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BACKGROUND Transcatheter edge-to-edge repair (TEER) has been increasingly used for selected patients with mitral

regurgitation (MR), but limited data are available regarding clinical outcomes in patients with varied etiology and

mechanism of MR.

OBJECTIVES The aim of this study was to evaluate the outcomes of TEER according to etiology and left ventricular

(LV) and left atrial remodeling.

METHODS Consecutive patients who underwent TEER between 2007 and 2020 were included in the analysis. Among

patients with functional MR (FMR), those with predominant LV remodeling were classified as having ventricular FMR

(v-FMR), whereas those without LV remodeling but predominant left atrial remodeling were classified as having atrial

FMR (a-FMR). The primary outcome was a composite of all-cause mortality and heart failure hospitalization at 2 years and

was compared among patients with degenerative MR (DMR), a-FMR, and v-FMR.

RESULTS A total of 1,044 patients (11% with a-FMR, 48% with v-FMR, and 41% with DMR) with a mean Society of

Thoracic Surgeons score of 8.6 � 7.8 underwent TEER. Patients with a-FMR had higher rates of atrial fibrillation and

severe tricuspid regurgitation with larger left and right atria, whereas patients with v-FMR had lower LV ejection fractions

with larger LV dimensions. Residual MR more than moderate at discharge was not significantly different among the

3 groups (5.2% vs 3.2% vs 2.6%; P ¼ 0.37). Compared with patients with DMR, 2-year event rates of the primary

outcome were significantly higher in patients with a-FMR and v-FMR (21.6% vs 31.5% vs 42.3%; log-rank P < 0.001).

CONCLUSIONS Despite excellent procedural outcomes, patients with a-FMR and v-FMR had worse clinical outcomes

compared with those with DMR. (J Am Coll Cardiol Intv 2022;15:1711–1722) © 2022 by the American College of

Cardiology Foundation.
M itral regurgitation (MR) is themost common
valvular heart disease in developed coun-
tries, accounting for 7.1% among patients

aged 75 years or older.1 There are 2 types of MR: degener-
ative mitral regurgitation (DMR) (also called primary MR)
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ABBR EV I A T I ON S

AND ACRONYMS

a-FMR = atrial functional

mitral regurgitation

DMR = degenerative mitral

regurgitation

EROA = effective regurgitant

orifice area

FMR = functional mitral

regurgitation

LA = left atrial

LV = left ventricular

LVEF = left ventricular ejection

fraction

MR = mitral regurgitation

RV = right ventricular

TEER = transcatheter edge-to-

edge repair

TR = tricuspid regurgitation

v-FMR = ventricular functional

mitral regurgitation
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caused by left ventricular (LV) dysfunction and
subsequent LV dilatation (referred to as ventri-
cular FMR [v-FMR]) and is associated with poor
long-term prognosis.2,3 However, FMR is a
heterogeneous condition with varied etiologies
and mechanisms of MR. Recent data showed
that patients with significant MR caused by
mitral annular enlargement (secondary to atrial
enlargement, often as a consequence of atrial
fibrillation), referred to as atrial FMR (a-FMR),
accounted for 27% of patients diagnosed with
significant MR and had a poor prognosis despite
preserved LV systolic function.4,5

Transcatheter edge-to-edge repair (TEER)
using the MitraClip device (Abbott Vascular)
has become an important treatment for
symptomatic patients with DMR who are at
prohibitive or high surgical risk.6 In the
COAPT (Cardiovascular Outcomes Assess-
ment of the MitraClip Percutaneous Therapy
for Heart Failure Patients with Functional
Mitral Regurgitation) trial, TEER was associated with
reductions in mortality and heart failure hospitaliza-
tion and subsequent geometric changes of the left
ventricle in patients with FMR and LV dysfunction.7,8

Accordingly, current American and European guide-
lines on FMR recommend the use of TEER in selected
patients with v-FMR.9,10 However, a-FMR has been
underrecognized and undertreated, with limited
available clinical data, and thus, this population has
not been addressed in the current guidelines.9 In the
present study, we aimed to evaluate and compare the
baseline clinical and echocardiographic characteris-
tics and outcomes after TEER among patients with
a-FMR, v-FMR, and DMR.
SEE PAGE 1741
METHODS

STUDY POPULATION. Patients who had moderate
to severe or severe MR and underwent TEER at
Cedars-Sinai Medical Center were included in the
present study. For patients with structurally normal
mitral valves, MR was classified as FMR, while pa-
tients with valvular abnormalities explaining the MR
were classified as having DMR. Patients with both
structural and functional deformation were classified
as having mixed MR.

FMR was further classified depending on the
alterations of the left ventricle or left atrium: FMR
with moderate or severe LV remodeling (dysfunction
or enlargement or both) was classified as FMR with
predominant LV remodeling (v-FMR). FMR with no or
mild LV remodeling but moderate or severe left
atrial (LA) remodeling (dilatation) was classified as
FMR with predominant atrial remodeling (a-FMR)
(Figure 1). Detailed MR etiology was determined on
the basis of cardiac imaging and the clinical context
and diagnosis, particularly for FMR, such as the
presence of clinically identified ischemic heart
disease or cardiomyopathy.

Patients were selected for TEER after discussion by
the multidisciplinary heart team.9 All TEER proced-
ures were conducted in accordance with local guide-
lines using standard techniques using the MitraClip
device. This retrospective analysis of clinically
acquired data was approved by the Institutional Re-
view Boards, and the requirement to obtain written
informed consent was waived because of the retro-
spective nature of the study. Baseline demographic
and clinical data as well as echocardiographic mea-
surements were collected from the hospital records
and were analyzed retrospectively. In the present
study, baseline clinical and echocardiographic char-
acteristics, procedural details, and clinical outcomes
after TEER were compared among patients with
a-FMR, v-FMR, and DMR. For the purpose of this
study, patients with mixed etiology were excluded
from the analysis.

ECHOCARDIOGRAPHIC ASSESSMENT. Standard trans-
esophageal and transthoracic echocardiographic
examinations were performed and interpreted by
experienced cardiologists according to the American
Society of Echocardiography and European Associa-
tion of Cardiovascular Imaging guidelines.11 From the
parasternal long-axis view, LV dimensions were
assessed. LV end-diastolic and end-systolic volumes
were evaluated from the apical 2- and 4-chamber
views, and the LV ejection fraction (LVEF) was
calculated according to the Simpson biplane method,
with normal function defined as LVEF assessed by
transthoracic echocardiography of $54% for women
and $52% for men. LV dilatation was evaluated by LV
end-diastolic volumes on the basis of the American
Society of Echocardiography and European Associa-
tion of Cardiovascular Imaging guidelines.11

Using the biplane method of disks, LA volume
was measured at end-systole in the apical 2- and
4-chamber views and indexed to body surface area
(LA volume index). Right ventricular (RV) diameter
at the base and right atrial area were measured
from the apical 4-chamber view. The severity of



FIGURE 1 Study Flowchart

A total of 1,112 patients with moderate to severe and severe mitral regurgitation (MR) underwent transcatheter edge-to-edge mitral valve

repair. After excluding patients who had aborted procedures or mixed etiology or were lost to follow-up, 1,044 patients were included in the

analysis. Patients with functional MR were classified as having atrial functional mitral regurgitation (a-FMR) or ventricular functional mitral

regurgitation (v-FMR) according to the predominant atrial or ventricular remodeling. DMR ¼ degenerative mitral regurgitation.
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MR and tricuspid regurgitation (TR) was graded
according to a multiparametric approach including
calculating the effective regurgitant orifice area
(EROA), as recommended.12-16 RV pressure was
calculated from the peak velocity of the tricuspid
regurgitant jet according to the Bernoulli equation.
Right atrial pressure was determined by the inspi-
ratory collapse and diameter of the inferior vena
cava. Systolic pulmonary arterial pressure was esti-
mated as the sum of RV pressure and right atrial
pressure, and tricuspid annular plane systolic
excursion was measured.11,17

OUTCOMES AND DATA COLLECTION. The primary
outcome of the present study was the composite
endpoint of all-cause mortality and heart failure
hospitalization at 2 years. Secondary outcomes
included all-cause mortality at 2 years and residual
MR on discharge transthoracic echocardiography.
Follow-up was obtained by clinical visits and/or
through telephone contacts at prespecified time
points (1, 6, and 12 months and yearly thereafter).
Referring cardiologists, general practitioners, and
patients were contacted whenever necessary for
further information.

STATISTICAL ANALYSIS. Continuous variables are
presented as mean � SD and were compared using
analysis of variance or the Kruskal-Wallis test as
appropriate. Categorical variables are presented as
percentages and were compared using the chi-square
or Fisher exact test. Cumulative event rates were
calculated using Kaplan-Meier survival analysis, and
the log-rank test was used for comparison across



TABLE 1 Baseline Characteristics

Overall
(N ¼ 1,044)

a-FMR
(n ¼ 116)

v-FMR
(n ¼ 505)

DMR
(n ¼ 423) P Value

Age, y 76.3 � 12.3 78.8 � 9.7 72.1 � 12.8 80.6 � 10.5 <0.001

Female 428 (41.0) 65 (56.0) 192 (38.0) 171 (40.4) 0.002

Body surface area, m2 1.82 � 0.26 1.85 � 0.27 1.84 � 0.25 1.78 � 0.28 0.002

NYHA functional class III or IV 960 (92.0) 110 (94.8) 480 (95.0) 370 (87.5) <0.001

STS score, % 8.6 � 7.8 8.5 � 6.9 9.3 � 8.7 7.7 � 6.8 0.006

Atrial fibrillation 570 (54.6) 84 (72.4) 265 (52.5) 221 (52.2) <0.001

Hypertension 859 (82.3) 97 (83.6) 426 (84.4) 336 (79.4) 0.14

Diabetes mellitus 267 (25.6) 35 (30.2) 169 (33.5) 63 (14.9) <0.001

Hemoglobin, g/dL 11.9 � 2.0 11.8 � 1.9 11.6 � 2.1 12.3 � 2.0 <0.001

BNP,a ng/L 505.0 (246.0-1,192.3) 357.0 (191.5-550.8) 1,010.5 (425.3-2,119.8) 313.0 (166.0-618.0) <0.001

Estimated GFR, mL/min/1.73 m2 58.7 � 28.4 59.4 � 30.6 52.8 � 28.8 65.4 � 25.8 <0.001

Dialysis 79 (7.6) 6 (5.2) 62 (12.3) 11 (2.6) <0.001

Chronic lung disease 76 (7.3) 9 (7.8) 35 (6.9) 32 (7.6) 0.90

Peripheral vascular disease 88 (8.4) 11 (9.5) 47 (9.3) 30 (7.1) 0.44

Coronary artery disease 451 (43.2) 49 (42.2) 278 (55.0) 124 (29.3) <0.001

Prior percutaneous coronary intervention 297 (28.4) 24 (20.7) 198 (39.2) 75 (17.7) <0.001

Prior coronary artery bypass surgery 242 (23.2) 34 (29.3) 145 (28.7) 63 (14.9) <0.001

Prior myocardial infarction 194 (18.6) 18 (15.5) 150 (29.7) 26 (6.1) <0.001

Prior stroke 71 (6.8) 15 (12.9) 39 (7.7) 17 (4.0) 0.002

Prior pacemaker, ICD, or CRT 355 (34.0) 39 (33.6) 256 (50.7) 60 (14.2) <0.001

Prior ICD 210 (20.1) 5 (4.3) 194 (38.4) 11 (2.6) <0.001

Values are mean � SD or n (%). aBNP data were available in 782 patients (74.9%).

a-FMR ¼ atrial functional mitral regurgitation; BNP ¼ brain natriuretic peptide; CRT ¼ cardiac resynchronization therapy; DMR ¼ degenerative mitral regurgitation;
GFR ¼ glomerular filtration rate; ICD ¼ implantable cardioverter defibrillator; NYHA ¼ New York Heart Association; STS ¼ Society of Thoracic Surgeons; v-FMR ¼ ventricular
functional mitral regurgitation.
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groups. The estimated HR with 95% CI was provided
by Cox proportional hazards regression. Multivariable
Cox regression analyses were performed with
adjustment for the following variables: age, sex,
dialysis, chronic lung disease, atrial fibrillation, pul-
monary artery systolic pressure per increase of
10 mm Hg, severe TR, and residual MR moderate or
greater. The proportional hazards assumption was
confirmed by examination of log (�log [survival])
curves and by testing of partial (Schoenfeld)
residuals, and no relevant violations were found. All
statistical analyses were performed using SPSS
version 24.0 (IBM) and Stata version 14.2 (StataCorp).
A 2-sided P value <0.05 was selected as the threshold
of statistical significance.

RESULTS

PATIENT CHARACTERISTICS. A total of 1,112 pa-
tients with moderate to severe or severe MR un-
derwent TEER with the MitraClip at Cedars-Sinai
Medical Center between March 2007 and April 2020.
After 68 patients were excluded (18 patients with
aborted procedures, 20 lost to follow-up, 30 with
mixed MR etiology), 1,044 patients (116 with a-FMR,
505 with v-FMR, and 423 with DMR) were included
in this study. The mean age of the study population
was 76.3 years, 428 patients (41.0%) were women,
and the Society of Thoracic Surgeons score was 8.6%
(Table 1). Patients with v-FMR were younger (72.1 �
12.8 years vs 78.8 � 9.7 years vs 80.6 � 10.5 years;
P < 0.001) but had higher Society of Thoracic Sur-
geons scores (9.3% � 8.7% vs 8.5% � 6.9% vs 7.7% �
6.8%; P < 0.001) compared with patients with a-FMR
and DMR, respectively. Patients in the a-FMR group
were more often women (56.0% vs 38.0% vs 40.4%;
P ¼ 0.002) and more often had chronic atrial
fibrillation (72.4% vs 52.5% vs 52.2%; P < 0.001)
compared with those with v-FMR and DMR, respec-
tively. New York Heart Association functional
class III and IV symptoms, diabetes mellitus, and
coronary artery disease were more frequent in
patients with a-FMR and v-FMR compared with
those with DMR (Table 1).



TABLE 2 Echocardiographic Characteristics

Overall
(N ¼ 1,044)

a-FMR
(n ¼ 116)

v-FMR
(n ¼ 505)

DMR
(n ¼ 423) P Value

LV end-diastolic diameter, mm 54.7 � 10.6 48.8 � 7.5 60.1 � 10.5 49.9 � 8.0 <0.001

LV end-systolic diameter, mm 41.3 � 13.5 32.0 � 6.7 50.8 � 12.1 32.6 � 7.7 <0.001

LV end-diastolic volume index, mL/m2 68.6 � 37.0 38.8 � 11.9 87.7 � 39.6 53.9 � 24.0 <0.001

LV end-systolic volume index, mL/m2 39.1 � 32.7 14.8 � 5.5 60.0 � 35.1 20.8 � 12.0 <0.001

LVEF, % 47.4 � 19.2 61.9 � 6.3 31.9 � 13.5 62.0 � 11.1 <0.001

LA volume index, mL/m2 61.2 � 29.5 69.7 � 39.6 60.1 � 28.7 60.1 � 26.6 0.004

MR grade
Moderate to severe 291 (27.9) 50 (43.1) 157 (31.1) 84 (19.9) <0.001
Severe 753 (72.1) 66 (56.9) 34 8 (68.9) 339 (80.1)

EROA, cm2 0.37 � 0.24 0.30 � 0.16 0.35 � 0.20 0.42 � 0.31 <0.001

Pulmonary artery systolic pressure, mm Hg 47.0 � 16.9 48.9 � 16.7 47.1 � 15.7 46.4 � 18.4 0.36

E velocity, cm/s 119.5 � 31.5 125.0 � 26.9 112.5 � 30.0 126.6 � 32.5 <0.001

E/e0 ratio 15.2 � 7.0 14.0 � 6.0 15.8 � 7.6 14.8 � 6.4 0.049

RV end-diastolic diameter,a mm 41.0 � 8.0 40.2 � 9.2 42.3 � 8.3 39.6 � 7.2 <0.001

Right atrial area,a mm2 23.4 � 8.4 25.1 � 9.5 23.7 � 8.4 22.6 � 7.9 0.030

Tricuspid annular plane systolic excursion, mm 17.1 � 4.9 15.9 � 3.4 16.1 � 4.5 18.9 � 5.4 <0.001

TR grade
Moderate or severe 486 (46.6) 63 (54.3) 251 (49.7) 172 (40.7) 0.005
Severe 156 (14.9) 25 (21.6) 82 (16.2) 49 (11.6) 0.015

Values are mean � SD or n (%). aRV end-diastolic diameter and right atrial area data were available in 811 (77.7%) and 826 (79.1%) patients, respectively.

EROA ¼ effective regurgitant orifice area; LA ¼ left atrial; LV ¼ left ventricular; LVEF ¼ left ventricular ejection fraction; MR ¼ mitral regurgitation; RV ¼ right ventricular;
TR ¼ tricuspid regurgitation; other abbreviations are as in Table 1.
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ECHOCARDIOGRAPHIC CHARACTERISTICS. Baseline echo-
cardiographic characteristics are summarized
in Table 2. Patients with v-FMR had larger LV di-
mensions and volumes with lower LVEFs, whereas
patients with a-FMR had significantly smaller LV di-
mensions and volumes and larger LA volume index.
Patients with DMR more frequently had severe
MR with larger EROAs compared with patients with
FMR, whereas pulmonary artery pressure was similar
among the 3 groups. RV end-diastolic diameter was
larger in patients with v-FMR, whereas right atrial
area was larger in patients with a-FMR. Although
tricuspid annular plane systolic excursion was lower
in patients with a-FMR and v-FMR, patients with
a-FMR had more severe TR compared with those with
v-FMR and DMR (moderate or severe TR, 54.3% vs
49.7% vs 40.7% [P ¼ 0.005]; severe TR, 21.6% vs
16.2% vs 11.6% [P ¼ 0.015]).

PROCEDURAL AND ECHOCARDIOGRAPHIC OUTCOMES.

Procedural and echocardiographic outcomes are
shown in Table 3. There were no significant
differences among the 3 groups in conversion to open
mitral valve surgery, fluoroscopy time, and procedure
time. Fewer clips were used in the a-FMR group
(1.5 � 0.6 vs 1.6 � 0.7 vs 1.8 � 0.7; P < 0.001). The
incidence of residual MR more than moderate was not
significantly different among the 3 groups (discharge,
5.2% vs 3.2% vs 2.6% [P ¼ 0.37]; 1 month, 3.0% vs
3.3% vs 4.0% [P ¼ 0.85]) (Figure 2). Echocardiographic
parameters before and after TEER are shown in
Figure 3. At 1 month, LV end-diastolic diameter,
LVEF, and LA volume index were reduced in all
subgroups. There were no significant differences
among patients with a-FMR, v-FMR, and DMR in
changes of LA volume index (�34.4 � 29.3 mL/m2

vs �27.1 � 18.2 mL/m2 vs �29.7 � 22.3 mL/m2;
P ¼ 0.11) (Supplemental Figures 1 and 2).

CLINICAL OUTCOMES. Over a median follow-up
duration of 540 days (IQR: 280-1,050 days), 321 pa-
tients died, and 401 patients reached the primary
composite endpoint (all-cause mortality and heart
failure hospitalization). Compared with patients with
DMR, those with v-FMR and a-FMR had significantly
higher 2-year event rates of the primary outcome
(42.3% vs 31.5% vs 21.6%; overall log-rank P < 0.001)
and all-cause mortality (31.1% vs 26.8% vs 17.7%;
overall log-rank P < 0.001) (Central Illustration,
Figure 4). The adjusted risk for primary outcome
among patients with a-FMR was significantly higher
than among patients with DMR (HR: 1.52; 95% CI:
1.08-2.13; P ¼ 0.017) and lower than among patients
with v-FMR (HR: 0.69; 95% CI: 0.50-0.95; P ¼ 0.022).

https://doi.org/10.1016/j.jcin.2022.07.004


TABLE 3 Procedural and Echocardiographic Outcomes

Overall
(N ¼ 1,044)

a-FMR
(n ¼ 116)

v-FMR
(n ¼ 505)

DMR
(n ¼ 423) P Value

Procedural data
Conversion to open mitral valve surgery 1 (0.1) 1 (0.9) 0 (0) 0 (0) 0.11
Fluoroscopy time, min 23.1 � 13.4 23.6 � 16.2 23.3 � 13.3 22.7 � 12.6 0.74
Procedure time, min 120.5 � 46.7 122.9 � 50.7 118.0 � 44.0 122.7 � 48.5 0.34
Number of clips 1.7 � 0.7 1.5 � 0.6 1.8 � 0.7 1.6 � 0.7 <0.001
$2 591 (56.6) 50 (43.1) 310 (61.4) 231 (54.6) 0.001
$3 111 (10.6) 4 (3.4) 66 (13.1) 41 (9.7) 0.007

Echocardiographic findings at discharge
LV end-diastolic diameter, mm 52.8 � 11.1 46.4 � 7.1 59.1 � 10.4 47.1 � 8.4 <0.001
LV end-systolic diameter, mm 41.4 � 13.4 32.1 � 6.7 50.5 � 12.2 33.2 � 8.1 <0.001
LVEF, % 43.5 � 18.3 57.3 � 10.0 29.8 � 13.6 55.8 � 12.3 <0.001
LA volume index, mL/m2 58.4 � 30.9 60.6 � 30.5 59.8 � 32.9 55.9 � 28.4 0.37
Residual MR grade $3 33 (3.2) 6 (5.2) 16 (3.2) 11 (2.6) 0.37

Echocardiographic findings at 1 mo
LV end-diastolic diameter, mm 52.6 � 10.5 46.8 � 7.5 58.7 � 10.3 47.9 � 7.8 <0.001
LV end-systolic diameter, mm 40.7 � 13.0 32.6 � 7.4 50.3 � 11.9 33.2 � 7.9 <0.001
LVEF, % 43.9 � 18.3 55.7 � 11.1 29.6 � 14.2 55.4 � 12.2 <0.001
LA volume index, mL/m2 33.2 � 17.5 40.1 � 26.4 32.8 � 13.4 32.1 � 18.5 0.022
Residual MR grade $3 25/701 (3.6) 2/66 (3.0) 11/337 (3.3) 12/298 (4.0) 0.85

Values are n (%), mean � SD, or n/N (%).

Abbreviations as in Tables 1 and 2.
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The adjusted risk for all-cause mortality among
patients with a-FMR was significantly higher
than among patients with DMR (HR: 1.49; 95% CI:
1.03-2.17; P ¼ 0.036) but similar to patients with
v-FMR (HR: 0.75; 95% CI: 0.53-1.08; P ¼ 0.12).

IMPACT OF TR ON OUTCOMES. Time-to-event curves
of primary outcome and all-cause mortality according
to severe TR for patients with a-FMR, v-FMR, and DMR
are shown in Figure 5 and in Supplemental Figure 1.
Among all subgroups, severe TR was associated with
significantly higher rates of primary outcome (a-FMR,
42.4% vs 28.5% [log-rank P ¼ 0.045]; v-FMR, 57.1% vs
39.4% [log-rank P ¼ 0.004]; DMR, 43.2% vs 18.7% [log-
rank P< 0.001]) and all-causemortality (a-FMR, 42.8%
vs 22.2% [log-rank P ¼ 0.011]; v-FMR, 42.9% vs 29.0%
[log-rank P ¼ 0.019]; DMR, 31.9% vs 15.8% [log-rank
P ¼ 0.002]). After multivariable adjustment, the
impact of severe TR on primary outcome was consis-
tently observed in the a-FMR (HR: 2.10; 95% CI: 1.07-
4.12; P ¼ 0.032), v-FMR (HR: 1.51; 95% CI: 1.09-2.09;
P ¼ 0.013), and DMR (HR: 1.98; 95% CI: 1.20-3.29;
P ¼ 0.008) subgroups (Supplemental Table).

DISCUSSION

This is the first large study evaluating the clinical and
echocardiographic characteristics and procedural and
clinical outcomes following TEER according to MR
etiology and cardiac remodeling. The major findings
of this study are as follows: 1) the cohort of patients
who underwent TEER consisted of predominantly
those with classical v-FMR (48%), followed by DMR
(41%), while a certain number of patients (11%) who
had normal mitral valve structure and maintained
normal LVEFs and LV chamber sizes were classified
as having a-FMR; 2) these 3 subsets showed distinct
different baseline clinical and echocardiographic
characteristics: in particular, the a-FMR group had a
higher rate of atrial fibrillation with dilated left and
right atria and more severe TR despite normal LVEFs
and LV sizes, whereas patients with v-FMR showed
both LV and RV remodeling; and 3) the 2-year event
rates of the primary outcome (all-cause mortality or
heart failure hospitalization) and all-cause mortality
were significantly different across the 3 groups, with
the highest event rate in patients with v-FMR,
followed by those with a-FMR.

The majority of patients in the present cohort had
v-FMR and DMR. Patients with DMR showed pre-
served LVEFs but mild LV and LA enlargement, with
larger EROAs and higher rates of severe MR. Because
the indication for TEER for DMR includes anatomical
suitability for TEER but also prohibitive or high risk
for surgical mitral valve repair or replacement,9 the
DMR group in the current cohort was older, with
more comorbidities compared with patients with
DMR referred for surgery.18,19 Importantly, clinical

https://doi.org/10.1016/j.jcin.2022.07.004
https://doi.org/10.1016/j.jcin.2022.07.004


FIGURE 2 Residual Mitral Regurgitation According to Etiology and LV Remodeling

Incidence of residual MR in the entire cohort, as well as patients with a-FMR, v-FMR, and DMR. Abbreviations as in Figure 1.
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outcomes after TEER in the present DMR group were
comparable with those among patients in the EVER-
EST (Endovascular Valve Edge-to-Edge Repair) II trial
(all-cause mortality at 1 year 18.5% vs 25.1%).20 In
addition, patients with v-FMR, defined as reduced
LVEF with LV dilatation, had comparable 2-year rates
of the primary outcome and all-cause mortality as
those in the COAPT trial (42.3% vs 45.7% and 31.1% vs
29.1%, respectively).7 Therefore, these 2 subsets
(DMR and v-FMR) represent the traditional cohorts of
patients with DMR and FMR who underwent TEER. It
is noteworthy that our cohort included the distinct
subset of patients with normal mitral valve structure
and preserved LVEF without LV dilatation but LA
enlargement (a-FMR), who were not categorized in
either group (DMR and classical v-FMR). The preva-
lence of patients with a-FMR in this cohort (11%) was
lower than that in the study from Olmsted County
(27%),4 which included predominantly patients with
moderate MR regardless of mitral valve intervention.

The present study highlights that clinical outcomes
after TEER differed significantly according to the
etiology and mechanism of MR. Specifically, patients
with v-FMR who showed LV and RV remodeling had
the worst prognosis, whereas patients with a-FMR
who had dilated left and right atria and more severe
TR had surprisingly poor clinical outcomes after
TEER. The event rate of primary outcomes in patients
with a-FMR was significantly higher compared with
that among patients with DMR despite similar LVEFs
and more preserved LV size. Previous studies that
evaluated the natural history of patients with a-FMR
showed that their prognosis was as poor as that of
patients with v-FMR.4



FIGURE 3 Echocardiographic Parameters Before and After Transcatheter Edge-to-Edge Repair

Echocardiographic parameters at baseline, discharge and 1 month after transcatheter edge-to-edge repair are shown: (A) left ventricular (LV) end-diastolic diameter,

(B) LV end-systolic diameter, (C) LV ejection fraction (LVEF), and (D) left atrial (LA) volume index. Abbreviations as in Figure 1.
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Abnormal mitral valve structure is the primary
cause of MR in patients with DMR, and thus a good
response to MR reduction with TEER can be antici-
pated in this population. In contrast, among patients
with v-FMR and those with a-FMR, MR is related to
LV or LA remodeling, leading to mitral annular dila-
tation. Furthermore, higher rates of TR in patients
with a-FMR and those with v-FMR, compared with
patients with DMR, suggest advanced cardiac
remodeling resulting in a limited response to TEER.
In fact, severe TR was independently associated with
clinical outcomes overall and in each subgroup after
multivariable adjustment, with significant factors
such as age, chronic lung disease, and residual MR.
Previous randomized controlled clinical trials
demonstrated the benefit of medical therapy, cardiac
resynchronization therapy, and internal cardiac de-
fibrillators in patients with reduced LVEFs.21-27 As
clearly shown in the COAPT trial, TEER was associ-
ated with a reduction in all-cause mortality or heart
failure hospitalization in patients with v-FMR on top
of these therapies. Indeed, TEER mitigated LV



CENTRAL ILLUSTRATION Time-to-Event Curves According to Mitral Regurgitation Etiology and
Cardiac Remodeling
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Time-to-event curves for the primary outcome (composite endpoint of all-cause mortality and heart failure hospitalization) between patients

with atrial functional mitral regurgitation (FMR), ventricular FMR, and degenerative mitral regurgitation (DMR). Event rates were calculated

using Kaplan-Meier analysis and were compared using the log-rank test.

FIGURE 4 All-Cause Mortality According to Mitral Regurgitation Etiology and Cardiac Remodeling

Time-to-event curves for all-cause mortality among patients with a-FMR, v-FMR, and DMR. Event rates were calculated using Kaplan-Meier

analysis and were compared using the log-rank test. Abbreviations as in Figure 1.
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FIGURE 5 Impact of Tricuspid Regurgitation on Primary Outcomes According to Mitral Regurgitation Etiology and Cardiac Remodeling

Time-to-event curves for the primary outcome (composite endpoint of all-cause mortality and heart failure hospitalization) in patients with or

without severe tricuspid regurgitation (TR) with (A) a-FMR, (B) v-FMR, and (C) DMR. Event rates were calculated using Kaplan-Meier analysis

and were compared using the log-rank test. Abbreviations as in Figure 1.

Continued on the next page
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remodeling in patients with v-FMR compared with
guideline-directed medical therapy alone.8 The pre-
sent study also showed that reduction of LA volume
was observed after improvement of MR with TEER in
patients with a-FMR, suggesting the hemodynamic
benefit of TEER regardless of MR etiology and LV
remodeling. As previous studies showed reductions
in LA volume, MR severity, and LA function after
successful cardioversion or ablation for atrial fibril-
lation,28-31 early intervention for atrial fibrillation has
the potential to improve the clinical outcomes of pa-
tients with a-FMR. Nonetheless, these studies are
limited by the nature of an observational study and
the sample size. Future studies are awaited to eval-
uate prognosis and treatment effect of transcatheter
treatment in patients with a-FMR.



FIGURE 5 Continued

PERSPECTIVES

WHAT IS KNOWN? Although the prevalence and prognosis of

traditional v-FMR are well recognized, a-FMR is not uncommon

and is associated with poor prognosis despite preserved LV sys-

tolic function.

WHAT IS NEW? TEER provided excellent procedural outcomes

among patients with DMR, a-FMR, and v-FMR. However, both

patients with a-FMR and those with v-FMR had worse 2-year

outcomes compared with patients with DMR.

WHAT IS NEXT? Future studies are needed to

evaluate prognosis and treatment effect of

transcatheter treatment in patients with a-FMR.
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STUDY LIMITATIONS. This was a single-center study,
and therefore, the findings need to be validated in
future studies. Moreover, this was an observational
study without a core laboratory analysis, which may
limit generalized conclusions.

CONCLUSIONS

TEER provided excellent procedural outcomes for
patients with a-FMR, v-FMR, and DMR. However,
patients with a-FMR and v-FMR had worse clinical
outcomes compared with those with DMR.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

Dr Kar has received grants from Abbott, Boston Scientific, Edwards

Lifesciences, and 4Tech; has been a consultant for Boston Scientific,

Edwards Lifesciences, Medtronic, and 4Tech; and holds stock options

in 4Tech. Dr Chakravarty has served as a speaker and consultant for

Edwards Lifesciences, Boston Scientific, Medtronic, and Abbott.

Dr Makkar has received grant support from Edwards Lifesciences; has

served as a consultant for Abbott Vascular, Cordis, and Medtronic;

and owns equity in Entourage Medical. All other authors have

reported that they have no relationships relevant to the contents of

this paper to disclose.
ADDRESS FOR CORRESPONDENCE: Dr Raj R.
Makkar, Cedars-Sinai Heart Institute, 8700 Beverly
Boulevard, Los Angeles, California 90048, USA.
E-mail: makkarr@cshs.org.
RE F E RENCE S
1. NkomoVT, Gardin JM, Skelton TN, Gottdiener JS,
Scott CG, Enriquez-Sarano M. Burden of valvular
heart diseases: a population-based study. Lancet.
2006;368:1005–1011.

2. Sannino A, Smith RL II, Schiattarella GG,
Trimarco B, Esposito G, Grayburn PA. Survival and
cardiovascular outcomes of patients with sec-
ondary mitral regurgitation: a systematic review
and meta-analysis. JAMA Cardiol. 2017;2:1130–
1139.

3. Nishimura RA, Vahanian A, Eleid MF, Mack MJ.
Mitral valve disease—current management
and future challenges. Lancet. 2016;387:1324–
1334.

4. Dziadzko V, Dziadzko M, Medina-Inojosa JR,
et al. Causes and mechanisms of isolated mitral
regurgitation in the community: clinical context and
outcome. Eur Heart J. 2019;40:2194–2202.

mailto:makkarr@cshs.org
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref1
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref1
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref1
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref1
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref2
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref2
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref2
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref2
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref2
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref2
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref3
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref3
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref3
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref3
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref4
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref4
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref4
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref4


Yoon et al J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 1 5 , N O . 1 7 , 2 0 2 2

TEER Outcomes According to MR Etiology and Cardiac Remodeling S E P T E M B E R 1 2 , 2 0 2 2 : 1 7 1 1 – 1 7 2 2

1722
5. Mesi O, Gad MM, Crane AD, et al. Severe atrial
functional mitral regurgitation: clinical and echo-
cardiographic characteristics, management and
outcomes. J Am Coll Cardiol Img. 2021;14:
797–808.

6. Feldman T, Foster E, Glower DD, et al. Percu-
taneous repair or surgery for mitral regurgitation.
N Engl J Med. 2011;364:1395–1406.

7. Stone GW, Lindenfeld J, Abraham WT, et al.
Transcatheter mitral-valve repair in patients with
heart failure. N Engl J Med. 2018;379:2307–2318.

8. Asch FM, Grayburn PA, Siegel RJ, et al. Echo-
cardiographic outcomes after transcatheter leaflet
approximation in patients with secondary mitral
regurgitation: the COAPT trial. J Am Coll Cardiol.
2019;74:2969–2979.

9. Writing Committee Members, Otto CM,
Nishimura RA, et al. 2020 ACC/AHA guideline for
the management of patients with valvular heart
disease: a report of the American College of Car-
diology/American Heart Association Joint Com-
mittee on Clinical Practice Guidelines. J Am Coll
Cardiol. 2021;77:e25–e197.

10. Vahanian A, Beyersdorf F, Praz F, et al. 2021
ESC/EACTS guidelines for the management of
valvular heart disease developed by the Task
Force for the Management of Valvular Heart
Disease of the European Society of Cardiology
(ESC) and the European Association for Cardio-
Thoracic Surgery (EACTS). Eur Heart J.
2022;43(7):561–632.

11. Lang RM, Badano LP, Mor-Avi V, et al. Rec-
ommendations for cardiac chamber quantification
by echocardiography in adults: an update from
the American Society of Echocardiography
and the European Association of Cardiovascular
Imaging. J Am Soc Echocardiogr. 2015;28:1–39.
e14.

12. Zoghbi WA, Adams D, Bonow RO, et al. Rec-
ommendations for noninvasive evaluation of
native valvular regurgitation: a report from the
American Society of Echocardiography Developed
in Collaboration with the Society for Cardiovas-
cular Magnetic Resonance. J Am Soc Echocardiogr.
2017;30:303–371.

13. Zoghbi WA, Asch FM, Bruce C, et al. Guidelines
for the evaluation of valvular regurgitation after
percutaneous valve repair or replacement: a report
from the American Society of Echocardiography
developed in collaboration with the Society for
Cardiovascular Angiography and Interventions,
Japanese Society of Echocardiography, and
Society for Cardiovascular Magnetic Resonance.
J Am Soc Echocardiogr. 2019;32:431–475.

14. Grayburn PA, Carabello B, Hung J, et al.
Defining “severe” secondary mitral regurgitation:
emphasizing an integrated approach. J Am Coll
Cardiol. 2014;64:2792–2801.

15. Lancellotti P, Tribouilloy C, Hagendorff A,
et al. Recommendations for the echocardiographic
assessment of native valvular regurgitation: an
executive summary from the European Association
of Cardiovascular Imaging. Eur Heart J Cardiovasc
Imaging. 2013;14:611–644.

16. Cavalcante JL, Rodriguez LL, Kapadia S,
Tuzcu EM, Stewart WJ. Role of echocardiography
in percutaneous mitral valve interventions. J Am
Coll Cardiol Img. 2012;5:733–746.

17. Rudski LG, Lai WW, Afilalo J, et al. Guidelines
for the echocardiographic assessment of the right
heart in adults: a report from the American Society
of Echocardiography endorsed by the European
Association of Echocardiography, a registered
branch of the European Society of Cardiology, and
the Canadian Society of Echocardiography. J Am
Soc Echocardiogr. 2010;23:685–713.

18. Suri RM, Clavel MA, Schaff HV, et al. Effect
of recurrent mitral regurgitation following degen-
erative mitral valve repair: long-term analysis of
competing outcomes. J Am Coll Cardiol. 2016;67:
488–498.

19. Lazam S, Vanoverschelde JL, Tribouilloy C,
et al. Twenty-year outcome after mitral repair
versus replacement for severe degenerative mitral
regurgitation: analysis of a large, prospective,
multicenter, international registry. Circulation.
2017;135:410–422.

20. Kar S, Feldman T, Qasim A, et al. Five-year
outcomes of transcatheter reduction of significant
mitral regurgitation in high-surgical-risk patients.
Heart. 2019;105:1622–1628.

21. SOLVD Investigators, Yusuf S, Pitt B, Davis CE,
Hood WB, Cohn JN. Effect of enalapril on survival
in patients with reduced left ventricular ejection
fractions and congestive heart failure. N Engl J
Med. 1991;325:293–302.

22. Pitt B, Zannad F, Remme WJ, et al, for
the Randomized Aldactone Evaluation Study
Investigators. The effect of spironolactone on
morbidity and mortality in patients with
severe heart failure. N Engl J Med. 1999;341:
709–717.

23. Packer M, Bristow MR, Cohn JN, et al, for the
U.S. Carvedilol Heart Failure Study Group. The
effect of carvedilol on morbidity and mortality in
patients with chronic heart failure. N Engl J Med.
1996;334:1349–1355.

24. Moss AJ, Zareba W, Hall WJ, et al. Prophylactic
implantation of a defibrillator in patients with
myocardial infarction and reduced ejection frac-
tion. N Engl J Med. 2002;346:877–883.

25. Tang AS, Wells GA, Talajic M, et al. Cardiac-
resynchronization therapy for mild-to-moderate
heart failure. N Engl J Med. 2010;363:2385–
2395.

26. McMurray JJV, Packer M, Desai AS, et al.
Angiotensin–neprilysin inhibition versus enalap-
ril in heart failure. N Engl J Med. 2014;371:993–
1004.

27. McMurray JJV, Solomon SD, Inzucchi SE, et al.
Dapagliflozin in patients with heart failure and
reduced ejection fraction. N Engl J Med. 2019;381:
1995–2008.

28. Gertz ZM, Raina A, Saghy L, et al. Evidence of
atrial functional mitral regurgitation due to atrial
fibrillation reversal with arrhythmia control. J Am
Coll Cardiol. 2011;58:1474–1481.

29. Dell’Era G, Rondano E, Franchi E,
Marino PN, for the Novara Atrial Fibrillation
Study Group. Atrial asynchrony and function
before and after electrical cardioversion for
persistent atrial fibrillation. Eur J Echocardiogr.
2010;11:577–583.

30. Reddy ST, Belden W, Doyle M, et al. Mitral
regurgitation recovery and atrial reverse
remodeling following pulmonary vein isolation
procedure in patients with atrial fibrillation: a
clinical observation proof-of-concept cardiac
MRI study. J Interv Card Electrophysiol. 2013;37:
307–315.

31. Zhao L, Jiang W, Zhou L, et al. The role of
valvular regurgitation in catheter ablation out-
comes of patients with long-standing persistent
atrial fibrillation. Europace. 2014;16:848–
854.

KEY WORDS atrial functional mitral
regurgitation, mitral regurgitation,
percutaneous mitral valve repair, prognosis,
transcatheter edge-to-edge repair
APPENDIX For supplemental figures and
a supplemental table, please see the online
version of this paper.

http://refhub.elsevier.com/S1936-8798(22)01340-1/sref5
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref5
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref5
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref5
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref5
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref6
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref6
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref6
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref7
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref7
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref7
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref8
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref8
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref8
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref8
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref8
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref9
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref9
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref9
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref9
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref9
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref9
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref9
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref10
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref10
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref10
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref10
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref10
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref10
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref10
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref10
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref11
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref11
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref11
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref11
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref11
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref11
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref11
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref12
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref12
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref12
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref12
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref12
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref12
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref12
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref13
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref13
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref13
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref13
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref13
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref13
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref13
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref13
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref13
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref14
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref14
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref14
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref14
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref15
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref15
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref15
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref15
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref15
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref15
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref16
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref16
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref16
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref16
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref17
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref17
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref17
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref17
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref17
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref17
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref17
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref17
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref18
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref18
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref18
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref18
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref18
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref19
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref19
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref19
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref19
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref19
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref19
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref20
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref20
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref20
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref20
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref21
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref21
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref21
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref21
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref21
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref22
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref22
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref22
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref22
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref22
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref22
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref23
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref23
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref23
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref23
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref23
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref24
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref24
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref24
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref24
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref25
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref25
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref25
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref25
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref26
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref26
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref26
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref26
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref27
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref27
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref27
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref27
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref28
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref28
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref28
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref28
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref29
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref29
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref29
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref29
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref29
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref29
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref30
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref30
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref30
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref30
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref30
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref30
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref30
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref31
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref31
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref31
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref31
http://refhub.elsevier.com/S1936-8798(22)01340-1/sref31

	Outcomes After Transcatheter Edge-to-Edge Mitral Valve Repair According to Mitral Regurgitation Etiology and Cardiac Remodeling
	Methods
	Study population
	Echocardiographic assessment
	Outcomes and data collection
	Statistical analysis

	Results
	Patient characteristics
	Echocardiographic characteristics
	Procedural and echocardiographic outcomes
	Clinical outcomes
	Impact of TR on outcomes

	Discussion
	Study limitations

	Conclusions
	Funding Support and Author Disclosures
	References


