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Analyse des facteurs influençant le choix thérapeutique et du pronostic des patients référés en 
concertation pluridisciplinaire pour la prise en charge d’une insuffisance mitrale. 

 
RESUME : 

Contexte - En raison du vieillissement de la population et de la diversification des traitements, trouver la 

stratégie thérapeutique la plus adaptée pour chaque patient est devenu un défi, en particulier dans le cadre 

de l’insuffisance mitrale qui est une maladie complexe, avec de nombreux mécanismes et étiologies possibles.   

Objectifs – Étudier le profil, les facteurs guidant le choix thérapeutique et les résultats cliniques après 

traitement, des patients adressés en concertation pluridisciplinaire pour la prise en charge d’une insuffisance 

mitrale. 

Méthodes et résultats - Tous les patients avec insuffisance mitrale, adressés en concertation pluridisciplinaire 

au Centre Hospitalier Universitaire de Tours, entre le 1er janvier 2014 et le 30 avril 2021, ont été inclus. Les 

patients étaient, en majorité, âgés (moyenne : 74,2 ans), symptomatiques (96%), à risque « haut » ou 

« intermédiaire » selon les critères de la Société Européenne de Cardiologie (81%). La plupart présentaient 

des comorbidités, 34% avaient une FEVG <50% et 70% avaient une insuffisance mitrale primaire sévère. Dans 

81% des cas, il a été décidé d’une prise en charge invasive (chirurgicale (44%), d’une réparation mitrale 

percutanée bord à bord (TEER) (35%), d’un remplacement valvulaire mitral en transcathéter (1,6%)) et dans 

19% des cas, d’un traitement conservateur.  La répartition des traitements a significativement (p<0,01) évolué 

dans le temps, avec une augmentation progressive du TEER. Les antécédents de chirurgie cardiaque (p=0,015), 

l’EuroScore II>4% (p=0,012), le STS score >8% (p=0,037), la fragilité selon l’index Katz (p=0,029), la FEVG <50% 

(p<0,001), le TAPSE<15mm(p<0,01), le caractère secondaire de la fuite (p<0,001) et les calcifications des 

feuillets valvulaires (p=0,027) sont les principaux facteurs significativement associés au choix d’un traitement 

conservateur.  Dans 86% des cas, les décisions de la Heart Team ont pu être appliqués. 

La mortalité toutes causes à 1 an était de 11,4% dans l’ensemble de la population, 3,7% dans le groupe 

chirurgie, 10,9% dans le groupe TEER et 29,7% dans le groupe traité médicalement.  

Conclusion- L’équipe de concertation pluridisciplinaire est une pièce maîtresse dans la prise en charge actuelle 

des patients atteints d'insuffisance mitrale. Elle opte de plus en plus, pour des traitements percutanés. Avec 

l’augmentation des patients référés, l’organisation des réunions de concertation pluridisciplinaire devient un 

réel challenge et des ajustements pour optimiser leurs déroulements s’imposent.   

 

 

MOTS CLES : Concertation pluridisciplinaire, insuffisance mitrale, processus de décision, stratégie 
thérapeutique individuelle, évaluation du risque.  
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Analysis of therapeutic decision-making process and prognosis in patients referred to the 
Valvular Heart Team for management of mitral regurgitation. 

 
 
ABSTRACT: 
 
Background - Due to the aging of the population and the diversification of treatment options, finding the right 

treatment for the right patient becomes a challenge, especially in patients with mitral regurgitation (MR) 

which is a heterogenous and complex disease, with numerous etiologies.  

Objectives- To describe the profile of patients referred to the Valvular Heart Team for management of mitral 

regurgitation, to highlight the selection process and the main factors guiding allocation for different treatment 

options, to assess clinical outcomes after treatment. 

Methods and results- All patients with mitral regurgitation referred to the Valvular Heart Team (VHT) between 

January 1, 2014, and April 30, 2021, in University Hospital of Tours, were included. MR patients referred to 

our VHT were, mostly, old (mean: 74,2 years), symptomatic (96%), at high or intermediate risk according to 

“European Society of Cardiology” criteria (44%). Most of them had comorbidities, 34% had LVEF<50% and 70% 

a severe primary MR.  In 81% of cases, invasive management was decided (surgery (44%), percutaneous edge-

to-edge mitral repair (TEER) (35%), transcatheter mitral valve replacement (1.6%)) and in 19% of cases, 

medical treatment was decided. Distribution of treatments changed significantly (p<0.01) over time, with a 

progressive increase in TEER. History of cardiac surgery (p=0.015), EuroScore II>4% (p=0.012), STS score >8% 

(p=0.037), frailty according to the Katz index (p=0.029), LVEF <50% (p<0.001), TAPSE<15mm(p<0,01) 

secondary MR (p<0.001) and leaflets calcifications (p=0.027) were the main factors significantly associated 

with the choice of a conservative treatment. In 86% of cases, VHT decisions could be implemented. At one 

year of follow-up, all-cause mortality was 11,4% in the overall population, 3,7% in surgery group, 10,9% in 

TEER group and 29,7% in medical treatment group.  

Conclusion- VHT is a centerpiece in the current management of patients with MR, it opts and more and more, 

for percutaneous treatments. The organization and the smooth running of VHT meetings will be a real issue 

in the future, with the increase in patients referred and we will have to find solutions.  

 

 

 

 

KEY WORDS: Valvular Heart Team, mitral regurgitation, multidisciplinary decision-making process, 

individual patient-based therapeutic strategy, risk assessment. 
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Abbreviations and acronyms: 

VHT: valvular heart team 
VHD: valvular heart disease 
MR: mitral regurgitation 
MV: mitral valve 
SMR: secondary mitral regurgitation 
PMR: primary mitral regurgitation 
MVR: mitral valve repair 
SURG: surgery 
TEER: transcatheter edge-to-edge repair 
MED:  medical treatment 
TMVR: transcatheter mitral valve replacement 
TAVR: transcatheter aortic valve replacement 
GFR: glomerular filtration rate 
BMI: body mass index 
AF: atrial fibrillation  
MI: myocardial infarction 
NYHA: New York Heart Association, 
STS: Society of Thoracic Surgeons 
ESC: European Society of Cardiology 
CNS: central nervous system 
MVARC: Mitral Valve Academic Research Consortium 
ACEi: angiotensin converting enzyme inhibitors 
ARB: angiotensin receptor blockers 
MRA: mineralocorticoid receptor antagonists 
CABG: coronary artery bypass grafting 
TTE: transthoracic echocardiography  
TOE: transesophageal echocardiography 
VS: versus 
LVEF: left ventricular ejection fraction 
LVESD: left ventricular end systolic diameter 
LVEDD: left ventricular end diastolic diameter 
MVPG: mitral valve pressure gradient 
TAPSE: tricuspid annular plane systolic excursion 
sPAP: systolic pulmonary artery pressure. 
TR: tricuspid regurgitation 
LAMPOON: Laceration of the anterior mitral leaflet to prevent outflow obstruction  
HF: heart failure 
CMR: Cardiovascular Magnetic Resonance 
CT scan: computed tomography scan 
 
 
 
 
 
  



 
12 

Table of contents:  
 
 

1. Introduction                                                                                                                                           13 
2. Methods                                                                                                                                                 14 

2.1. Study population inclusion and exclusion criteria                                                                   14 
2.2. Valvular Heart Team (VHT)                                                                                                          14 
2.3. Assessment of baseline clinical characteristics                                                                        15 

2.3.1. Surgical risk scores                                                                                                              15 
2.3.2. Frailty                                                                                                                                      15 
2.3.3. Comorbidities                                                                                                                        15 
2.3.4. Global risk assessment according to ESC guidelines                                                       16 

             2.4. Diagnostic modalities and assessment of baseline echocardiographic parameters        16 
              2.5. Treatment options                                                                                                                       16 
              2.6. Follow-up outcomes                                                                                                                    17 
              2.7. Statistical analysis                                                                                                                        17 
      3.  Results                                                                                                                                                      18 
          3.1. Baseline characteristics of the study population                                                                      18 

           3.2. VHT decision and implementation of its decision                                                                     21 
            3.3. Evolution of the Heart Team in our center                                                                                23        
            3.4. Factors associated with therapeutic decision-making process (univariate analysis)         24 
            3.5. Success of the intervention decided by VHT                                                                             26                                                           
            3.6. Outcomes at thirty days and one year of follow-up according to initial treatment        
strategy                                                                                                                                                                26 
            3.7. Long-term follow-up outcomes according to initial treatment strategy                              28 
            3.8. Predictors of long-term all-cause mortality (univariate and multivariate analyses)          31 
      4.   Discussion                                                                                                                                               32 
             4.1. Comparison with other studies and effectiveness of our VHT decision-making process 32                                                                                                    
             4.2. Advantages and limits of our study                                                                                            33                       
            4.3. Perspectives and areas for improvement                                                                                  34 
      5.  Conclusion                                                                                                                                               36 
      6.  Appendices                                                                                                                                              37 
       7.  Bibliography                                                                                                                                            40 
 
 

 

 

 

 

 

 

 

 



 
13 

1. Introduction 

 

Patients’ pathways have evolved a lot in the past few years, mainly due to overspecialization, 

development of new diagnostic tools, and diversification of therapeutic options.  

The Heart Team concept has been initially developed for coronary revascularization, then extended 

to valvular heart diseases (VHD) (first, for aortic stenosis with the development of transcatheter 

aortic valve replacement (TAVR)), inspired by multidisciplinary decision-making process used in other 

medical fields, especially in oncology and organ transplants. Valvular Heart Team (VHT) has now a 

predominant position in latest 2021 European Guidelines (class I recommendation). The main 

objective is to help at determining the optimal individual patient-based therapeutic strategy.  

 

Even though the interest of such a Valvular Heart Team (VHT) seems intuitive, only few studies have 

reported first experience of its use, and evidence supporting its effectiveness for patients with severe 

mitral regurgitation (MR) is still lacking (24,25). Different models of implementation of VHT are 

suggested by Antonides et al. (9) for aortic stenosis. One report has shown that mortality in patients 

with heart failure was significantly lower if they were discussed in Heart Team (Masters et al (38)). 

But in case of MR, there is no consensus on which patients to refer to VHT and how the VHT should 

decide. MR is the second most prevalent VHD in Europe after aortic stenosis (21% of native valve 

diseases (40)), affecting 1,7% of the general population and 9,3% in the population of 75 years or 

older (9), and the most common VHD worldwide (39). In France, severe MR is responsible for 8,5% 

mortality at one year with an increasing incidence of hospitalization (11 days of hospitalization per 

year) and with a significant socio-economic impact [appendix 1, santepubliquefrance.fr]. 

 

Currently, there is a large spectrum of therapeutic options according to MR etiology (primary or 

secondary), from heart failure medical treatment to surgery (surgical valve repair, mechanic, or 

biologic surgical valve replacement), catheter-based therapies (edge-to-edge mitral valve repair 

(TEER) and transcatheter mitral valve replacement (TMVR)). Guidelines of the European Society of 

Cardiology (ESC) on VHD published in 2021 (2), and publications from the Mitral Valve Academic 

Research Consortium (MVARC) (5) (6), are helpful regarding therapeutic decisions. Nevertheless, 

with aging of the population and the increase in complex cases of multiple-valve disease, finding the 

right treatment for the right patient becomes a challenge. In high-risk population, Euro Heart Survey 
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on valve disease indicates that up to 50% of these patients are not referred for surgery (36). 

Therefore, presentation to the Valvular Heart Team (VHT) is becoming more and more essential.  

 

In the present study, we sought to describe retrospectively the profile of patients referred to the VHT 

for management of MR, to highlight the main factors guiding the choice beetween different 

treatment options, and finally to assess clinical outcomes after treatment.  

 

2. Methods 

 

2.1. Study population inclusion and exclusion criteria. 

 

Our study is a single-center retrospective cohort, that included all patients with MR referred to the 

VHT between January 1st, 2014, and April 30 th, 2021, in University Hospital of Tours. Patients were 

included by taking back all the forms filled out at each VHT meeting. Six patients managed on an 

emergency basis (without waiting for VHT meeting) were excluded. 

 

2.2. Valvular Heart Team (VHT) 

 

The VHT of the University Hospital of Tours consists of cardiac surgeons, clinical and interventional 

cardiologists, imaging specialists with expertise in interventional imaging and cardiovascular 

anesthetists. Other specialists may be consulted, as geriatricians, electrophysiologists, or intensivists, 

but they are not systematically present. The meeting is held weekly on Thursday’s afternoon (since 

2014). 

 

Of note, not all patients with severe MR were addressed to the VHT (especially, symptomatic, young, 

low-risk patients, obviously candidates for surgery as a class I recommendation). Only patients for 

whom there was an indecision on the best strategy to follow were referred. Most patients were 

presented to the VHT during a dedicated cardiology hospitalization, following a consultation with the 

referring cardiologist or following an emergency hospitalization that led to the discovery of significant 

MR.  
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According to current ESC guidelines, assessment of risk scores, frailty, comorbidities, and anatomical 

valvular specificities, the VHT assigned all patients to one of the four treatments strategies, surgery 

(mitral valve repair, biological mitral valve replacement, mechanical mitral valve replacement), TEER, 

TMVR or optimization of medical treatment.  In case of disagreement between the team members, 

additional assessments may be requested as a dedicated cardiac surgery or anaesthesiologist 

consultation, or geriatric advice…  

 

2.3. Assessment of baseline clinical characteristics 

 

All the clinical data were extracted from patient charts.  

 

2.3.1. Surgical risk scores 

 

Surgical risk was assessed using validated risk scores: The Society of Thoracic Surgeons (STS) score 

and the European System for Cardiac Operative Risk Evaluation II (EuroSCORE II) both estimating 30-

day mortality after surgery.  

 

2.3.2. Frailty 

 

Within ESC guidelines, frailty is defined as “decrease of physiologic reverse and ability to maintain 

homeostasis leading to an increased vulnerability to stresses and conferring an increased risk of 

morbidity and mortality after both surgery and catheter-based therapies”. In our study, the patient 

was considered “fragile” if he needed help with at least one of these activities (bathing, dressing, 

toileting, mobilization, urinary continence, feeding) according to the Katz Index (Appendix 4), and/or 

in ambulation (walking aid or assist).  

 

2.3.3. Comorbidities 

 

Active cancer or history of cancer within 5 years was considered a comorbidity. We considered 

chronic renal failure as a significant comorbidity starting at stage 3 (GFR<60).  

Chronic lung disease was defined by a home oxygen therapy, a chronic obstructive pulmonary disease 

(with FEV1 <50% or peak flow), moderate or severe asthma (previous hospitalizations for 
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exacerbation, peak flow<80%), history of pneumonectomy. Liver disease was defined if there was 

any history of cirrhosis, hepatitis B, hepatitis C, drug induced hepatitis, auto-immune hepatitis, 

cirrhosis, portal hypertension, esophageal varices, liver transplant, or congestive hepatopathy. 

Gastrointestinal dysfunction was defined as Crohn’s disease, ulcerative colitis, nutritional 

impairment. Central nervous system dysfunction was defined as dementia, Alzheimer’s disease, 

Parkinson’s disease, or cerebrovascular accident with persistent physical limitation.  

 

2.3.4. Global risk assessment according to ESC Guidelines 

Global risk assessment was defined according to ESC Guidelines. Patients were considered at “low 

risk” if they gathered a STS score <4%, no frailty criterion, no major organ system compromise, no 

procedure-specific impediment (as tracheostomy, heavily calcified ascending aorta, CABG adherent 

to chest wall, radiation damage…). Patients were considered at “high risk” if they had at least one of 

the following criteria: STS Score >8 % and/or 2 criteria of frailty or more, and/or 2 organs failures 

and/or possible procedure-specific impediments. Between the two, patients were considered at 

“intermediate risk”.  

 

2.4. Diagnostic modalities and assessment of baseline echocardiographic parameters 

 

Transthoracic echocardiography (TTE) was performed for each patient at University Hospital of Tours, 

to confirm the diagnosis of MR, assesses its anatomic features, mechanisms, etiology, and its severity. 

In 77% of patients, an additional transesophageal echocardiography (TOE) was performed to specify 

the anatomy. All echocardiographic data were extracted from patient charts. Some measurements 

of leaflet lengths and ventricular diameters have been performed a posteriori, if they were not 

specified in the report. MR severity was evaluated using an integrative approach according to ESC 

guidelines. We used the echocardiographic criteria of eligibility for TEER described by ESC guidelines 

and MVARC (appendices 2 and 3). 

 

2.5. Treatment options 

The different therapeutic options were all available in our center (TEER were realized since 2015 and 

TMVR were realized since 2016 and with dedicated devices since 2021).  
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Surgical treatment included mitral valve repair, biological or mechanical mitral valve replacement, 

either isolated or combined with other cardiac surgery (with coronary bypass and/or additional valve 

surgery).  

TEER were performed using the MitraClip® device (Abbott Vascular, Santa Clara, California), that 

creates a double MV orifices by means of one or several clips.  

TMVR were performed in two patients (TMVR were performed with dedicated devices since only 

2021 in our center): one with Laceration of the Anterior Mitral Leaflet to Prevent Outflow 

ObstructioN (LAMPOON technique) and with the prosthesis valve commonly used for TAVR (Edwards 

Lifesciences) and one case with Tendyne® valve (Abbott Vascular, Santa Clara, CA, USA).  

Medical treatment consists in the optimization of heart failure treatment with the introduction or 

titration of beta blockers, ACEi or ARB, neprilysin inhibitors, ARM, loop diuretics, SGLT2 inhibitors, 

implantation of cardiac resynchronization therapy, or coronary revascularization when appropriate, 

or even listing on heart transplant.  

 

2.6. Follow-up outcomes 

We used clinical endpoints, primary endpoint was all-cause mortality, secondary endpoints were 

cardiovascular mortality, episodes of congestive acute heart failure (including increase in diuretics 

without hospitalization) and cardiology rehospitalization (as defined in documents of the MVARC).  

The different outcomes have been assessed at thirty-days, one-year, and long-term follow-up (after 

intervention in groups SURG, TEER and TMVR, after therapeutic changes in medically treated group). 

We also evaluated procedural success of TEER at 30 days according to MVARC criteria (procedural 

success was defined by device success, absence of major device or procedure related serious adverse 

events, no valve-related dysfunction or other complication requiring surgery or repeat intervention).   

Follow-up data were extracted from patient charts or if they were followed out the University 

Hospital of Tours, by call phone to patients, to their referring physicians or to their referring 

cardiologists. 

 

2.7. Statistical analysis 

Continuous data were expressed as mean ± standard deviation or as median and categorical data as 

number and percentage (%). To compare data, for normally distribution continuous data, we used 

one-way analysis of variance (ANOVA), for non-normally continuous data, we used the Kruskall 

Wallis’ test, and for categorical data, we used Fisher’s exact test. Kaplan-Meier survival curves were 
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constructed to estimate outcome-free survival, for different groups of treatments and were 

compared with the log rank test. Univariate and multivariate Cox-regression model was used to 

analyze predictive factors of all-cause long-term mortality. The level of significance was set at a p 

value of <0,05. All statistical analyses were performed using p value.io software.  

Patient with decision of TMVR were excluded from statistical analyses because sample size was too 

small (n=3).  

 

3. Results  

 

3.1. Baseline characteristics of the study population  

 

185 patients were referred to the VHT for management of MR between January 1st, 2014, and April 

30th, 2021, and were included in our study. Baseline clinical and echocardiographic characteristics of 

the study population are depicted respectively in Tables 1 and 2.  

Most patients were old (mean age: 74 years), symptomatic (3,8% of asymptomatic), male (62%) and 

considered at high-risk according to ESC criteria (44%). Most of them had multiple comorbidities 

(hypertension (59%), chronic kidney disease (53%), chronic lung disease (23%)), and 18% had prior 

cardiac surgery. MR etiology was primary in 130 patients (70,2%). 34% had reduced LVEF (i.e. <50%), 

and 68% had a concomitant VHD at least moderate. There were significant differences between the 

different groups of treatment in age, NYHA stage, prior hypertension, gastrointestinal dysfunction, 

renal function, frailty, EuroSCORE and STS score, global risk assessment according to ESC, and 

previous cardiac surgery (Table 1).  

 
In the overall population, mean LVEF was 54±14,7%, there were 70% of primary MR, 18% of 

secondary MR, 12% of combination of the two mechanisms, 76% of patients had leaflet prolapse 

(mostly of the posterior leaflet), mean sPAP were 54,8 ± 19mmHg.  

LVEF, left ventricular end systolic diameter (LVESD), transmitral gradient, etiology of MR, TAPSE and 

tricuspid ring diameter were significantly different between treatment groups (Table 2).  
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Table 1. Baseline clinical characteristics of the study population (n = 185) 

 Total 
(n=185) 

SURG 
(n=81, 
43,5%) 

TEER 
(n=64, 
34,4%) 

MED 
(n=37, 
19,8%) 

TMVR 
(n=3, 
 1,6%) 

 
p value 

Age (years) 74,2 ± 12,3 69,8 ± 12 78,3 ± 12 77,1 ± 9,7 73,7 <0,001 
Women 70 (38) 30 (37) 24(37,5) 15(40,5) 1(33) 0,93 
BMI (kg/m2) 26 ± 5,4 26 ± 4,8 26,5± 5,4 25 ± 6,5 29,6 0,35 
NYHA classification 

No dyspnea 7 (3,8) 6 (7,4) 0 (0) 1 (2,7) 0 (0) 0,018 
I 3 (1,6) 2 (4,5) 1 (1,6) 0 (0) 0 (0) - 
II 58 (31) 33(40,7) 15 (23,4) 10 (27) 0 (0) - 
III 83 (45) 24(29,6) 36(56,3) 20(54,1) 3(100) - 
IV 34 (18) 16(19,8) 12(18,8) 6 (16,2) 0 (0) - 
AF 105 (57) 41 (51) 34 (53) 27 (73) 3(100) 0,064 
Hypertension 110 (59) 38 (47) 41 (64) 28 (76) 3(100) <0,01 

Diabetes mellitus 34 (18,3) 15(18,5) 11 (17,2) 5 (13,5) 3(100) 0,8 

Previous MI 27 (15) 6 (7,4) 13 (20) 6 (16,2) 2 (67) 0,06 
Previous cardiac 
surgery 

33 
(18) 

8 
(9,9) 

11 
(17) 

11 
(30) 

3 
(100) 

0,026 

Frailty 86 (46) 24 (30) 37 (58) 23 (62) 2(67) <0,001 
Cardiac surgery risk scores 
EuroSCORE II (%) 4,9 ± 4,6 3,3 ± 3,3 5,6 ± 5 6,8± 5,6 9,1 <0,01 

STS score (%) 5,6 ± 4,3 3,7± 3,1 6,8 ± 4,5 7,5 ± 4,4 7,2 <0,01 
Comorbidities/other major organ failure 
CNS dysfunction 14 (7,6) 5 (6,2) 5 (7,8) 4 (11) 0 (0) 0,63 
Chronic lung disease 43 (23) 13 (16) 19 (30) 10 (27) 1 (33) 0,13 

GFR (mL/min/1,73m2) 60,9 ± 25,6 70 ± 27,6 54,4 ± 21,8 53,7 ± 21,7 45,7 <0,01 
Chronic renal failure ≥ 
stage 3 

98 
(53) 

33 
(41) 

40 
(62) 

23 
(64) 

2 
(67) 

0,012 

GI dysfunction 22 (12) 5 (6,2) 7 (11) 9 (24) 1 (33) 0,024 
Liver disease 11 (5,9) 8 (9,9) 3 (4,7) 0 (0) 0 (0) 0,075 
History of cancer 37 (20) 12 (15) 15 (23) 8 (22) 2 (67) 0,39 
Previous chest 
radiation 

9 
(4,9) 

2 
(2,5) 

4 
(6,2) 

2 
(5,4) 

1 
(33,3) 

0,57 

Peripheral artery 
disease 

8 
(4,3) 

2 
(2,5) 

3 
(4,7) 

3 
(8,1) 

0 
(0) 

0,34 

Global risk assessment according to ESC  

 “Low risk” 29 (16) 26 (32) 0 (0) 3 (8,3) 0 (0) <0,001 
 “Intermediate” 69 (37) 42 (52) 16 (28) 8 (22) 1 (33) <0,01 

 “High risk” 82 (44) 9 (11) 46 (72) 25(69) 2 (66) <0,001 
Medical treatment before meeting of the Heart Team 
Beta blocker 118 (64) 45 (59) 44 (69) 26 (76) 3(100) 0,18 
ACEi or ARB 108 (58) 41 (54) 42 (66) 23 (68) 2 (67) 0,25 
MRA 16 (8,8) 11 (14) 3 (4,7) 2 (5,4) 0 (0) 0,15 
Diuretics 132(71) 48 (63) 52 (81) 29 (83) 3(100) 0,021 
Data are mean ± SD or n (%). Abbreviations table 1: SURG: decision of surgery, TEER: decision of transcatheter edge-to-
edge repair, MED: decision of medical treatment, TMVR: decision of transcatheter mitral replacement, BMI: body mass 
index, AF: atrial fibrillation, GFR: glomerular filtration rate, NYHA: New York Heart Association, STS: Society of thoracic 
surgeons, MI : myocardial infarction, CNS: central nervous system,  GI : gastrointestinal, ESG ; European Society of 
Cardiology, ACEi : angiotensin converting enzyme inhibitors, ARB : angiotensin receptor blockers, MRA : 
mineralocorticoid receptor antagonists 
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Table 2. Baseline echocardiographic parameters of the study population (n = 185)  

 

 Total 
(n =185) 

SURG 
(n=81) 

TEER 
(n=64) 

MED 
(n=37) 

TMVR 
(n=3) 

p value 

LVEF (%) 54 ± 14,7 58 ± 9,7 52 ±16,6 45± 16,1 62 <0,01 

LVEF<50% 61 (34) 11 (14) 25 (39) 23 (67) 2 (66) <0,001 
LVEDD (mm) 53,2 ± 9,2 54 ± 7,8 57 ± 9,6 58 ±10,5 44 0,068 
LVESD (mm) 41,6 ±9,2 38 ± 5,6 40 ± 9,8 47 ± 11,7 41,5 0,01 

EROA (mm2) 38,3 44 45 34 30 0,092 
RV (mL) 61,7 ± 31 71 ± 39 65 ± 27 56 ± 18 55 0,32 
MV gradient (mmHg) 5,1 ± 1,7 4,7 ± 1,7 2,6 ± 1 3,1 ± 1,8 10 <0,01 
MV area (cm2) 4,5 ± 2,2 4,9 ± 3,2 5,3 ± 1,7 5 ±1,8 2,85 0,62 
Primary MR 130 (70,2) 71 (88) 42 (65) 15 (41) 2 (66) <0,01 
Secondary MR 34 (18) 7 (9) 14 (22) 12 (32) 0 (0) <0,01 
Combination 22 (12) 3 (4) 8 (13) 10 (27) 1 (33) <0,01 
Leaflets prolapse 141 (76) 69 (85) 56 (88) 16 (43) 0 (0) 0,65 
Prolapse of PML 78 (42) 40 (49) 30 (47) 8 (22) 0 0,013 
Prolapse of AML 34 (18) 12 (15) 14 (22) 8 (22) 0 0,49 

Bileaflet prolapse 19 (10) 12 (15) 7 (11) 0 (0) 0(0) 0,03 
Commissural 
prolapse 

15 (8) 10 (12) 3 (4,7) 2 (5,4) 0 0,21 

Leaflet calcifications 47 (25,4) 19 (24) 12 (20) 15 (41) 1 (33,3) 0,072 

Ring calcifications 42 (22,7) 17 (22) 13 (22) 11 (30) 1(33) 0,59 
AML length (mm) 19,5 ± 5,6 19,3 ± 6,8 20,2 ± 5 18,5 ± 5,9 20,5 0,47 

PML length (mm) 14,7 ± 4,4 13,9 ± 4,7 13,8±3,9 14,2 ± 5,4 17 0,94 

Other VHD ≥ grade II 127 (68) 51 (63) 44(69) 30 (81) 2 (67) 0,14 

LAVI (mL/m2) 70,2 ± 35 72 ± 42 70 ±24,9 83 ± 34,6 56 0,062 

TAPSE (mm) 17,5 ±5,4 20,5 ± 5 19 ± 6 16 ± 4,3 14,5 <0,01 
sPAP (mmHg) 54,8 ± 19 47 ± 20 48± 15,5 53 ± 21 71 0,31 

TR diameter (mm) 38,5 ± 7 38 ± 6,9 35 ± 6,4 41 ± 7,5 39 <0,01 
≥ Moderate TR 93 (50) 34 (42) 35 (55) 23 (62) 1 (33) 0,087 
Data are mean ± SD or n (%). 
Abbreviations table 2: SURG : decision of surgery, TEER :  decision of transcatheter edge-to-edge 
repair, TMVR : decision of transcatheter mitral replacement, MED : decision of medical treatment, 
LVEF : left ventricular ejection fraction; LVEDD : left ventricular end diastolic diameter; LVESD : left 
ventricular end systolic diameter; MR : mitral regurgitation, EROA : effective regurgitant orifice area, 
RV : regurgitant volume, PML : posterior mitral leaflet, AML, anterior mitral leaflet, VHD : valve heart 
disease, LAVI : left atrial volume index, TAPSE : tricuspid annular plane systolic excursion, sPAP : 
systolic pulmonary artery pressure, TR : tricuspid regurgitation. 
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3.2. VHT decision and implementation of its decision.  

 

Figure 1 (flow chart) describes the assignment to the different treatments and the implementation 

of initial treatment strategy in practice. For 81 (44%) patients, the VHT decided on surgical 

management (37 underwent surgical mitral valve repair, 26 biological mitral valve replacement, 6 

mechanical mitral valve replacement and 12 patients were finally not operated). For 64 patients 

(35%), VHT decided on TEER (6 patients ultimately did not have the intervention, one of them was 

treated surgically). For 3 patients (1,6%), VHT decided on TMVR. 37 patients (20%) were deemed 

ineligible for MV intervention and were treated medically.  

 

In 86% of cases, VHT decisions could be applied. Flow chart mentions the reasons why VHT decisions 

have not been realized in 14% of cases. 2 patients (1,1%) died while waiting for the intervention 

decided by VHT. 7 patients (3,8%) refused VHT decision (6 patients refused surgery and preferred 

medical treatment, 1 patient refused TEER and chose medical treatment). 
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Fig.1. Flow chart 
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3.3. Evolution of the Heart Team in our center.  

 

The number of patients with MR referred to VHT by year increased over time in our center (5 patients 

in 2014, 55 in 2020, 35 in 2021) (Fig.2.A). Along the 7 years of VHT meetings studied, VHT opted first 

for mitral surgery (45%), then for TEER (35%), then for medical treatment (19%), then for TMVR (1%) 

(Fig. 2.B).  

However, the distribution of the different treatments of MR chosen by VHT, has significatively 

(p<0,01) changed over time, with a gradual increase of TEER (Fig. 2. C). In 2014, 20% of patients were 

operated, 80% have been treated medically. In 2021, 43% of patients were operated, 34% had TEER, 

20% have been treated medically, 2,9% had TMVR.  

 
Fig 2. Evolution of therapeutic decision by VHT over time. 

Treatment 1: surgery, 2: TEER, 3: medical treatment, 4: TMVR  

A. Number of patients referred to the Heart Team over time.  

B. Proportion of different treatments chosen by the Heart Team since 2014. 

C. Proportion of different treatments by year. 
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The profile of patients referred to VHT for MR remains almost the same, over time (due to the small 

sample size (n = 5), we excluded year 2014 for statistical analysis between years). There were no 

significant differences regarding age (mean age was 71 years in 2015, 69 years in 2021, p = 0.4), 

EuroSCORE II (mean EuroSCORE II was 4,1% in 2015, 4,6%in 2021, p=0.33), STS score (mean STS score 

was 3,52% in 2015, 6,17% in 2021, p = 0.12) of patients referred, by year (Fig 3.A.C.D.). However, 

there was a significant difference in LVEF by year of VHT’s meeting (mean LVEF was 56,5% in 2015, 

67% in 2017 and 48,6% in 2021, p <0,01) (Fig 3.B.). 

 

 
 
 
 
 
 
 
 
 

 

 

Fig. 3. Changes in profile of patients referred to VHT for MR, by year. 
A. Age, B. LVEF (%), C. EuroScore 2 (%), D. STS risks score (%).  

 
3.4. Analysis of factors associated with therapeutic decision-making (univariate analysis).  
 
Factors guiding the choice of treatment strategy are summarized in Table 3. Patients treated with 

TMVR were excluded from the analysis. 
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Age >70 years, NYHA stage 3 or 4 dyspnea, chronic renal failure >stage 3, frailty, STS score >8%, 

LVEF<50% and secondary MR, were significantly associated with the choice of TEER rather than 

surgery while transmitral gradient >5mmHg favored surgery over TEER.  

Low ventricular systolic functions (LVEF for left ventricle and TAPSE for right ventricle), dilatation of 

the left ventricle, transmitral gradient>5mmHg, secondary MR and leaflet calcifications were the 

main factors significantly guiding the choice of medical treatment over TEER. 

 

Table 3. Univariate analysis of factors associated with therapeutic decision-making. 

 
TEER VS SURG 

Factors TEER (n=64) SURG (n=81) p value OR 95% CI 
Age >70 years 52(81) 47(58) <0,01 2,84 [1,36; 6,18] 
NYHA III/IV 48(75) 40(49) <0,01 3,07 [1,53;6,4] 
Year of meeting of the VHT  <0,001 1,77 [1,4; 2,3] 
Chronic lung disease 19(30) 13(16) 0,049 2,21 [1,00;5] 
Chronic renal failure ≥ stage 3 40(62) 33(41) <0,01 2,42 [1,25;4,8] 
Previous MI 13(20) 6(7,4) 0,022 3,1 [1,18;9,6] 
EuroSCORE II >4% 34(53) 22(27) <0,01 3,3 [1,67;6,8] 
STS risk score >8% 18(28) 5(7,8) <0,01 5,21 [2,03;15,2] 
“High risk” according to ESC 
criteria 

46(72) 9(11) <0,001 20,4 [8,83;52,1] 

Frailty 37(58) 24(30) <0,001 3,25 [1,65;6,6] 
LVEF <50% 25(39) 11(14) <0,01 4,07 [1,84;9,47] 
Secondary MR 14(22) 7(9) <0,01 3,38 [1,3;9,5] 
MV gradient >5 mmHg 3(4,6) 12(15) <0,001 0,07 [0,01,0,2] 

 
MED VERSUS SURG 

Factors MED (n=37) SURG (n=81) p value OR 95% CI 
Age >70 years 31(84) 47(58) 0,013 4,03 [1,43;13,2] 
NYHA III/IV 26(70) 40(49) 0,036 2,42 [1,08;5,72] 
AF 27(73) 41(51) 0,023 2,63 [1,16;6,4] 
Chronic renal failure ≥ stage 3 23(64) 33(41) 0,021 2,57 [1,16;5,92] 
GI dysfunction 9(24) 5(6,2) 0,011 4,89 [1,6;17] 
Previous cardiac surgery 11(30) 8(9,9) <0,01 3,86 [1,4;11] 
EuroSCORE II >4% 22(59) 22(27) <0,01 1,22 [1,1;1,3] 
STS risk score >8% 11(29) 5(7,8) <0,001 6,17 [2,16;19,4] 

“High risk” according to ESC 
criteria 

25(69) 9(11) <0,001 18,2 [7,52] 

Frailty 23(62) 24(30) <0,001 3,9 [1,75;9] 

LVEF <50% 23(62) 11(14) <0,001 10,2 [4,16;26,5] 
LVESD >40 mm 26(70) 21(26) <0,001 11,7 [4,8;31] 
Secondary MR 12(32) 7(9) <0,001 8,11 [2,8;25] 
Other VHD ≥ grade II 30(81) 51(63) 0,049 2,52 [1,03;6,9] 
sPAP >50 mmHg 19(51) 26(32) 0,049 2,24 [1,01;5,03] 
TAPSE <15 mm 14(38) 5(6,2) <0,001 9,13 [3,14; 30,8] 
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MED VS TEER 
Factors MED (n=37) TEER (64) p value OR 95% CI 
AF 27(73) 34(53) 0,049 2,38 [1,01;5,92] 
LVEF <50% 23(67) 25(39) <0,001 2,5 [1,1;5,86] 
LVESD >40 mm 26(70) 31(48) <0,001 5,19 [2;19;12,9] 
Secondary MR 12(32) 14(22) 0,041 3,5 [1,17;10,8] 
MV gradient >5 mmHg 10(27) 3(4,6) <0,01 1,06 [1,03;1,1] 
Leaflet calcifications 15(41) 12(20) 0,028 2,95 [1,2;7,5] 

 
MED VS SURG or TEER 

Factors MED (n=37) SURG or TEER  
(n=145) 

p value OR 95% CI 

AF 27(73) 75(52) 0,023 2,52 [1,17;5,8] 
GI dysfunction 9(24) 12(8) 0,017 3,6 [1,3;9,3] 
Previous cardiac surgery 11(30) 19(13) 0,015 2,8 [1,17;6,54] 
EuroSCORE II >4% 22(59) 56(38,6) 0,012 1,1 [1,03;1,2] 

STS risk score >8% 11(29) 34(23) 0,037 2,38 [1,03;5,34] 

“High risk” according to ESC 
criteria 

25(69) 55(38) <0,001 3,72 [1,7;8,4] 

Frailty 23(62) 61(42) 0,029 2,26 [1,09;4,8] 
LVEF <50% 23(67) 36(24,8) <0,001 4,84 [2,28,10,6] 
LVESD >40mm 26(70) 52(36) <0,001 7,86 [3,6;17,9] 
TAPSE <15 mm 14(38) 21(14) <0,01 3,57 [1,57;8,02] 
Secondary MR  12(32) 21(14) <0,001 4,3 [1,75;10,5] 
Leaflet calcifications 15(41) 31(21) 0,027 2,23 [1,03;4,75] 
Data are n(%). Abbreviations table 3: SURG: decision of surgery, TEER:  decision of transcatheter edge-to-edge repair, 
MED: decision of medical treatment, VS: versus, CI: confidence interval, AF: atrial fibrillation, NYHA: New York Heart 
Association, GI : gastrointestinal dysfunction, STS : Society of thoracic surgeons, LVEF : left ventricular ejection fraction; 
LVESD : left ventricular end diastolic diameter; MR : mitral regurgitation; TAPSE : tricuspid annular plane systolic excursion, 
sPAP : systolic pulmonary artery pressure, VHD : valvular heart disease 

 
 

3.5. Success of intervention 
 

Considering the 58 TEER performed, 50 (86,3%) were classified as 30-days procedural success 

according to MVARC criteria. For 8 patients who did not meet these criteria, 1 had a major vascular 

complication, 2 required a new procedure of TEER, 1 required subsequent mitral valve replacement, 

2 had device-related technical failures, 1 had procedure related death, 1 had cardiogenic shock.   

Considering the 69 patients who had surgery, 1 died during intervention (mitral ring rupture), 1 

required revision surgery and 1 required percutaneous closure of a paraprosthetic regurgitation 

within the first month.  

 
3.6. Outcomes at thirty-days and one-year after intervention according to initial treatment 

strategy. 
 
Overall, 15 patients (8%) were lost to follow up (8 in surgery group, 3 in TEER group and 4 in medical 

treatment group). Outcomes at 30-days and at one year of follow-up as well as comparison in the 

occurrence of outcomes according to treatments are presented in Table 4.  
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At 30-days after intervention, all-cause mortality occurred in 4,3% of the population. There were no 

significant differences in all-cause mortality, cardiovascular mortality, and cardiology hospitalization 

between different treatment groups. However, episodes of congestive acute heart failure were 

significantly higher in medical treatment group (p<0,01) than in invasive treatment (SURG or TEER) 

group. 

 
At one year of follow-up, all-cause mortality occurred in 11,4% of the population. There were no 

significant differences in mortality and cardiology hospitalization between surgery and TEER groups. 

But there were more episodes of congestive acute heart failure in TEER group than in surgery group 

(p = 0,049). Mortality was higher in medical treatment group than in TEER group (p<0,01). All-cause 

mortality (p <0,01), episodes of congestive acute heart failure (p<0,01) and cardiology 

hospitalizations (p=0,015) were significantly higher in medical treatment group than in invasive 

treatment group (Table 4).  

 
At 30-days follow-up 
 Total 

(n=185) 
SURG 
(n=81) 

TEER 
(n=64) 

MED 
(n=37) 

TMVR 
(n=3) 

Global p 
value 

p value  
SURG/ 
TEER 

p value 
SURG/ 
MED 

p value 
TEER/ 
MED 

p value  
SURG or 
TEER/ 
MED  

All-cause 
mortality, n (%) 

8  
(4,3) 

2  
(2,5) 

3  
(4,6) 

2 
(5,4) 

0  
(0) 

0,34  

Cardiovascular 
mortality, n (%) 

6  
(3,2) 

1  
(1,2) 

3 
(4,6) 

1 
(2,7) 

0  
(0) 

0,34 

Congestive acute 
heart failure, n 
(%)  

3  
(1,6) 

0  
(0) 

0 
(0) 

2 
(5,4) 

1  
(33) 

0,014 NA 0,052 0,05 <0,01 

Cardiology 
hospitalization,  
n (%) 

5  
(2,7) 

1  
(1,2) 

1  
(1,6) 

2  
(5,4) 

1  
(33) 

0,28  
 

At one-year of follow-up 
 Total 

(n=185) 
SUR 
(n=81) 

TEER 
(n=64) 

MED 
(n=37) 

TMVR 
(n=3) 

Global p 
value 

p value 
SURG/ 
TEER 

p value 
SURG/ 
MED 

p value 
TEER/ 
MED 

p value  
SURG or 
TEER/ 
MED  

All-cause 
mortality, n (%) 

21 
(11,4) 

3  
(3,7) 

7  
(10,9) 

11 
(29,7) 

0  
(0) 

<0,01 0,21 <0,01 <0,01 <0,01 

Cardiovascular 
mortality, n (%) 

15  
(8,1) 

2  
(2,5) 

5  
(7,8) 

8  
(21,6) 

0  
(0) 

<0,01 0,26 <0,01 0,021 <0,001 

Acute heart 
failure, n (%)  

19 
(10,2) 

2  
(2,5) 

8  
(12,5) 

8  
(21,6) 

1  
(33) 

<0,01 0,049 <0,001 0,073 <0,01 

Cardiology 
hospitalization,  
n (%) 

24 
(12,9) 

5  
(6,2) 

10 
(15,6) 

8  
(21,6) 

1  
(33) 

0,027 0,2 <0,01 0,11 0,015 

Abbreviations Table 4: SURG: surgery, TEER: transcatheter edge-to-edge repair, MED: medical treatment, TMVR: transcatheter 
valvular mitral replacement, NA: non analyzable (low variability).  
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Table 4. Outcomes at thirty-days and at one year of follow-up according to initial treatment 
strategy. 
Figure 4 compares the 30-days mortality expected with STS score (considering patients were 
treated surgically) to the actual thirty-days mortality (with VHT decision).  
 

 
Fig. 4. Comparison between estimated 30-days mortality (by STS score) with actual 30-days 
mortality.  

A. SURG, B. TEER, C. MED. 
 
 
3.7. Long term follow-up outcomes according to initial treatment strategy.  

 

Outcomes during the mean follow-up time of 751 days (920 days in surgery group, 570 days in TEER 

group, 635 days in conservative group) are reported in Table 5 and Figure 5.  

 

Long term all-cause mortality, cardiovascular mortality, episodes of acute congestive heart failure 

and cardiology hospitalizations were significantly higher in the conservative group (MED) than in 

invasively treated group (SURG or TEER). In TEER group, over the long term, there were significantly 

higher cardiovascular mortality (p=0,028), episodes of HF (p<0,001), than in the surgery group and 
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there were significantly lower cardiovascular mortality, acute HF (p=0,036) and cardiology 

hospitalization (p=0,018) than in the medical treatment group.  

 

 Total 
(n=185) 

SURG 
(n=81) 

TEER 
(n=64) 

MED 
(n=37) 

TMVR 
(n=3) 

Global 
p value 

p 
value 
SUR/ 
TEER 

p value 
SUR/ 
MED 

p value 
TEER/ 
MED 

p value  
SUR or 
TEER/ 
MED  

All-cause 
mortality, n (%) 

42 
(22,7) 

13  
(16) 

13  
(20) 

16  
(43) 

0 (0) 
 

<0,001 0,11 <0,001 0,051 <0,001 

Cardiovascular 
mortality, n (%) 

27 
(14,5) 

5  
(6,2) 

9  
(14) 

13  
(35) 

0 (0) <0,001 0,028 <0,001 0,036 <0,001 

Acute HF, n (%)  61  

(33) 

13  
(16) 

22  
(34) 

25 
(67,5) 

1 (33) <0,001 <0,00
1 

<0,01 0,036 <0,001 

Cardiology 
hospitalization,  
n (%) 

84 
(45,4) 

34  
(42) 

26  
(41) 

23 

(62) 

1 (33) <0,01 0,18 <0,001 0,018 <0,01 

Abbreviations Table 5: SURG: surgery, TEER: transcatheter edge-to-edge repair, MED: medical treatment, HF: heart failure, NA: non 
analyzable (low variability).  

Table 5. Long term follow-up outcomes according to initial treatment strategy. 
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Fig.5. Kaplan-Meir curves depict long-term survival without outcomes according to initial 
treatment strategy (treatment 1: surgery, treatment 2: TEER, treatment 3: conservative). 

A. Survival without all-cause mortality, B. survival without cardiovascular mortality, C. survival 
without acute heart failure, D. survival without cardiology hospitalization.  
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3.8. Predictors of long-term all-cause mortality (univariate and multivariate analysis). 

 
Single and multivariate regression analyses of factors associated with long term all-cause mortality 

are summarized in Table 6 and Fig.6. After multivariable adjustment, age >70 years (p<0,01), chronic 

kidney disease ≥ stage 3 (p=0,012), chronic lung disease (p=0,045), frailty (p <0,01) and LVEF <50% (p 

<0,01) were associated with higher long-term all-cause mortality rates.  

 
 Univariate analysis Multivariate analysis 
Factors p value HR, 95% CI p value HR, 95% CI 
Age >70 years <0,01 3,09 [1,36;7] <0,01 3,24 [1,39;7,52] 
Female 0,57 1,19 [0,65;2,18]  
BMI>30 0,38 0,67 [0,27;1,67] 
NYHA III/IV <0,01 3,90 [1,7;10] <0,01 3,71 [1,60;9,73] 
AF 0,052 1,89 [0,99;3,58]  
Diabetes mellitus 0,95 0,97 [0,43;2,19] 
Hypertension 0,012 2,35 [1,2;4,55] 0,35 1,35 [0,73;2,53] 

History of MI  0,78 1,13 [0,48;2,69]  
Previous cardiac surgery <0,01 2,53 [1,26;5,09] 0,065 2,15 [0,97;4,97] 
Chronic lung disease 0,021 2,09 [1,12;3,92] 0,045 1,80 [1,3;3,6] 
Chronic renal failure ≥ stage 3 <0,001 3,41 [1,73;6,7] 0,012 2,55 [1,23;5,28] 
Liver disease 0,41 1,54 [0,55;4,31]  
History of cancer 0,28 1,47 [0,73;3] 
History of stroke 0,19 1,77 [0,75;4,21] 
Gastrointestinal dysfunction  0,58 1,41 [0,37;4,6] 
CNS dysfunction 0,83 1,12 [0,4;3,14] 
Peripheral artery disease 0,26 1,96 [0,6;6,34] 
Frailty <0,001 3,40 [1,6;5,8] <0,01 2,52 [1,3;4,89] 
LVEF<50% <0,01 2,75 [1,33;5,67] <0,01 3,55 [1,59;7,89] 
LVESD >40mm 0,061 1,84 [0,97;3,49]  
Other VHD≥ 
grade II 

0,026 2,41 [1,11;5,21] 0,54 0,8 [0,39;1,6] 

sPAP >50 mmHg  0,58 0,82 [0,42;1,65]  
TAPSE<15mm 0,86 1,08 [0,46;2,54] 
Secondary MR VS Primary MR 0,036 2,06 [1,05;4,05] 0,052 2,01 [0,99;4,08] 
Abbreviations table 6: CI: confidence interval, BMI: body mass index, AF: atrial fibrillation, MI : myocardial 
infarction, CNS: central nervous system, STS : Society of thoracic surgeons, ESC : European Society of 
Cardiology, LVEF : left ventricular ejection fraction; LVESD : left ventricular end diastolic diameter; MR : mitral 
regurgitation; TAPSE : tricuspid annular plane systolic excursion, VHD : valvular heart disease, sPAP : systolic 
pulmonary artery pressure, SURG : surgery, TEER : transcatheter edge-to-edge repair, MED : medical treatment. 

 
Table 6. Predictors of long-term all-cause mortality 
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Fig. 6. Forrest plot representing predictors of long-term all-cause mortality after multivariable 
adjustment. 
 
4. Discussion 
 

The purpose of the present study was to review our practices for patients referred to VHT for MR. 

We found that 1) 86% of VHT decisions were further applied; 2) in 80,2% of the cases, the VHT opted 

for an invasive treatment with surgery as the most common therapeutic solution (43,5%) followed 

by TEER (34,4%); but TEER increased significantly over time (p<0,01) 3) VHT identified patients at 

lower risk and less advanced cardiac involvement that may benefit from MV intervention.  

 

4.1. Comparison with other studies and effectiveness of our VHT decision-making process.  

 

To compare with Swiss (led by Heuts et al. (25)) and Dutch studies (led by Külling et al. (26)) showing 

characteristics of all-comer patients with severe MR who were all referred to their VHT, patients 

addressed in our center to the VHT were a very selected population, they were older (74,2 years, 

versus 68 years (25) and 72 years (26)), the mean STS score was higher (5,6% versus 2,9% (26)), the 

LVEF was lower (54% versus 57,6% (26)), proportions of secondary MR (19% vs 41% (25)) and 

proportion of asymptomatic patients were lower (12% vs 3,8% (25)). Proportion of patients assigned 

to surgery was 44%, lower than in other studies (versus 55% in Külling et al study (26)), which can be 

easily explained by the highest severity of patients referred to VHT in our center. Compared with 

Heuts et al study (25), more patients were assigned to TEER (35% versus 13%), and less patients were 

assigned to conservative treatment (20% versus 42%) which can be explained by a lower proportion 

of secondary MR and asymptomatic patients in our study.  
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VHT decisions appear consistent and applicable in clinical practice as they have been followed in 86% 

of cases. Our VHT seems to have made a good screening for TEER according to MVARC criteria 

(appendices 2 and 3), by selecting patients with severe MR (mean EROA 45mm2, VR 65mL), all 

symptomatic, mostly high-risk (some patients were at intermediate risk but very old), with favorable 

anatomical parameters (mean posterior leaflet length: 13,8 mm, none with posterior leaflet <7 mm, 

and mean mitral valve area: 5,3 cm2), and with life expectancy over 1 year (only 3% of patients died 

of non-cardiovascular during the first year after TEER). Thus, there were 86% procedural success 

according to MVARC criteria. Decision for medical treatment also seemed to be consistent with 

guidelines. Patients were not very different from patients treated by TEER, but they showed more 

secondary or combined MR (59%). Transmitral gradient was more often above 5 mmHg and leaflets 

were calcified (49%), all these characteristics making TEER less suitable. Finally, for patients with 

SMR, mitral surgery was performed in patients undergoing CABG or other cardiac surgery, except for 

one patient operated for SMR without associated surgery as recommended in guidelines.   

As patients are inherently very different between treatment groups (Tables 1 and 2), especially 

between surgery and the other groups, the purpose of this study is not so much to compare 

outcomes according to different treatments, but rather to know if the VHT decision was the right one 

for the given patient.  According to our data, patients assigned to TEER achieved a lower 30-days 

mortality (4,6%) than expected with STS score if they had been operated (6,84%) and actual 30-days 

mortality in medical treatment group (5,4%) is lower than expected if they had been operated (STS 

score 7,44%). Thus, TEER or medical treatment decision does not appear to be harmful in a short-

term follow-up compared to surgery in these patients. However, it should be noted that actual 30-

days mortality is lower than 30-days mortality predicted by STS score also in the surgery group (2,5% 

versus 3,7%). All-cause long-term mortality in our population was 22% (16% in surgery group, 20% in 

TEER group and 43% in medical treatment group), not so far from results obtained in Heuts et al. 

study (21,6% in the whole population, 10% in surgery group, 25% in TEER group, 30% in medical 

treatment group (25)) whereas we have seen that patients were younger and at lower risk. 

 

4.2. Advantages and limitations of our study 

 

Our study provides unique feedback since the creation of VHT in our center in 2014. It shows that 

VHT has become a key component in managing patients with MR, a population that increased over 
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time except in 2021 (explained by the COVID pandemic). Unlike other studies (25 and 26), we 

considered the medical treatment group as a real group. 

But as only severe or complex cases were referred to our VHT (therefore patients were very different 

than those not presented to VHT), the study represents a single arm, in which the superiority of the 

VHT approach cannot be proven by comparing it to a similar control group not referred to VHT. The 

effectiveness of VHT decisions could only be judged indirectly in comparison with guidelines, other 

studies and mortality estimated by risk scores. However, this initial selection, before VHT meetings, 

allows a fast track for patients who are clearly surgical, and to save time.  

The study focused on morbi-mortality because medical treatment group was a distinct group (for 

which the MVARC secondary criteria as perioperative complications were not suitable), and to make 

easier and more reliable the collection of follow-up data retrospectively (to limit memorization bias) 

and to compare with other studies. Its retrospective design has induced 8% of patients lost to follow-

up. The current study cohort consists of an heterogenous group (n = 185) from a single center, and 

so, results cannot be extrapolated to other VHT. Nevertheless, international study is underway to 

analyze these data on a multicenter basis.  

 

4.5. Perspectives and areas for improvement 

 

As described by Lancellotti et al. (13) and Antonides et al. (9), VHT has many benefits, it not only 

allows a more balanced appraisal of a specific case by combining knowledge of various specialties, 

but also promotes the education of medical students and residents, inclusion in clinical trials, limits 

conflicts of interest, and improves communication between professionals. Moreover, complex cases 

sometimes require creative solutions which are not always supported by protocols and guidelines 

and share medico-legal responsibility.  This is particularly the case, as we performed TMVR with 

dedicated devices since only 2021 in our center. As screening failure is frequent in these patients for 

dedicated devices, a specific technic was developed to perform lampoon procedure in the same time 

in order to avoid left ventricular outflow tract obstruction. 

Nevertheless, VHT meetings can be difficult to organize, time-consuming, and that could cause a 

delay in decision. In future, with the aging of the population and development of new devices 

especially for TMVR, the use of VHT will become more and more frequent, and its organization will 

be increasingly laborious. Preparation for a smooth running of VHT meeting will become a real 

challenge. Based on our experience, we propose a decision tree to identify the patients to be referred 
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to the VHT, and criteria to be evaluated before each meeting and for each patient presentation, to 

optimize the consultation of VHT (Fig. 8.). In the long run, the idea is to make an interactive form 

(with checkboxes and score calculators, anatomical characteristics of interest, main comorbidities…) 

in the hospital software, to pre-filled before each VHT meeting to have a standardized evaluation 

which centralize all necessary data for VHT decision, especially for VHT participants who have not 

seen patients beforehand and for whom decision making can be difficult., save time and make 

meetings more productive.  

 

Fig.7. Algorithm to identify the patients to be referred to the VHT, and criteria to be evaluated 
before each meeting. 
* Comorbidities, especially chronic renal failure ≥ stage 3 and chronic lung disease. 
* Procedure specific impediment for surgery : tracheostomy, heavily calcified ascending aorta, CABG adherent to chest wall, 
radiation damage, mitral annular calcification, for TEER : severe calcifications in the grasping area, posterior leaflet length<7mm, 
relevant mitral stenosis, MR type 3B and/or rheumatic MR. 
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5. Conclusion 
 
VHT is a centerpiece in contemporary patient care, especially in patients with MR, due to mitral valve 

anatomical complexity and heterogeneous presentation and nowadays new therapeutics. VHT 

ensures evidence-based, relevant assignment to different therapeutic options. To find a balance 

between clinical effectiveness, time, and cost-effectiveness, VHT should focus on intermediate or 

high-risk symptomatic population (according to the ESC guidelines criteria). The organization and the 

smooth running of VHT meetings will be a real issue in the future with the increased number of 

patients awaited.  
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6.Appendices 

         

APPENDIX 1: Santé Publique France (31/07/2019). Hospitalizations for valvular heart disease in France: patients 
characteristics and trends 2006-2016. Clémence Grave, Christophe Tribouilloy, Yves Juillière, Philippe Tuppin, Alain 
Weill, Amélie Gabet, Valérie Olié 
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APPENDIX 2: Clinical Trial Design Principles and Endpoint Definitions for Transcatheter Mitral Valve Repair and 
Replacement: Part 1: Clinical Trial Design Principles. Journal of the American College of Cardiology. 2015; 66(3):278–
307. AStone GW, Vahanian AS, Adams DH, Abraham WT, Borer JS, Bax JJ, et al.  

  
APPENDIX 3: Stone GW, Vahanian AS, Adams DH, Abraham WT, Borer JS, Bax JJ, et al. Clinical Trial Design Principles and 
Endpoint Definitions for Transcatheter Mitral Valve Repair and Replacement: Part 1: Clinical Trial Design Principles. 
Journal of the American College of Cardiology. 2015; 66(3):278–307. 
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APPENDIX 4: Beyersdorf F, Vahanian A, Milojevic M, Praz F, Baldus S, Bauersachs J, et al. 2021 ESC/EACTS Guidelines for 
the management of valvular heart disease of the European Society of Cardiology (ESC) and the European Journal of 
Cardio-Thoracic Surgery (EACTS). 2021 Oct 22 [cited 2022 Sep 25];60(4):727–800. 
 
 

 

 

 

 

 



 
40 

7. Bibliography 

1. Beyersdorf F, Vahanian A, Milojevic M, Praz F, Baldus S, Bauersachs J, et al. 2021 ESC/EACTS 
Guidelines for the management of valvular heart disease of the European Society of Cardiology 
(ESC) and the European Journal of Cardio-Thoracic Surgery (EACTS). 2021 Oct 22 [cited 2022 Sep 
25];60(4):727–800. 
 
2.Swaans MJ, Bakker ALM, Alipour A, Post MC, Kelder JC, de Kroon TL, et al. Survival of 
Transcatheter Mitral Valve Repair Compared With Surgical and Conservative Treatment in High-
Surgical-Risk Patients. JACC: Cardiovascular Interventions. 2014 [cited 2022 Aug 17];7(8):875–81.  
 
3.Feldman T, Foster E, Glower DD, Kar S, Rinaldi MJ, Fail PS, et al. Percutaneous Repair or Surgery 
for Mitral Regurgitation. NEJM. 2011 Apr 14 [cited 2022 Aug 17];364(15):1395–406.  
 
4.Coylewright M, Mack MJ, Holmes DR, O’Gara PT. A Call for an Evidence-Based Approach to the 
Heart Team for Patients With Severe Aortic Stenosis. Journal of the American College of Cardiology. 
2015 [cited 2022 Aug 17];65(14):1472–80.  
 
5.Stone GW, Vahanian AS, Adams DH, Abraham WT, Borer JS, Bax JJ, et al. Clinical Trial Design 
Principles and Endpoint Definitions for Transcatheter Mitral Valve Repair and Replacement: Part 1: 
Clinical Trial Design Principles. Journal of the American College of Cardiology. 2015 [cited 2022 Aug 
24];66(3):278–307.  

 
6.Stone GW, Adams DH, Abraham WT, Kappetein AP, Généreux P, Vranckx P, et al. Clinical trial 
design principles and endpoint definitions for transcatheter mitral valve repair and replacement: 
part 2: endpoint definitions: A consensus document from the Mitral Valve Academic Research 
Consortium. Eur Heart J. 2015 Aug 1 [cited 2022 Aug 15];36(29):1878–91. 

 
7.Asch FM, Grayburn PA, Siegel RJ, Kar S, Lim DS, Zaroff JG, et al. Echocardiographic Outcomes After 
Transcatheter Leaflet Approximation in Patients With Secondary Mitral Regurgitation. Journal of 
the American College of Cardiology. 2019 [cited 2022 Aug 15];74(24):2969–79.  
 
8.Mack MJ, Abraham WT, Lindenfeld J, Bolling SF, Feldman TE, Grayburn PA, et al. Cardiovascular 
Outcomes Assessment of the MitraClip in Patients with Heart Failure and Secondary Mitral 
Regurgitation: Design and rationale of the COAPT trial. American Heart Journal. 2018 [cited 2022 
Aug 15];205:1–11. 
 
9.Antonides CFJ, Mack MJ, Kappetein AP. Approaches to the Role of The Heart Team in Therapeutic 
Decision Making for Heart Valve Disease. Structural Heart. 2017 [cited 2022 Apr 4];1(5–6):249–55.  

 
10.Sündermann S, Dademasch A, Praetorius J, Kempfert J, Dewey T, Falk V, et al. Comprehensive 
assessment of frailty for elderly high-risk patients undergoing cardiac surgery. European Journal of 
Cardio-Thoracic Surgery. 2011 [cited 2022 Mar 6];39(1):33–7. 

 
11.Holmes DR, Rich JB, Zoghbi WA, Mack MJ. The Heart Team of Cardiovascular Care. Journal of the 
American College of Cardiology. 2013 [cited 2022 Mar 6];61(9):903–7.  

 



 
41 

12.Holmes DR, Mack M. The Truly Functional Heart Team: The Devil Is in the Details. JAHA. 2020 
Apr 21 [cited 2022 Mar 6];9(8).  

 
13.Lancellotti P, Rosenhek R, Pibarot P, Iung B, Otto CM, Tornos P, et al. ESC Working Group on 
Valvular Heart Disease Position Paper-heart valve clinics: organization, structure, and experiences. 
European Heart Journal. 2013 Jun 1 [cited 2022 Mar 6];34(21):1597–606.  

 
14.Lancellotti P, Rosenhek R, Pibarot P. Heart Valve Clinic: Rationale and Organization. Canadian 
Journal of Cardiology. 2014 [cited 2022 Mar 6];30(9):1104–7.  

 
15.The New Paradigm for the Management of Valvular Heart Disease: the Multi-Disciplinary Heart 
Team. Journal of the American Society of Echocardiography. 2011 [cited 2022 Mar 6];24(10):A28.  

 
16.Edelman JJ, Thourani VH. Commentary: American Heart Association/American College of 
Cardiology Valve guidelines: Starting point for discussion by the heart team or dictum? The Journal 
of Thoracic and Cardiovascular Surgery. 2021 [cited 2022 Mar 6];162(2):588–90.  

 
17.Passeri JJ, Melnitchouk S, Palacios IF, Sundt TM. Continued expansion of the Heart Team 
concept. Future Cardiology. 2015 [cited 2022 Mar 6];11(2):219–28.  

 
18.Reardon MJ, Leon MB, Popma JJ, Mack MJ. Heart Team 2.0. EuroIntervention. 2019 [cited 2022 
Mar 6];15(10):825–7.  

 
19.Stone GW, Lindenfeld J, Abraham WT, Kar S, Lim DS, Mishell JM, et al. Transcatheter Mitral-
Valve Repair in Patients with Heart Failure. N Engl J Med. 2018 Dec 13 [cited 2022 Feb 
8];379(24):2307–18.  

 
20.Piriou N, Al Habash O, Donal E, Senage T, Le Tourneau T, Pattier S, et al. The MITRA-HR study: 
design and rationale of a randomised study of MitraClip transcatheter mitral valve repair in patients 
with severe primary mitral regurgitation eligible for high-risk surgery. EuroIntervention. 2019 Jul 
20;15(4):e329–35. 

 
21.Feldman T, Kar S, Elmariah S, Smart SC, Trento A, Siegel RJ, et al. Randomized Comparison of 
Percutaneous Repair and Surgery for Mitral Regurgitation. Journal of the American College of 
Cardiology. 2015 [cited 2022 Feb 28];66(25):2844–54.  

 
22.Davies A, Roberts-Thompson R, Puri R, Psaltis P. Position Statements for Transcatheter Valve 
Therapies in Australia: Accreditation Standards and Heart Team Opportunities. Heart, Lung and 
Circulation. 2021 [cited 2022 Feb 28];30(12):1787–9.  

 
23.Obadia JF, Messika-Zeitoun D, Leurent G, Iung B, Bonnet G, Piriou N, et al. Percutaneous Repair 
or Medical Treatment for Secondary Mitral Regurgitation. N Engl J Med. 2018 Dec 13 [cited 2022 
Feb 8];379(24):2297–306.  

 
24.Capelle A, Obadia JF, Iung B, Messika-Zeitoun D, Vahanian A, Guerin P, et al. Percutaneous mitral 
valve repair in severe secondary mitral regurgitation: Analysis of index hospitalization and 
economic evaluation based on the MITRA-FR trial. Arch Cardiovasc Dis. 2021 Dec;114(12):805–13. 



 
42 

 
25.Heuts S, Olsthoorn JR, Hermans SMM, Streukens SAF, Vainer J, Cheriex EC, et al. 
Multidisciplinary decision-making in mitral valve disease: the mitral valve heart team. Neth Heart J. 
2019 [cited 2022 Feb 28];27(4):176–84.  

 
26.Külling M, Corti R, Noll G, Küest S, Hürlimann D, Wyss C, et al. Heart team approach in treatment 
of mitral regurgitation: patient selection and outcome. Open Heart. 2020 [cited 2022 Feb 
28];7(2):e001280.  

 
27.Jimenez E, Wu D, Omer S, Cornwell L, Nunez P, Rosengart TK, et al. Mitral Valve Repair Rate at a 
Veterans Affairs Hospital Utilizing a Multidisciplinary Heart Team. Seminars in Thoracic and 
Cardiovascular Surgery. 2019 [cited 2022 Feb 28];31(3):434–41.  

 
28.Goel S, Pasam RT, Wats K, Chava S, Gotesman J, Sharma A, et al. Mitraclip Plus Medical Therapy 
Versus Medical Therapy Alone for Functional Mitral Regurgitation: A Meta-Analysis. Cardiol Ther. 
2020 Jun;9(1):5–17. 
 
29.Cormican DS, Drennen Z, Sonny A, Crowley JC, Gil IJN, Ramakrishna H. Functional Mitral 
Regurgitation in Heart Failure: Analysis of the ESC Multidisciplinary Heart-Team Position Statement 
and Review of Current Guidelines. Journal of Cardiothoracic and Vascular Anesthesia. 2021 [cited 
2022 Feb 28]; S1053077021007977.  

 
30.Sardari Nia P, Olsthoorn JR, Heuts S, van Kuijk SMJ, Vainer J, Streukens S, et al. Effect of a 
dedicated mitral heart team compared to a general heart team on survival: a retrospective, 
comparative, non-randomized interventional cohort study based on prospectively registered data. 
European Journal of Cardio-Thoracic Surgery. 2021 Jul 30 [cited 2022 Feb 28];60(2):263–73. 

 
31.Chikwe J. Commentary: Mandating a heart-team for transcatheter mitral repair. The Journal of 
Thoracic and Cardiovascular Surgery. 2021 [cited 2022 Feb 28];162(5):1512–3.  

 
32.Poulin A, Beaupré F, Gravel C, Hadjadj S, Bernier M, Beaudoin J, et al. Characteristics and 
Outcomes of Patients Who Are Denied From a Percutaneous Edge-to-Edge Mitral Valve Repair After 
Being Referred to a Transcatheter Mitral Valve Program: Impact of a Dedicated Multidisciplinary 
Mitral Heart Team Approach. J Invasive Cardiol. 2020 Jun;32(6):E151–7. 

 
33.Takagi H, Ando T, Umemoto T, ALICE (All-Literature Investigation of Cardiovascular Evidence) 
Group. A review of comparative studies of MitraClip versus surgical repair for mitral regurgitation. 
Int J Cardiol. 2017 Feb 1; 228:289–94. 

 
34.Treede H, Schirmer J, Rudolph V, Franzen O, Knap M, Schluter M, et al. A heart team’s 
perspective on interventional mitral valve repair: Percutaneous clip implantation as an important 
adjunct to a surgical mitral valve program for treatment of high-risk patients. The Journal of 
Thoracic and Cardiovascular Surgery. 2012 [cited 2022 Feb 28];143(1):78–84. 

 
35.Bonow RO, O’Gara PT, Adams DH, Badhwar V, Bavaria JE, Elmariah S, et al. 2020 Focused Update 
of the 2017 ACC Expert Consensus Decision Pathway on the Management of Mitral Regurgitation. 
Journal of the American College of Cardiology. 2020 [cited 2022 Aug 24];75(17):2236–70.  



 
43 

 
36.	Iung B. A prospective survey of patients with valvular heart disease in Europe: The Euro Heart 
Survey on Valvular Heart Disease. European Heart Journal [Internet]. 2003 [cited 2022 Aug 
28];24(13):1231–43.  

 
37. Mirabel M, Iung B, Baron G, Messika-Zeitoun D, Detaint D, Vanoverschelde JL, et al. What are 
the characteristics of patients with severe, symptomatic, mitral regurgitation who are denied 
surgery? European Heart Journal. 2007 Jun 1 [cited 2022 Aug 28];28(11):1358–65.  
 
38.  Masters J, Morton G, Anton I, Szymanski J, Greenwood E, Grogono J, et al. Specialist 
intervention is associated with improved patient outcomes in patients with decompensated heart 
failure: evaluation of the impact of a multidisciplinary inpatient heart failure team. Open Heart. 
2017 [cited 2022 Aug 28];4(1): e000547.  
	
39. Nkomo VT, Gardin JM, Skelton TN, Gottdiener JS, Scott CG, Enriquez-Sarano M. Burden of 
valvular heart diseases: a population-based study. The Lancet [Internet]. 2006 [cited 2022 Sep  
 

40. Iung B, Delgado V, Rosenhek R, Price S, Prendergast B, Wendler O, et al. Contemporary 
Presentation and Management of Valvular Heart Disease: The EURObservational Research 
Programme Valvular Heart Disease II Survey. Circulation. 2019 [cited 2022 Oct 9];140(14):1156-69. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
44 

 
 

Vu, le Directeur de Thèse 

 

 

 

 

 

 

 

 

 

 

Vu, le Doyen 

De la Faculté de Médecine de Tours  

                                                                  Tours, le 

 

 

 

 

 

 

 

 

 

 



 
45 

 
LUCIANI Marie 

46 pages – 6 tableaux – 7 figures 

Résumé : 

Contexte - En raison du vieillissement de la population et de la diversification des traitements, trouver la stratégie 

thérapeutique la plus adaptée pour chaque patient est devenu un défi, en particulier dans le cadre de l’insuffisance mitrale 

qui est une maladie complexe, avec de nombreux mécanismes et étiologies possibles.   

Objectifs – Étudier le profil, les facteurs guidant le choix thérapeutique et les résultats cliniques après traitement, des 

patients adressés en concertation pluridisciplinaire pour la prise en charge d’une insuffisance mitrale. 

Méthodes et résultats - Tous les patients avec insuffisance mitrale, adressés en concertation pluridisciplinaire au Centre 

Hospitalier Universitaire de Tours, entre le 1er janvier 2014 et le 30 avril 2021, ont été inclus. Les patients étaient, en 

majorité, âgés (moyenne : 74,2 ans), symptomatiques (96%), à risque « haut » ou « intermédiaire » selon les critères de la 

Société Européenne de Cardiologie (81%). La plupart présentaient des comorbidités, 34% avaient une FEVG <50% et 70% 

avaient une insuffisance mitrale primaire sévère. Dans 81% des cas, il a été décidé d’une prise en charge invasive 

(chirurgicale (44%), d’une réparation mitrale percutanée bord à bord (TEER) (35%), d’un remplacement valvulaire mitral 

en transcathéter (1,6%)) et dans 19% des cas, d’un traitement conservateur.  La répartition des traitements a 

significativement (p<0,01) évolué dans le temps, avec une augmentation progressive du TEER. Les antécédents de 

chirurgie cardiaque (p=0,015), l’EuroScore II>4% (p=0,012), le STS score >8% (p=0,037), la fragilité selon l’index Katz 

(p=0,029), la FEVG <50% (p<0,001), le TAPSE<15mm(p<0,01), le caractère secondaire de la fuite (p<0,001) et les 

calcifications des feuillets valvulaires (p=0,027) sont les principaux facteurs significativement associés au choix d’un 

traitement conservateur.  Dans 86% des cas, les décisions de la Heart Team ont pu être appliqués. La mortalité toutes causes 

à 1 an était de 11,4% dans l’ensemble de la population, 3,7% dans le groupe chirurgie, 10,9% dans le groupe TEER et 

29,7% dans le groupe traité médicalement.  

Conclusion- L’équipe de concertation pluridisciplinaire est une pièce maîtresse dans la prise en charge actuelle des patients 

atteints d'insuffisance mitrale. Elle opte de plus en plus, pour des traitements percutanés. Avec l’augmentation des patients 

référés, l’organisation des réunions de concertation pluridisciplinaire devient un réel challenge et des ajustements pour 

optimiser leurs déroulements s’imposent.   
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