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Abstract
Aims: Percutaneous mitral valve repair has become an alternative to conventional surgery in patients suf-
fering primary mitral regurgitation (MR) with a contraindication to surgery and could benefit patients at 
high surgical risk. The aim of the MITRA-HR study is to raise the level of evidence supporting the use of 
the MitraClip device in primary MR patients with a predefined high risk for surgery.

Methods and results: MITRA-HR is a prospective, multicentre, randomised study designed to compare 
mitral valve repair using the MitraClip with conventional surgery in patients with severe primary mitral 
regurgitation at high risk for surgery. The surgical risk is defined by age, Society of Thoracic Surgeons 
(STS) risk estimate score, frailty, major organ system dysfunction, and procedure-specific impediments. 
The study will enrol 330 patients randomised between conventional surgery and MitraClip with a 1:1 
ratio. The composite primary endpoint includes all-cause mortality, unplanned rehospitalisation for cardio-
vascular reasons, and mitral valve reintervention at 12 months. The main secondary safety endpoint is 
a major adverse event composite assessment evaluated 30 days after the procedure.

Conclusions: The randomised MITRA-HR study is designed to provide additional supportive evidence of 
non-inferiority in efficacy and superiority in safety for percutaneous mitral valve repair using the MitraClip 
compared to conventional surgery in high surgical risk patients.
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Abbreviations
BNP B-type natriuretic peptide
CE Conformité Européenne
DSMB data safety monitoring board
ECG electrocardiography
LVEF left ventricular ejection fraction
MR mitral regurgitation
MVARC Mitral Valve Academic Research Consortium
NYHA New York Heart Association
STS Society of Thoracic Surgeons
TOE transoesophageal echocardiographic
TTE transthoracic echocardiographic

Introduction
Mitral regurgitation (MR) is one of the most common heart valve 
disorders in Western countries1. MR is classified as either primary 
MR (a structural abnormality of the mitral valve apparatus) or sec-
ondary MR (a disease of the left ventricle or the left atrium which 
interferes with the function of the mitral valve apparatus without 
structural abnormality). Primary MR covers all aetiologies in which 
intrinsic lesions affect one or several components of the mitral valve 
apparatus. The gold standard therapeutic management of severe pri-
mary MR is surgery to repair or replace the mitral valve2,3. However, 
50% of patients are not referred for surgery because of age or pres-
ence of comorbidities, which increase the surgical risk3,4.

Percutaneous repair of the mitral valve with MitraClip® (Abbott 
Vascular, Santa Clara, CA, USA) performed according to the 
edge-to-edge procedure has become an alternative to conventional 
mitral valve surgery. The randomised Endovascular Valve Edge-
to-Edge Repair Study (EVEREST II) comparing this technique 
with surgery in patients with primary or secondary MR eligible for 
mitral valve surgery following the guidelines showed better safety 
for the percutaneous approach with similar functional results but 
more residual MR and need for reintervention than for surgery5,6. 
Current guidelines2,3 agree that the percutaneous edge-to-edge pro-
cedure may be considered in patients with symptomatic severe pri-
mary MR who fulfil the echocardiographic criteria of eligibility, 
are judged inoperable or at high surgical risk by a Heart Team, 
and have a life expectancy greater than one year (recommendation 
class IIb, level of evidence C).

However, no randomised study has compared the MitraClip pro-
cedure with surgery in primary MR patients at high surgical risk. 
We therefore set out to conduct such a study assuming that, for 
this population, repair with the MitraClip could be non-inferior in 
efficacy and superior in safety compared to conventional surgery.

Editorial, see page 313

Methods
STUDY DESIGN AND OBJECTIVES
MITRA-HR is a prospective, multicentre, randomised, open-label 
study of the MitraClip system for the treatment of severe primary 
MR in patients who present a high risk as assessed by the Heart 
Team but no contraindication for surgery.

The primary objective is to show that endovascular treatment 
with the MitraClip in this population is not inferior to surgical 
treatment by assessing the occurrence at 12 months of a composite 
endpoint including all-cause mortality, unplanned rehospitalisation 
for cardiovascular reasons, and mitral valve reintervention. The 
main secondary objective is to compare the two strategies in terms 
of safety by assessing the occurrence of a major adverse event 
composite endpoint at 30 days.

The study will be performed according to the principles of the 
Declaration of Helsinki, the guidelines for Good Clinical Practice 
of the International Conference on Harmonization (ICH-E6), the 
French national guidelines for good clinical practice as regards bio-
medical research on medicinal products for human use, the national 
laws and regulations, and the European Clinical Trials Directives 
2001/20/EC and 2005/28/EC. All participants will provide writ-
ten informed consent prior to enrolment in the study, which has 
been approved by the Ethics Committee (Comité de Protection des 
Personnes Est III, Nancy, France; decision dated 7 November 2017).

The trial is registered at www.clinicaltrials.gov (identifier: 
NCT03271762).

STUDY DEVICE AND PROCEDURES
The MitraClip system received CE mark approval in Europe in 
2008 and U.S. Food and Drug Administration approval in 2013. 
A newer device (MitraClip NT®, 2016 CE mark approval in 
Europe) with an easily steerable guide catheter will be used in this 
study. The implantation technique has been described previously7.

Percutaneous repair of the mitral valve with the MitraClip device 
will be compared with conventional surgery, which favours mitral 
valve repair whenever technically feasible over valve replacement, 
as recommended in current guidelines2,3.

STUDY POPULATION
Eligible patients are those who have severe primary MR as defined 
in the guidelines3. They should fulfil the requirements for anatomi-
cal repair with the MitraClip and for mitral valve surgery with 
high surgical risk. The surgical risk, which is central to defining 
the target population, is assessed by the Heart Team, composed 
of, at least, a clinician cardiologist, an interventional cardiologist, 
a cardiac surgeon, an echocardiographer and an anaesthesio-
logist. It is defined by the age of the patient and the composite 
risk assessment provided by the Mitral Valve Academic Research 
Consortium (MVARC), which combines the Society of Thoracic 
Surgeons (STS) risk estimate score for mitral valve repair, frailty 
indices, major organ system dysfunction criteria, and procedure-
specific impediments8,9. Inclusion criteria are listed in Table 1. 
The definitions of frailty indices, major organ system compromise 
and procedure-specific impediments are shown in Supplementary 
Appendix 1. Exclusion criteria are listed in Supplementary Table 1.

SUBJECT SCREENING, ENROLMENT, AND RANDOMISATION
The recruitment of the patients is performed in selected French 
centres with experience in cardiac valve surgery and interventional 
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cardiology. All patients are screened for eligibility (Figure 1) after 
signing the informed consent form (within 45 days prior to the 
intervention).

The Heart Team confirms the absence of contraindication for 
mitral valve surgery and the presence of a high surgical risk.

Transthoracic echocardiographic (TTE) and transoesophageal 
echocardiographic (TOE) data are reviewed by a centralised core 
laboratory (Rennes CHU), which validates the patients’ eligibil-
ity for a MitraClip intervention based on previously published 
echocardiographic selection criteria10 (Supplementary Table 2).

All enrolled patients have to be eligible for surgery and for 
MitraClip intervention.

The patients’ characteristics and clinical data at inclusion are 
collected using an electronic case report form.

Eligible patients are randomised 21±7 days before the inter-
vention using a secure website. The randomisation ratio for the 
MitraClip arm and the conventional surgery arm is 1:1.

PATIENT FOLLOW-UP: ASSESSMENTS AND ENDPOINTS
Clinical visits at study centres are performed 30 days, 6 months, 
12 months, 18 months and 24 months after the procedure.

The primary endpoint is a composite of all-cause mortality, 
unplanned rehospitalisation for cardiovascular reasons and mitral 
valve reintervention at 12 months following the procedure.

Table 1. Inclusion criteria of the MITRA-HR trial.

Primary mitral regurgitation grade 3+ or 4+

New York Heart Association Class II to IV

Mitral valve anatomy appropriate to MitraClip therapy and mitral 
valve surgery (repair or replacement)

High surgical risk defined by the local Heart Team as:
– age ≥75 years and an intermediate MVARC risk (STS score 

[repair] ≥6%, or one frailty index [mild]1, or one compromised 
major organ system2, or one possible procedure-specific 
impediment3) or

– age <75 years and a high MVARC risk (STS score [repair] >8%, 
or two frailty indices [moderate to severe]1, or no more than two 
compromised organ systems2, or one possible procedure-specific 
impediment3)

Isolated mitral valve pathology

If revascularisation procedures are required, they must be 
performed more than 30 days from the intervention (day 0)

Affiliation to French social security
1,2,3 details in Supplementary Appendix 1

Selection visit (D-45)

Consent and inclusion

DO: Day of intervention (surgery or MitraClip) 

Pre discharge from hospital

M1 visit: secondary safety endpoint

M6 visit

M12 visit: primary endpoint

M24 visit: end of study

Arm A: Mitral valve surgery Arm B: MitraClip intervention 

Eligible for MitraClip intervention

Echo core lab evaluationNot eligible for MitraClip intervention

Randomisation (D-21±1 week)Exclusion from protocol

Figure 1. MITRA-HR study design. D0: day zero (intervention); D-21 and D-45: day 21 and day 45 before intervention; M1, M6, M12, and 
M24: months one, six, twelve and twenty-four after intervention
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The main secondary safety endpoint, evaluated 30 days after 
the procedure, is a major adverse event composite derived from 
MVARC recommendations8,9 (Supplementary Table 3). The over-
all rates of surgery-related serious adverse events and serious 
adverse device effects are also assessed at 6, 12, and 24 months.

Other secondary endpoints evaluated at 6, 12 and 24 months 
include all-cause mortality, cardiovascular mortality, unplanned 
heart failure rehospitalisation, unplanned rehospitalisation for 
cardiovascular reasons, mitral valve reintervention, change in 
NYHA class, quality of life, biological parameters (B-type natri-
uretic peptide [BNP] or N-terminal pro-B-type natriuretic peptide 
[NT-proBNP] levels) and renal function. Additional secondary 
endpoints include residual MR grade, left and right cardiac cham-
ber remodelling and function at 30 days and 12 months, and 
change in six-minute walk test at six and 12 months.

ENDPOINT ADJUDICATION
An independent safety and efficacy committee will evaluate all 
potential clinical events related to the primary endpoint as well 
as major cardiovascular events. This adjudication committee will 
reduce physician bias and allow a greater degree of control over 
the criteria used for assessing patient outcome. The adjudicators 
will be blinded to patient treatment allocation and their decisions 
will be used for all statistical analyses. The adjudication commit-
tee will be solicited once a year for the adverse events review.

STUDY SAFETY MONITORING
As the study is interventional with minimal risk and constraint, an 
independent data safety monitoring board will not be necessary.

STATISTICAL ANALYSIS
The study is designed to demonstrate the non-inferiority of 
MitraClip to surgery on the primary composite endpoint at 
12 months.

In the high-risk MR population enrolled in the study, the 
12-month rate of occurrence of the composite primary endpoint 
is expected to be about 20% (approximately 8-10% mortality5,11-13, 
8-10% rehospitalisation for cardiovascular reasons14, and 2% 
mitral valve reintervention5). The clinically relevant non-inferior-
ity margin is set at 13%, the power at 80% and the alpha risk at 
2.5%. With these assumptions, 330 patients (165 per group) are 
needed to show the non-inferiority of MitraClip to surgery on the 
primary endpoint, accounting for loss of follow-up (10%). With 
a recruitment estimate of six patients per year and per centre, the 
study population can be recruited within 36 months.

The primary analysis is carried out on the per-protocol popula-
tion. Missing data are imputed as worst case scenarios. A second-
ary intention-to-treat analysis will be performed15.

Demographic and clinical data are recorded for each patient. 
For binary variables, counts and percentages are calculated. For 
continuous variables, means, standard deviations, minima-maxima 
are presented. For time-to-event variables, survival curves are con-
structed using the Kaplan-Meier method.

The composite primary endpoint including all-cause mortality, 
unplanned rehospitalisation for cardiovascular reasons, and mitral 
valve reintervention is calculated for each arm and the percentage 
difference between the two groups is presented with a two-sided 
95% confidence interval. The lower limit of the 95% confi-
dence interval is compared with the non-inferiority limit (13%). 
Confidence intervals are estimated by mixed linear models to take 
into account stratification by centre. Multivariate mixed models 
are used to study the effect of specific risk factors.

The Student’s t-test is used for comparative analyses of con-
tinuous variables and Fisher’s exact test for categorical variables. 
The Kaplan-Meier estimates are compared with the log-rank test. 
The global and specific survival rates are determined between the 
randomisation date and the event date. For patients who die before 
the final follow-up examination or for patients lost to follow-up, 
the status of the last follow-up examination is recorded. Mixed 
models are used to study the evolution of parameters on follow-up.

A subgroup analysis is performed for patients achieving a resid-
ual MR ≤1+.

With regard to the cost-effectiveness analysis, 95% confidence 
intervals for differential costs and quality-adjusted life years 
(QALYs) and for the incremental cost-effectiveness ratio are esti-
mated using the non-parametric bootstrap estimation procedure.

No interim analysis for efficacy based on the primary endpoint 
is planned.

Analyses will be performed using SPSS Statistics for Windows, 
Version 19 (IBM Corp., Armonk, NY, USA) and SAS for 
Windows, version 9.4 (SAS Institute Inc., Cary, NC, USA).

TRIAL ORGANISATION
The MITRA-HR study is supported by the Nantes University 
Hospital (CHU de Nantes) and monitored by the Sponsor 
Department of CHU de Nantes. The study principal investi-
gator is Professor Patrice Guérin. Dr Ousama Al Habash and 
Dr Nicolas Piriou are additional scientific coordinators. Data 
management is performed by Mrs Emilie Leblanc (Promotion 
Department, CHU de Nantes). Statistical analyses are performed 
by Mrs Béatrice Guyomarch from the Institut du Thorax (CHU 
de Nantes). The health-economic analysis will be carried out by 
Dr Philippe Teissier and Dr Valéry-Pierre Riche (Innovation and 
Partnership Department, CHU de Nantes/Université de Nantes). 
Members of the steering and adjudication committees are listed in 
Supplementary Appendix 2.

The centres participating in the MITRA-HR study (Supplementary 
Appendix 3) have been selected for their experience in valvular car-
diac surgery and interventional cardiology. Only centres performing 
at least 50 cases of mitral surgery per year and having performed 
at least 10 MitraClip procedures (including at least two procedures 
with the new MitraClip NT) can participate.

Results
The first patient was enrolled in March 2018. No results are avail-
able as the study is currently recruiting.
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Discussion
Surgical mitral valve repair or replacement is the treatment of 
choice for severe primary MR as confirmed by the latest European 
Society of Cardiology and American Heart Association/American 
College of Cardiology guidelines2,3. Although transcatheter repair 
has emerged as an alternative for treating primary MR in patients 
presenting a contraindication to surgery, it has not been specific-
ally investigated in a randomised study in vulnerable patients with 
a recognised high risk for surgery.

The evidence for the efficacy and safety of the MitraClip is 
drawn from numerous clinical trials and registries5,6,16-20, with fol-
low-up data available for up to five years after the procedure. The 
EVEREST II trial is the only randomised study that has compared 
MitraClip percutaneous repair with surgery5. The study included 
patients with severe MR (74% primary MR) and no contraindica-
tion for surgery (mean STS mortality risk: 5±4%). At 12 months, 
the occurrence rates of the primary efficacy endpoint (freedom 
from death, from surgery for mitral valve dysfunction, and from 
grade 3+ or 4+ MR) were 55% in the percutaneous repair group and 
73% in the surgery group (p=0.007). The difference was driven by 
increased rates of surgery for mitral valve dysfunction after per-
cutaneous repair (20% versus 2%, respectively; p<0.001). It has 
to be noted that this trial was performed during the early learning 
curve of the MitraClip procedure, when success rates were lower 
than those observed in more recent registries (77% acute proce-
dural success rate versus 91 to 97%)5,16,19,20. On the other hand, 
percutaneous treatment was associated with a reduction in the rate 
of major adverse events at 30 days (p<0.001). The final five-year 
results of the EVEREST II trial supported the superiority of sur-
gery in reducing MR but also confirmed the long-term safety of 
the MitraClip device6. Interestingly, in subgroup analyses of the 
EVEREST II trial, surgery was not superior to percutaneous repair 
in older patients (≥70 years) and patients with left ventricular dys-
function (left ventricular ejection fraction [LVEF] <60%)5,6.

Several registries and single-arm studies16,19,21-23 have sug-
gested that patients with a high risk for surgery may benefit 
from a less invasive percutaneous mitral valve repair. According 
to the ACCESS-EU registry, most patients currently receiving 
a MitraClip device in Europe have a higher surgical risk pro-
file than those evaluated in the EVEREST II trial and are mainly 
treated for secondary MR16. They are older, more symptomatic, 
and have more comorbidities. Yet, in this high-risk patient pop-
ulation, the MitraClip procedure is safe and effective, with sus-
tained improvements in quality of life and functional status 
at 12 months. In the EVEREST II High Risk Study, MitraClip 
reduced MR in a majority of patients deemed at high risk for sur-
gery, and was associated with improvement in clinical symptoms 
and one-year survival, when compared with a matched popula-
tion receiving standard care (medical therapy or conventional sur-
gery)22. A subsequent study similarly showed that, despite a higher 
logistic EuroSCORE, high surgical risk patients with symptomatic 
severe MR treated with MitraClip have similar survival rates when 
compared with matched surgically treated patients, with both 

populations showing a survival benefit compared with matched 
medically treated patients23. Taken together, these studies suggest 
that percutaneous mitral valve repair is a favourable alternative for 
patients with severe primary MR presenting a high risk for sur-
gery. However, the relevance of these studies is hampered by their 
observational design with inherent limitations due to uncontrolled 
confounding factors. This is of particular importance in elderly 
high-risk patients with comorbidities who represent a particularly 
heterogeneous population, in which there is a particular likelihood 
of confounding factors.

For the purposes of the randomised MITRA-HR study, high risk 
for surgery is defined by the age of the patient and a composite 
risk assessment provided by MVARC, which combines STS risk 
estimate score, frailty, major organ system dysfunction, and proce-
dure-specific impediments8,9. For this population with a predefined 
high surgical risk but no contraindication to surgery, our hypo-
thesis is that repair with the MitraClip could be as effective and 
safe as conventional surgery. Defining the non-inferiority margin 
at 13% was a critical issue in the design process of the study. The 
results of the EVEREST II trial were criticised for the large non-
inferiority margins used (31% and 25% for the per-protocol and 
“comparison of strategy” analyses, respectively)24. Our composite 
endpoint was constructed from hard outcomes (mortality, mitral 
valve reintervention) and soft outcomes (unplanned rehospitalisa-
tion for cardiovascular reasons). Any difference in hard outcomes 
may be considered as clinically meaningful and warrants the choice 
of a narrow, conservative margin. In contrast, a reduced efficacy 
and therefore a wider margin may be acceptable if the outcome is 
a soft outcome or a composite including a soft outcome.

Data concerning the occurrence of the components of the pri-
mary endpoint in the population defined in our study are limited. 
There are no data on variability and size effect from historical data 
and/or randomised trials. On the basis of the available data, we 
have anticipated the occurrence of the primary endpoint in the sur-
gical group to be about 20%. Hence, MitraClip therapy will be 
considered non-inferior to surgery as long as the primary endpoint 
is lower than the upper limit of the 95% confidence interval, i.e., 
around 33%.

Limitations
Site-based variability in patient selection can be a limitation, par-
ticularly in the surgical risk assessment. However, MVARC clini-
cal trial design principles still agree that the local Heart Team is 
more appropriate to determine the relative surgical risk and oper-
ability of a patient, rather than a central eligibility committee8. To 
ensure that a single site does not induce bias because of a too 
discordant surgical risk assessment compared to the other sites, 
sensitivity analyses could be considered if single site outcomes in 
either arm are outliers.

The authors are fully aware that the non-inferiority margin of 
13% for an expected primary outcome of 20% in the surgical 
group can lead to a limited value in the interpretation of the pri-
mary endpoint. However, pre-specified analysis of each individual 
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component of the primary endpoint balanced with 30-day safety 
analysis should allow a pertinent clinical interpretation of the 
MITRA-HR trial data.

Conclusions
The randomised MITRA-HR study is designed to provide addi-
tional supportive evidence of non-inferiority in efficacy and supe-
riority in safety for percutaneous mitral valve repair using the 
MitraClip device compared to conventional surgery in high surgi-
cal risk patients.

Impact on daily practice
For patients with severe primary MR presenting a high surgical 
risk but no contraindication to surgery, there is an unmet medi-
cal need for a safer alternative to valve surgery; however, the 
level of evidence supporting percutaneous mitral valve repair is 
low. The MITRA-HR study will provide important evidence as 
to whether the MitraClip may be considered as an alternative to 
surgery for this high-risk patient group.
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Supplementary data 

 

Supplementary Appendix 1. Definition of frailty indices, major organ system 

compromise and procedure-specific impediments that can define additive high surgical 

risk to STS score. Modified from Stone et al [8], with permission. 

 

Seven frailty indices are considered: Katz Activities of Daily Living (independence in 

feeding, bathing, dressing, transferring, toileting and urinary continence) and independence in 

ambulation (no walking aid or assistance required for 5-metre walk in less than 6 sec). Other 

scoring systems can be applied to calculate no, mild, or moderate to severe frailty. 

 

Examples of major organ system compromise: cardiac: severe left ventricular systolic or 

diastolic dysfunction or right ventricular dysfunction, or fixed pulmonary hypertension; 

chronic kidney disease stage 3 or worse; pulmonary dysfunction with forced expiratory 

volume in 1 s (FEV1) <50% or diffusion capacity for carbon dioxide (DLCO2) <50% of 

predicted; central nervous system dysfunction: dementia, Alzheimer’s disease, Parkinson’s 

disease, or cerebrovascular accident with persistent physical limitation; gastrointestinal 

dysfunction: Crohn’s disease, ulcerative colitis, nutritional impairment, or serum albumin 

<3.0; cancer: active malignancy; and liver: any history of cirrhosis, variceal bleeding, or 

elevated international normalised ratio in the absence of vitamin K antagonist therapy.  

 

Examples of procedure-specific impediments: tracheostomy present, heavily calcified 

ascending aorta, chest malformation, arterial coronary graft adherent to posterior chest wall, 

or radiation damage.  

 

 

 

  



Supplementary table 1. Exclusion criteria of the MITRA-HR trial 

- Life expectancy < 1 year due to non-cardiac conditions 

- Secondary mitral regurgitation 

- Evolving endocarditis or active endocarditis or inflammatory disease within 3 months 

prior to screening 

- Any active or recent infection (patient under anti-infective therapy could not be included) 

during the last 7 days 

- Patient who cannot tolerate procedural anticoagulation or post-procedural antiplatelet 

regimen 

- Rheumatic mitral valve disease 

- Evidence of intracardiac, inferior vena cava or femoral venous thrombus 

- Stroke or transient ischaemic event within 30 days prior to Day 0 (intervention)  

- Modified Rankin Scale ≥ 4  

- Transcatheter aortic valve replacement within 30 days prior to Day 0 

- Any percutaneous cardiovascular intervention within 30 days prior to Day 0 including 

coronary intervention 

- Percutaneous cardiovascular intervention within 30 days prior to Day 0 

- Cardiovascular surgery, or carotid surgery within 30 days prior to Day 0 

- Prior mitral valve surgery or transcatheter mitral valve procedure 

- Untreated clinically significant coronary artery disease requiring revascularisation 

- Need for concomitant cardiac surgery (including treatment of severe tricuspid 

regurgitation) in accordance with 2017 ESC Guidelines 

- LVEF < 30% 

- Contraindicated or high-risk transoesophageal echocardiography or transseptal 

catheterisation  

- Pregnant or nursing women 

- Participation in another trial that would interfere with this trial’s exclusion criteria  

- Non-eligibility for a MitraClip® intervention after Core Laboratory evaluation 

-Patient no longer fulfilling eligibility criteria (inclusion and exclusion criteria) at 

randomisation 

LVEF: left ventricular ejection fraction, STS: Society of Thoracic Surgeons 

  



Supplementary Appendix 2. MITRA-HR committees and committee members  

Steering Committee (Affiliation is CHU de Nantes unless otherwise specified): 

Dr Ousama Al Habash, Prof Erwan Donal (CHU de Rennes), Prof Patrice Guérin, Prof 

Thierry Le Tourneau, Dr Bertrand Miguet, Prof Jean François Obadia (Hôpital Louis Pradel, 

Lyon), Dr Sabina Pattier, Dr Nicolas Piriou, Prof Jean-Noël Trochu, Prof Alec Vahanian, 

(Assistance Publique des Hôpitaux de Paris, Hôpital Bichat), Prof Jean Philippe Verhoye 

(CHU de Rennes).  

 

Adjudication Committee: 

Prof Pierre Dos Santos, Cardiologist, Bordeaux University Hospital, France; Dr Thomas 

Modine, Cardiac Surgeon, Lille University Hospital, Lille, France; Prof Bernard Iung, 

Cardiologist, Bichat Hospital, Paris, France 

 

Supplementary Appendix 3. MITRA-HR centres and investigators 

Nantes, CHU de Nantes: Patrice Guérin, Ousama Al Habash, Nicolas Piriou 

Angers, CHU d'Angers: Frédéric Rouleau, Thomas Bénard, Frédéric Pinaud 

Annecy: Lionel Mangin 

Bordeaux, CHU de Bordeaux: Lionel Leroux, Louis Labrousse, Stéphane Lafitte 

Brest, CHRU La Cavale Blanche: Martine Gilard, Yannick Jobic, Nicol Pierre-Philippe 

Grenoble, CHU de Grenoble: Bernard Bertrand, Olivier Chavanon, Carole Saunier 

Le Plessis Robinson, Centre Chirurgical Marie Lannelongue: Alexandre Azmoun, Said 

Ghostine, Martin Kloeckner 

Lille CHU: Eric Van Belle 

Lille clinique privée Le Bois: Antoine Jeu 

Lyon, Clinique de la Sauvegarde: Franck Sibellas 

Lyon, Clinique du Tonkin: Didier Champagnac 



Lyon, Hôpital Louis Pradel: Jean François Obadia, Hélène Thibault, Gilles Rioufol 

Marseille, Hôpital Saint Joseph: Rémi Houel, Michel Nicolas, Jacques Bille 

Marseille, Hôpital la Timone: Guillaume Bonnet, Frédéric Collart, Gilbert Habib 

Massy, Institut Hospitalier Jacques Cartier: Thierry Lefevre, Mauro Romano, Bertrand 

Cormier  

Montpellier, Clinique du Millénaire: Catherine Sportouch-Dukhan  

Paris, Hôpital Bichat: Dominique Himbert, Walid Ghodbane, Eric Brochet 

Paris, Hôpital Européen Georges Pompidou: Jerome Jouan, Nicole Karam, Alain Berrebi 

Paris, Hôpital La Pitié Salpêtrière: Jean Philippe Collet, Pascal Leprince, Nadjib Hammoudi 

Paris, L'Institut Mutualiste Montsouris: Christelle Diakov, Christophe Caussin, Konstantinos 

Zannis 

Créteil, Hôpital Henri Mondor: Emmanuel Teiger, Eric Bergoend, Elisabeth Riant 

Rennes, CHU de Rennes: Guillaume Leurent, Hervé Corbineau, Erwan Donal  

Saint Denis, centre Cardiologique du Nord : Mohammed Nejjari, David Attias, Patrick 

Mesnildrey  

Saint Etienne, CHU: Jean-François Fuzellier 

Strasbourg Hôpital Civil: Patrick Ohlmann, Arnaud Mommerot, Hélène Petit-Eisenmann 

Toulouse, Clinique Pasteur: Nicolas Dumonteil, Pierre Berthoumieu, Olivier Fondard  

Toulouse, Hôpital Rangueil: Thibault Lhermusier, Fréderic Bouisset, Bertrand Marcheix, 

Didier Carrie  

Tours, CHRU de Tours: Christophe Saint Etienne, Claudia Loardi, Anne Bernard 

  



Supplementary Table 2. Echocardiographic eligibility criteria for MitraClip therapy 

(adapted with permission from Boeckstegers et al [10]). Patients will be considered 

eligible to randomisation by the echocardiographic core laboratory if they fulfil optimal 

or conditionally suitable valve morphology, without any criterion of unsuitable valve 

morphology. 

 
Optimal valve morphology Conditionally suitable valve 

morphology 
Unsuitable valve morphology 

Central pathology in Segment 2 

 
No leaflet calcification 

 

Mitral valve opening area >4 cm2 

 

Normal leaflet strength and 

mobility 

Flail width <15 mm  

Flail gap <10 mm 

Pathology in Segment 1 or 3 

 
Mild calcification outside of the 

grip zone of the clip system; ring 

calcification 

 

Mitral valve opening area >3 cm2 

with good residual mobility 

 

Flail width >15 mm only with a 

large ring width and option for 

multiple clips 

Perforated mitral valve leaflet or 

cleft 

 
Severe calcification in the 

potential clip implantation zone 

 

Haemodynamically significant 

mitral stenosis (valve opening area 

<3 cm2, mean pressure gradient ≥5 

mmHg) 

 

Rheumatic leaflet thickening and 

restriction in systole and diastole 

(Carpentier IIIA) 

 

Barlow’s syndrome with multi-

segment flail leaflets 

 

  



Supplementary Table 3. Components of the major secondary safety endpoint. 

 

- All-cause death 

- Need for non-elective cardiovascular or thoracic surgery (defined as any kind of 

cardiovascular or thoracic surgery performed within 30 days of the index procedure and 

non-anticipated prior to the procedure) 

- Device- or procedure-related adverse events (specific to each device and procedure) 

- Major bleeding complications (overt bleeding either associated with a drop-in 

haemoglobin of ≥3.0 g/dl or requiring transfusion of ≥3 units of whole blood or packed 

red blood cells) or serious bleeding 

- Major access-site vascular complications 

- Major cardiac structural complications 

- Pulmonary complications (device- or procedure-related) 

- Stroke and other cerebrovascular events (assessed by a stroke neurologist and CT/CMR 

imaging; disabling and non-disabling; change in modified Rankin score) 

- Myocardial infarction 

- Acute kidney injury or progression of chronic kidney disease (dialysis reported 

separately) 

- Arrhythmias and conduction system disturbances (detected by post-procedural 

electrocardiogram and 48-hour monitoring) 

- Unplanned mitral valve surgery due to device/procedure failure or malfunction 

- Requirement for valve replacement after valve repair failure 

- Unplanned cardiac surgery for any cause 

CMR: cardiovascular magnetic resonance; CT: computed tomography; MVARC: Mitral 

Valve Academic Research Consortium 

 


