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Identification of Subclinical Myocardial
Dysfunction and Association with Survival
after Transcatheter Mitral Valve Repair
Miho Fukui, MD, PhD, Hiroki Niikura, MD, Paul Sorajja, MD, Go Hashimoto, MD, Richard Bae, MD,
Santiago Garcia, MD, Mario G€ossl, MD, PhD, and Jo~ao L. Cavalcante, MD, Minneapolis, Minnesota

Background: Transcatheter mitral valve repair (TMVr) using edge-to-edge mitral valve clip is effective for pa-
tients with mitral regurgitation (MR) and high or prohibitive surgical risk. Global longitudinal strain (GLS) allows
evaluation of subclinical myocardial dysfunction, but its incremental clinical utility into risk stratification,
beyond traditional clinical parameters, is unknown in patients treated with TMVr. We sought to evaluate the
association of baseline GLS with 1-year all-cause mortality in patients treated with TMVr using edge-to-
edge mitral valve clip.
Methods: We analyzed 155 patients who underwent transcatheter edge-to-edge mitral valve clip implantation
(mean age, 83 6 7 years; 48% were women; mean left ventricular ejection fraction, 56% 6 10%, Society of
Thoracic Surgeons Predicted Risk of Mortality score for repair, 6.62% 6 5.22%). Baseline left ventricular GLS
was obtainedby two-dimensional speckle-tracking echocardiography, averaging 18 segments from three apical
views. Receiver operating characteristic analyses were used to assess the GLS cut point associated with all-
causemortality.MultivariablemodelswithCox regression tested its relationship after adjustment for baseline co-
morbidities.
Results: During a median follow-up of 316 days, all-cause deaths occurred in 30 patients at a median of
156 days after TMVr. The area under the curve of preoperative GLS associated with the outcome was 0.60,
with a cutoff point of �14.5%. Baseline GLS > �14.5% was associated with 1-year mortality (hazard ra-
tio = 2.50; 95% CI, 1.20-5.21; P = .02) before and after adjustment for baseline characteristics. After account-
ing for baseline characteristics, patients with GLS > �14.5% had worse 1-year mortality than those with
GLS#�14.5% (c2 P < .001). In nested Cox proportional hazards models, the addition of baseline GLS to So-
ciety of Thoracic Surgeons Predicted Risk of Mortality score, left ventricular ejection fraction, and the etiology
of MR significantly increased the model c2 value (c2 = 12.32).
Conclusions: Baseline GLS is independently associated with 1-year all-cause mortality in patients who un-
dergo TMVr, and its assessment improves risk stratification in these patients. (J Am Soc Echocardiogr
2020;33:1474-80.)

Keywords: All-cause mortality, Global longitudinal strain, Mitral regurgitation, Transcatheter edge-to-edge
mitral valve clip, Transcatheter mitral valve repair
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Mitral regurgitation (MR) is one of the most common valve diseases in
developed countries,1 and its prevalence is expected to increase with an
aging population.2 Severe MR is associated with increased morbidity
and mortality without mitral valve (MV) intervention.3,4 Transcatheter
MV repair (TMVr) with edge-to-edge MV clip is an effective treatment
of patients with severe symptomatic MR who have high or prohibitive
surgical risk.5 However, there is heterogeneity in the clinical response
to transcatheter edge-to-edge MV clip procedure despite achieving
adequate MR reduction with a reported 25% mortality at 1-year in
the ACC/AHA Transcatheter Valve Therapy registry.6 Current guide-
lines emphasize evaluation of symptoms and assessment of left ventric-
ular ejection fraction (LVEF) and left ventricular end-systolic diameter
(LVESD)7,8 as triggers for MV intervention. However, subclinical
myocardial dysfunction assessed by global longitudinal strain (GLS)
might be present in patients with severe MR, despite normal LVEF
and LVESD, and may be associated with poor prognosis.9
iology from ClinicalKey.com by Elsevier on January 10, 2021.
 Copyright ©2021. Elsevier Inc. All rights reserved.
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Abbreviations

DMR = Degenerative mitral
regurgitation

FMR = Functional mitral
regurgitation

GLS = Global longitudinal

strain

LV = Left ventricular

LVEF = Left ventricular
ejection fraction

LVESD = Left ventricular end-

systolic diameter

MR = Mitral regurgitation

MV = Mitral valve

STS-PROM = Society of
Thoracic Surgeons Predicted

Risk of Mortality

TMVr = Transcatheter mitral

valve repair

TTE = Transthoracic

echocardiography
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Speckle-tracking
echocardiography-derived GLS
has been shown to be a noninva-
sive imaging technique that can
detect the subclinical myocardial
dysfunction beyond LVEF.10,11

While preoperative GLS was
shown to be associated with
poor outcomes in patients with
severe degenerative MR (DMR)
who underwent surgical MV
replacement or repair,9,12 its clin-
ical utility is unknown in patients
treated with TMVr with edge-to-
edge MV clip, which is currently
approved for the treatment of
patients with DMR and
high surgical risk. Growing
worldwide experience with
TMVr13,14 will continue the drive
for improving outcomes and
identification of predictors
beyond standard clinical parame-
ters. Therefore, we sought to
evaluate the association of base-
line GLS with 1-year all-cause
mortality after TMVr with
edge-to-edge MV clip in patients with severe MR, beyond LVEF
and other traditional clinical risk factors.

METHODS

Study Design

We conducted a retrospective cohort analysis of consecutive
patients with MR who underwent TMVr with edge-to-edge MV clip
(MitraClip, Abbott Vascular, Menlo Park, CA) at Minneapolis Heart
Institute, Abbott Northwestern Hospital (Minneapolis, MN), from
September 1, 2012, through May 31, 2018. This study was approved
by the Allina Institutional Review Board and conducted in accordance
with the Declaration of Helsinki. All study patients provided informed
consent for use of their medical record for research purposes, in
accordance with Minnesota statutes. Patients who had acute
procedural failure, a repeat transcatheter edge-to-edge MV clip
procedure, off-label use such as hypertrophic obstructive
cardiomyopathy, or previous mitral surgery were excluded. These
latter exclusions were chosen as the fundamental relationship
between cardiac structure or function, as assessed by GLS, and clinical
outcomes are relatively less certain. We also excluded patients with no
available baseline transthoracic echocardiography (TTE) study or with
inadequate echocardiographic image quality for GLS analysis defined
bymore than one out of three apical long-axis viewswheremore than
two contiguous segments had poor tracking despite manual
correction.

Transthoracic Echocardiogram

A comprehensive TTE was performed before TMVr in accordance
with societal guidelines using several echocardiographic systems
(Philips iE33 and CX-50, Philips Medical Systems, Andover, MA).15

Mitral regurgitation was quantified by an integrated approach
including valve morphology and measurement of the effective
nonymous User (n/a) at Brazilian Society of Card
onal use only. No other uses without permission.
regurgitant orifice and the regurgitated volume using the proximal
isovelocity surface area method. Severe MR was confirmed on the
basis of an effective regurgitant orifice area $0.40 cm2 and regurgi-
tant volume $60 mL/beat by using the proximal isovelocity surface
area method.
Strain Analysis

Strain analysis was performed offline using commercially available
software (2D Cardiac Performance Analysis version 4.3.2.5; TomTec,
Munich, Germany) as described elsehwere.16 The 18-segment model
(six segments per view) was used for GLS analysis by averaging the
three apical long-axis views (two, three, and four chamber). For pa-
tients in atrial fibrillation, we used the single index beat method,
which has been validated for GLS evaluation in these patients.17 In
short, it establishes that if the R-R interval ratio of the two preceding
beats equals 1, then the third beat can be used as the representation of
average left ventricular (LV) contractility. Therefore, in these patients,
we chose the index cardiac cycle just after two cardiac cycles of similar
length and/or with amaximal R-R interval difference of <60msec. All
GLS measurements were conducted by M.F. and digitally stored and
later analyzed completely blinded for all clinical and survival data.
Statistical Analysis

The primary endpoint of the study was 1-year all-cause death after
TMVr with edge-to-edge MV clip. The electronic medical record was
reviewed in its entirety for patient demographics, symptom status, co-
morbidities, and clinical outcomes. Occurrence of death was
confirmed through review of the electronic medical records and
confirmed by examination of Minnesota Department of Health
records.
Categorical variables are presented as frequency (percentage) and

were compared using the c2 test. In the case of selected variables in
which a single cell had fewer than five patients, Fisher’s exact test
was used. Continuous variables are presented as mean 6 SD and
compared using Student’s t test or Mann-Whitney-Wilcoxon test as
appropriate. A random sample of 15 patients from the study cohort
was chosen to determine intraobserver and interobserver variability
of GLSmeasurements using intraclass correlation (ICC). The interob-
server variability of GLS was assessed between M.F. and H.N.
Receiver operating characteristic analysis was performed to evaluate
a cutoff value of baseline GLS associated with all-cause mortality.
Survival after TMVr within each group is displayed using Kaplan-
Meier curves. Univariable and multivariable Cox regression analyses
were performed to evaluate the association between baseline GLS
and the instantaneous risk of 1-year all-cause mortality. A series of
nested models with the separate addition of GLS to Society of
Thoracic Surgeons Predicted Risk of Mortality (STS-PROM) score
were undertaken. The incremental value of GLS was assessed
comparing themodel c2 at each step. A two-sided P< .05was consid-
ered statistically significant. All statistical analyses were performed us-
ing SPSS version 25 (IBM, Armonk, NY) andGraphPad PrismVersion
7.0 (GraphPad Software, San Diego, CA).
RESULTS

A total of 267 patients received TMVr with edge-to-edge MV clip at
our institution during the study period. Study workflow is shown in
Figure 1. Reasons for exclusion were (1) TMVr procedure failure
(n = 19); (2) repeat TMVr procedure (n = 24); (3) hypertrophic
iology from ClinicalKey.com by Elsevier on January 10, 2021.
 Copyright ©2021. Elsevier Inc. All rights reserved.



HIGHLIGHTS

� Mortality in high-risk severe MR patients treated with Mitra-

Clip was associated with baseline GLS values.

� Reduced GLS at baseline was associated with 1-year all-cause

mortality.

� Results may improve current risk stratification in patients

considered for MitraClip therapy.
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obstructive cardiomyopathy (n = 8); (4) previous mitral surgery
(n = 6); (5) TTE performed at outside hospital without available im-
ages (n = 44); and (6) available TTE images but inadequate for
GLS analysis (n = 11). Among patients who met the clinical criteria
for the study, baseline GLS was assessable in 93.4%. The final study
cohort included 155 patients (137 [88.4%] had DMR and 18
[11.6%] functional MR [FMR]). The primary endpoint (1-year all-
cause death) occurred in 30 patients at a median of 156 days (inter-
quartile range, 37-265 days) from TMVr procedure.

Intraclass correlation was assessed by measuring GLS in all three
apical views in 15 random patients (total of 45 measurements).
Both intraobserver (ICC = 0.98) and interobserver (ICC = 0.95) reli-
ability for TTE-derived GLS measurements were high, indicating
excellent reproducibility of the GLS measurements.
Baseline Patient Characteristics

Baseline clinical and imaging characteristics of all patients according
to their association with the primary outcome are shown in Tables 1
and 2. The mean age was 82.6 6 6.7 years, 48% were women, the
mean STS-PROM score for repair was 6.62% 6 5.22%, and 88%
had DMR. The mean LVEF was 56.5% 6 10.4%, and the mean GLS
was �16.9% 6 3.9%. Patients with the primary outcome had signifi-
cantly higher prevalence of hypertension, higher STS-PROM score,
and lower GLS. There was no significant difference in the mean LVEF
and LVESD between patients with the primary outcome and those
without. Baseline clinical and imaging characteristics comparing patients
with DMR and those with FMR are available in Supplemental Table 1.
Association of Baseline GLS with Outcome

A cutoff value of baseline GLS associated with all-cause mortality was
identified with a receiver operating characteristic curve analysis. The
Figure 1 Study flowchart. A total of 267 patients with severe MR wh
during the study period. A total of 112 patients were excluded, leavin
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area under the curve of preoperative GLS was 0.60 (95% CI, 0.49-
0.71) with a best cutoff point of �14.5% (Supplemental Figure 1).

During a median follow-up of 316 days after TMVr with edge-to-
edge MV clip (interquartile range, 62-642 days), 1-year all-cause
deaths occurred in 30 patients (cumulative event rate 19.4%). Of
the 155 patients in this study, 105 (67.7%) had impaired LVEF
(#60%) on baseline echocardiography. There was a trend toward
higher mortality in patients with impaired LVEF than in those with
normal LVEF (21% vs 16%, P= .19), which did not reach statistical sig-
nificance (Supplemental Figure 2). Patients with GLS > �14.5% had
significantly higher 1-year mortality than those with GLS # �14.5%
(c2 = 6.36, P = .012, Figure 2). Figure 3 shows the box plot distribu-
tion of baseline GLS according to the primary endpoint and the MR
etiology.

In the univariable Cox regression analysis, STS-PROM score (>8%)
and GLS > �14.5% were independently associated with all-cause
mortality (Table 3). Five different multivariate models were created
with consideration of the possibility of variable overfitting (Table 4).
A GLS > �14.5% remained independently associated with all-
cause mortality after adjusting for STS-PROM score, etiology of
MR, reduced LVEF, dilatation of LVESD, significant tricuspid regurgi-
tation, atrial fibrillation, and pulmonary artery systolic pressure.
Figure 4A demonstrates the adjusted survival curves after accounting
for STS-PROM score and reduced LVEF (#60%). Increased 1-year
mortality in those patients with GLS >�14.5% remained unchanged.

This study included six procedure-related deaths within 20 days af-
ter TMVr with edge-to-edge MV clip. Even when excluding these six
patients, the patients with GLS >�14.5% still had significantly higher
1-year mortality than those with GLS # �14.5% (c2 = 4.53,
P = .033), and baseline GLS >�14.5%was independently associated
with increased 1-year mortality after adjustment for STS-PROM score
(>8%) and reduced LVEF (#60%; hazard ratio = 2.46; 95%CI, 1.02-
5.93; P = .045).
Incremental Prognostic Value of Baseline GLS

The incremental prognostic value of GLS was assessed using nested
Cox proportional hazards models by adding this variable to STS-
PROM score and LVEF. While adding reduced LVEF (#60%) to
high STS-PROM score (>8%) did not provide incremental value,
GLS > �14.5% exhibited incremental value for the risk of 1-year
all-cause mortality with a significant increase in the model c2 value
(Figure 4B).
o underwent TMVr with edge-to-edge MV clip at our institution
g 155 patients who have GLS data included in the final analysis.
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Table 1 Baseline clinical characteristics

Baseline characteristics All patients (N = 155) Patients with endpoint (n = 30) Patients without endpoint (n = 125) P value

Age, years 82.6 6 6.7 83.1 6 4.9 82.5 6 7.0 .64

Sex, female 75 (48.4) 10 (33.3) 65 (52.0) .07

Body mass index, kg/m2 26.1 6 5.2 25.3 6 4.1 26.3 6 5.4 .34

Diabetes 33 (21.3) 8 (26.7) 25 (20.0) .42

Hypertension 118 (76.1) 27 (90.0) 91 (72.8) .047

Atrial fibrillation 104 (67.1) 16 (53.3) 88 (70.4) .07

COPD 44 (28.4) 10 (33.3) 34 (27.2) .50

Coronary artery disease 76 (49.0) 17 (56.7) 59 (47.2) .35

Previous CABG 37 (23.9) 8 (26.7) 29 (23.2) .69

Previous MI 20 (12.9) 5 (16.7) 15 (12.0) .49

Permanent pacemaker 29 (18.7) 5 (16.7) 24 (19.2) .75

NYHA functional class III or IV 145 (93.5) 30 (100.0) 115 (92.0) .24

STS-PROM score for repair, % 6.62 6 5.22 9.22 6 8.39 5.99 6 3.91 .048

STS-PROM score for repair >8% 40 (25.8) 12 (40.0) 28 (22.4) .048

CABG, coronary artery bypass graft;COPD, chronic obstructive pulmonary disease;MI, myocardial infarction;NYHA, NewYork Heart Association.

Values are shown as n (%), mean 6 SD.
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DISCUSSION

In this study, we evaluated the association of baseline GLSwith 1-year
all-cause mortality using a cohort of patients with symptomatic severe
Table 2 Baseline echocardiographic characteristics

Echocardiographic

parameter All patients (N = 155)

Patien

Etiology of MR

DMR 137 (88.4) 2

FMR 18 (11.6)

Effective regurgitant

orifice area, cm2
0.47 6 0.30 0

Regurgitant volume, mL 72.2 6 42.3 7

LV end-diastolic

diameter, mm

49.2 6 8.1 5

LVESD, mm 33.8 6 9.4 3

LV ejection fraction, % 56.5 6 10.4 5

Left atrium volume
index, mL/m2

67.8 6 28.0 6

PASP, mm Hg 51.2 6 15.3 5

Moderate to severe
tricuspid

regurgitation

74 (47.7) 1

Moderate to severe

aortic regurgitation

9 (5.8)

Moderate to severe

aortic stenosis

18 (11.6)

GLS, % �16.9 6 3.9 �1

PASP, pulmonary artery systolic pressure.
Values are shown as n (%), mean 6 SD.
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MR treated with transcatheter edge-to-edge MV clip. Our study has
two key findings. First, patients with baseline GLS > �14.5% had
higher all-cause mortality post-TMVr than those with GLS #

�14.5%. Second, baseline GLS was independently associated with
ts with endpoint

(n = 30)

Patients without endpoint

(n = 125) P value

.11

4 (80.0) 113 (90.4)

6 (20.0) 12 (9.6)

.55 6 0.37 0.45 6 0.28 .19

8.2 6 47.7 70.6 6 40.9 .47

0.4 6 8.4 48.9 6 8.0 .34

5.6 6 10.2 33.4 6 9.2 .25

3.0 6 12.1 57.3 6 9.7 .08

0.9 6 20.6 69.8 6 29.6 .09

3.9 6 15.4 50.5 6 15.3 .33

8 (60) 56 (44.8) .13

2 (6.7) 7 (5.6) .82

3 (10.0) 15 (12.0) .12

5.5 6 4.2 �17.2 6 3.7 .027

iology from ClinicalKey.com by Elsevier on January 10, 2021.
 Copyright ©2021. Elsevier Inc. All rights reserved.



Figure 2 All-cause mortality after TMVr by baseline GLS. Unad-
justed Kaplan-Meier survival curve: patients with GLS >�14.5%
had higher mortality than those with GLS # �14.5%.

Table 3 Univariable Cox regression analysis for all-cause
mortality

Parameters Hazard ratio (95% CI) P value

Clinical parameters

Age, years 1.02 (0.97-1.08) .45

Sex, female 0.51 (0.24-1.09) .08

Diabetes 1.13 (0.50-2.55) .77

Hypertension 2.76 (0.84-9.12) .10

Atrial fibrillation 0.62 (0.30-1.28) .20

Coronary artery

disease

1.38 (0.67-2.86) .38

eGFR, mL/minute/

1.73 m2
0.95 (0.93-0.98) <.01

Frailty 1.58 (0.76-3.29) .22

NYHA functional class

III or IV

0.21 (0.01-3.40) .27

STS-PROM score for

repair >8%

2.12 (1.02-4.41) .040

FMR 2.35 (0.96-5.79) .06

Echocardiographic

parameters

Effective regurgitant

orifice area, cm2
2.69 (0.83-8.75) .10

Regurgitant volume,
mL

1.00 (0.99-1.01) .42

LVESD $ 40 mm 1.73 (0.78-3.81) .18

LVEF # 60% 1.72 (0.76-3.87) .19

Left atrium volume

index, mL/m2
0.99 (0.98-1.01) .32

1478 Fukui et al Journal of the American Society of Echocardiography
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1-year all-cause mortality and exhibited incremental value for the risk
of all-cause death over other clinical and echocardiographic character-
istics including LVEF. Our study results may have implications for
optimal patient selection and risk stratification.
PASP, mm Hg 1.01 (0.99-1.04) .38

Moderate to severe
tricuspid

regurgitation

1.96 (0.94-4.09) .07

GLS > �14.5% 2.50 (1.20-5.21) .015

eGFR, estimated glomerular filtration rate; NYHA, New York Heart

Association; PASP, pulmonary artery systolic pressure.
Role of GLS Evaluation in Patients with MR Undergoing
Surgical Intervention

Although the current indications for MV intervention in severe MR
patients mainly rely on the presence of symptoms, reduction of
LVEF, and/or dilatation of LVESD,7,8 these parameters might be insuf-
ficient. Mentias et al.18 using a cohort of 733 asymptomatic patients
with moderate to severe DMR and preserved LVEF showed that a
Figure 3 Distribution of baseline GLS according to 1-year
outcome and MR etiology.
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preoperative GLS<�21.7%was independently associated withmor-
tality with median follow-up of 8.3 years.

Left ventricular ejection fraction and LVESD can remain preserved
until the end stage of MR due to LV hyperkinesis in compensation for
volume overload of the left ventricle. Speckle-tracking echocardiogra-
phy-derived GLS can detect subclinical myocardial dysfunction and
provides incremental prognostic value in a variety of clinical settings
beyond LVEF.10,11 Left ventricular ejection fraction describes a rela-
tive change of stroke volume, whereas GLS describes the longitudinal
deformation and shortening of the myocardium through the cardiac
cycle.

For patients undergoing surgical intervention, Kim et al.,12 in a
study of 506 patients with severe DMR who underwent surgical
repair or replacement, showed that preoperative GLS was associated
with all-cause mortality and provided incremental prognostic infor-
mation beyond conventional risk factors including LVEF. Witkowski
et al.19 reported that baseline GLS>�19.9% predicted 1-year postop-
erative LVEF < 50% in 233 patients with moderate to severe DMR
who underwent surgical mitral repair. Of note, patients currently
iology from ClinicalKey.com by Elsevier on January 10, 2021.
 Copyright ©2021. Elsevier Inc. All rights reserved.



Table 4 Multivariable models of risk factors associated with
all-cause mortality

Variables Hazard ratio (95% CI) P value

Multivariate model 1

STS-PROM score >8% 2.33 (1.11-4.87) .025

FMR 1.70 (0.64-4.53) .29

GLS > �14.5% 2.42 (1.08-5.40) .031

Multivariate model 2

STS-PROM score >8% 2.37 (1.13-4.95) .022

Reduced LVEF #60% 1.37 (0.59-3.21) .47

GLS > �14.5% 2.54 (1.17-5.54) .019

Multivariate model 3

STS-PROM score >8% 2.35 (1.12-4.92) .024

Frailty 1.81 (0.86-3.81) .12

GLS > �14.5% 3.11 (1.46-6.63) .003

Multivariate model 4

STS-PROM score >8% 1.34 (0.58-3.13) .49

eGFR 0.96 (0.93-0.99) .007

GLS > �14.5% 2.48 (1.17-5.24) .018

eGFR, estimated glomerular filtration rate; PASP, pulmonary artery

systolic pressure.
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undergoing TMVr are older and have higher prevalence of comorbid-
ities and clinical risk than those treated with surgical MV interven-
tion.3 Therefore, these previous results do not necessarily apply to
the patients undergoing TMVr.
Prognostic Value of GLS in TMVr with Edge-to-Edge MV
Clip

Our study is first to demonstrate that mortality risk associated with
impaired GLS appears to be independent of and incremental to other
Figure 4 Prognostic impact of baseline GLS. (A) Adjusted survival
mained unchanged after adjustment for STS-PROM score and red
high STS-PROM score (>8%) did not provide incremental value, G
all-cause mortality above high STS-PROM score and LVEF.
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clinical and echocardiographic characteristics especially above STS-
PROM score, LVEF, and etiology of MR in a cohort of patients treated
with TMVr with edge-to-edge MV clip.

Little data are available on the role of preoperative GLS evaluation
for outcomes in patients treated with TMVr using edge-to-edge MV
clip. Citro et al.20 using a smaller cohort of 41 symptomatic patients
withmoderate to severe FMR treatedwith TMVr showed that baseline
GLS $ �9.25% was associated with lack of reverse LV remodeling
defined as >10% reduction in LV end-systolic volumes at 6 months’
follow-up. Given the small number of events, they were not able to
establish an independent association with clinical outcomes. We build
on their findings by showing, in a cohort of symptomatic severe MR
patients treated with transcatheter edge-to-edgeMV clip, that baseline
GLSwas capable of providing independent and incremental risk strat-
ification. The differences inGLS cutoff values between their study and
ours could well be due to the differences in the study populations, eti-
ology of MR, and chosen endpoints. While in our studied population,
patients had predominantly DMR (88%) with preserved LVEF
(56.5% 6 10%), Citro et al.20 included only patients with secondary
MR with mean LVEF of 34% 6 5%. Further prospective studies are
needed to define the role of baseline GLS assessment in the risk strat-
ification of patients being considered for TMVr.

Global longitudinal strain has emerged as an important tool to
quantify the degree of subclinical myocardial dysfunction seen in pa-
tients with severe MR but not captured by traditional echocardio-
graphic parameters. Patients currently undergoing TMVr have
higher prevalence of comorbidities and clinical risk than those treated
with surgical MV intervention.3 Although identification of abnormal
GLS should not preclude performance of transcatheter edge-to-
edge MV clip procedure, its baseline assessment provides the oppor-
tunity to identify patients who might benefit from a closer follow-up
after the intervention.
Limitations

First, this was a single-center, retrospective study evaluating predom-
inantly primary DMR patients. We acknowledge that the number of
curves: the worse mortality in patients with GLS > �14.5% re-
uced LVEF (#60%). (B) While adding reduced LVEF (#60%) to
LS > �14.5% exhibited incremental value for the risk of 1-year
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patients with secondary FMR is too small to be evaluated indepen-
dently and that further larger studies including these patients are
needed to confirm and expand our findings. The discriminatory capa-
bility of GLS, in isolation, is modest in this cohort with mixed primary
and secondary MR, and other comorbidities could be also associated
with the outcomes in these patients. However, we showed incremen-
tal value of reducedGLS above FMR, STS-PROM score, and frailty on
mortality using multivariable Cox regression analysis and nested
models. Second, cause of death was not available for all patients,
limiting the causal relationship analysis. Third, although we have
only analyzed at this time the prognostic role of baseline GLS, it is
possible that interval GLS changes might be equally associated with
the outcomes. However, the follow-up post-TMVr data on GLS
changes and reverse remodeling are not currently available at the
time of this analysis. Fourth, longer follow-up was not available at
the time of this analysis, limiting the association of baseline GLS
with long-term outcomes. Fifth, other important parameters such as
brain natriuretic peptides levels and 6-minute walk distance were
not consistently assessed in this cohort but are potentially associated
with their outcomes. Finally, we acknowledge that we did not
perform an external validation of the proposed cutoff value of GLS
of �14.5%. Our findings would require validation in other groups
before the routine implementation of this new parameter.
CONCLUSION

In patients with symptomatic severe MR treated with TMVr with
edge-to-edge MV clip, preprocedure GLS > �14.5% was indepen-
dently associated with 1-year mortality. Assessment of baseline GLS
provides independent and incremental prognostic value above multi-
ple clinical and echocardiographic characteristics and improves risk
stratification in these patients.
SUPPLEMENTARY DATA

Supplementary data related to this article can be found at https://doi.
org/10.1016/j.echo.2020.07.003.
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