in heart failure medication or
device therapy, LVEF or LAVI (Table 2).

Time between baseline and follow-up clinical and
echocardiographic assessment was significantly shorter in
non-survivors (median 2.7 IQR 1.4–4.8, vs. 4.1 IQR
1.5–5.4 years, P = 0.015). NYHA functional class significantly
improved in both groups (Table 2). The majority of patients
(87%) had either no or mild SMR at follow-up. Four patients
(3.6%) developed severe recurrent SMR, necessitating redo
MV surgery. Survivors exhibited a significant reduction in LV
and LA volume and an increase in LV ejection fraction
(all P < 0.05), with no favourable changes observed in
non-survivors (Table 2).

Figure 1 Spline and Kaplan–Meier curves for all-cause mortality according to LV-GLS (A,B) and LASr (C,D). Prediction of all-cause mortality across a
range of LV-GLS (A) and LASr (C) using the spline curve. The shadow area represents a 95% confidence interval. Time to all-cause mortality according
to LV-GLS (B) ≥�7% (red) and <�7 (black). Time to all-cause mortality according to LASr (D) ≥ 16% (red) and <16 (black).
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Predictors of all-cause mortality

Univariable Cox proportional hazard analysis was performed
including clinically relevant parameters (Table 3). Age,
aetiology of LV dysfunction, MDRD, NYHA, history of atrial
fibrillation, LV-GLS, and LASr were found to be significant
predictors of all-cause mortality (P < 0.05, Table 3). These
variables were included into multivariable model that
identified only NYHA class, LV-GLS and LASr as significant
independent predictors of all-cause mortality (Table 3).

Based on spline curve analysis, the optimal cut-off value of
LV-GLS for predicting all-cause mortality was <�7%. A total
of 52 out of 60 patients (87%) with LV-GLS <�7% died,
compared with 12 out of 50 individuals (24%) with more
preserved LV-GLS (Figure 1). LV-GLS showed the largest area
under the curve when predicting 5 year mortality, with a
sensitivity of 87% (95% CI 74–96%) and a specificity of 73%
(95% CI 61–84%) (Figure 2). In contrast, LASr, LAVI, and LVEF
displayed smaller area under the curve values.

Left ventricle reverse remodelling

A significantly higher percentage of survivors exhibited LV
reverse remodelling (↓ LVESVI >10 mL/m2) compared with
non-survivors (55% vs. 21%, P < 0.01) (Figure 3). Based on
multivariable regression analysis, LV-GLS emerged as the only
independent predictor of LV reverse remodelling (OR 1.24,
95% CI 1.05–1.43, P < 0.001) (Supporting Information,
Table S1). The optimal cut-off value of LV-GLS (≥�8.2%) for
predicting LV reverse remodelling was higher than that
(≥�7%) for predicting long-term survival (Figure 3). Despite
similar values at baseline, patients with more preserved
LV-GLS showed significantly smaller LV volume and higher

Figure 4 LV volume and LVEF in patients with more preserved (blue bars) versus lower (yellow bars) LV-GLS at baseline and follow-up. Patients with
more preserved LV-GLS at baseline showed significant LV reverse remodelling at follow-up. In contrast, in patients with more impaired LV-GLS at base-
line, LV deteriorated during follow-up.

Figure 2 ROC curve analysis showing the accuracy of LV-GLS (red solid),
LVEF (red dotted), LASr (black solid) and LAVI (black dotted) for predicting
5 year mortality (abbreviations in text).

Figure 3 ROC curve analysis showing the accuracy of LV-GLS (red solid)
and LVEF (red dotted) for predicting LV reverse remodelling (abbrevia-
tions in text).
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LVEF at follow-up (all P < 0.01) compared with those with
lower LV-GLS (Figure 4).

Left atrium reverse remodelling and atrial
fibrillation recurrence

Prevalence of LA reverse remodelling (↓ LAVI >10 mL/m2)
or AF at follow-up was similar between survivors and non-
survivors (NS). LAVI (P = 0.009) and LASr (P = 0.039) were
the only independent predictors of LA reverse remodelling
in all patients (Supporting Information, Table S2), only LASr
in those with baseline AF (P = 0.030).

Discussion

The present study shows that in HF patients with significant
SMR undergoing endoscopic MV repair, LV-GLS (but not LVEF)
is the strongest predictor of long-term survival and the only
predictor of LV reverse remodelling. In addition, LASr is also
independently associated with long-term survival and LA
reverse remodelling, unlike LAVI. Taken together, these data
suggest that longitudinal strain, as opposed to routinely used
LVEF or LAVI, more accurately reflects the haemodynamic
consequences of SMR and its impact upon LV and LA
function.

SMR is highly prevalent and portends poor prognoses.22,23

Whereas some observational as well as randomized studies
have reported improved survival associated with MV inter-
vention, others have detected no benefits.1,2,5,24 Notably,
Wu et al. observed no survival benefit in patients undergoing
isolated open-chest MV repair compared with conservative
management.24 In contrast, a propensity-matched analysis
reported improved outcomes following minimally invasive
MV repair using videothoracoscopy.1 This suggests that, in
severely ill patients, less invasive procedures such as endo-
scopic or transcatheter MV repair may be more suitable than
standard open-chest surgery. Recently, two randomized trials
(MITRA-FR and COAPT) utilizing transcatheter MV repair with
MitraClip demonstrated controversial effects on all-cause
mortality.2,5 Like in patients with advanced LV remodelling,
the independent prognostic significance of SMR reduces as
the severity of LV dysfunction increases.22,23 Therefore, the
more advanced LV disease in the MITRA-FR trial may have
partly resulted in the lack of survival benefit.5,6,10 These
observations suggest that, in the patient population with
SMR, routinely used LVEF may underestimate the degree of
LV disease and, consequently, may not be the optimal
method when selecting appropriate candidates for MV
intervention.

Global longitudinal strain of left ventricle in
secondary mitral regurgitation

In patients with heart failure and reduced LVEF, LV-GLS has
shown incremental prognostic value in addition to LVEF
irrespective of SMR severity.10,25,26 In a recent study involving
650 patients with SMR, Namazi et al. demonstrated that,
unlike LVEF, impaired LV-GLS was independently associated
with increased risk of all-cause mortality.10 The current study
extends these findings, revealing LV-GLS to be the strongest
independent predictor of long-term survival and the only in-
dependent predictor of LV reverse remodelling in patients
with SMR undergoing endoscopic MV repair. Interestingly,
very similar cut-off (�8.65%) for LV-reverse remodelling
was recently reported in a group of HF patients undergoing
MitraClip implantation.27

In contrast, and in agreement with the Namazi study,
neither LV volume nor LVEF were associated with outcomes.
These results suggest that, in patients with SMR and reduced
LV function, LV-GLS may be a more accurate marker of LV
structural and functional impairment than LVEF.28

Strain of left atrium in secondary mitral
regurgitation

Chronic mitral regurgitation is associated with LA remodel-
ling. Speckle tracking-derived LASr has been shown to be a
sensitive marker of LA structural and functional
impairment.9,11 In degenerative mitral regurgitation, LASr
has been shown to correlate with the degree of mitral
regurgitation and predict LA reverse remodelling.29–31 In
SMR, data on LASr as outcome parameters are scarce.
Moreover, in SMR versus degenerative MR, the relationship
between LASr and outcomes may be hampered by concomi-
tant LV systolic dysfunction and high prevalence of AF. Özturk
et al. demonstrated three-dimensional LASr, unlike LAVI, to
be independently associated with mortality based on a 12-
month follow-up following MitraClip implantation.32 It must
be noted, however, that the short follow-up and low number
of endpoints (n = 7) were major limitations of the same
study.32 In our study, which involved a longer follow-up
period and a higher number of endpoints (n = 64), LASr
emerged as an independent predictor of all-cause mortality
and LA reverse remodelling. In contrast, and similar to the
findings of the Özturk study, LAVI was not associated with
mortality. This suggests that, in LA volume overload, LASr
may be a more useful method of predicting outcomes than
LAVI. Debate continues as to whether LASr can provide incre-
mental information beyond LV-GLS. In patients with different
LV disorders, LV end-diastolic pressure, LV end-systolic
volume index and LV-GLS have been shown to be indepen-
dently associated with LASr.33,34 In the present study, despite
moderate correlations (r = �0.35, P = 0.001 not shown)
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between both parameters, LASr showed a significant associa-
tion with all-cause mortality independently of LV-GLS. This in-
dicates that, in patients with SMR, assessment of LA function
may provide incremental information beyond LV systolic
function.

Study limitations

Quantitative assessment of SMR severity was not consistently
available in this study. Our strain analysis revealed important
vendor dependency and thus the cut-off values of LV-GLS and
LASr should be interpreted with caution. However, in the
present study, vendor-independent software was used to
minimize this limitation.

Conclusions

We demonstrate that, in patients with SMR and impaired LV
ejection fraction undergoing endoscopic MV repair, more
preserved LV-GLS and LASr are independently associated with
long-term survival and reverse remodelling. In contrast, rou-
tinely used LVEF and LAVI were not found to predict survival.

We therefore speculate that both LV GLS as well as LASr may
be helpful when selecting SMR patients who stand to most
benefit from MV intervention.
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