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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 IT (EVEREST 1) 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
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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 2x2 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 4. and Williamson et 4/. (13,14). Between-study
heterogeneity was assessed through Cochran Q statistic
and by estimating I’. 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
Newecastle 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-
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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 I). 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 (Tubles 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% ws.
36%; P<0.001), AF (31% wvs. 42%; P<0.001), COPD (16%
vs. 24%; P=0.022) and CKD (12% wvs. 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)
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Figure 1 Flow diagram according to Preferred Reporting Items for Systemic Review and Meta-Analyses guidelines. N, number of studies.

(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
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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 34). 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

Ann Cardiothorac Surg 2021;10(1):1-14 | http://dx.doi.org/10.21037/acs-2020-mv-24


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

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

[66] [ea]l [9/] [2e] [vel [ea]l [o9] 1102
[66] 249 699 ovy  6.€ €68 0Lk G29 08§ 6. ¥'89 166 9.8 —666} [eloL

[oot] [o0t] lev] 2] [sdl [1e] 9102 €102
6l €5 [eclse L1 0L e [BI¥6 Lz ¥6FIV. G6FZ0L jouu3  B€lL €5 oAndedsoiey spuepeuleN —600z  SueemMs

[ce] [ea 24 [ee] [Fol  [99] eouswy | 102 G102
[o6l L2t v2 ok 29 [z2lsy s8I €Lk €S LTLFL9 9TLFLY9 Jayy3 8/l 08 104 YUON -800Z  Uewpled

[ez] [es] [z2] [og]  [ro] 8002 8102
= - [Lvlis ec1 GLE  6b Ok L LFSLL LELF929 Jredey 96F ¢8I enpoedsoney  Auewien -5002 Jagioy

[o01] [oot] [oot] [22] 9102 6102
[ootlos sz 95 G/ 0 0 [oslsy 85 98FLG. L'ELFI89 Jreday 95 G/ @Anoedsosey vSn -2L0g Jomuy

OBMNN HAIN  OBJMIN HAIN  OBJHIN HAIN  OBIHIN  HAIN P m>_2 og_s_m>_>_
jusweoeldes ———

sjuened Apmis jo adAL
JO JoquinN

uolbas pouad
Apmis  Apnmis

Joyiny
2+< opeib YA HIAP dN}  Jepusb slep (K) oby /Aredas AN

Ann Cardiothorac Surg 2021;10(1):1-14 | http://dx.doi.org/10.21037/acs-2020-mv-24

© Annals of Cardiothoracic Surgery. All rights reserved.



c
2
=

[y}
=

o

S

=]

o

m

g
=

£

=
o

ol

Q

o

S

>3

7

g
2
(3}

©

i
=
=
©
-

[}
£
o

[og] [s2] [se] [ee] [el] [vel [otl [eel [vil [16] [0 [ev] [1€] [te]  [vel
8 v e GkL  [2€loz. 08 G8L c¢elk 9Y 6¢ 0k 09 ¥22 62k 0ze kL Sov 162 lgy 692 9/z 62 [e30L.

[sel [21] [8el [61] [1gl [eg] oval [eg] €102
GL¥/e SI1Fvy  [ogloz €l = = 6'€C cCvl = - lovlss 6 leelie g1 [eclee or [eslye 2z [eslv. 82 68 82 sueems

[1e] [51] ezl [esl [6€] [r¥] 5102
0L¥09 1FL9 [iglse /1L = = = = = = = - [6ldzz 2 [8lvL [6lz 6zl 99 [eeles 1e [vles ge  uewpped

el [8] [2] 8l [0 [oo] [¥€l [99] 8102
= - [ocloz [¥l2 = = = = Gz 20 [oslgs 1z [oclse v [oeles €L S9L /el 6zl 99 [ellez ek Jaqio)|

[22] [oot] [oot] [oot] [oot] [el] [18] 6102
€1¥69 vIF.yr [eslee 89 95 6L = = 8'G 0.¢ = = 9 S [zder 6 = [tzZloy 19 = = Jomuy/

OBMN  HAN  OBIN HAIN  OBIMIN HAIN  OBIMIN HAIN OBRIN HAIN OBIN AN OBAIIN HAIN OBIMIN HAIN OBAIMIN HAIN OBIMIN HAN OBIMIN HAIN

Kiebins Joyny
3H0Os0ing
(%) 431 IN snoiAsid OElpied onsibo 9I09§ S1S axo adoo Na NLH SIEL avo
snolneid o

10(1):1-14 | http://dx.doi.org/10.21037/acs-2020-mv-24

5

Ann Cardiothorac Surg 2021

© Annals of Cardiothoracic Surgery. All rights reserved.



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

uowrede[daa/aredar oATeA [eNTUI S ATA {[BAISIUT QOUIPHUOD ‘T SUOTNBIAIP PIBPUERIS ‘(TS SITPMIS JO IQUINUT

‘N (@) Amfur or8ojommau pue ‘(D) Amfur Lsupry ainoe (g) Arertowr Aep-(¢ ‘() Aeas Jo Sua] 10] YAV pue diDenipy usemiaq uostredurod o jo joyd 1sa10,] 7 2InS1y

HAW Sioned dijgenp sione

HAW Sioneq Q__ON._:S_ Sione4 N_.n.H t mO_.O
9} L 90'0 82'0=d‘'g0'k-=2:0=9J01saL
69'0=d ‘Gy'0-=2:0=9401s8L

12°0 = zH ‘%L9"18€- = ol :AlouabolajoH
61°L =2H ‘%60'98 =zl ‘9L = 21 :AloUsbOIBIOH [ze'r ‘ve0 1890 <o leiano
le'L ‘se0 1280 > lIe15A0 er's [zt ‘610 1680 ——m— oL 0o g6 I €102 IPEIU0D
892k lese 2o 1¥90 - 92 4 2 L 210z ehesuesed gzel [9sv ‘00 18+°0 —— 92 L ¥Z 0 2102 efessueed
859k [se's ‘er'0 12t — S9 4 S5 € §102 sluog op zget [egy ‘900 l2so - 59 L g§ 0 G102 siuog ap
ee'se [1o0'L ‘1s0 leso ! 3 4:1 v 961 se 8102 Jo0quQ) /58 [16'L ‘810 1850 —— 4:18 4 961 4 8102 19010M
Lok loe9 ‘b1 1222 —— 72 14 95 L 6102 Jomuy 6’1 [z26 ‘900 1250 - G L 9g 0 6102 Jemuy
6eve [0 91°0- 1620 E 961 €6 00} L 6102 mezzng ezgL lece ‘or0 1z20 |1| 902 € 00t L 6102 ezzng
(%) 10 %86 unm IejoL SjuaAz [ejoL SiusAg Apmis (%) 10 %86 Unm [eJOL SJUaAZ [ejoL SjuaAg Apms

wbiom  oney-sppo HAN dioemn JULITEITY oney-sppo HAW dioen
HAW sioned diigesjy sioneq D U

N_mU ,F mO_.O HAW Sioneq Q__Omh—__\,_ Sloneq
88'0=d‘GL'0=2:0=6401s3L H 0 He
00'0=d‘0L'8-=2:0=9J01saL
00} =2H ‘%000 =2l ‘00°0 = 21 :AlousBoialeH

[88'L ‘850 1v0°L [IEY Y6} 09°6 = H ‘%86°L6 =2l ‘b0"| = 21 :ANousboisjoH
zivz [e9v ‘zvo lovk o z g6 v €102 IpeIU0) le6c- ‘eLv- 1ogre- ¢ IIe12A0
85y [S¥'9L ‘200 190°L 92 0 ve 0 2102 efessuesed g9 [6oz ‘te'r logy —a— 8¢ 26 9. vl veEL S6 €102 IpeIuoy
ve'gl [ege ‘vL0 1250 08 2z 8LL 4 S102 uewpjed L0, [6Sy ‘650- 1002 —.— L'V 98 92 S9 90 ¥2 20T ekejsuesed
292 leez ‘v00 19g0 S9 2z g§ 0 G102 siuog ap 658k [eLy- ‘L2's- 100G~ ] €8 0L S9 99 § et S10g siuog ap
L1e8 [6see ‘850 | vy 28l 0 961 14 8102 1940 g8l [/8€ ‘€L 1001~ [ | 99° Ok 28+ 99° 9 961 8102 19040y
os9 [0z ‘200 lozo i1 L L 0 8102 [op1aiy| 86'LL [8yL- ‘2501 1006~ -, 2 S v S 9 L 8102 [op1ay
orgl [esy ‘g0 lezt SL C 95 4 6102 Jomuy 99’8k [9Lv- ‘ve's- 100G | | € L SL ) 4 95 6102 Jomuy
eeeh levs ‘Lo leot 902 2 00t L 6102 Mezzng eL8L [6L2- ‘tee- 1ooe- [ ] L L 92§ ¥ 00t 6102 Mezzng
(%) 10 %56 UM [eJoL SJUaA3 |ejol  SjuaAl Apmis (%) 10 %S6 UM as uesy N dS uesw N Apmis

wbam oney-sppo HAN diyoein wbiom  sduaiayig uesy HAN dioemn
d \

//dx.doi.org/10.21037/acs-2020-mv-24

1-14 | htep

10(1):

)

Ann Cardiothorac Surg 2021

© Annals of Cardiothoracic Surgery. All rights reserved.



Oh et al. MitraClip vs. surgery for mitral regurgitation

A MitraClip MVR Odds-Ratio Weight
Study Events Total Events Total with 95% CI (%)
Buzzatti 2019 32 100 35 206 E 1.78[ 1.21, 262] 37.23
Anwer 2019 13 56 6 75 —— 2.38[ 1.16, 4.89] 18.57
de Bonis 2015 0 55 2 65 —_—— 0.36[ 0.04, 2.99] 292
Feldman 2015 1 178 4 80 —— 1.16[ 0.52, 2.64] 15.53
Paranskaya 2012 2 24 0 26 o 3.41[ 0.40, 29.04] 2.86
Swaans 2014 20 139 8 53 —- 0.96[ 0.52, 1.78] 22.90
Overall L 2 1.48[ 1.03, 2.16]
Heterogeneity: 12 = 0.12, 12 = 28.08%, H? = 1.39
Testof 6 =0:z2=2.09, p =0.04

0.03 1 32

Favors MitraClip Favors MVR
B
MitraClip MVR Odds-Ratio Weight
Study Events Total Events Total with 95% CI (%)
Buzzatti 2019 92 100 123 206 —l— 4.14[ 2.41, 7.06] 3252
Feldman 2015 37 178 21 80 0.81[ 0.53, 1.24] 33.82
Swaans 2014 60 139 24 53 0.94[ 0.61, 1.46] 33.66
Overall 1.44[ 0.56, 3.70]
Heterogeneity: 12 = 1.33, 12 = 91.88%, H2 = 12.32
Testof 6=0:2=0.77, p=0.44
0.|13 1 é

C Favors MitraClip Favors MVR Effect Size Weight
Study with 95% CI (%)
Buzzatti 2019 —— 4.00[ 2.33, 6.87] 22.86
de Bonis 2015 —— 6.06 [ 1.56, 23.59] 13.88
Feldman 2015 —-k 0.93[ 0.81, 1.07] 25.85
Swaans 2014 1.23[ 0.72, 2.11] 22.86
Conradi 2013 — 2.29[ 0.63, 8.34] 14.54
Overall = 2.06[ 0.98, 4.29]
Heterogeneity: 12 = 1.14, 12 = 88.34%, H? = 8.58
Testof 6 =0:z=1.90, p =0.06

1 4‘1 1|6 3|2
Favors MVR

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).
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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) (T'able S2).
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A MitraClip MVR Odds-Ratio Weight
Study Events Total Events Total with 95% CI (%)
Anwer 2019 4 56 2 75 —— 2.04[ 0.62, 6.82] 34.59
Kreidel 2018 1 7 0 14 —t—®— 3.73[ 0.37, 37.53] 9.37
de Bonis 2015 5 55 0 65 ——8——— 6.32[ 0.84, 47.84] 12.22
Paranskaya 2012 1 24 0 26 — 88— 233 0.24, 22.16] 9.86
Swaans 2014 9 139 0 53 ——8®—— 4.14][ 0.57, 30.06] 12.71
Conradi 2013 4 95 1 76 —— 2.28[ 0.49, 10.63] 21.25
Overall L &2 2.81[ 1.39, 5.69]
Heterogeneity: 12 = 0.00, I? = 0.00%, H2 = 1.00
Testof 8 =0:z=2.87, p=0.00
0.02 1 64
Favors MitraClip Favors MVR
B MitraClip MVR Odds-Ratio Weight
Study Events Total Events Total with 95% CI (%)
Buzzatti 2019 37 100 8 206 - 6.41[ 3.63, 11.24] 57.20
de Bonis 2015 20 55 5 65 —— 3.81[ 1.82, 7.94] 33.51
Feldman 2015 22 178 1 80 —=a—— 531[ 1.31, 21.56] 9.29
Overall <> 5.28 [ 3.43, 8.11]
Heterogeneity: 12 = 0.00, I> = 0.00%, H? = 1.00
Testof 8 =0:z=7.63, p =0.00
0.03 1 32
Favors MitraClip Favors MVR
C MitraClip MVR Odds-Ratio Weight
Study Events Total Events Total with 95% CI (%)
Anwer 2019 56 3 75 —— 235[ 0.89, 6.19] 23.68
Kreidel 2018 0 7 0 14 1.58[ 0.09, 25.63] 2.88
de Bonis 2015 2 55 1 65 —_— 1.84[ 0.34, 9.92] 7.88
Feldman 2015 50 178 7 80 E B 2.64[ 1.47, 4.76] 65.57
Overall <> 2.46[ 1.54, 3.94]
Heterogeneity: T2 = 0.00, |2 = 0.00%, H2 = 1.00
Testof 8 =0:z=3.74, p = 0.00
0.03 1 32

Favors MitraClip Favors MVR

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 /. (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

© Annals of Cardiothoracic Surgery. All rights reserved.

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%
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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 mm’,
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

© Annals of Cardiothoracic Surgery. All rights reserved.
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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 ez 4l.),
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
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should still be considered the gold standard treatment of
these patients particularly for dMR until further RCT's
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 wvs. 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

© Annals of Cardiothoracic Surgery. All rights reserved.
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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 RCT's to address its
durability and long-term outcomes in this population.
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analyses which were pre-specified.

RESULTS

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at Supplemental Fizure 1
each stage, ideally with a flow diagram.

Study 18 For each study, present characteristics for which data were extracted (e.g.. study size, PICOS, follow-up period) and | 144-161

characteristics provide the citations.

Risk of bias within | 10 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 6/163-166

studies

Results of 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 6-7/168-196

indiidual studies intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Synthesis of 2 Present results of each meta-analysis done, including confidence intarvals and measures of consistency. 6-7/168-196

resuits

Risk of bigs across | 22 Present results of any assessment of risk of bias across studies (see Item 15). &163-166

studies

Additional analysis | 23 Give resuits of additional analyses, if done {e.g.. sensitivity or subgroup analyses, meta-regrassion [sse itam 16]). 7-8/198-215

DISCUSSION

Summary of Pl Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 0-10/217-259

evidance key groups (e.g.. healthcare providers, users, and policy makers).

Limitations 25 Discuss limitations at study and outcome level (2.g., risk of bias), and at raview-lavel {2.g., incomplete retrieval of 10261-1269
identifiad research, raporting bias).

Conclusions 26 Provide a ganeral interpratation of the results in the contaxt of other evidence, and implications for future research. 10271-276

FUNDING

Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the | 11/278-279
‘Systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2008). Prefemed Reporting ltems for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS
Med 8(7): e1000097. doi-10.1371/journal.pmed1000087
For mora information, visit: www prisma-statement org.
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Figure S1 PRISMA Checklist.
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Table S1 Quality assessment of studies using the Newcastle-Ottawa Scale

Selection Comparability Exposure
mparabilit; m
Case ) . Description compa ab! W ) Same Non- NOS
- Representation Selection on the basis of ~ Ascertainment methods Score
Definition of Control ) response
of the case of control the design and  of Exposure case
adequate ) rate
analysis control
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 Y N Y Y N Y Y N 5/8
2012
Swaans 2013 Y N Y Y N Y Y N 5/8
Y, yes; N, no.
Anticipated absolute effects* (95% CI) Relative
o i Ne of participants Certainty of the evidence
UEEES Risk with MVR Risk with etiect (studies) (GRADE)
MitraClip (95% CI)
2 per 1,000 OR 0.16 1435 0060
30-day Mortality 15 per 1,000 (-9 to 14) (-0.60 to (8 observational MODERATE
0.93) studies)
83 per 1,000 OR 0.66 804 o000
1-year Mortality 120 per 1,000 (32 to 127) (0.24 to (5 observational LOW
1.07) studies)
347 per 1,000 OR 0.54 756 aa00
S-year Mortality 496 per 1,000 (-1,000 to 662) (-0.92 to (3 observational LOW
1.99) studies)
Mitral 16 per 1,000 OR 1.62 685 ea00
Regurgitation > 10 per 1,000 (6 to 25) (0.61 to (6 observational LOW
3+/4 at 30 days 2.62) studies)
Mitral 90 per 1,000 OR 2.39 684 e,
Regurgitation > 40 per 1,000 (68 to 112) (1.76 to (3 observational MODERATE
3+/4 at 5 years 3.03) studies)
Length of stay 3.9 Days lower 1177
assessed with: TS]E: n;:::sngDt: (;f (6.86 lower to 0.93 - (7 observational M?]?E%TE
hospitalization days Y : y lower) studies)
-109 per 1,000 OR -0.27 985 0000
Acute kidney injury 267 per 1,000 (-1,000 to 267) (-1.54 to (5 observational MODERATE
1.00) studies)

Figure S2 Certainty of the body of evidence assessment using the grading of recommendations assessment, development, and evaluation
(GRADE) framework.
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A Funnel plot: 30-d mortality B Funnel plot: 1-year mortality C Funnel plot: 5-year mortality

b=-0.19; SE: 1.36, P=0.888 b=-0.49; SE: 0.93, P=0.597 =-29.5; SE: 5.95, P<0.001
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D Funnel plot: 30-d MR> +2 E Funnel plot: 5-year MR> +2 F Funnel plot: MV re-operation at FU
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Figure S3 Funnel plot used to evaluate for publication bias.

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

Moderator
Coefficient 95% CI P value Coefficient 95% ClI P value Coefficient 95% CI P value Coefficient 95% CI P value Coefficient 95% CI P value Coefficient 95% CI P value

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

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

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 -6.77,4.53 0.813

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
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MitraClip MVR Odds-Ratio Weight
Study Events Total Events Total with 95% CI (%)
Anwer 2019 4 56 2 75 —— 2.04[ 0.62, 6.82] 44.39
de Bonis 2015 5 55 0 65 +—@—— 6.32[ 0.84, 47.84] 15.68
Paranskaya 2012 1 24 0 26 L 2.33[ 0.24, 22.16] 12.65
Conradi 2013 4 95 1 76 —— 2.28[ 0.49, 10.63] 27.27
Overall S 2.55[ 1.15, 5.69]
Heterogeneity: T2 = 0.00, 12 = 0.00%, H2 = 1.00
Test of 6 =0:z=2.30, p =0.02

0.25 1 4 16 64
Favors MitraClip Favors MVR

B MitraClip MVR Odds-Ratio Weight
Study Events Total Events Total with 95% CI (%)
de Bonis 2015 4 44 1 60 » 3.41[ 0.73, 16.00] 32.33
Conradi 2013 1 91 2 75 —— 3.05[ 1.05, 8.87] 67.67
Overall —_— T 3.18[ 1.32, 7.62]

Heterogeneity: T2 = 0.00, 12 = 0.00%, H2 = 1.00

Testof 6 =0:z=2.58, p =0.01

0 -

1 2 4 16
Favors MitraClip Favors MVR

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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