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Abstract

Objectives: To investigate the predictors and clinical impact of left ventricular

reverse remodeling (LVRR) after MitraClip (MC) therapy for degenerative (DMR) and

functional mitral regurgitation (FMR).

Background: MC therapy induces LVRR in patients with mitral regurgitation (MR) at

high-risk for surgery. However, specific data on predictors of LVRR therapy are limited.

Methods: This study included 164 patients treated by MC implantation with com-

plete clinical and echocardiographic evaluation at baseline, 6 months, and 12 months.

LVRR was defined as a decrease of ≥10% of the left ventricular end-diastolic diame-

ter after 12 months and was found in 49% of the patients.

Results: LVRR was associated with significantly reduced event rate 2 years after MC

procedure. In the total cohort, multivariate regression analysis determined severe

recurrent/residual MR after 12 months (p = .010, odds ratio [OR] = 0.26), male gen-

der (p = .050, OR = 0.49) and left ventricular ejection fraction (LVEF) <20% (p = .046,

OR = 0.24) as predictors of absence of LVRR. In the subgroup analysis according to

etiology of MR, multivariate regression analysis revealed severe recurrent/residual

MR after 12 months (p = .04, OR = 0.184) to inversely predict LVRR only in the DMR

subgroup. In FMR, residual severe tricuspid regurgitation (TR) inversely predicts

LVRR (p = .032, OR = 0.361).

Conclusions: LVRR occurs in half of the patients after MC and is associated with

reduced MACCE rates at follow-up. Combined information on residual/recurrent

MR, baseline LVEF and gender predict LVRR after MC procedure. While residual/

recurrent MR is the independent predictor for the absence of LVRR in DMR, in FMR

only severe residual TR independently predict LVRR.
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1 | INTRODUCTION

Over the past years, MitraClip (MC) therapy has emerged as a treat-

ment option for both degenerative (DMR) and functional mitral regur-

gitation (FMR) in high-risk patients. Reduction of mitral regurgitation

(MR) grade by MC has been shown to induce left ventricular reverse

remodeling (LVRR),1–6 known to be associated with survival benefit

after various medical therapies including cardiac resynchronization

therapy (CRT) and surgical valve repair.7–10 FMR and DMR present

distinct pathophysiology, thus it is unclear whether a similar magni-

tude of reverse remodeling and hemodynamic response can be

expected after successful MC therapy. Furthermore, data on predic-

tors and prognostic role of LVRR after MC therapies are limited.1,11,12

This study investigates the extent and the predictors of LVRR

after MC therapy having the ability to separately asses the entities of

FMR and DMR, and the impact of reverse ventricular remodeling after

MC therapy on clinical outcome.

2 | METHODS

For this study, we analyzed 374 consecutive patients receiving MC

implantation between January 2010 and December 2016 at our cen-

ter. One hundred sixty-four patients (44%) completed a full clinical

and echocardiographic follow-up at 6 months as well as 12 months

and hence were included in further analysis. Of note, no relevant dif-

ferences in baseline characteristics existed between the included and

excluded patients (supplemental Table I). The study was ethically

approved by the ethics committee of the University of Ulm and com-

plied with the Declaration of Helsinki (NCT03104660).

All patients included in the present study were symptomatic in

terms of heart failure (New York Heart Association [NYHA] functional

class >II) despite guideline-directed medical therapy and CRT.

All patients underwent diagnostic work-up prior to the MC as pre-

viously described.13 Device success was defined as clip implantation

with a reduction of the MR of more than two degrees.14 During long-

term follow-up, the occurrence of mortality, heart failure

rehospitalization, reintervention, and major adverse cardiac and cere-

brovascular events (MACCE, composite endpoint of rehospitalization

due to heart failure, neurological events or bleeding, further

reintervention on the mitral valve, need for left ventricular assist device

[LVAD], and mortality) were analyzed. Severity of MR was classified in

four degrees according to the EVEREST criteria for MR quantification.4

All included patients had severe MR (i.e., grade III/IV) except for two

patients with dynamic high-grade MR. Echocardiographic characteristics

at baseline and follow-up (including grade of tricuspid regurgitation

[TR], grade of MR, and cardiac dimensions) were available for all study

patients. The left ventricle (LV) end-diastolic and end-systolic diameters

were measured by transthoracic echocardiography in the long axis par-

asternal view. Left ventricular ejection fraction (LVEF) was measured

using the biplane Simpson's method. The change in left ventricular end-

diastolic diameter (LVEDD) was calculated as follows: (LVEDD baseline

−LVEDD 12 months)/LVEDD baseline × 100. LVRR has been defined

in accordance to previous studies, which identified a cut-off value of

10% reduction in left ventricular end-diastolic volume (LVEDV) or in

LVEDD for prediction of long-term all-cause and cardiovascular

F IGURE 1 Flow diagram of patient selection and follow-up
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mortality after device therapy,15 and it has been used in other remo-

deling studies.5,11,15,16

3 | STATISTICAL ANALYSES

Analyses were performed in following subgroups: patients with left

ventricular reverse remodeling (LVRR group, n = 81) versus without

left ventricular reverse remodeling (no-LVRR group, n = 83). All statis-

tical analyses were calculated with the Statistica software version 7.1

(Stat Soft, Inc., Tulsa, OK) and SPSS, version 20.0 (SPSS Inc., Chicago,

IL). Categorical variables are expressed as counts and percentages and

are compared by chi-square test. Continuous parameters are pres-

ented as the mean ± SD and are compared with t-test or Mann–

Whitney test for unpaired comparisons. Differences were considered

statistically significant when p < .05.

To identify predictors of LVRR, univariate analysis was performed

for the cohort of 164 patients for all potential influential (significant

p < .05, and probable p < .10) clinical and echocardiographic variables.

In multivariate logistic regression analysis, a backward stepwise

algorithm was applied to all potential influential parameters (p < .10)

from univariate logistic regression analysis. Furthermore, we tested

multicollinearity for all influential parameters using the variance infla-

tion factor. Greatest variance inflation factors were calculated for the

LVEDD at baseline and at follow-up (7.6 and 6.6, respectively). Hence,

LV diameter was not included in multivariate regression analysis due

to clinical relation and collinearity with the primary point of interest.

Variables that were included in the multivariate model were gender,

severe MR at 12 months, severe TR at 12 months, severely reduced

LVEF (below 20%), and NYHA class at baseline.

In addition, an analogous approach was followed for the two differ-

ent MR etiologies: FMR (n = 111) and DMR (n = 53). Influential vari-

ables of univariate analysis that were included in the multivariate model

were number for implanted clips, severely reduced LVEF (below 20%),

NYHA class at baseline, severe TR at 12 months and severe (residual/

recurrent) MR after 12 months. Time-to-event analyses for 12 and

24 months' follow-up were performed with the use of Kaplan–Meier

estimates and were compared with the log-rank test. Kaplan–Meier sur-

vival curves were generated for time-to-event outcomes.

4 | RESULTS

Of the 374 patients undergoing percutaneous mitral valve repair with

the MC system, 50 died within 12 months of the procedure, other

160 patients have been excluded from the analysis due to missing

LVEDD measurements for LVRR calculation or other major events

(heart transplantation, LVAD implantation), as shown in Figure 1.

The prespecified remodeling endpoint in this study was defined

as a decrease of ≥10% of LVEDD after 12-months follow-up after

MC. LVRR was observed in 81 patients (49.4%).

The baseline characteristics of the study patients and the differ-

ences between the LVRR group and no-LVRR group are detailed in

Table 1. The two cohorts were comparable in terms of baseline LVEF,

NYHA functional class, severity of MR, EuroSCORE II, or relevant

comorbidities. Etiology of MR was equally distributed in the LVRR and

no-LVRR groups (p = .54): functional MR was evident in 69.9% of

patients in the no-LVRR group, compared with 65.4% in the LVRR

group. Likewise, in the no-LVRR group, DMR was present in 30.1%

and in 34.6% in the LVRR group. Baseline LVEF between the two

groups was not different (42.5 ± 17.2% in the no-LVRR group com-

pared with 44.5 ± 16.3% in the LVRR group, p = .49). However, the

proportion of patients with LVEF <20% was more frequent in the no-

LVRR group (10.8%) compared with LVRR group (3.7%), p = .07.

Analogously, Table 2 displays baseline demographic and clinical

characteristics separately for DMR and FMR subgroups. Patients with

FMR present higher surgical risk compared with patients with DMR.

Similar to the total cohort, no significant differences in terms of com-

orbidities could be observed between LVRR group and no-LVRR

group within the FMR population or DMR cohort. Regarding proce-

dural data, no differences were noted between the LVRR group and

no-LVRR group in the number of clips implanted or MR reduction in

both DMR population and FMR population (Table 3).

TABLE 1 Baseline characteristics of the entire study cohort

No LVRR LVRR p-value

Number of patients 83 81

Male, N (%) 62 (74.7) 49 (60.5) .051

Age in years 75.6 ± 10.2 78.2 ± 6.4 .16

EuroSCORE II 9.0 ± 8.8 8.7 ± 7.9 .85

STS Score of mortality 3.3 ± 2.8 4.2 ± 4.7 .22

Prior HF admission 1.19 ± 1.1 0.94 ± 1.1 .12

Diabetes mellitus 25 (30.1) 18 (22.2) .25

Chronic obstructive

pulmonary disease

10 (12.0) 10 (12.4) .95

Chronic renal failure

(glomerular filtration

rate < 60 ml/min)

43 (51.8) 41 (50.6) .88

Atrial fibrillation/flutter 58 (69.9) 47 (58.0) .11

Nonischemic

cardiomyopathy

15 (18.1) 14 (17.3) .89

NYHA functional class

I 3 (3.6) 5 (6.17) .44

II 8 (9.6) 7 (8.6) .82

III 51 (61.5) 48 (59.3) .77

IV 21 (25.3) 21 (25.9) .93

NT-pro BNP (pg/ml) 5126.9 ± 6230 5207.4 ± 6605 .56

Troponin T(ng/l) 39.7 ± 42 38.7 ± 38 .81

CRT-D 8 (9.6) 9 (11.1) .76

LBBB 26 (31.3) 25 (30.9) .95

Note: Values are mean ± SD, or number (%).

Abbreviations: CRT, cardiac resynchronization therapy; HF, heart failure;

LBBB, left bundle branch block; LVRR- left ventricular reverse remodeling;

NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York

Heart Association; p-values by Student's t-test and chi-square test; STS,

Society of Thoracic Surgeons.
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TABLE 2 Baseline characteristics of DMR and FMR

Degenerative MR Functional MR

No-LVRR LVRR p-value No-LVRR LVRR p-value

Number of patients 25 (30.1) 28 (34.6) 58 (69.9) 53 (65.4)

Male, N (%) 17 (68.0) 14 (50.0) .18 45 (77.6) 35 (66.0) .17

Age in years 79.6 ± 4.4 79.9 ± 5.6 .84 73.8 ± 11.5 77.3 ± 6.6 .13

EuroSCORE II 6.4 ± 3.4 7.7 ± 9.4 .56 10.2 ± 10.1 9.2 ± 7.0 .86

STS score of mortality 3.7 ± 3.2 3.6 ± 2.6 .91 2.9 ± 2.6 4.6 ± 5.5 .12

Prior HF admission 1.2 ± 1.0 0.7 ± 0.8 .05 1.2 ± 1.2 1.0 ± 1.2 .56

Diabetes mellitus 6 (24.0) 4 (14.3) .36 19 (32.8) 14 (26.4) .46

Chronic obstructive pulmonary disease 2 (8.0) 4 (14.3) .47 8 (13.8) 6 (11.3) .69

Chronic renal failure (glomerular

filtration rate < 60 ml/min)

12 (48.0) 12 (42.9) .70 31 (53.5) 29 (54.7) .89

Atrial fibrillation/flutter 20 (80.0) 18 (64.3) .20 38 (65.5) 29 (54.7) .24

Nonischemic cardiomyopathy 0 (0.0) 0 (0.0) 1.00 15 (25.9) 14 (26.4) .94

NYHA functional class

I 0 (0.0) 2 (7.1) .11 3 (5.2) 3 (5.7) .91

II 1 (4.00) 3 (10.7) .34 7 (12.1) 4 (7.6) .42

III 15 (60.0) 15 (53.6) .64 36 (62.1) 33 (62.3) .98

IV 9 (36.0) 8 (28.6) .56 12 (20.5) 13 (24.5) .63

NT-pro BNP (pg/ml) 3135.1 ± 4364 3422.5 ± 4676 .96 5557.6 ± 6531 6287.8 ± 7386 .97

Troponin T(ng/l) 19.9 ± 5.7 30.5 ± 30.4 .73 43.0 ± 44.5 43.8 ± 42.9 .92

CRT-D 1 (4.1) 0 (0.0) .28 7 (12.1) 9 (17.0) .46

LBBB 6 (24.0) 3 (10.7) .19 20 (34.5) 22 (41.5) .44

Note: Values are mean ± SD, or number (%).

Abbreviations: CRT, cardiac resynchronization therapy; HF, heart failure; LBBB, left bundle branch block; LVRR- left ventricular reverse remodeling;

NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; p-values by Student's t test and chi-square test; STS,

Society of Thoracic Surgeons.

TABLE 3 Procedural data

Degenerative MR Functional MR

No LVRR LVRR p-value No LVRR LVRR p-value

Number of patients 25 28 58 53

Emergent procedure, N (%) 3 (12.0) 6 (21.4) .36 15 (25.9) 13 (24.5) .87

Time in hospital before clip (days) 3.1 ± 3.9 4.1 ± 3.7 .18 4.9 ± 5.4 5.3 ± 4.8 .30

Time in hospital after procedure (days) 7.5 ± 3.4 6.3 ± 2.5 .21 7.4 ± 5.4 7.2 ± 4.7 .92

Fluoroscopy time (min) 34.4 ± 16.4 34.3 ± 18.0 .67 30.3 ± 16.6 26.7 ± 12.3 .31

Length of ICU stay post-MC (days) 0.8 ± 1.42 0.4 ± 0.9 .44 1.0 ± 3.2 0.42 ± 1.0 .11

Number of clips implanted 1.3 ± 0.45 1.3 ± 0.5 .79 1.3 ± 0.51 1.2 ± 0.39 .19

activated clotting time peak 268.2 ± 54.1 277.5 ± 41.8 .48 266.8 ± 41.2 269.5 ± 53.6 .94

Grade of MR after procedure 1.5 ± 0.8 1.4 ± 0.6 .76 1.5 ± 0.7 1.5 ± 0.5 .99

Partial clip detachment 0 0 1.0 1 (1.7) 0 .87

Transmitral mean gradient after procedure 4.3 ± 1.7 4.5 ± 1.6 .82 3.3 ± 1.6 3.5 ± 1.6 .51

Severe MR after procedure 0 0 1.0 0 0 1.0

Note: Values are mean ± SD, or number (%). p-values by Student's t-test and chi-square test.

Abbreviations: ICU, intermediate care unit; LVRR- left ventricular reverse remodeling; MC, MitraClip; MR, mitral regurgitation.
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In the first year after MC implantation, LVEF improved from 44.5

± 16.3% to46.5 ± 16.0% in the LVRRgroup (p= .14), comparedwith42.5

± 17.2% to 42.9 ± 17.8% in the no-LVRR group (p = .76, Figure 2). In con-

trast to left ventricular dimensions, left atrial dimensions decreased both in

the LVRRgroup (p= .03) and in the no-LVRRgroup (p= .01, Figure2).

High-grade MR (grade III/IV) was equally distributed in both groups

at baseline (98.8% in both groups, p = .99) and was reduced after the

MC implantation in both groups to a comparable magnitude (severe

MR III/IV 7.2% in the no-LVRR group vs. 2.5% in the LVRR group,

p = .15). Hence, in the year after MC severe MR was significantly more

frequent in the no-LVRR group, compared with the LVRR group: High-

grade MR was present in 7.4% in the LVRR group, compared with

20.5% in the no-LVRR group (p = .01, Figure 3). Similar observations

were made with the tricuspid valve, where high-grade TR was present

in comparable proportions in both groups at baseline (49.4% in the

LVRR group, 45.8% in the no-LVRR group, p = .64). During follow-up

grade of TR decreased significantly both in the LVRR group (p < .001)

and in the no-LVRR group (p = .009), but reduction was more frequent

in the LVRR group (19.8 vs. 32.5%, p = .06, Figure 3).

Forty-eight percent of the patients with FMR and 53% of the

patients with degenerative etiology developed reverse remodeling at

12-months follow-up. Table 4 summarizes all echocardiographic data

at baseline during follow-up separately for DMR and FMR patients.

During 12-months follow-up NYHA class decreased significantly

to 2.1 ± 0.8 in the no-LVRR group (p < .001) and 2.0 ± 0.8 in the LVRR

group (p < .001 Figure 4). Analogously, in the subgroup analysis

according to etiology, NYHA class improved in patients with reverse

remodeling to 1.8 ± 0.8 in the FMR group and to 2.2 ± 0.6 in the

DMR group (Figure 4). Patients in the LVRR group had numerically

lower rehospitalization rates in the first year and lower

rehospitalization and mortality rates in the second year, resulting in a

significantly reduced MACCE rate in the LVRR group compared to the

no-LVRR group in the 24-months follow-up (p = .049, Table 5,

Figure 5).

F IGURE 2 Median echocardiographic parameters at baseline, 6 and 12 months in the left ventricular reverse remodeling (LVRR) and no-LVRR
groups for: left ventricular ejection fraction (LVEF), left ventricular end-diastolic diameter (LVEDD) and left atrial diameter. LVRR, left ventricular
reverse remodeling

NITA ET AL. 691



Data of multivariate logistic regression analysis is noted in

Table 6. Among the variables assessed, in the total population of

164 patients, multivariate analysis identified male gender

(OR = 0.499), severe MR after 12 months (OR = 0.262), and poor

baseline left ventricular function (baseline LVEF <20%, OR = 0.244) as

independent predictors for the nonoccurrence of LVRR after adjust-

ment for severe TR at 12-months follow-up. In the subgroup of

patients with DMR, only severe MR at 12-months follow-up was iden-

tified as a predictor of the nonoccurrence of LVRR (p = .025,

OR = 0.184, CI 95%: 0.042–0.812). By contrast, in patients with FMR,

only severe residual TR was identified as independent predictor for

nonoccurrence of LVRR (p = .032, OR = 0.361) after adjustment for

gender, number of implanted clips, severely reduced LVEF (beyond

20%) and NYHA class at baseline.

5 | DISCUSSION

This study demonstrates that recurrent/residual MR after 12 months

of follow-up, poor baseline LVEF and male gender inversely predict

LVRR after MC therapy.

LVRR after MC therapy occurred in 49% of the patients. Even

though prior publications1,2,5 used the 6-months period to assess for

LVRR, we included in the final analysis only patients who completed

F IGURE 3 Severe Mitral regurgitation (MR) and severe tricuspidal regurgitation (TR) at baseline, postprocedural, 6 and 12 months in total
population, LVRR, and no-LVRR groups. Left ventricular reverse remodeling (LVRR), left ventricular reverse remodeling
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both 6- and 12-months follow-up in order to evaluate whether the

LVRR persisted during longer follow-up. Indeed, a decrease in left

ventricular dimensions became already evident after 6 months and

further improved after 12 months, underlining the consistency of the

study findings. Patients in the LVRR group developed similar reduc-

tion of LVEDD and left ventricular end-systolic diameter (LVESD).

Moreover, these LV changes were congruent with improvement in LA

dimensions. On the contrary, there was only a slight improvement in

the LVEF evident for the total cohort (44.5 ± 16.3% to 46.5 ± 16.0%).

Although the LVRR group showed a slight trend toward LVEF

improvement, neither the LVRR group, nor the no-LVRR group experi-

enced statistically significant changes in LVEF: 44.5 ± 16.3% to 46.5

± 16.0% in the LVRR group (p = .14) and 42.5 ± 17.2% to 42.9

± 17.8% in the no-LVRR group (p = .76). We do acknowledge that

LVEF in the setting of severe MR is a poor reflection of intrinsic sys-

tolic function and postinterventional improvement in cardiac perfor-

mance might not be sufficiently reproduced by LVEF despite

significant reduction in ventricular dilatation. As shown by others,17,18

assessment of global left ventricular longitudinal strain might better

reflect LV systolic function in patients with MR after MV repair. Our

findings are in line with previous studies,2,3 which reported absence

or only minor changes of the LVEF despite significant improvement in

the end-diastolic pressure–volume relationship. This indicates that the

beneficial effect of MC might less be reflected by improved LVEF, but

rather due to the redirection of the regurgitation volume.

The reduction of regurgitation volume leads to a decrease of left

ventricular volume overload with reduction of LV dilatation, aligned

with measurable reverse remodeling. The hypothesis of volume over-

load is further confirmed by the changes of regurgitation of both

atrioventricular valves that we observed after percutaneous mitral

valve repair in our cohort. Rate of severe MR during 12-months

follow-up was significantly more frequent in the no-LVRR cohort

despite comparable immediate post-procedural results. Similarly,

severe TR during 12-months follow-up was more frequent in the no-

LVRR cohort (32.5% vs. 19.8%).

In 51% of the cases, no LVRR was detectable. In the total

cohort, we identified recurrent/residual MR, male gender, and

severely reduced left ventricular ejection function as independent

predictors for absence of LVRR within 12 months after MC

procedure.

5.1 | LVRR and severe recurrent MR

The relationship between LVRR and the extent of reduction in MR

has been shown previously.1,19 Grayburn and colleagues demon-

strated in 881 patients either treated interventionally by MC

(801 patients) or surgically (80 patients), that reduction of end-

diastolic LV volumes was paralleled with lower grade of residual MR

at 12 months. Our study supports these results: severe MR during the

TABLE 4 Echocardiographic parameters at baseline and during 12-months follow-up

Degenerative MR Functional MR

No LVRR LVRR p-value No LVRR LVRR p-value

LVEF (%) Baseline 58.0 ± 9.9 58.1 ± 10.3 .86 35.8 ± 15.3 37.2 ± 14.2 .69

6-months FU 58.2 ± 11.1 59.2 ± 9.3 .61 35.1 ± 15.2 36.2 ± 12.0 .36

12-months FU 59.7 ± 10.6 60.5 ± 10.4 .58 35.1 ± 15.2 36.2 ± 12.0 .36

LVEDD (mm) Baseline 55.1 ± 6.4 59.1 ± 7.2 .06 63.9 ± 11.4 68.2 ± 11.2 .06

6-months FU 53.0 ± 6.9 52.9 ± 6.5 .79 65.2 ± 11.9 60.0 ± 11.9 .05

12-months FU 54.6 ± 7.1 49.5 ± 6.6 .01 65.1 ± 11.0 54.8 ± 9.6 <.001

LVESD (mm) Baseline 36.4 ± 4.2 39.4 ± 5.5 .05 50.5 ± 13.3 53.5 ± 13.5 .21

6-months FU 34.8 ± 6.5 35.3 ± 6.4 .82 52.9 ± 14.0 47.4 ± 13.4 .05

12-months FU 35.2 ± 6.5 32.0 ± 4.9 .09 52.7 ± 13.3 42.3 ± 11.3 <.001

Severe MR (Grade III/IV) Baseline 25 (100) 28 (100) 1.0 57 (98.3) 52 (98.1) .94

6-months FU 9 (36.0) 3 (10.7) .02 11 (19.1) 5 (9.4) .15

12-months FU 10 (40.1) 3 (10.7) .01 7 (12.1) 3 (5.7) .23

Severe TR (Grade III/IV) Baseline 13 (52.0) 16 (57.1) .70 25 (43.1) 24 (45.3) .81

6-months FU 10 (40.0) 6 (21.4) .14 21 (36.2) 14 (26.4) .26

12-months FU 7 (28.0) 7 (25.0) .80 20 (34.5) 9 (17.0) .03

LA diameter (mm) Baseline 7 (28.0) 7 (25.0) .80 56.0 ± 6.3 55.4 ± 7.9 .71

6-months FU 55.6 ± 11.5 53.6 ± 9.2 .41 54.6 ± 7.0 53.8 ± 8.6 .44

12-months FU 55.7 ± 11.6 54.2 ± 10.2 .70 54.0 ± 7.5 53.2 ± 8.2 .57

Note: Values are mean ± standard deviation, or number (%). p-values by Student's t-test and chi-square test.

Abbreviations: LA, left atrial; LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic diameter; LVRR- left ventricular reverse

remodeling.
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first year after MC increases the risk for absence of LVRR by 3.4-fold

in the total cohort.

5.2 | LVRR and poor LVEF

There are limited data showing divergent effects of MC on left ven-

tricular reverse remodeling in patients with reduced LVEF. Grayburn

and colleagues demonstrated in a subgroup of patients with FMR dia-

stolic reverse remodeling when MR severity was reduced to grade

2 or less by MC therapy.1 Mean LVEF in this cohort was 43 ± 12%,

patients with LVEF <20% were excluded. Pleger et al. presented in a

cohort of 41 patients (mean LVEF 33%) that a reduction in the LVEDD

was evident 12 months after MC procedure.20 In the randomized

Acorn Trial,21 the authors observed LVRR after reduction of MR by

surgery. Mean LVEF in this trial was 23.9 ± 8.9%. In our cohort, mean

LVEF was 43.5 ± 16.8%. Given that etiology of MR was equally dis-

tributed in the LVRR and no-LVRR groups (FMR was evident in 69.9%

of patients in the no-LVRR group, compared to 65.4% in the LVRR

group [p = .54]), the overall LVEF between the two groups was not

different (42.5 ± 17.2% in the no-LVRR group compared with 44.5

± 16.3% in the LVRR group, p = .49). However, the proportion of

patients with LVEF <20% was more frequent in the no-LVRR group

(10.8%) compared with the LVRR group (3.7%, p = .07). Hence, multi-

variate regression analysis identified left ventricular EF < 20% as inde-

pendent predictor for absence of LVRR in the total cohort.

TABLE 5 Kaplan–Meier estimates of
1- and 2-year clinical outcome in patients
with and without LVRR

1-year outcome (%)
p-value

2-year outcome (%)
p-value

No LVRR LVRR No LVRR LVRR

Mortality 0.0 0.0 – 11.2 8.6 .47

MACCE 33.7 22.2 .10 50.6 35.8 .049

Reintervention 0.0 0.0 – 4.4 1.4 .29

Rehospitalization

due to heart failure

22.9 17.3 .36 32.5 23.5 .20

Abbreviations: LVRR- left ventricular reverse remodeling;MACCE, major adverse cardiac and

cerebrovascular events.

F IGURE 4 New York Heart Association (NYHA) class at baseline, 6-month (6 FU) and 12-month (12 FU) follow-up in total cohort (total), in
patients with degenerative (DMR) and functional mitral regurgitation (FMR), in patients with left ventricular reverse remodeling (LVRR) and
without LVRR (no-LVRR). During 12-months follow-up NYHA class decreased significantly in all groups (p < .001), but to a greater degree in the
LVRR group compared with no-LVRR group in total cohort
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5.3 | LVRR and gender

Female sex has been shown to be a strong and independent predictor of

outcome and reverse remodeling in chronic systolic heart failure.9 The

mechanism by which female patients experience a better hemodynamic

response is yet unclear and deserves further investigation. An analysis

by Kararigas22 revealed that pressure overload in patients with aortic

stenosis induced increased fibrosis and inflammation in male hearts, while

the female heart suppresses fibrosis-related and inflammatory processes.

Hence, female patients undergoing aortic valve replacement show

decreased LV diameters in early first weeks after surgery more frequently

than male patients.23 Gender specific effects on reverse remodeling in

volume overload models have been less frequently studied so far. In our

study, male gender independently predicts absence of LVRR (OR = 0.499,

p = .044) after MC in the total cohort including both patients with FMR

and DMR. Likewise, Adamo et al. recently reported female sex as an inde-

pendent predictor of reverse remodeling in a cohort of patients only with

FMR after MC therapy.12

5.4 | LVRR in DMR versus FMR

To the best of our knowledge, this is the first study that separately

evaluates the predictors of left ventricular reverse remodeling for

DMR versus FMR in patients treated with MC therapy.

One could assume that reduction of the regurgitation in primary

(degenerative) MR as the genuine (valvular) pathology should have a

greater effect on LVRR than in FMR. This hypothesis has been

supported by the Asia-Pacific registry,24 where DMR cohort showed a

significantly greater reduction in left ventricular end-diastolic diameter

after MC procedure compared to FMR cohort. In our study, LVRR was

not different between DMR and FMR subgroups. Despite comparable

postprocedural results in both etiologies and despite comparable rates

of recurrent MR to those published in the literature,25,26 recurrent/

residual MR up to 12 months follow-up was more frequent in the

DMR group than in the FMR group in our study (24.5 vs. 9.0%). This

is surprising, particularly since recurrence of MR is a main concern of

FMR due to progressive LV dysfunction.24 In a recent meta-analysis

F IGURE 5 Kaplan–Meier analysis of rates of major adverse
cardiac and cerebrovascular events (MACCE) two years after
MitraClip implantation according to presence of left ventricular
reverse remodeling (LVRR) and absence of LVRR [Color figure can be
viewed at wileyonlinelibrary.com]

TABLE 6 Multivariate regression
analysis for predictors of reverse
remodeling [Color table can be viewed at
wileyonlinelibrary.com]

Variables Beta
Odds
ratio 95% CI

p-
value

Total cohort

Male gender −0.696 0.499 0.248–1.00 .050

Baseline LVEF <20% −1.409 0.244 0.061–0.972 .046

Recurrent/Residual severe MR at 12-month

follow-up

−1.341 0.262 0.094–0.729 .010

Residual severe TR at 12-month follow-up −0.733 0.481 0.227–1.017 .06

Degenerative MR

Male gender −0.525 0.592 0.181–1.936 .39

Recurrent/Residual severe MR at 12-month

follow-up

−1.605 0.201 0.047–0.867 .031

Residual severe TR at 12-month follow-up −0.107 0.899 0.239–3.385 .87

Functional MR

Male gender −0.699 0.497 0.203–1.218 .3.

Baseline LVEF <20% −1.361 0.256 0.062–1.058 .08

Recurrent/Residual severe MR at 12-month

follow-up

−1.216 0.297 0.067–1.313 .08

Residual severe TR at 12-month follow-up −0.102 0.361 0.142–0.916 .036

Abbreviations: CI, confidence interval; LVEF, left ventricular ejection fraction; MR, mitral regurgitation;

TR tricuspidal regurgitation.
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of 2,615 patients treated with the MC,27 the reported percentage of

patients with MR grade ≤2 at 1-year follow-up was comparable

between the two cohorts (58 vs. 54%). Nevertheless, there was a sig-

nificantly lower rate of mitral valve reintervention in patients with

FMR compared with those with DMR (4 vs. 10%). If we compare

LVRR in the two cohorts in our study after excluding severe recur-

rent/residual MR, the difference between DMR and FMR cohort

becomes more evident (62.5 vs. 49.5%). Hence, multivariate analysis

revealed that recurrent/residual MR was a predictor for absence of

LVRR only in the DMR subgroup. Our results are in line with recently

published study results of cohort of patients with FMR, where LVRR

occurred independently of recurrent/residual MR.12 Severe recurrent

MR should be promptly diagnosed after MC therapy performed for

DMR to identify patients possibly benefitting from reintervention of

MR to avoid adverse clinical outcome.

An analysis of a cohort of 146 patients from the GRASP registry

showed an improvement in LVEF coupled with reduction in LV vol-

umes regardless of baseline TR severity.28 However, the correlation

between residual TR and LVRR was not investigated. In our total

cohort, LVRR was more frequent in the subgroup without severe

residual TR (53.7%), compared with 37.2% in the subgroup with

severe TR after 12-months follow-up. And this difference was more

evident in the FMR subgroup. Hence, in FMR cohort only severe

residual TR was found to be a predictor for absence of LVRR. Twelve-

months echocardiographic screening for severe residual/recurrent TR

after MC therapy in patients with FMR represents a valuable tool to

predict absence of LVRR and therefore poor prognosis. Timely ther-

apy of severe TR should be considered as an important target to

improve clinical outcome in these patients.

5.5 | LVRR and clinical impact

Reverse ventricular remodeling after surgical and interventional treat-

ment of mitral valve is associated with better survival and decreased

rate of heart failure rehospitalization.25,27,29,30 Our study confirms

these results and underlines the relation between improved outcome

and reverse remodeling: Patients in the LVRR group had numerically

lower rehospitalization rates in the first year and a lower

rehospitalization and mortality rates in the second year, resulting in a

significantly reduced MACCE rate compared with the no-LVRR group

during 24-months follow-up (50.6 vs. 35.8%).

6 | LIMITATIONS

A substantial proportion of patients who underwent MC implantation

at our institution were not included in the analysis because of the lack

of a complete echocardiographic follow-up both at 6- and at

12-months follow-up. Although baseline characteristics were similar

between the study population and the excluded patients, a selection

bias cannot be ruled out.

The prevalence of LVRR was in accordance with most previous

studies,1,3,6,11,31 regardless what exact definitions were applied for

LVRR. However, the prevalence of reverse remodeling after percuta-

neous mitral valve repair may depends on the definition of reverse

remodeling. Many combinations of various echocardiographic parame-

ters have been introduced to determine favorable structural response

in patients following medical therapies. Our definition with ≥10%

decrease of LVEDD is a pragmatic approach being applied in others

studies5,11,15,16 and can be easily used, in a daily routine. However,

taking only this dimension-based parameter into account, probably

does not sufficiently reflect LV hemodynamics after the percutaneous

edge-to edge procedure.

7 | CONCLUSIONS

LVRR occurs in nearly half of the patients treated by MC for

MR. Recurrent/residual severe MR after 12 months, poor baseline

LVEF and male gender were independent predictors for absence of

LVRR after MC therapy. In patients with DMR, only recurrent/residual

severe MR inversely predicts LVRR after MC therapy. In contrast, in

FMR severe residual TR after 12 months inversely predicts LVRR after

MC therapy.
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