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Background: Differences in short-term and 1-year outcomes of percutaneous edge-to-edge mitral repair
between patients with functional and degenerative mitral regurgitation (MR) remain unclear. We performed
a systematic review and meta-analysis to investigate the safety and efficacy of MitraClip (MC) in patients
with different MR etiologies.

Methods: This study systematically searched three common databases for studies on MC therapy until
November 2017. The studies meeting the standard inclusion criteria were included. The data at baseline,
short-term and 1-year clinical and echocardiographic outcomes were obtained and analyzed. All data were
checked by another reviewer.

Results: Thirteen studies totalling 2,351 patients investigating the short-term and 1-year outcomes of
MC in patients with functional MR (FMR) versus degenerative MR (DMR) were included for further
analysis. FMR patients presented a higher risk profile at baseline. There was no difference in short-term
outcomes between DMR and FMR for post-procedural MR grade 0-2 (76.8% vs. 77.1%; P=0.428), mean
trans-mitral gradient (3.92 vs. 3.50 mmHg; P=0.098), 30-day mortality rate (0.05% vs. 0.03%; P=0.118) and
30-day NYHA I-II (85.3% wvs. 78.7%; P=0.211). FMR patients had a higher rate of acute procedural success
compared to the DMR patient group (91.2% wvs. 95.2%; P=0.016). A greater portion of DMR patients
implanted two or more MCs than the FMR patients (41.4% vs. 35.7%; P=0.043). For the 1-year outcomes,
no difference was found in the mortality rate (13.0% wvs. 15.2%; P=0.268) and proportion of patients with
post-procedural MR grades 0-2 (75.0% vs. 80.7%; P=0.106).

Conclusions: Despite a higher risk profile in FMR patients, the short-term and 1-year outcomes were
not significantly different. We conclude that MC therapy is similar between FMR and DMR patients until
1-year follow-up. Large randomized trials are warranted to fully and further assess the clinical impact of the

procedure in these two MR etiologies over a longer period of time.
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Introduction

Mitral regurgitation (MR) is among the most common
valvular heart disease (1). MR is classified into degenerative
MR (DMR) and functional MR (FMR), which are two
distinct disease entities. DMR originates from a structural
or degenerative abnormality of the mitral valve apparatus,
while FMR is caused by a disease of the left ventricle,
which results in malcoaptation of the mitral leaflets (2).
As a result, different therapeutic strategies were adopted
against different MR etiologies. For DMR, recommended
interventions include surgical mitral valve repair and
mitral valve replacement. Mitral valve repair is preferred
over mitral valve replacement if a successful and durable
repair can be achieved. For FMR, medical therapy for
LV dysfunction is the first-line treatment and the role of
surgery is not well defined (1).

The MitraClip (MC) system is a novel transcatheter
treatment option drawing on the experience of the edge-to-
edge mitral valve repair pioneered by Alfieri and colleagues
and has been shown to be an effective treatment for patients
with severe MR, especially for those with prohibitive
surgical risk (3,4). A meta-analysis in 2014 demonstrated
that the safety and efficacy are comparable between the
MC system and open mitral valve repair (0MVR) at
1-year follow-up (5). In the 2017 European Society of
Cardiology/European Association of the Cardio-Thoracic
Surgery guidelines, percutaneous edge-to-edge repair is
recommended for both DMR and FMR (recommendation
class IIb, level of evidence C). However, the American
Heart Association and American College of Cardiology only
approved MC therapy for patients with severe, symptomatic
DMR and at a high or prohibitive risk of surgery
(recommendation class IIb, level of evidence B) and did not
approve its clinical use for FMR (6-8). MITRA-FR study is
the first ongoing, multi-center, randomized and open-label
trial in France that compares the effectiveness and safety
of MC system plus optimal medical therapy (OMT) versus
only OMT (9). The outcome of the MITRA-FR trial can
indicate the role of MC in FMR

As mentioned above, the guidelines in Europe and the
United States differ in the use of MC in FMR. Moreover,
no comparison regarding both short-term and 1-year
outcomes after MC therapy has been reported in patients
with DMR and FMR. The aim of this study was to perform
a meta-analysis investigating the differences of short-
term and 1-year outcomes after MC in these two different
etiologies.
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Methods
Search strategies

This systematic review and meta-analysis was conducted
in accordance with the Guidelines for Meta-Analyses and
Systematic Reviews of Observational Studies (10) and the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (11). Studies regarding MC were obtained through a
systematic search of PubMed, EMBASE and Web of Science
until November 2017 by two independent reviewers. The titles
and abstracts were assessed carefully to include eligible studies.

Inclusion criteria

Studies that met the following criteria were included in this
meta-analysis: (I) observational study design; (II) study with
human subjects; (III) study that evaluated the use of MC in
patients with DMR and FMR; (IV) observed data included a
30-day or one-year follow-up. We included studies without
language restriction.

Study selection

Two reviewers screened the titles and abstracts of the
studies to initially screen for eligible studies. Eligible studies
from the initial screening were reviewed in full and assessed
for compliance with the inclusion criteria. Any discrepancies
between the two reviewers were resolved through consensus
of a third reviewer.

Data extraction

Using a prepared data extraction form, two blinded
reviewers independently performed data extraction. In the
case where studies had overlapping populations, only the
manuscript reporting the larger number of patients was
selected. The following information was collected and
tabulated: (I) publication details, including first author’s
last name, country, publication year, study design and study
population; (II) characteristics of the study population,
including sample size, age, and gender; (III) baseline clinical
and echocardiographic characteristics; (IV) outcomes
during follow-up. Data extraction conflicts were discussed
and resolved with another author.

Quality assessment

The quality of each study was assessed according to
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Figure 1 Flow diagram of the data search and study selection process.

different study designs. We used the Newcastle-Ottawa
scale to evaluate cohort and case-control studies.

Statistical analysis

Stata 14.0 (StataCorp LP, College Station, Texas, USA)
was utilized. Continuous variables were reported as the
mean and standard deviation (SD). Pooled effect sizes for
continuous variables were presented as the standard mean
difference (SMD) with 95% confidence interval (CI).
Pooled effect sizes for categorical variables were presented
as the risk ratio (RR) values with 95% CI using a binary
random effects model if 2 >50% and the fixed effects model
if I? <50% with the Mantel-Haenszel method. Statistical
heterogeneity was assessed by the y’ test and quantified
using the I’ statistic. I? values of <40%, 40-60% or >60%
indicated low, moderate or substantial heterogeneity,
respectively. The sensitivity analysis and subgroup analysis
were conducted in a random predefined manner to search
for sources of heterogeneity. Publication bias was evaluated
using the funnel plot. Two-tailed P value less than 0.05 was
considered statistically significant.

Results
Search results

A flow chart of the study selection process is shown in
Figure 1. A total of 2,614 articles were retrieved. After
removal of irrelevant studies, 25 full-text studies were
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further assessed. Among these 25 studies, 11 were excluded
because neither short-term nor 1-year results were reported.
One duplicate study was also excluded. Thirteen studies
were included in the final analysis.

Characteristics of the included studies

A total of 13 studies (12-24) were included in the meta-
analysis, one of which was a conference report that fit
the inclusion criteria (23). Among these studies, 11 were
prospective while 2 were retrospective. The main features
of the included studies were summarized in 7able 1. A total
of 2,351 padents (758 DMR and 1,593 FMR) experienced
MC therapy in Europe (n=1,900, 80.8%), Asia (n=163,
6.9%) and the USA (n=288, 12.3%).

Baseline characteristics of the patients

The baseline characteristics, including clinical and
echocardiographic features, were shown in Tables 2 and 3.
Results comparing the two groups, first report the
DMR group result followed by the FMR group result.
Patients in the DMR group were older (76.5 vs.
72.9 years, P<0.001). Males occupied a higher proportion
in the FMR group (55.1% vs. 68.6%, P<0.001). Notably,
FMR patients presented a higher risk profile. The Logistic
EuroSCORE was significantly higher in the FMR group
(16.0% wvs. 22.3%, P<0.001) due to more comorbidities
and previous interventions, including previous MI (98/616
vs. 460/1,311, P<0.001), diabetes mellitus (112/641 vs.
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Table 1 Main features of studies included
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Study population

Author Year Country Design Quality score
DMR FMR
Seeger (12) 2017 USA Prospective 105 105 9
Nickenig (13) 2014 Germany Prospective 143 452 8
Schmidt (14) 2013 Germany Retrospective 14 41 8
Schueler (15) 2016 Germany Prospective 24 60 7
Braun (16) 2014 Germany Prospective 72 47 9
Remy (17) 2014 Germany Prospective 18 9 9
Rudolph (18) 2012 Germany Prospective 77 153 8
Tay (19) 2016 Singapore Retrospective 75 88 8
Chan (20) 2012 UK Prospective 15 12 9
Grasso (21) 2013 Italy Prospective 28 89 7
Maisano (22) 2013 Italy Prospective 117 393 8
Candreva (23) 2013 Italy Prospective 38 98 8
Whitlow (24) 2012 USA Prospective 32 46 8
DMR, degenerative mitral regurgitation; FMR, functional mitral regurgitation.
Table 2 Baseline clinical characteristics of the patients
rthor Age [year, SD] Male, % L°gi3tifmi‘;r:’35§ RE, % NYHA I1I/IV, %
DMR FMR DMR FMR DMR FMR DMR FMR
Seeger (12) 79 [7] 731[10] 59 72 - - 88 79
Nickenig (13) 78 [8] 73 [10] 53 68 16 [14] 22 [18] 77 88
Schmidt (14) 76 74 36 76 13 38 64 98
Schueler (15) 86 [5] 80 [9] 42 57 23 [18] 21[18] 100 100
Braun (16) 72[12] 71 [10] 61 76 14 [18] 28 [21] 79 96
Rudolph (18) 77 9] 731[9] 51 71 20 27 95 97
Tay (19) 73 [14] 70 [10] 64 68 16 [15] 19 [14] 61 78
Chan (20) 77 [10] 71[14] 53 75 27 [9] 27 [16] - -
Grasso (21) 73 [9] 72 [11] 68 66 11 [16] 13 [13] 82 79
Maisano (22) 76 [12] 73 [10] 50 68 16 [13] 25 [19] 74 87
Pooled population 77 [11] 73 [10] 55 69 16 [15] 22 [17] 80 88
P value <0.001 <0.001 <0.001 <0.001

DMR, degenerative mitral regurgitation; FMR, functional mitral regurgitation.
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484/1,387, P<0.001), renal insufficiency (175/631 vs.
631/1,398, P<0.001), coronary artery bypass grafting
(105/617 vs. 446 /1,327, P<0.001), percutaneous coronary
intervention (124/539 vs. 366/1,167, P<0.001) and cardiac
resynchronization therapy (8/311 vs. 98/681, P<0.001). No
difference was observed in previous hypertension incidence
(407/568 vs. 1,019/1,338, P=0.054) and AF (357/628 wvs.
669/1,333, P=0.96). Moreover, more FMR patients were at
NYHA grade III or IV (555/690 vs. 1,327/1,497, P<0.001).
For the echocardiographic parameters, left ventricular
ejection fractions (LVEF) (56.3% vs. 36.6%), systolic
pulmonary artery pressure (50.8 vs. 45.3 mmHg) and mean
transmitral gradient (mMTMG) (2.29 vs. 1.88 mmHg) were
significantly higher in the DMR group, while the left
ventricular end-diastolic dimension (LVEDD) (57.6 vs.
65.1 mm) and left ventricular end-systolic dimension
(LVESD) (37.8 vs. 52.0 mm) were higher in the FMR
group. The number of patients with MR grade 3-4 was
similar (680/688 vs. 1,430/1,449, P=0.646).

Acute procedural outcomes and 30-day follow-up results

The acute procedural success (APS) rate was defined as
successful and stable MC placement with residual MR
<2+ upon discharge. APS was reported in 7 studies, which
demonstrated a higher APS rate in the FMR group (91.2%
vs. 95.2%; RR 0.96; 95% CI: 0.93 to 0.99; P=0.016) with
evidence of low heterogeneity among the studies (I =34.1%)
(Figure 24). An MR grade of 0-2 after the MC procedure
was reported in 5 studies without a significant difference
(76.8% vs. 77.1%; RR 0.95; 95% CI: 0.85 to 1.07; P=0.428)
and with evidence of substantial heterogeneity (I* =72.4%)
(Figure 2B). Post-implantation mTMG was reported in 3
studies (3.92 vs. 3.50 mmHg; SMD 0.13; 95% CI: -0.02
to 0.28; P=0.098), with evidence of no heterogeneity
(I’=0.0%) (Figure 2C). The proportion of patients who
had received two clips or more were significantly higher
in the DMR group in the 7 studies reporting this index
(41.4% wvs. 35.7%; RR 1.33; 95% CI: 1.01 to 1.76; P=0.043)
with evidence of substantial heterogeneity (I’ =73.2%)
(Figure 2D). Procedural death was investigated in 7 studies
where 25 deaths were reported, of which 12 were in DMR
and 13 in FMR.

Both the 30-day mortality rate and NYHA I-II were
reported in 4 studies. Although the trend suggested the
mortality rate was higher in the DMR group, the result
was not statistically significant (0.05% vs. 0.03%; RR 1.68;
95% CI: 0.88 to 3.22; P=0.118; I’=0.0%) (Figure 34). No
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difference was observed in the rate of 30-day NYHA grade
I-IT (85.3% ws. 78.7%; RR 1.08; 95%CI: 0.96 to 1.22;
P=0.211; I'=50.7%) (Figure 3B).

One-year follow-up outcomes

One-year mortality was reported in 7 studies. As shown
in Figure 44, the rate did not differ significantly between
DMR and FMR (13.0% wvs. 15.2%; RR 0.86; 95% CI:
0.67 to 1.12; P=0.268), with no evidence of heterogeneity
(2=0.0%).

At 1-year follow-up, the number of patients with MR <2
was 156 out of 208 in the DMR group and 389 out of 482
in the FMR group (75.0% vs. 80.7%; RR 0.92; 95% CI:
0.84 to 1.02; P=0.106), with evidence of low heterogeneity
I*=32.2%) (Figure 4B). LVEF (57.7% wvs. 36.0%) remained
higher and LVEDV (114.6 vs. 177.7 mL) and LVESV (50.7
vs. 109.6 mL) remained lower in the DMR group (P<0.001).
The proportion of patients achieving NYHA grade I-1I
at 1-year follow-up was not examined because less than 3
studies reported this index.

Furthermore, we derived funnel-plot distributions of
the 1-year mortality rate and MR <2 from the SE of the
logRR plotted against the logRR confirming the absence of
publication bias and a small study effect (Figure 5).

Heterogeneity among studies

Significant heterogeneity was observed in studies
investigating the number of patients with implanted MC
>2, MR grade 0-2 after MC procedure and 30-day NYHA
I-1I (I’ =73.2%, 72.4%, and 50.7%, respectively). First,
to identify the source of heterogeneity among the studies
investigating the number of patients with implanted MC >2,
a subgroup analysis was conducted based on the proportion
of DMR patients and the subject number (Figure 6). The
studies by Schueler er 4/. and Grasso er al. (15,21), which
the subject number is small and the proportion of DMR
patients is less than 30%, were pooled into subgroup 1.
Subgroup 1 showed that the number of DMR patients with
implanted MC >2 was more than twice that of the FMR
patients with a mild heterogeneity (RR =2.20; 95% CI:
1.60 to 3.02; P<0.001; I’=8.9%). Meanwhile, the remaining
5 cross-sectional studies was pooled into subgroup 2.
Subgroup 2 showed the number of DMR patients with
implanted MC >2 was not significantly greater than that
of the FMR patients (RR =1.11; 95% CI: 0.90 to 1.36;
P=0.322; ' =35.7%) (12,13,18-20).

J Thorac Dis 2018;10(7):4156-4168
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A Study Year DMR FMR Weight % RR (95% Cl)
Events Total Events Total
Seeger 2017 103 105 103 105  18.89157 1.00 (0.96, 1.04)
Nickenig 2014 134 143 433 452 38.17402 0.98 (0.93, 1.02)
Braun 2014 60 72 42 47 9321713 0.93 (0.81, 1.08)
Rudolph 2012 62 77 140 153 17.19301 0.88 (0.78, 0.99)
Tay 2016 69 75 84 88 14.17796 0.96 (0.89, 1.04)
Chan 2012 14 15 11 12 2241719 1.02 (0.82, 1.27)
Schueler 2016 24 24 60 60 0 (Excluded)
Overall (I-squared = 34.1%, p = 0.180) 0.96 (0.93, 0.99)
5 Favours [FMR] 1 Favours [DMR] 2
B Study Year DMR FMR Weight% RR (85% CI)
Events Total Events Total
Seeger 2017 99 105 98 105 27.37982 = 1.01(0.94, 1.08)
Nickenig 2014 97 143 311 452  22.0558 —é—o— 0.99 (0.87, 1.12)
Schmidt 2013 14 14 39 41 22.79936 —;—-o— 1.03 (0.91, 1.16)
Remy 2014 16 18 8 9 10.76541 - ] 1.00 (0.75, 1.33)
Rudolph 2012 48 77 130 153 16.99961 0.73 (0.61, 0.88)

Overall (I-squared = 72.4%, p = 0.006)

NOTE: Weights are from random effects analysis

0.95 (0.85, 1.07)

s Favours [FMR] Favours [DMR] 2
C Study Year  DMR FMR Weight o, SMD (95% CI)
Mean  SD Mean  SD

i
Nickenig 2014 3.6 16 34 21 6558142 —1 0.10(~0.09, 0.29)

H
Remy 2014 6.1 2 53 1.7 3.550745 L 0.42(-0.39,1.23)

'

|

H
Rudolph 2012 4 2 37 19 3086784 —_——— 0.16 (-0.12,0.43)

'

+
Overall (I-squared = 0.0%, p = 0.734) i 0.13 (-0.02, 0.28)

'

I

I

'

|

I

'

I

'

T T
-1 J 1
Favours [FMR] Favours [DNMR]
D Study Year DMR FMR Weight% RR (95% ClI)
Events Total Events Total

Seeger 2017 30 105 39 105  14.82259 —_— 0.77 (0.52, 1.14)
Nickenig 2014 62 143 162 452 18.43554 1.21 (0.97, 1.51)
Rudolph 2012 22 77 46 153 14.02904 —_— 0.95 (0.62, 1.46)
Tay 2016 45 75 40 88 16.98098 1.32(0.98, 1.77)
Grasso 2013 18 28 30 89 14.60791 — 1.91 (1.28, 2.85)
Chan 2012 9 15 5 12 7.862715 1.44 (0.66, 3.16)
Schueler2016 18 24 17 60 13.26122 — & 265(1.66,4.21)

Overall (I-squared = 73.2%, p = 0.001)

NOTE: Weights are from random effects analysis

1.33 (1.01, 1.76)

T T
5 2
Favours [FMR] Favours [DMR]

Figure 2 Procedural outcomes in DMR and FMR patients after MC. (A) Acute procedural success rate; (B) MR grade 0-2; (C) post-
implantation Mtmg; (D) number of implanted MC >2. DMR, degenerative mitral regurgitation; FMR, functional mitral regurgitation; MC,

MitraClip; MR, mitral regurgitation.

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

J Thorac Dis 2018;10(7):4156-4168



Journal of Thoracic Disease, Vol 10, No 7 July 2018

4163

A Study Year DMR FMR Weight % RR (95% Cl)
Events Total Events Total

i
H

Seeger 2017 4 105 3 105 24.07872 : 1.33 (0.31, 5.81)
H
H
'

Tay 2016 5 75 4 88 29.54445 5 1.47 (0.41, 5.27)
'
H

Grasso 2013 0 28 1 89 5.867924 : 1.03 (0.04, 24.71)
H
|

Maisano 2013 7 117 1" 393 40.50891 —_. 2.14 (0.85, 5.39)
1

Overall (I-squared = 0.0%, p = 0.922) <<i> 1.68 (0.88, 3.22)
v
'
'
'
'
'
H

T T
.5 1 2
Favours [FMR] Favours [DMR]
B Study Year DMR FMR Weight % RR (95% Cl)

Events Total Events Total

Seeger 2017 92 100 83 101 35.92894
Nickenig 2014 50 68 213 271 27.23262
Braun 2014 46 51 19 28 14.03582
Tay 2016 44 53 43 55 22.80262

Overall (I-squared = 50.7%, p = 0.108)

NOTE: Weights are from random effects analysis

1.12 (1.01, 1.25)

0.94 (0.80, 1.09)

1.33 (1.01, 1.74)

1.06 (0.88, 1.28)

1.08 (0.96, 1.22)

Favours [FMR]

Favours [DMR]

Figure 3 Thirty-day outcomes in DMR and FMR patients after MC. (A) 30-day mortality rate; (B) 30-day NYHA I-II. DMR, degenerative
mitral regurgitation; FMR, functional mitral regurgitation; MC, MitraClip.

Sensitivity analyses were also performed to identify
other sources of heterogeneity. When examining the
heterogeneity between studies examining the MR grade 0-2
after MC procedure, the study by Rudolph et 4/ (18) was
excluded since the APS rate was lower than that of others
and the resulting I’ was 0%. For examining heterogeneity
across studies on the 30-day NYHA I-II, the study with the
largest ratio of patients lost to follow-up (13), was excluded,
resulting in no significant influences on heterogeneity.

Discussion

The present study is a novel meta-analysis investigating the
differences of both short-term and 1-year results between
DMR and FMR patients receiving MC implantation. The
main findings are as follows. First, patients with FMR were
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at a higher baseline risk profile. Second, similar mTMG and
the percentage of patients with MR grade 0-2 immediately
after MC implantation were reported between DMR and
FMR. Third, a significantly higher rate of APS and lower
number of implanted MC were found in patients with
FMR. Fourth, no differences were found in the 30-day
mortality rate and percentage of patients with NYHA grade
I-11. Finally, no differences were reported in terms of the
1-year mortality rate and MR grade 0-2.

MR is divided into DMR and FMR. There are
ongoing discussions about the appropriateness of the
MC system in FMR (25,26). Only one randomized
controlled trial, the EVEREST II, has investigated
1-year outcomes after MC treatment. The EVEREST
IT trial showed MC had higher safety compared with
surgery, but was less effective at 1 year. However, it
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A Study Year DMR FMR Weight% RR (95% Cl)
Events Total Events Total
i
'
Nickenig 2014 19 143 54 452  24.88439 — 1.11 (0.68, 1.81)
il
'
Maisano 2013 20 117 67 393 2947166 —— 1.00 (0.64, 1.58)
'
Candreva 2013 4 38 12 98 6.42895 —é—— 0.86 (0.30, 2.50)
'
'
Whitlow 2012 7 32 12 46 9.439537 —_— 0.84 (0.37, 1.90)
'
'
Braun 2014 5 72 9 47 10.441 _— 0.36 (0.13, 1.02)
'
'
Rudolph 2012 9 77 26 153  16.68977 —o—i—— 0.69 (0.34, 1.39)
'
'
Chan 2012 0 15 2 12 2.644698 L 0.16 (0.01, 3.09)
'
Overall (l-squared = 0.0%, p = 0.444) @) 0.86 (0.67, 1.12)
v
'
'
'
H
T T
5 1 2
Favours [FMR] Favours [DMR]
B Study Year DMR FMR Weight% RR (95% Cl)
Events Total Events Total
i
'
Rudolph 2011 17 19 35 44 9.658939 -:——0— 1.12 (0.91, 1.39)
'
'
Braun 2014 30 36 13 18 7.930498 + 1.15 (0.84, 1.59)
i
'
Grasso 2013 21 28 83 89 18.17601 —_— 0.80 (0.64, 1.00)
i
'
Maisano 2013 47 71 169 219 37.86129 — 0.86 (0.72, 1.03)
i
Candreva 2013 26 34 62 78 17.22269 —_— 0.96 (0.77, 1.20)
i
'
Whitlow 2012 15 20 27 34 9.150574 n 0.94 (0.70, 1.28)
'
Overall (I-squared = 32.2%, p = 0.194) <§>> 0.92 (0.84, 1.02)
'
'
'
'
i
T * T

Favours [FMR]

Favours [DMR]

Figure 4 One-year outcomes in DMR and FMR patients after MC. (A) Mortality rate; (B) MR grade 0-2. DMR, degenerative mitral

regurgitation; FMR, functional mitral regurgitation; MC, MitraClip; MR, mitral regurgitation.

did not directly compare the differences in terms of
effectiveness and safety between the two etiologies (27).
To date, the use of MC in these two etiologies remains
unclear. The ESC/EACTS guidelines recommend for
MC for both DMR and FMR, whereas the AHA/ACC
guidelines recommend MC only for DMR patients at a
high or prohibitive risk of surgery (6,8). Chiarito et al.
demonstrated that MC is likely to be an effective and safe
option in patients with both function and degenerative MR.
However, short-term results was not compared. Thus, we
investigated both short-term and 1-year results between
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DMR and FMR patients who underwent MC implantation
in order to further demonstrate the effectiveness and safety
of MC in these two etiologies (28).

This meta-analysis demonstrates a higher overall risk
profile in FMR patients. There are three contemporary
surgical scores for predicting mortality after percutaneous
mitral valve repair with MC- Logistic EuroSCORE, Society
of Thoracic Surgeons Predicted Risk of Mortality, and
EuroSCORE II. The most commonly used scoring system
is the Logistic EuroSCORE (LES); therefore, we adapted
LES as the metric to assess baseline overall risk (3). Patients
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Figure 5 Funnel-plot distributions of 1-year mortality rate (A) and
MR grade 0-2 (B). RR, risk ratio; MR, mitral regurgitation.

in the FMR group had a higher LES, a lower LVEF, a
higher proportion at NYHA grade III or IV and more
comorbidities at baseline. However, we need to consider
that DMR patients were generally older in our study, which
may have counterbalanced the factors that were negative for
baseline characteristics in FMR patients.

The short-term results were comparable between DMR
and FMR and the APS rate was higher in patients with
FMR. Schillinger et al. reported the impact of the learning
curve on APS, which was 80% and 92% from early to
advanced stages, respectively (29). Thus, it is reasonable
to speculate that in our study, the use of the MC system
was in a relatively mature period. Interestingly, we found
that more DMR patients were implanted with two or
more MCs. From a clinical indication perspective, it is
unclear what the optimal number of implanted MC devices
is to achieve a residual MR grade of 2 or lower in the
absence of mitral stenosis. Currently, the MC procedure
is individualized according to valve anatomy, and several
parameters need to be considered for the procedural
strategy, such as the number of clips to implant, including
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the mitral valve opening area, the degree of mobility of the
mitral leaflets, the extent of the mitral regurgitant jet and
the pre-procedure TMG (30,31). However, it is important
to note that the residual MR grade and post-implantation
TMG rather than the number of MCs are more meaningful
parameters associated with 1-year prognosis as they are
more likely to reflect the risk of persistent symptoms after
the procedure (30). A high TMG or residual MR can be
observed after one clip, whereas the gradients may remain
normal even after 3 implanted clips. In our study, both post-
implantation TMG and residual MR grades from 0-2 were
comparable, which may indicate similar outcomes between
FMR and DMR over a relatively long period.

Differences at baseline must be considered when
investigating 1-year clinical endpoints. The characteristics
of the sample with FMR showed a much higher risk
profile. A worse prognosis was associated with the natural
history of the disease, and we expected a worse 1-year
result in the FMR group. However, in our study, the 1-year
mortality rate was similar. Meanwhile, the rate of mortality
was unexpectedly high, which could be related to severely
depressed EF and other comorbidities (32,33). Another
concern regarding the use of MC in FMR patients is MR
recurrence, but a similar percentage of patients with a 1-year
MR grade 0-2 indicated that interruption of the LV dilation-
MR worsening loop did help prevent MR recurrence (34).

It is still too early to determine the use of MC in different
MR etiologies. A recent data analysis report suggested that
indications based on current guidelines might underestimate
the opportunities of MC treatment. In comparison,
the anatomical criteria might evolve due to increasing
experience of MC therapy and new imaging technologies.
The new technologies would provide MC a new way
to visualize and facilitate its clinical development (35).
Perhaps we can reconsider MC as a treatment option in
patients with a relatively lower risk profile instead of a
rescue therapy in patients at prohibitive surgical risk.

Study limitations

First, the patients in the sample were mostly European.
Based on previous publications, including large registries
such as ACCESS (23), SENTINEL (14) and TRAMI (36)
(excluded from our study because it did not compare DMR
and FMR), the main indication of MC in Europe is FMR,
whereas in the USA, it is the DMR (27). This difference is
reflected in our study in which the number of cases of FMR
was twice that of DMR. The results may be influenced by
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Study %

ID RR (95% CI) Weight
i

Large subject number and proportion of DMR patients more than 30% |
1

Seeger (2017) —_— 0.77 (0.52, 1.14) 14.82
1

Nickenig (2014) T 1.21 (0.97, 1.51) 18.44
1

Rudolph (2012) —_— 0.95 (0.62, 1.46) 14.03
1

Tay (2016) —— 1.32 (0.98, 1.77) 16.98
1

Chan (2012) L 1.44 (0.66, 3.16) 7.86
1

Subtotal (I-squared = 35.7%, p = 0.183) <:>- 1.11 (0.90, 1.36) 72.13
1
i
1

Small subject number and proportion of DMR patients less than 30%) 1
1
1

Grasso (2013) L 1.91 (1.28, 2.85) 14.61
1

Schueler (2016) : 2.65 (1.66, 4.21) 13.26
1

Subtotal (I-squared = 8.9%, p = 0.295) - <> 2.20 (1.60, 3.02) 27.87
1
i

Overall (I-squared = 73.2%, p = 0.001) <> 1.33 (1.01, 1.76) 100.00
:

NOTE: Weights are from random effects analysis :

T * T
1

5

2

Figure 6 Subgroup analysis of studies reporting implanted MC >2 in DMR and FMR patients. MC, MitraClip; DMR, degenerative mitral

regurgitation; FMR, functional mitral regurgitation.

more experience with treating FMR and lead to potential
bias. Second, DMR patients have a diseased mitral valve
but a generally normal myocardium,; thus, they are expected
to have a relatively favorable outcome after MC therapy.
Conversely, FMR patients have no underlying valvular
disorder but advanced heart failure with LV remodelling
and dysfunction (1). Their outcomes should be that of
advanced heart failure. With the progression of heart
failure, one can expect a progression of MR. As a result, a
follow-up longer than one year is warranted. For example,
the EVEREST II 5-year results identified that FMR was a
predictor of decreased survival regardless of percutaneous
or surgical treatment, which indicates that the etiology
of FMR may play a more important role along with the
progression of the disease (27). Third, the lack of RCTs
reflect the continued development of MC and a lack of
standard indices restricted the uniformity of data collection.
Finally, this study is a study-level rather than a patient-level
analysis, thus the generalizability is limited.

Conclusions

This meta-analysis pooled 13 studies totalling 2,351
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patients receiving MC therapy. The study found that
outcomes after MC therapy is similar between FMR and
DMR patients up until 1-year follow-up, despite a higher
baseline risk profile in FMR patients. The APS rate was
higher in FMR patients. Large randomized controlled
trials are warranted to fully and further assess the clinical
impact of the procedure in these two different MR
etiologies over a longer period of time, and clinical trials
such as MITRA-FR are expected to disclose the role of
MC in FMR in the future.
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