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Objectives:We summarized comparative studies of MitraClip versus surgical repair for mitral regurgitation (MR)
with a systematic literature search and meta-analytic estimates.
Methods:MEDLINE, EMBASE, and the Cochrane Central Register of Controlled Trials were searched through June
2016. Eligible studies were randomized controlled or observational comparative studies of MitraClip versus sur-
gical repair enrolling patients with MR and reporting early (30-day or in-hospital) or late (≥6-month including
early) all-cause mortality. For each study, data regarding all-cause mortality and incidence of recurrent N2+
MR in both groups were used to generate odds ratios (ORs). Alternatively, ORs or hazard ratios (HRs) for mortal-
ity and recurrent MR themselves were directly abstracted from each study.
Results: Eight reports of 7 studies comparingMitraClip with surgical repair enrolling a total of 1015 patients with
MR were identified and included. Pooled analyses demonstrated significantly higher age and logistic European
System of Cardiac Operative Risk Evaluation and significantly lower ejection fraction in theMitraClip than surgi-
cal repair group, no significant difference in rate of women and patients with New York Heart Association func-
tional class of N II, no statistically significant difference in early- (OR, 0.54; p = 0.08) and late-mortality (HR/OR,
1.17; p = 0.46), and significantly higher incidence of recurrent MR in the MitraClip than surgical repair group
(HR/OR, 4.80; p b 0.00001).
Conclusions: In patients with MR, theMitraClip procedure achieves similar survival to surgical MV repair despite
higher risk profiles. Recurrent MR, however, occurs more frequently (4.8-fold) after the MitraClip than surgical
repair.

© 2016 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

An approximately half number of patients with severe mitral regur-
gitation (MR) are not treated because of high age, reduced left ventric-
ular function, co-morbidities, or other contraindications to open mitral
valve (MV) surgery [1], and accordingly less invasive percutaneous
transcatheter MV repair procedures have been developed [2]. The
MitraClip-System (Abbott Vascular-Structural Heart, Menlo Park, CA)
is an approved system for transcatheter repair, with which both MV
leaflets are attached with one or more clips, resulting in a so-called

“double-orifice MV” [2]. In high-risk, elderly patients mainly affected
by functional MR, the MitraClip procedure is effective with low rates
of hospital mortality and adverse events [3]. MitraClip represents an ef-
ficacious strategy for patients with heart failure and severe MR and of-
fers a significant improvement in functional class and in cardiac
remodeling in patients with severely dilated hearts as well [4]. A num-
ber of studies have compared the outcomes of MitraClip with those of
surgical repair.We summarized comparative studies ofMitraClip versus
surgical repair for MR with a systematic literature search and meta-
analytic estimates in the present article.

2. Methods

2.1. Search strategy

All studies, including randomized controlled trials (RCTs) and observational comparative
studies, of MitraClip versus surgical MV repair enrolling patients with MR were identified
using 2-level strategy. First, databases including MEDLINE, EMBASE, and the Cochrane Cen-
tral Register of Controlled Trials were searched through June 2016 using Web-based search
engines (PubMed and OVID). Second, relevant studies were identified through a manual
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search of secondary sources including references of initially identified articles and a search of
reviews and commentaries. Search terms included mitral; regurgitation or insufficiency;
MitraClip, clip, clipping, catheter, transcatheter, percutaneous, or edge-to-edge; repair or recon-
struction; replacement, surgery, surgical, open, operation, or operative; and comparison, com-
pared, comparative, propensity, randomized, randomized, or randomization.

2.2. Study selection and data abstraction

Studies considered for inclusion met the following criteria: the design was a RCT or
observational comparative study: the study population was patients with MR; patients
were assigned to MitraClip versus surgical repair; and main outcomes included early
(30-day or in-hospital) or late (≥6-month including early) all-cause mortality. Data re-
garding detailed inclusion criteria, baseline patient profiles, duration of follow-up, all-
cause mortality, and incidence of recurrent MR of N2+ (≥3+) were abstracted (as avail-
able) from each individual study.

2.3. Statistical analysis

We conducted a meta-analysis of summary statistics from the individual studies. For
each study, we generated (1) mean differences (MDs) and 95% confidence intervals (CIs)
using means (with standard deviations) of age, ejection fraction (EF), and logistic European
System of Cardiac Operative Risk Evaluation (EuroSCORE) in both the MitraClip and surgical
repair groups and (2) risk (rate) differences (RDs) using rates of women and patients with
NewYorkHeart Association (NYHA) functional class of NII (≥III) in both groups. Data regard-
ing all-causemortality and incidence of recurrent N2+ (≥3+)MR in both groupswere used
to generate odds ratios (ORs). Alternatively, ORs or hazard ratios (HRs) for mortality and re-
current MR themselves were directly abstracted from each study. For a study without an
available HR, a HR was calculated from Kaplan–Meier curve or summary data using the
methodsbyParmar et al. [5] andWilliamsonet al. [6]. Study-specific estimates (preferentially
adjusted estimates) were combined using the random-effects model. All analyses were con-
ducted using ReviewManager version 5.3 (available from http://tech.cochrane.org/revman).

3. Results

3.1. Search results

Of 212 potentially relevant articles screened initially, 8 reports
[7–14] of 7 studies comparingMitraClip with surgical MV repair enroll-
ing a total of 1015 patients with MR were identified and included. Only
one studywas a RCT, the Endovascular Valve Edge-to-Edge Repair Study
(EVEREST) II [10,11],whereas the others [7–9,12–14]were observation-
al comparative studies (Table 1). One study [7] exclusively included N

80-year patients. One study [7] exclusively enrolled patients with de-
generative MR and 3 studies [8,9,14] exclusively included those with
functional MR, whereas 3 studies [10,11,12,13] enrolled both those
with functional MR and those with degenerative MR. The late follow-
up duration was from 180 days [8] to 5 years [11,14].

3.2. Patient profiles

3.2.1. Age
In all but one study (EVEREST II [10,11]), mean age was significantly

higher in the MitraClip than surgical repair group (Table 1). A pooled
analysis demonstrated significantly higher age in the MitraClip than
surgical repair group (pooled MD, 5.6 years; 95% CI, 2.8 to 8.4 years;
p b 0.0001; Supplemental Fig. S1).

3.2.2. Women
In 2 studies [8,13], rate of women was significantly lower in the

MitraClip than surgical repair group (Table 2). A pooled analysis indicat-
ed no significant difference in rate of women between theMitraClip and
surgical repair groups (pooled RD, −1.5%; 95% CI, −13.4% to 10.4%;
p = 0.81; Supplemental Fig. S2).

3.2.3. NYHA functional class
In 3 studies [7,8,14], rate of patients with NYHA functional class of

N II (≥ III) was significantly higher in the MitraClip than surgical re-
pair group (Table 2). A pooled analysis demonstrated no significant
difference in rate of patients with N II class between the MitraClip
and surgical repair groups (pooled RD, 5.3%; 95% CI, −2.2% to
12.9%; p = 0.17; Supplemental Fig. S3). Ta
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