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Abstract

Aim Randomized controlled trials comparing the use of the MitraClip device in addition to guideline directed medical
therapy (GDMT) to GDMT alone in patients with secondary mitral regurgitation (MR) have shown conflicting results. However,
if these differences could be due to the underlying MR aetiology is still unknown. Therefore, we aimed to evaluate if the
effects of percutaneous edge-to-edge repair with MitraClip implantation could differ in patients with ischaemic (I-MR) and
non-ischaemic mitral regurgitation (NI-MR).

Methods and results PubMed, Embase, BioMed Central, and the Cochrane Central Register of Controlled Trials were
searched for all studies including patients with secondary MR treated with the MitraClip device. Data were pooled using a
random-effects model. Primary endpoint was the composite of all-cause death and heart failure-related hospitalization.
Secondary endpoints were the single components of the primary endpoint, New York Heart Association functional Classes
Il and IV, and mitral valve re-intervention. Seven studies enrolling 2501 patients were included. Patients with I-MR compared
with patients with NI-MR had a similar risk of the primary endpoint (odds ratio: 1.17; 95% confidence interval: 0.93 to 1.46;
I?: 0%). The risk of all-cause death was increased in patients with I-MR (odds ratio: 1.31; 95% confidence interval: 1.07 to 1.62;
I?: 0%), while no differences were observed between the two groups in terms of the other secondary endpoints.
Conclusions The risk of mortality after MitraClip implantation is lower in patients with NI-MR than in those with I-MR. No
absolute differences in the risk of heart failure related hospitalization were observed between groups.
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Introduction . . . . .
of normal left ventricular size and function (atrial functional

Mitral regurgitation (MR) due to left-sided heart diseases has  MR), or, most commonly, due to left ventricular remodelling
become the most common valve disorder in the developed and dilatation.?

countries.™ It may arise as a consequence of left atrium This latter form of secondary MR is present in up to 50%
enlargement and mitral annular dilatation in the presence of patients affected by heart failure with reduced ejection
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fraction,? often with different underlying anatomical
features among patients with ischaemic and non-ischaemic
MR (NI-MR).*® Indeed, while in patients with ischaemic MR
(I-MR), the main cause of MR is usually the tethering of the
posterior leaflet associated with dyskinesia of the left ventric-
ular posterolateral wall, resulting in predominant asymmetri-
cal tethering, in NI-MR a symmetrical tethering of both mitral
valve leaflets is usually found, due to a global left ventricular
remodelling and systolic dysfunction. Despite these differ-
ences, in both cases it is still debated if MR correction could
effectively improve the prognosis of patients with heart fail-
ure. Mitral surgical repair and replacement have not shown
to improve clinical outcomes or left ventricular function and
dimension in the setting of secondary MR.%’

Accordingly, current European Society of Cardiology/Euro-
pean Association for Cardio-Thoracic Surgery (ESC/EACTS)
and American College of Cardiology/American Heart Associa-
tion (AHA/ACC) guidelines on treatment of valvular heart dis-
ease recommend as first line of treatment for secondary MR
the optimal heart failure medical therapy, including diuretics,
beta-blockers, angiotensin-converting enzyme inhibitor/an-
giotensin receptor blocking agents, aldosterone antagonists,
angiotensin receptor-neprilysin inhibitor, and—if indicated—
cardiac resynchronization therapy.®®

It is therefore uncertain if the severity of MR should be con-
sidered only as a marker of LV dysfunction or as an important
target to improve the prognosis of these patients.’®™*2 In this
context, the MitraClip device (Abbott Vascular, Menlo Park,
California, USA) has shown to be a safe and feasible option for
patients with MR,***> with significant improvement observed
in patients with both primary and secondary MR.*®**’ Hence,
indication for transcatheter mitral valve repair with the
MitraClip device has been subsequently expanded for the treat-
ment of secondary MR in high-risk and inoperable patients,
achieving the Food and Drug Administration approval in 2019.

Recently published randomized controlled trials (RCTs)
comparing the use of the MitraClip device in addition to
guideline directed medical therapy (GDMT) to GDMT alone
in patients with secondary MR have shown conflicting
results.’®° Only few studies have assessed if these differ-
ences could be due to the underlying secondary MR
aetiology.2%%! The aim of this study is to provide a compre-
hensive synthesis and quantitative assessment of evidence
about efficacy and safety of percutaneous edge-to-edge re-
pair with MitraClip device in patients with I-MR or NI-MR in
terms of mortality and heart failure related hospitalization.

Methods

Search strategy and selection criteria

Randomized trials and observational studies including pa-
tients with secondary MR treated with the MitraClip device

were evaluated for inclusion in this meta-analysis. Eligible
studies had to satisfy the following pre-specified inclusion
criteria: (i) studies reporting clinical data after percutaneous
edge-to-edge repair with the MitraClip device; (ii) studies
reporting outcomes stratified for secondary MR aetiology (i.
e. ischaemic and non-ischaemic). Exclusion criteria were as
follows: (i) studies including less than 25 patients; (ii) studies
with overlapping populations. No restrictions were applied
for publication status.

Search strategy, study selection, data extraction, and
data analysis were performed in accordance with the
Cochrane Collaboration and the Preferred Reporting Items
for Systematic reviews and Meta-Analyses (PRISMA)
guidelines.??

On 15 April 2020, we searched PubMed, Embase, BioMed
Central, and the Cochrane Central Register of Controlled Tri-
als. In addition, we employed backward snowballing (i.e. re-
view of references from identified articles and pertinent
reviews). The search strategy is available in the Supporting in-
formation. This study is registered with PROSPERO, number
CRD42018115060.

Data extraction

Three investigators (MC, FC, and DC) independently assessed
studies for possible inclusion, with a senior investigator (GGS)
resolving discrepancies. Non-relevant articles were excluded
based on title and abstract. The same investigators
independently extracted data on study design, measure-
ments, patient characteristics, and outcomes, using a
standardized data-extraction form. Data extraction conflicts
were discussed and resolved with a senior investigator
(GGS). In the case of studies with overlapping populations,
only the manuscript reporting the largest number of patients
was selected. We had access to individual patient level data
from two out of seven of the included studies, and further
missing data were requested by email to the corresponding
author of each study.?%?%23

Data about authors, year of publication, inclusion and ex-
clusion criteria, sample size, baseline patients’ features, end-
point definitions, effect estimates, and follow-up time were
collected.

Outcomes of interest

The prespecified primary efficacy endpoint was the
composite of all-cause death and heart failure-related hospi-
talization. Secondary clinical endpoints were the single
components of the primary endpoint, New York Heart Associ-
ation (NYHA) functional Classes Ill and IV, and mitral valve
re-intervention (surgical or percutaneous). Secondary echo-
cardiographic endpoints were mitral regurgitation grade
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>2+ at discharge and during follow-up. Each endpoint was
assessed at 2 years or the longest available follow-up (in case
of lack of 2 year follow-up) and according to the definitions
reported in the original study protocols, as summarized in
the Table S1.

Risk of bias

The risk of bias in each study has been assessed using the
revised Cochrane risk of bias tool (RoB 2.0) for RCTs and
the Risk of Bias In Non-randomized Studies of Interventions
assessment Tool from Cochrane handbook (ROBINS-1) for
observational studies.?*?® (Supporting information methods,
Tables S2 and S3). The presence of publication bias was
investigated with the Harbord test, and by visual estimation
of funnel plots (Figures S1-57).

Statistical analysis

Odds ratios (ORs) and 95% confidence intervals (Cls) were
calculated using the DerSimonian and Laird random-effects
model, with the estimate of heterogeneity being taken from
the Mantel-Haenszel method. The presence of heterogeneity
among studies was evaluated with the Cochran Q y? test,
with P < 0.10 considered of statistical significance, and using
the * test to evaluate inconsistency. Subgroup analyses for
the primary endpoint were performed according to the study
design (i.e. RCTs vs. observational studies). To assess the in-
teraction between this potential effect modifier and treat-
ment, a random-effects meta-regression analysis with the
‘empirical Bayes’ (Paule-Mandel) method was conducted
(Supporting information methods).

We performed a leave one out sensitivity analysis for the
primary endpoint by iteratively removing one study at a time
to confirm that our findings were not driven by any single
study. Further sensitivity analyses to evaluate the effects of
underlying MR aetiology on clinical outcomes was conducted
by calculating ORs with 95% Cl using a fixed-effects
model with the Mantel and Haenszel method and calculating
risk ratios with 95% Cl with both fixed-effects and
random-effects models. Finally, an additional sensitivity anal-
ysis was performed to evaluate the impact of follow-up du-
ration among trials on the primary endpoint and its single
components with a Poisson regression model with random
intervention effects to calculate inverse-variance weighted
averages of study-specific log stratified incidence rate ratios
(IRRs). The statistical level of significance was two-tailed
P < 0.05. Statistical analyses were performed with the
Stata software version 13.1 (StataCorp LP, College Station,
Texas, USA).

Patient and public involvement

Patients and/or the public were not involved in the design, or
conduct, or reporting, or dissemination plans of this research.

Results
Search results

Figure 1 displays the PRISMA study search and selection pro-
cess. A total of two RCTs'®*'® and five observational
studies®??123:2627 \yere identified and included in this analy-
sis. The main features of included studies are presented in
Table 1.

A total of 2501 patients with secondary MR treated with
percutaneous edge-to-edge repair with the MitraClip device
were included.

Baseline characteristics

Main baseline characteristics of included patients are sum-
marized in Table 2. A total of 454 patients were enrolled from
RCTs while 2047 were included from observational studies.
Mean baseline LVEF was 32.8%, most patients suffered from
moderate—severe or severe MR and presented with NYHA
Class >lll.

Follow-up duration

The Pilot European Sentinel?* and the TRAMI?’ registries
reported 1 year follow-up outcomes, while the MITRA-FR
RCT,*® the COAPT RCT,'® Godino et al.,”® the GRASP-IT
registry,?® and Kitamura et al.?® reported 2 year follow-up.

Publication bias and asymmetry

Funnel-plot distributions of the pre-specified outcomes as
well as Harbord’s tests indicated absence of publication bias
and small study effect for all the outcomes (Figures S1-57).

Risk of bias assessment

Tables S2 and S3 summarize the results of the risk of bias
assessment with the RoB 2.0 tool for RCTs and with the
ROBINS-I tool for observational studies. Two studies were
considered at low overall risk of bias, one at moderate overall
risk of bias, three at serious overall risk of bias, and one at
critical overall risk of bias.

ESC Heart Failure 2022; 9: 3177-3187
DOI: 10.1002/ehf2.13772



3180

M. Chiarito et al.

Figure 1 Flow chart of the study selection process. MR indicates mitral regurgitation.
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Table 1 Key study features

N of patients

Year of
Study publication Study design Overall I-MR NI-MR Multicentre Follow-up
MITRA-FR* 2019 RCT 152 95 57 Yes 24 months
COAPT'® 2018 RCT 302 184 118 Yes 24 months
Godino et al.?° 2018 Observational 349 226 123 Yes 24 months
Kitamura et al.** 2018 Observational 532 310 222 Yes 24 months
TRAMI?® 2016 Observational 474 409 65 Yes 12 months
Pilot European Sentinel®’ 2016 Observational 452 235 217 Yes 12 months
GRASP-IT" 2015 Observational 240 136 104 Yes 24 months

I-MR, ischaemic mitral regurgitation; NI-MR, non-ischaemic mitral regurgitation; RCT, randomized clinical trial.

Outcomes

Clinical outcomes

Patients with I-MR undergoing MitraClip implantation, com-
pared with patients with NI-MR, were associated with simi-
lar risk of the composite primary endpoint (OR: 1.17; 95%
Cl: 0.93 to 1.46; I*: 0%), heart failure-related re-hospitaliza-

tion (OR: 1.02; 95% Cl: 0.71 to 1.45; /% 32.8%), NYHA func-
tional class (OR: 0.91; 95% Cl: 0.56 to 1.49; I*: 64.4%), and
mitral valve re-intervention (OR: 1.37; 95% ClI: 0.60 to
3.13; I*: 0%). Conversely, the risk of all-cause death was sig-
nificantly higher in patients with I-MR compared with pa-
tients with NI-MR (OR: 1.31; 95% Cl: 1.07 to 1.62; 12 0%)
(Figure 2).
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Table 2 Baseline clinical characteristics of included patients

Atrial N of clips
Age Male Diabetes fibrillation NYHA >Ill LVEF Left ventricular MR grade implanted per
Study (years) (%) (%) (%) (%) (%) end-diastolic volume (mL) >3 (%) patient
MITRA-FR* 70.1 789 329 34.5 63.1 333 136.2 + 37.4" 48 1.2
COAPT"® 717 66.6  35.1 57.3 57 31.3 194.4 + 69.2 100 1.7
Godino et al.*° 69 77 33 47 78 30.8 217.1 = 77.1 94.8 1.7
Kitamura et al. 73.6 68.9 47.9 64.5 85.3 32.1 — — —
TRAMI*® 745 70.7 — — 91.3 — — 100 1.4
Pilot European Sentinel?'  72.8 68 33 27 88 37.1 171.1 = 90.2 40.8 1.4
GRASP-IT" 711 683  37.9 41.6 18 32.5 174 + 83 67.9% 1.3
Overall 718 712 366 45.3 68.7 32.8 — 75.2 1.4

LVEF, left ventricular ejection fraction; MR, mitral regurgitation; NYHA, New York Heart Association.

‘Including only MR Grade 4.
mL/m~.

Echocardiographic outcomes

No differences were observed between patients with I-MR
and patients with NI-MR with respect to MR severity >2+ at
discharge (OR: 1.19; 95% Cl: 0.93 to 1.51; /*: 18.9%) and dur-
ing follow-up (OR: 0.89; 95% CI:0.65 to 1.23; [*: 0%).

Subgroup analysis and meta-regression

A stratified analysis of the primary endpoint according to the
study design (i.e. RCT vs. observational) showed findings con-
sistent with the primary analysis (Figure S8). Meta-regression
analysis showed that the study design had no impact on
treatment effect (Table S4). Additional meta-regression anal-
yses did not show any significant interaction between base-
line medical therapy (beta-blockers, angiotensin-converting
enzyme inhibitor/angiotensin receptor blocking agents, and
mineralocorticoid receptor antagonist), baseline clinical and
echocardiographic characteristics and treatment effect (Table
S4). Furthermore, a stratified analysis of the composite pri-
mary endpoint according to estimated risk of bias was consis-
tent with the primary analysis (Table S4).

Sensitivity analyses

Findings remained consistent with the main analysis after cal-
culation of ORs using a fixed effects model as well as risk ra-
tios with both fixed and random-effects models (Table S5).

At leave-one sensitivity analysis results remained consis-
tent with the primary analysis (Table S6).

When calculating IRR to account for the impact of follow-
up duration on treatment effect, the rate of the composite
primary endpoint was significantly higher in patients with
I-MR compared with patients with NI-MR (IRR: 1.57; 95%
Cl: 1.27 to 1.93; P < 0.001), as well as of heart failure related
re-hospitalization (IRR: 1.77; 95% Cl: 1.08 to 2.88; P = 0.022),
while the increased risk of all-cause death in patients with
I-MR was magnified compared with the main analysis (IRR:
2.15; 95% Cl: 1.39 to 3.33; P = 0.022) (Figure 3).

Discussion

In this study, we evaluated the impact of the underlying
aetiology in patients with secondary MR undergoing percu-
taneous edge-to-edge repair with the MitraClip device. The
main findings of this study can be summarized as follows:

1) The risk of the primary endpoint (composite of all-cause
death and heart failure related hospitalization) and of mi-
tral valve re-intervention, NYHA Class Il or IV at follow-up
and heart failure related hospitalization (outcomes
included in the secondary endpoint) does not differ
between patients with I-MR and NI-MR.

Patients with I-MR undergoing MitraClip implantation
have higher risk of all-cause death compared with
patients with NI-MR.

When accounting for the different follow-up across the
included studies, the rate of the primary composite
endpoint and its individual components (i.e. all-cause
death and heart failure related hospitalization) are
significantly higher in patients with I-MR compared with
patients with NI-MR.

2)

3)

Secondary MR is a common finding in patients affected by
heart failure with reduced ejection fraction and is associated
with an increased risk of morbidity and mortality.'*?° As a
consequence, many pharmacological approaches and inter-
ventional strategies have been sought in order to reduce the
grade of MR, improve heart failure symptoms, and potentially
reduce its impact on mortality.3° Current international guide-
lines on treatment of valvular heart disease recommend as a
first and essential step in the management of patients with
secondary MR the use of GDMT for heart failure.®® If symp-
toms persist after heart failure treatment optimization, possi-
ble options for mitral valve intervention should immediately
be evaluated.®® Data on mitral valve surgical repair/replace-
ment in this contest are scarce. While survival improvement
was observed adding mitral valve repair to coronary artery by-
pass grafting in patients with coronary artery disease and con-
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Figure 2 Clinical outcomes in patients with I-MR compared with patients with NI-MR undergoing MitraClip implantation. Cl, confidence interval; HF,
heart failure; I-MR, ischaemic mitral regurgitation; NI-MR, non-ischaemic mitral regurgitation; OR, odds ratio.

All-cause death and HF hospitalization

OR (95% CI) Ischemic  Non-ischemic Weight,
N N %
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comitant significant secondary MR,*' no prognostic benefit
was reported after isolated mitral valve surgery in secondary
MR due to significant procedural risk and high rates of
recurrent MR and mortality.®” Accordingly, the 2021
ESC/EACTS guidelines on treatment of secondary MR
recommends (Class I, level of Evidence B) mitral valve
surgery only in patients undergoing coronary artery bypass
grafting or other cardiac surgery, while for isolated mitral
valve intervention, surgical procedure might be considered
(Class IIb, level of Evidence C).2

Therefore, percutaneous non-invasive strategies have be-
come an appealing alternative for the treatment of patients
with secondary MR.

The recently published COAPT and MITRA-FR trials com-
pared the use of the MitraClip device in addition to GDMT
and GDMT alone in patients with secondary MR and showed
conflicting results.*®*° In the COAPT trial, the primary end-
point (all heart failure hospitalizations within 24 months)
and all secondary endpoints (MR severity, quality of life, 2-
year mortality, and left ventricle size changes) were mark-
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Figure 3 Incidence rate ratio of the composite endpoint, all-cause death, and heart failure related hospitalization in patients with I-MR and NI-MR
undergoing MitraClip implantation. Cl, confidence interval; I-MR, ischaemic mitral regurgitation; NI-MR, non-ischaemic mitral regurgitation.
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edly improved in the MitraClip arm,*® whereas in the
MITRA-FR trial no benefits in the primary endpoint (all-cause
death or heart failure hospitalization) nor in any of the sec-
ondary endpoints were noted.® These divergent results are
largely explained by discrepancies in study design, patients’
selection, successful implantation rate, and proportion of pa-
tients treated with adequately titrated GDMT before and af-
ter MitraClip implantation.*®*° For instance, while in COAPT
randomization was stratified according to cardiomyopathy
aetiology (ischaemic vs. non ischaemic), in MITRA-FR a signif-
icantly higher percentage of patients with prior myocardial
infarction was enrolled in the experimental arm compared
to the GDMT alone arm (49.3 vs. 34.2%, P = 0.007). Proper
patients’ selection is of paramount importance to identify
those patients most likely to benefit from MitraClip implan-
tation. Indeed, in view of the increasing burden of secondary
MR worldwide,*? a thorough cost-effectiveness assessment
must be taken into account when considering which subset
of patients might really benefit from a high-cost procedure
such as percutaneous mitral repair.>® Based on its positive
results, both American and European guidelines®® currently
suggest considering the anatomical and clinical inclusion
criteria of the COAPT trial to identify the ideal candidate
for MitraClip treatment.*®

Nevertheless, whether the underlying aetiology of second-
ary MR has an impact on patients’ outcomes undergoing
MitraClip implantation has been still poorly investigated.
Four observational studies have found no differences in
terms of mortality or re-hospitalization rates between pa-
tients with I-MR and NI-MR undergoing percutaneous
edge-to-edge mitral valve repair.??32527 Conversely, in the
GRASP-IT registry, patients with I-MR showed significantly in-
creased rates of all-cause death or heart failure related
re-hospitalization compared with patients with NI-MR.%°
The results of the present meta-analysis add further knowl-

edge on optimal patient selection when formulating the indi-
cation for MitraClip implantation in patients with secondary
MR. Despite the risk of all-cause death was significantly in-
creased in patients with I-MR, no differences for the primary
composite endpoint nor for heart failure related
re-hospitalization were found in our main analysis. However,
when accounting for the different follow-up, patients with
ischaemic MR showed a higher rate of the primary compos-
ite endpoint as well as heart failure-related re-hospitalization
and all-cause death. Multiple studies and epidemiologic sur-
veys have shown that patients with ischaemic cardiomyopa-
thy compared with patients with  non-ischaemic
cardiomyopathy have decreased survival,®**3> which might
in part explain the lack of differences for the composite pri-
mary endpoint and heart failure related re-hospitalization
when pooling the data considering only event rate without
taking into account time to event. Of note, similar data have
been reported in studies evaluating the single components
of GDMT in patients with heart failure: a number of trials
evaluating the role of beta-blockers, renin—angiotensin—
aldosterone system inhibitor, and cardiac resynchronization
therapy have suggested an increased benefit of these treat-
ment strategies among patients with non-ischaemic com-
pared with those with ischaemic cardiomyopathy.36>8
There are several anatomic and clinical differences among
I-MR and NI-MR patients that could potentially explain the
higher mortality and risk for heart failure observed in case
of I-MR: first, patients with I-MR are at increased risk for
scar-related arrhythmic events; second, compared with pa-
tients with NI-MR, those with I-MR suffer more commonly
of recurrent myocardial infarction and often need for percu-
taneous or surgical revascularization, with the intrinsic risk of
further adverse events; third, I-MR patients are usually af-
fected by higher burden of comorbidities compared to NI-
MR patients (e.g. chronic kidney disease, diabetes mellitus,
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and peripheral artery disease); lastly, asymmetric tethering,
typically observed in patients with I-MR, represents a more
challenging anatomy to be approached percutaneously, often
leading to suboptimal results and subsequent increased risk
for severe MR recurrence.®® The occurrence of this latter
complication is indeed associated to a higher incidence of
heart failure, repeat hospitalization and mortality.° In this
circumstance, mitral valve re-intervention may be needed;
surgical valve replacement is commonly performed due to
leaflet injury, and it is burdened by high in-hospital
(10-15%) and 1 year mortality, with also increased risk of
periprocedural cerebrovascular accidents and acute kidney
injury requiring dialysis.***? Previous surgical studies have
reported how the rate of recurrence of moderate or severe
MR for patients with I-MR is higher for those who undergo
mitral valve repair instead of replacement.**** Accordingly,
chordal-sparing mitral valve replacement is nowadays pre-
ferred over mitral valve repair in patients with I-MR.°
Whether this indication also applies to transcatheter inter-
vention is still unknown, and only future prospective studies
comparing percutaneous mitral valve repair to transcatheter
mitral valve replacement in patients with secondary I-MR
would clarify this point.

Secondary I-MR and NI-MR are therefore two different pa-
thologies that must be distinguished when mitral valve inter-
vention is weighted. Based on our findings, considering the
underlying aetiology of mitral valve disease in addition to cur-
rent anatomical criteria for MitraClip procedure®® might help
the Heart Team in the proper patient’s selection for percuta-
neous mitral valve repair.

The results of our investigation should be interpreted in
light of some limitations. First, this is a study-level meta-
analysis providing average treatment effects, although for
two of the included studies we had access to the updated
patient-level database.?®?* The lack of patient-level data
from the rest of the included studies data prevents us from
assessing the impact of some features, such as baseline
mean effective regurgitant orifice area, left ventricle vol-
umes, drugs and therapeutic strategies on treatment ef-
fects. Similarly, despite the high prevalence of elderly
patients referred for percutaneous mitral valve repair, we
could not adequately evaluate the impact of age on the
safety and effectiveness of percutaneous mitral valve re-
pair. Second, the inclusion of RCTs and observational stud-
ies might represent a source of bias and Ilimit the
inference of results. However, stratified analysis combined
with meta-regression analysis did not detect any potential
impact neither of study design nor any of the other tested
variables on effect estimates. Lastly, results from
meta-regression analyses, considering the low number of
studies included, should only be considered as hypothesis-
generating. Additional evidence will be provided by two on-
going randomized trials (ClinicalTrials.gov identifiers
NCT02371512 and NCT02444338).

Conclusions

Our study suggests that MitraClip implantation could be more
effective in reducing the risk of mortality in patients with
non-ischaemic than in patients with ischaemic MR. No abso-
lute differences in the risk of heart failure-related hospitaliza-
tion or other adverse clinical outcomes were observed in the
two groups. However, when accounting for time to event, pa-
tients with non-ischaemic MR showed a reduced rate of both
heart failure related hospitalization and all-cause death.
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