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Background: Although studies demonstrate its feasibility, there is ongoing debate on the short and long-
term outcomes of MitraClip versus surgical repair or mitral valve replacement (MVR). The objective of this 
meta-analysis is to compare the safety, morbidity, mortality and long-term function following MitraClip 
compared to MVR.
Methods: Articles were searched in PubMed and Cochrane databases for studies comparing outcomes 
of MitraClip and surgery on December 1, 2019. Eligible prospective, retrospective, randomized and non-
randomized studies were reviewed. 
Results: A total of nine studies (n=1,873, MitraClip =533, MVR =644) were eligible for review. At baseline, 
MitraClip patients had more comorbidities than MVR patients, including myocardial infarction (P<0.001), 
chronic obstructive pulmonary disease (P=0.022) and chronic kidney disease (P<0.001). MitraClip was 
associated with shorter length of stay (–3.86 days; 95% CI, –4.73 to –2.99; P<0.01) with a similar safety 
profile. Residual moderate-to-severe mitral regurgitation was more frequent in MitraClip at discharge (OR, 
2.81; 95% CI, 1.39–5.69; P<0.01) and at five years (OR, 2.46; 95% CI, 1.54–3.94; P<0.01), and there was 
a higher need for reoperation on the MitraClip group at latest follow-up (OR, 5.28; 95% CI, 3.43–8.11; 
P<0.01). The overall mortality was comparable between the two groups (HR, 2.06; 95% CI, 0.98–4.29; 
P=0.06) for a mean follow-up of 4.8 years.
Conclusions: Compared to surgery, MitraClip demonstrates a similar safety profile and shorter length of 
stay in high-risk patients, at the expense of increased residual mitral regurgitation and higher reoperation 
rate. Despite this, long term mortality appears comparable between the two techniques, suggesting that a 
patient-tailored approach will lead to optimal results.
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Introduction

Mitral regurgitation (MR) is considered the second most 
frequent valve disease, significantly increasing with age, 
with a prevalence of over 9% in patients ≥75 years of age 
(1,2). MR can be divided into primary or degenerative MR 
(dMR) when caused by abnormalities of the mitral valve 
leaflets or chordae, and secondary or functional MR (fMR) 
when caused by abnormalities of the papillary muscles, 
left ventricle (LV) or mitral valve annulus. Despite the 
constant improvement of surgical mitral valve (MV) repair/
replacement (MVR) techniques and their outcomes, older 
symptomatic patients with severe MR, reduced LV function 
and significant comorbidities are considered inoperable or 
high-risk for surgery (1,3). 

In these patients, percutaneous intervention on the MV 
has been introduced as an alternative option. Since 2013, 
MitraClip (Abbott Laboratories Inc, Chicago, IL, USA) is 
the only such percutaneous device approved by the U.S. 
Food and Drug Administration (FDA) for use in patients 
with MR grade ≥3+ and high-risk for MV surgery. This 
employs the Alfieri edge-to-edge (E-to-E) technique, which 
was first introduced in the early 1990s to approximate the 
free edges of the mitral leaflets correcting MR without 
producing stenosis (4,5). Several clinical studies have 
demonstrated the feasibility of the MitraClip procedure 
in high-risk patients and subsequently in non-high-risk 
patients (6-8). Endovascular Valve Edge-to-Edge Repair 
Study II (EVEREST II) is the only randomized clinical trial 
(RCT) comparing these two treatment modalities. This 
study suggested no difference in mortality or moderate or 
higher MR at one and five years (9,10). Currently, however, 
there is controversy regarding the short-term and long-term 
outcomes of MitraClip versus MVR for MR, particularly in 
the low- to intermediate-risk population. A recent propensity 
score-matched analysis showed improved one year but lower 
five year survival among low- to intermediate-risk MitraClip 
patients with dMR (11). This meta-analysis sought to 
compare the safety, early and late mortality, morbidity 
and long-term function of the MV following MitraClip 
compared to MVR for either fMR or dMR.

Methods

Search strategy and article selection

This systematic review was conducted in accordance with 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines and in line with the 

protocol agreed by all authors (Figure S1) (12). Eligible 
studies were identified by a query of PubMed and Cochrane 
bibliographic databases (last search: December 1, 2019). 
Two investigators (IPD and NO), working independently, 
executed the search using the following Medical Subject 
Heading (MeSH)-term algorithm: “(percutaneous OR 
transcutaneous OR transcatheter OR catheter-based OR 
endo-vascular OR trans-septal) AND (“mitral valve repair” 
OR “edge-to-edge technique” OR “Alfieri’s technique” OR 
“double-orifice technique” OR “mitra clip” OR mitraclip)”. 
In addition, all references of relevant reviews and eligible 
articles were hand-searched for potentially missed eligible 
studies following a snowball procedure. Eligible studies 
met the following PICOS criteria: (I) population: adult 
human patients with either fMR or dMR; (II) intervention: 
surgical repair or replacement of the MV; (III) comparative 
intervention: MitraClip; (IV) outcome: any outcome of the 
present meta-analysis (reported below); (V) study design: 
Prospective studies, retrospective studies and randomized 
control trials. Only original studies written in English were 
included. 

Data extraction

Eligible studies were reviewed and data extracted, 
specifically for study design, study origin, study timeframe, 
score in Newcastle-Ottawa Quality Scale (NOS), type 
of MR (functional or degenerative), type of surgical 
intervention and number of patients included. Patient data 
were reviewed and the following demographic variables 
were collected: gender, age, diabetes mellitus (DM), 
previous cardiac surgery, previous myocardial infarction 
(MI), atrial fibrillation (AF), chronic kidney disease (CKD), 
chronic obstructive pulmonary disease (COPD), Society of 
Thoracic Surgeons (STS) score and logistic euroSCORE. 
Data on post-operative acute kidney injury (AKI), stroke 
and length-of-stay were analyzed. Outcomes consisted of 
30-day, one year and five year mortality, MR ≥ moderate at 
discharge and five years as well as re-operation on MV at 
latest follow-up. 

Statistical analysis

All data extracted from eligible studies were tabulated and 
the outcomes were analyzed cumulatively. A descriptive 
approach was adopted in all parameters when a meta-
analysis was not possible. Whenever the data were sufficient 
(i.e., at least two studies providing relevant data), a meta-
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analysis was performed. Between-studies comparisons for 
categorical variables were performed using the Pearson’s 
Chi square test. Odds ratios (OR) and 95% confidence 
intervals (CI) were calculated by means of 2×2 tables 
for each categorical outcome, with OR greater than one 
denoting an outcome more frequently present in the 
MitraClip group. Mean difference with its corresponding 
95% CI were calculated for length of stay, with values 
greater than zero corresponding to larger values in the 
MitraClip group. For a study without an available hazard 
ratio (HR), a HR was calculated from a Kaplan–Meier 
curve or summary data using the methods denoted by 
Parmar et al. and Williamson et al. (13,14). Between-study 
heterogeneity was assessed through Cochran Q statistic 
and by estimating I2. Random-effects (DerSimonian-Laird) 
models were used to calculate pooled effect estimates for 
this meta-analysis. Meta-regression was utilized in the case 
of reoperation on MV due to the inconsistency of follow-up 
period among the studies. Only studies reporting the same 
follow-up period for MitraClip and Surgery groups were 
included and the effect of follow-up period as a moderator 
of the outcome was assessed. Moreover, meta-regression 
was used to assess the effect of comorbidities as moderators 
for primary outcomes. For the same outcomes, a predefined 
sensitivity analysis was performed removing one trial at a 
time (leave-one-out analysis).

Assessment of study quality

The quality of the included studies was evaluated using the 
Newcastle Ottawa Scale (NOS) (15). For the analysis, the 
cut-off follow-up period was set at 30 postoperative days and 
the adequacy of follow-up was set at a 90% rate. Evidently, 
items pertaining to the comparability of groups were marked 
as “not applicable” in the non-comparative studies. Two 
reviewers (MG and AG), working independently, rated the 
studies and final decision was reached by consensus with 
a third reviewer (NO). The Cochrane method was used 
to evaluate the methodological quality of each included 
trial (16). Each trial was judged to be of low, unclear or 
high risk of bias. Due to the nature of the interventions, 
none of the studies were blinded; we considered blinding 
not crucial for the outcome. The quality of the evidence 
(QoE) for each outcome was summarized with the GRADE 
(Grading of Recommendations Assessment, Development 
and Evaluation) method (17,18). Publication bias using 
regression based Egger’s test for small study effect was 
performed in the case of mortality, MR and MV re-

operation outcomes. Statistical analysis was performed using 
Stata/SE version 16 (Stata Corp, College Station, TX, USA).

Protocol registration

Details of the protocol for this systematic review were 
registered on PROSPERO (ID180248, ongoing evaluation). 
This study had no funding and authors did not have any 
conflicts of interest.

Results

Study characteristics and patient demographics

The trial flow chart is shown in Figure 1. The initial 
literature search generated 1,562 studies. These studies 
were narrowed down based on the criteria above, and a 
total of 9 studies were determined eligible for this meta-
analysis (9,11,19-25). These studies were published between 
2012 and 2019, and  patient enrollment started in 1999. 
The majority of studies were retrospective, while one study 
was labeled as a prospective cohort study and one as a  
RCT (9). Evaluation of the included studies, in compliance 
with NOS, was performed and exhibited an average of 
5.4/8 stars (Table S1). A total of 1,873 patients were 
included in our analysis (Table 1). Of these, 876 underwent 
MVR and 997 underwent MitraClip intervention. Male 
gender represented the majority of the population, ranging 
from 44% to 71%. Mean age ranged between 62.6 and  
82.0 years. Functional characteristics and comorbidities 
were also recorded (Tables 1,2). In our study, 504 patients 
had dMR and 273 patients had fMR. Almost all patients had 
a MR grade of 3+/4+, with similar left ventricular ejection 
fraction of around 47%. Compared to MVR, MitraClip 
patients had more comorbidities, such as prior MI (25% vs. 
36%; P<0.001), AF (31% vs. 42%; P<0.001), COPD (16% 
vs. 24%; P=0.022) and CKD (12% vs. 33%; P<0.001), to 
highlight a few. Parallel to that, MitraClip patients had a 
higher calculated logistic EuroSCORE compared to patients 
that underwent MVR (12.2 vs. 18.5; P=0.01) (Table 1). 

Quality of evidence and publication bias

All eligible studies were judged to be at unclear risk of bias 
(Figure S2). We did not receive any additional data from 
corresponding authors. Egger’s test revealed that there 
was significant publication bias only in the case of five 
year mortality (b=–29.5; Standard Error, 5.95; P<0.001)  

https://cdn.amegroups.cn/static/public/ACS-2020-MV-24-Supplementary.pdf
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(Figure S3).

Short term mortality and complications

After review of length-of-stay data from 533 MitraClip and 
644 MVR patients, our study found that MitraClip was 
associated with a shorter length-of-stay (Mean Difference, 
–3.86 days; 95% CI, –4.73 to –2.99; P<0.01) (Figure 2A). 
Thirty-day mortality was found to be similar between 
MitraClip (1.54%) and MVR (1.42%) (OR, 1.04; 95% CI, 
0.58–1.88; P=0.88) (Figure 2B). Compiled data from post-
procedural in-hospital complications, specifically AKI and 
neurologic injury, were also reviewed and analyzed. Our 
study found no significant difference between MitraClip and 
MVR in terms of AKI events (OR, 0.82; 95% CI, 0.35–1.92; 
P=0.65) (Figure 2C) and incidence of post-operative stroke 
or neurologic complications (OR, 0.68; 95% CI, 0.34–1.37; 
P=0.28) (Figure 2D). 

Mortality and mitral valve regurgitation at 1 and 5 years

Comparison of one year mortality in patients with 

MitraClip (15.6%) and MVR (12.0%) demonstrated 
increased risk for MitraClip (OR, 1.48; 95% CI, 1.03–2.16; 
P=0.04) (Figure 3A). At the five year mark, the results 
suggested no difference in mortality between MitraClip 
(54.7%) and MVR (50.4%) (OR, 1.44; 95% CI, 0.56–3.70; 
P=0.44) (Figure 3B). Given the increased comorbidity 
burden of the MitraClip patients, we performed a meta-
analysis that included only studies that reported adjusted 
HRs for mortality and studies that used randomized 
patient recruitment or propensity-match scoring analysis. 
MitraClip was associated with a non-significant increase in 
overall mortality (HR, 2.06; 95% CI, 0.98–4.29; P=0.06) for 
a mean follow-up of 4.8 years (Figure 3C). 

We also reviewed the incidence of residual moderate-
to-severe MR as demonstrated by echocardiography. Our 
analysis found more frequent recurrent or persistent 3+/4+ 
MR after MitraClip vs. MVR at discharge (OR, 2.81; 95% 
CI, 1.39–5.69; P<0.01) (Figure 4A). In addition, MitraClip 
continued to have more frequent moderate-to-severe 
MR at five years compared to MVR (OR; 2.46; 95% CI, 
1.54–3.94; P<0.01) (Figure 4B). Also, there was a higher 
need for reoperation on the MV in the MitraClip group 
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Full-text articles assessed 
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Figure 1 Flow diagram according to Preferred Reporting Items for Systemic Review and Meta-Analyses guidelines. N, number of studies. 

https://cdn.amegroups.cn/static/public/ACS-2020-MV-24-Supplementary.pdf


5Annals of cardiothoracic surgery, Vol 10, No 1 January 2021

© Annals of Cardiothoracic Surgery. All rights reserved. Ann Cardiothorac Surg 2021;10(1):1-14 | http://dx.doi.org/10.21037/acs-2020-mv-24

T
ab

le
 1

 S
tu

dy
’s 

ch
ar

ac
te

ri
st

ic
s 

an
d 

de
m

og
ra

ph
ic

s

A
ut

ho
r

S
tu

dy
 

pe
rio

d
S

tu
dy

 
re

gi
on

Ty
pe

 o
f s

tu
dy

N
um

be
r 

of
 

pa
tie

nt
s

M
V

 re
pa

ir/
re

pl
ac

em
en

t

A
ge

 (y
)

M
al

e 
ge

nd
er

fM
R

dM
R

M
R

 g
ra

de
 >

+
2

M
V

R
M

itr
aC

M
V

R
M

itr
aC

M
V

R
M

itr
aC

M
V

R
M

itr
aC

M
V

R
M

itr
aC

M
V

R
M

itr
aC

B
uz

za
tt

i 
20

19
20

05
–

20
17

Ita
ly

/
S

w
itz

er
la

nd
P

ro
pe

ns
ity

-
w

ei
gh

te
d

30
5 

24
7

E
ith

er
80

.1
±

6.
89

81
.2

±
6.

27
17

5 
[5

7]
14

1 
[5

7]
0

0
20

6 
[1

00
]

10
0 

[1
00

]
20

6 
[1

00
]

10
0 

[1
00

]

A
nw

er
 

20
19

20
12

–
20

16
U

S
A

R
et

ro
sp

ec
tiv

e
75

56
R

ep
ai

r
68

.6
±

13
.1

75
.7

±
 8

.6
58

 
[7

7]
45

 [8
0]

0
0

75
 

[1
00

]
56

 
[1

00
]

75
 

[1
00

]
56

 [1
00

]

K
re

id
el

 
20

18
20

07
–

20
15

G
er

m
an

y
R

et
ro

sp
ec

tiv
e

14
7

E
ith

er
75

 [7
1,

 7
8]

82
 [7

9,
 8

4]
10

 
[7

1]
5 

[7
1]

–
–

–
–

14
 

[1
00

]
7 

[1
00

]

K
or

be
r 

20
18

20
05

–
20

08
G

er
m

an
y

R
et

ro
sp

ec
tiv

e
18

2
19

6
R

ep
ai

r
62

.6
±

13
.7

77
.5

±
7.

7
11

1 
[6

1]
11

0 
[5

6]
49

 
[2

7]
11

5 
[5

9]
13

3 
[7

3]
81

 [4
1]

–
–

D
e 

B
on

is
 

20
15

19
99

–
20

06
Ita

ly
R

et
ro

sp
ec

tiv
e

65
55

R
ep

ai
r

63
.2

±
10

.5
68

.3
±

9.
17

45
 

[6
9]

46
 [8

3]
65

 
[1

00
]

55
 

[1
00

]
0

0 
65

 
[1

00
]

55
 [1

00
]

Fe
ld

m
an

 
20

15
20

08
–

20
11

N
or

th
 

A
m

er
ic

a
R

C
T

80
17

8
E

ith
er

64
.7

±
12

.6
67

±
12

.7
53

 
[6

6]
11

3 
[6

4]
18

 
[2

3]
48

 [2
7]

62
 

[7
7]

13
0 

[7
3]

74
 

[9
3]

17
1 

[9
6]

P
ar

an
sk

ay
a 

20
12

20
10

–
20

11
G

er
m

an
y

R
et

ro
sp

ec
tiv

e
26

24
R

ep
ai

r
63

±
12

80
±

5
17

 
[6

5]
10

 [4
2]

7 
[2

7]
8 

[3
3]

19
 

[7
3]

6 
[6

7]
26

 
[1

00
]

24
 [1

00
]

S
w

aa
ns

 
20

13
20

09
–

20
16

N
et

he
rla

nd
s

R
et

ro
sp

ec
tiv

e
53

13
9

E
ith

er
70

.2
±

9.
5

74
.6

±
9.

4
27

 
[5

1]
94

 [6
8]

31
 

[5
8]

10
7 

[7
7]

17
 

[4
2]

25
 [2

3]
53

 
[1

00
]

13
9 

[1
00

]

C
on

ra
di

 
20

13
20

02
–

20
10

G
er

m
an

y
R

et
ro

sp
ec

tiv
e

76
95

R
ep

ai
r

64
.5

±
11

.4
72

.4
±

8.
1

34
 

[4
4]

61
 [6

4]
–

–
–

–
75

 
[9

8]
95

 [1
00

]

To
ta

l
19

99
–

20
17

87
6

99
7

68
.4

74
.9

53
0 

[6
0]

62
5 

[6
3]

17
0 

[2
4]

33
3 

[3
7]

37
9 

[7
6]

44
0 

[6
3]

66
9 

[9
9]

64
7 

[9
9]

M
V

R
, m

itr
al

 v
al

ve
 re

pa
ir/

re
pl

ac
em

en
t; 

M
itr

aC
, m

itr
al

 c
lip

 re
pa

ir;
 R

C
T,

 r
an

do
m

iz
ed

 c
on

tr
ol

le
d 

tr
ia

l; 
fM

R
, f

un
ct

io
na

l m
itr

al
 re

gu
rg

ita
tio

n;
 d

M
R

, d
eg

en
er

at
iv

e 
m

itr
al

 re
gu

rg
ita

tio
n;

 –
, 

no
t r

ep
or

te
d.

 D
at

a 
ex

pr
es

se
d 

as
 a

bs
ol

ut
e 

va
lu

e,
 m

ea
n 

±
 s

ta
nd

ar
d 

de
vi

at
io

n,
 n

 [%
], 

or
 m

ed
ia

n 
[in

te
rq

ua
rt

ile
 r

an
ge

] w
he

n 
ap

pr
op

ria
te

.



6 Oh et al. MitraClip vs. surgery for mitral regurgitation

© Annals of Cardiothoracic Surgery. All rights reserved. Ann Cardiothorac Surg 2021;10(1):1-14 | http://dx.doi.org/10.21037/acs-2020-mv-24

T
ab

le
 2

 C
om

or
bi

di
tie

s

A
ut

ho
r

C
A

D
A

Fi
b

H
TN

D
M

C
O

P
D

C
K

D
S

TS
 S

co
re

 L
og

is
tic

 
E

ur
oS

C
O

R
E

P
re

vi
ou

s 
ca

rd
ia

c 
su

rg
er

y
P

re
vi

ou
s 

M
I

LV
E

F 
(%

)

M
V

R
M

itr
aC

M
V

R
M

itr
aC

M
V

R
M

itr
aC

M
V

R
M

itr
aC

M
V

R
M

itr
aC

M
V

R
M

itr
aC

M
V

R
M

itr
aC

M
V

R
M

itr
aC

M
V

R
M

itr
aC

M
V

R
M

itr
aC

M
V

R
M

itr
aC

B
uz

za
tt

i 
20

19
41

 
[2

0]
28

 [2
8]

25
 

[1
2]

33
 [3

3]
–

–
–

–
14

 
[7

]
19

 [1
9]

–
–

1.
91

2.
48

–
–

2 
[1

]
9 

[9
]

–
–

60
±

2
60

±
2

A
nw

er
 

20
19

–
–

61
 

[8
1]

40
 [7

1]
–

–
9 [1

2]
43

 [7
7]

75
 

[1
00

]
56

 
[1

00
]

–
–

2.
70

5.
8

–
–

75
 

[1
00

]
56

 
[1

00
]

58
 

[7
7]

29
 [5

2]
47

±
14

69
±

13

K
re

id
el

 
20

18
–

–
5 [7

1]
8 

[5
7]

–
–

3 [2
1]

2 
[2

9]
4 [2

9]
2 

[2
9]

10
 

[7
]

3 
[4

3]
5.

3
8.

5
37

.1
18

.8
3 

[2
1]

3 
[4

3]
–

–
–

–

K
or

be
r 

20
18

12
1 

[6
6]

23
 [1

2]
66

 
[3

4]
12

9 
[6

6]
12

7 
[7

0]
16

5 
[8

4]
13

 
[7

]
59

 [3
0]

14
 

[8
]

38
 [2

0]
21

 
[1

2]
88

 [5
0]

0.
7

2.
5

–
–

–
–

7 
[4

]
70

 [3
6]

–
–

D
e 

B
on

is
 

20
15

–
–

14
 

[2
2]

19
 [3

5]
–

–
–

–
–

–
–

–
–

–
11

.0
18

.8
–

–
–

–
29

±
7

28
±

10

Fe
ld

m
an

 
20

15
35

 
[4

4]
83

 [4
7]

31
 

[3
9]

59
 [3

3]
66

 
[8

3]
12

9 
[7

2]
7 

[9
]

14
 [8

]
12

 
[1

5]
27

 [1
5]

–
–

–
–

–
–

–
–

17
 

[2
1]

38
 [2

1]
61

±
11

60
±

10

P
ar

an
sk

ay
a 

20
12

2 
[8

]
3 

[1
2]

4 [1
7]

4 
[1

5]
15

 
[5

8]
24

 
[1

00
]

2 
[8

]
12

 [5
0]

2 
[8

]
5 

[2
1]

5 [1
9]

15
 [6

3]
1.

4
7.

2
3.

9
12

.3
0 

[0
]

2 
[8

]
–

–
59

±
8

58
±

7

S
w

aa
ns

 
20

13
28

 
[5

3]
89

 
[6

40
28

 
[5

3]
74

 [5
3]

27
 

[5
1]

74
 [5

3]
10

 
[1

9]
32

 [2
3]

15
 

[2
8]

31
 [2

2]
9 [1

7]
55

 [4
0]

–
–

14
.2

23
.9

–
–

13
 

[2
5]

70
 [5

0]
44

±
15

37
±

15

C
on

ra
di

 
20

13
22

 
[9

3]
50

 [5
3]

35
 

[4
6]

55
 [5

8]
56

 
[7

7]
73

 [9
6]

19
 

[2
5]

38
 [4

0]
12

 
[1

6]
27

 [2
8]

5 
[7

]
9 

[9
]

–
–

10
.1

33
.7

–
–

20
 

[2
6]

34
 [3

6]
42

±
16

36
±

13

To
ta

l
24

9 
[3

4]
27

6 
[3

1]
26

9 
[3

1]
42

1 
[4

2]
29

1 
[7

0]
46

5 
[9

1]
71

 
[1

4]
22

0 
[3

2]
12

9 
[1

6]
22

4 
[2

4]
50

 
[1

2]
17

0 
[3

3]
2.

9
4.

6
12

.2
18

.5
80

 
[2

5]
70

 [3
7]

11
5 

[2
5]

24
1 

[3
6]

47
48

M
V

R
, 

m
itr

al
 v

al
ve

 r
ep

ai
r;

 M
itr

aC
, 

m
itr

al
 c

lip
 r

ep
ai

r;
 C

A
D

, 
co

ro
na

ry
 a

rt
er

y 
di

se
as

e;
 A

FI
b,

 a
tr

ia
l f

ib
ril

la
tio

n;
 H

TN
, 

hy
pe

rt
en

si
on

; 
D

M
, 

di
ab

et
es

 m
el

lit
us

; 
C

O
P

D
, 

ch
ro

ni
c 

ob
st

ru
ct

iv
e 

pu
lm

on
ar

y 
di

se
as

e;
 

C
K

D
, 

ch
ro

ni
c 

ki
d

ne
y 

d
is

ea
se

; 
S

TS
, 

so
ci

et
y 

of
 t

ho
ra

ci
c 

su
rg

eo
ns

; 
M

I, 
m

yo
ca

rd
ia

l 
in

fa
rc

tio
n;

 L
V

E
F,

 l
ef

t 
ve

nt
ric

ul
ar

 e
je

ct
io

n 
fr

ac
tio

n;
 –

, 
no

t 
re

p
or

te
d

. 
D

at
a 

ex
p

re
ss

ed
 a

s 
ab

so
lu

te
 v

al
ue

, 
m

ea
n 

±
 

st
an

da
rd

 d
ev

ia
tio

n,
 n

 [%
], 

or
 m

ed
ia

n 
[in

te
rq

ua
rt

ile
 r

an
ge

] w
he

n 
ap

pr
op

ria
te

.



7Annals of cardiothoracic surgery, Vol 10, No 1 January 2021

© Annals of Cardiothoracic Surgery. All rights reserved. Ann Cardiothorac Surg 2021;10(1):1-14 | http://dx.doi.org/10.21037/acs-2020-mv-24

Fi
gu

re
 2

 F
or

es
t 

pl
ot

 o
f 

th
e 

co
m

pa
ri

so
n 

be
tw

ee
n 

M
itr

aC
lip

 a
nd

 M
V

R
 f

or
 le

ng
th

 o
f 

st
ay

 (
A

), 
30

-d
ay

 m
or

ta
lit

y 
(B

), 
ac

ut
e 

ki
dn

ey
 in

ju
ry

 (
C

), 
an

d 
ne

ur
ol

og
ic

 in
ju

ry
 (

D
). 

N
, 

nu
m

be
r 

of
 s

tu
di

es
; S

D
, s

ta
nd

ar
d 

de
vi

at
io

n;
 C

I,
 c

on
fid

en
ce

 in
te

rv
al

; M
V

R
, m

itr
al

 v
al

ve
 r

ep
ai

r/
re

pl
ac

em
en

t.

A C

B D



8 Oh et al. MitraClip vs. surgery for mitral regurgitation

© Annals of Cardiothoracic Surgery. All rights reserved. Ann Cardiothorac Surg 2021;10(1):1-14 | http://dx.doi.org/10.21037/acs-2020-mv-24

Figure 3 Forest plot of the comparison between MitraClip and MVR for 1-year mortality (A), 5-year mortality (B), and adjusted mortality 
(C). MVR, mitral valve repair/replacement; CI, confidence interval.

at latest follow-up (OR, 5.28; 95% CI, 3.43–8.11; P<0.01)  
(Figure 4C). Meta-regression showed that the different 
follow-up periods among studies was not a significant 
moderator for this outcome (Coefficient, 0.004; 95% CI, 
–0.028–0.037; P=0.797). A sub-group analysis stratified 
by type of MR (dMR or fMR) was deferred to the small 
number of studies providing that information (maximum of 
two studies per outcome).

Outcomes and moderators

Meta-regression of age, male gender, EuroSCORE, STS 
score, AF, DM, COPD, CKD and hypertension were 
identified as potential moderators of MR, mortality and 
reoperation on the MV identified age and male gender as 
moderators for 5-year mortality (Coefficient, –0.16; 95% 
CI, –0.32 to –0.01; P=0.038 and Coefficient, 30.87; 95% 
CI, 18.64–43.11; P<0.001, respectively) (Table S2).

A

B

C
Favors MitraClip Favors MVR 

https://cdn.amegroups.cn/static/public/ACS-2020-MV-24-Supplementary.pdf
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Figure 4 Forest plot of the comparison between MitraClip and MVR for mitral regurgitation at discharge (A), mitral regurgitation at 5 years  
(B), and mitral valve re-operations at follow-up (C). MVR, mitral valve repair/replacement; CI, confidence interval. 

Sensitivity analysis

The results remained consistent at most predefined 
sensitivity analyses (Figure 5). The removal of the study 
by Buzzatti et al. (highest weight) at leave-one-out 
analysis showed no change in 30-day mortality, MR>2+ 
and mortality at five years, but revealed that there was no 

difference in mortality at one year (OR: 1.52; 95% CI, 
0.72–3.22; P=0.28). The removal of the study by Anwer 
et al. (highest weight) showed no change in MR>2+ at 
discharge. The removal of the EVEREST II trial (highest 
weight) revealed that MitraClip was not associated with 
higher MV reoperation rate at follow-up (OR, 3.02; 95% 

A

B

C
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CI, 0.94–9.63; P=0.06) (Figure 5). The removal of the 
EVEREST II trial (highest weight) revealed that MitraClip 
was associated with an increased risk for adjusted mortality 
at latest follow-up (HR, 4.0; 95% CI, 2.41–6.56; P<0.01) 
(Figure 5).

Sub-group analysis of the studies including only patients 
who underwent MitraClip vs. MV repair showed a higher 
rate for moderate/severe MR at discharge (OR, 2.55; 95% 
CI, 1.15–5.69; P=0.02) and at one year post-operatively (OR, 
3.18; 95% CI, 1.32–7.62; P=0.01) (Figure S4).

Discussion

MVR is the recommended intervention for dMR and has 
a role in fMR for patients who are surgical candidates 
(26,27). A less invasive percutaneous procedure using 
MitraClip has recently been developed for patients who 
are at a prohibitive or high risk for surgery, or for those 
who prefer a minimally invasive option (1,3,28). Selecting 
the appropriate patient who will benefit from MitraClip is 
of paramount importance. According to the results of the 
Percutaneous Repair with the MitraClip Device for Severe 
Functional/Secondary Mitral Regurgitation (MITRA-
FR) and the Cardiovascular Outcomes Assessment of 
the MitraClip Percutaneous Therapy for Heart Failure 
Patients with Functional Mitral Regurgitation (COAPT) 
trials, MitraClip reduces heart failure hospitalization and 
mortality, particularly in patients with moderate-to-severe 
fMR, defined as effective regurgitant orifice area ≥30 mm2, 
LV ejection fraction between 20–50%, LV end-systolic 
diameter <70 mm and/or regurgitant volume >45 mL  
(29-31). This meta-analysis was conducted in order to 
obtain key insights on the long-term outcomes of MitraClip 
vs. MVR from a pooled population of patients with 
MR, specifically regarding long-term mortality and MR 
recurrence. Our key findings suggest that MitraClip has 
comparable short- and long-term outcomes to that of MVR 
for high-risk patients, despite the higher residual burden of 
MR and the increased frequency of comorbidities in these 
patients. This is consistent with the one-year and five-year 
results of the EVEREST II Trial (9,10).

With regard to peri-procedural outcomes, our results 
show a similar safety profile of MitraClip and MVR, 
with no difference in 30-day mortality, renal failure or 
neurologic complications. Moreover, length of stay is 
significantly lower with MitraClip vs. MVR. Given the 
increased burden of comorbidities in the majority of the 

MitraClip population, this reflects the feasibility and safety 
of the procedure, which has been shown in large registries 
after its approval. On the other hand, our results confirm 
the higher frequency of residual 3+/4+ MR at discharge 
compared to MVR. This is in accordance with the early 
experience from the EVEREST II Trial, where MitraClip 
procedural success was relatively low. With increasing 
experience though, procedural success is now reported at 
rates >90% for MitraClip (32).

Unadjusted one year mortality appeared to be improved 
in MVR vs. MitraClip in our meta-analysis (P=0.04). 
However, when performing an analysis of adjusted HRs 
for a mean follow-up period of 4.8 years, the difference in 
mortality is no longer significant, although there is still a 
trend favoring MVR (P=0.06). This finding may be due to 
either the smaller sample size or the adjustment of covariates 
that are different between the two populations. Sensitivity 
analysis showed a survival benefit for MVR, highlighting 
possible bias of the included studies. Five year mortality also 
appeared equivalent between the two procedures. These 
findings parallel the results of the EVEREST II Trial (9). 
Although our analysis included the study by Buzzatti et al., 
which demonstrated improved one year but worse five year 
survival after MitraClip vs. MVR in low-intermediate risk 
elderly patients with dMR, we note that there is a current 
lack of similar studies (11). Additionally, when leave-one-
out sensitivity analysis was performed, results remained 
unchanged. For these reasons, the results of this analysis 
should be cautiously interpreted and extrapolated to the 
general population and no conclusions can be reached 
regarding recommendations for MitraClip.

Despite the increasing experience with MitraClip 
reflected in the smaller number of re-operations after 
MitraClip (one year re-operation rate 21% in the 
EVEREST II Trial vs. 11% in the study by Anwer et al.), 
our results confirmed the significantly increased risk of re-
operation after MitraClip (19). This is not surprising given 
our findings of significantly increased residual/recurrent 
MR at discharge and at five years. While the EVEREST II 
Trial showed that mortality up to five years after the index 
procedure was not affected by the inherently imperfect 
nature of the MitraClip procedure compared to the durable 
results of MVR, this applies to high risk patients only (9). 
Even with our thorough analysis, definitive conclusions 
cannot be made at this point regarding the long-term 
durability, safety and survival of low-intermediate risk 
MitraClip patients compared to MVR patients. MVR 

https://cdn.amegroups.cn/static/public/ACS-2020-MV-24-Supplementary.pdf
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should still be considered the gold standard treatment of 
these patients particularly for dMR until further RCTs 
addressed the issue. 

The selection of the procedure for each patient was 
based on clinical and anatomical complexity, surgical skills, 
transcatheter and echocardiographic skills and experience, 
personal confidence of the procedure and personal conflict 
of interest. This highlights that the determination of the 
optimal management is the result of the collaboration of 
the heart team, which focuses on optimizing treatment on 
a single-patient level rather than coming up with the old 
concept that one operation fits all. 

Limitations

An intrinsic limitation of our study is the significantly different 
comorbidity burden among the non-randomized patients who 
receive MVR vs. MitraClip, which is reflected in a higher STS 
score in the latter. This results from that fact that MitraClip 
is currently indicated for patients who are at high risk for 
surgery. However, a separate meta-analysis using adjusted 
HRs was performed to address this difficulty, which showed 
no difference in long-term mortality when comparing the two 
interventions. Our meta-regression additionally showed no 
effect of comorbidity variation on the outcomes. Moreover, the 
outcomes of MVR vs. MitraClip stratified by MR could not be 
analyzed in this study due to the scarcity of studies including 
solely dMR or fMR. Surgical patients were treated with both 
MV replacement and repair, thus potentially impairing the 
final conclusion that technically feasible repair is superior to 
replacement in all dMR patients and preferable in fMR patients 
too if LV is not excessively enlarged. Considering that seven 
out of nine studies included in the analysis were retrospective, 
we could also argue that current results could potentially suffer 
from the original selection bias of choosing one procedure 
over the other. In other words, this analysis could highlight 
that a patient-tailored approach in selecting the MV procedure 
improved survival in a heterogeneous high-risk population. 
Finally, due to the limited number of eligible studies, data on re-
operation and cardiac-specific mortality could not be analyzed. 

In conclusion, our analyses of compiled data from nine 
studies suggest that MitraClip provides a shorter length 
of stay with a safety profile similar to MVR in high risk 
patients, at the expense of higher rates of recurrent/residual 
MR and increased risk of reoperations. However, long-term 
mortality appears equivalent between the two techniques, 
showing that a patient-tailored approach is mandatory to 

improve results. Our results should be interpreted with 
caution as MitraClip patients currently have a larger 
comorbidity burden at baseline. Although these findings are 
encouraging, expansion of MitraClip in low-intermediate 
risk patients with dMR requires further RCTs to address its 
durability and long-term outcomes in this population. 
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Supplementary

Figure S1 PRISMA Checklist.
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Table S1 Quality assessment of studies using the Newcastle-Ottawa Scale

Selection Comparability Exposure

NOS 
Score

Case 
Definition 
adequate

Representation 
of the case

Selection 
of control

Description 
of Control

Comparability 
on the basis of 
the design and 
analysis

Ascertainment 
of Exposure

Same 
methods 
case 
control

Non-
response 
rate

Anwer 2019 Y N Y Y N Y Y N 5/8

Buzzatti 2019 Y N Y Y Y Y Y N 6/8

Conradi 2013 Y N Y Y N Y Y N 5/8

De Bonis 2015 Y N Y Y N Y Y N 5/8

Feldman 2015 Y Y Y Y Y Y Y Y 8/8

Korber 2018 Y N Y Y N Y Y N 5/8

Kreidel 2018 Y N Y Y N Y Y N 5/8

Paranskaya 
2012

Y N Y Y N Y Y N 5/8

Swaans 2013 Y N Y Y N Y Y N 5/8

Y, yes; N, no.

Figure S2 Certainty of the body of evidence assessment using the grading of recommendations assessment, development, and evaluation 
(GRADE) framework.
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Table S2 Moderators of outcomes derived from metaregression analysis

Moderator
30-day Mortality 1-year Mortality 5-year Mortality MR> +2 at Discharge MR> +2 at 5 years MV Reoperation at FU

Coefficient 95% CI P value Coefficient 95% CI P value Coefficient 95% CI P value Coefficient 95% CI P value Coefficient 95% CI P value Coefficient 95% CI P value

Age 0.04 –0.15, 0.22 0.679 0.05 –0.07, 0.16 0.421 –0.16 –0.32, –0.01 0.038 –0.04 –0.37, 0.30 0.831 0.04 –0.04, 0.13 0.304 –0.03 -0.27, 0.21 0.786

Male Gender –3.25 –14.04, 7.53 0.555 0.02 –7.82, 7.86 0.997 30.87 18.64, 43.11 0.000 –0.28 –12.62, 12.1 0.964 –3.89 –10.84, 3.06 0.272 –1.85 -12.64, 8.92 0.735

EuroSCORE 0.03 –0.16, 0.23 0.743 –0.1 –0.44, 0.25 0.570 Omitted –0.01 –0.18, 0.18 0.960 Omitted –0.01 –.030, 0.27 0.926

STS Score –0.35 –1.14, 0.45 0.389 0.24 –0.34, 0.82 0.413 Omitted 0.36 –1.22, 1.95 0.654 0.13 –0.91, 1.17 0.811 –0.24 –2.19, 1.71 0.806

Atrial Fibrillation 1.68 –2.64, 5.99 0.446 0.35 –2.69, 3.39 0.823 6.01 –3.04, 15.06 0.193 –1.46 –6.46, 3.53 0.566 –4.61 –16.02, 6.81 0.429 –0.27 -3.95, 3.40 0.883

Diabetes Mellitus 2.76 –5.32, 10.85 0.503 3.85 –1.05, 8.75 0.124 –1.59 –9.26, 6.07 0.684 –5.20 –21.04, 10.64 0.520 Omitted –0.62 –5.77, 4.53 0.813

COPD 0.15 –2.52, 2.82 0.912 0.72 –0.89, 2.34 0.380 13.31 –14.06, 40.69 0.341 –0.59 –3.45, 2.27 0.686 –6.14 –124.1, 112.1 0.919 -0.19 -2.12, 1.73 0.848

CKD –1.23 –7.78, 5.32 0.713 27.44 –41.34, 96.22 0.434 Omitted 1.25 –5.83, 8.32 0.730 Omitted Omitted

Hypertension 55.02 –78.1, 188.1 0.418 2.17 –3.89, 8.23 0.483 0.95 –3.13, 5.03 0.647 –3.56 –17.86, 10.74 0.625 Omitted Omitted

Figure S3 Funnel plot used to evaluate for publication bias.
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Figure S4 Forest plot of the comparison between MitraClip and MV repair for mitral moderate/severe regurgitation at discharge (A) and at 
1 year post-operatively (B).
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