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Abstract
Background: In the MITRA-FR trial, transcatheter mitral valve repair (TMVR) was not associated with 
a 2-year clinical benefit in patients with secondary mitral regurgitation (SMR).
Aims: This landmark analysis aimed at investigating a potential reduction of the hospitalisation rate for 
heart failure (HF) between 12 and 24 months after inclusion in the MITRA-FR trial in patients randomised 
to the intervention group (TMVR with the MitraClip device), as compared with patients randomised to the 
control group (guideline-directed medical therapy [GDMT]).
Methods: The MITRA-FR trial randomised 307 patients with SMR for TMVR on top of GDMT (TMVR 
group; n=152) or for GDMT alone (control group; n=155). We conducted a 12-month landmark analysis in 
surviving patients who were not hospitalised for HF within the first 12 months of follow-up. The primary 
endpoint was the 1-year cumulative number of HF hospitalisations. 
Results: A total of 140 patients (TMVR group: 67; GDMT group: 73) were selected for this landmark 
analysis with similar characteristics at inclusion in the trial. The primary endpoint was 28 events per 100 
patient-years in the TMVR group, as compared with 60 events per 100 patient-years in the GDMT group 
(hazard ratio [HR] 0.46, 95% confidence interval [CI]: 0.20-1.02; p=0.057). 
Conclusions: In this landmark analysis of the MITRA-FR trial, the cumulative rate of HF hospitalisation 
between 12 and 24 months among patients treated with TMVR on top of GDMT was approximately half as 
many as those of patients treated with GDMT alone, a difference which did not reach statistical significance 
in the setting of a low number of events.
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Abbreviations
EROA effective regurgitant orifice area
GDMT guideline-directed medical therapy
HF heart failure
LV left ventricular
LVEDV left ventricular end-diastolic volume
LVESV left ventricular end-systolic volume
NYHA New York Heart Association
PAPS pulmonary artery systolic pressure
SMR secondary mitral regurgitation
TMVR transcatheter mitral valve repair

Introduction
The benefit of transcatheter mitral valve repair (TMVR) in the 
management of severe and symptomatic secondary mitral regur-
gitation (SMR) remains a subject of debate since the simultaneous 
publications of two large randomised trials1,2. On one hand, per-
cutaneous repair with the MitraClip (Abbott Vascular) device for 
the severe Functional/secondary mitral Regurgitation (MITRA-FR) 
trial found no difference in the 24-month composite of all-cause 
death and unplanned hospitalisation rate for heart failure (HF)3. 
On the other hand, the Cardiovascular Outcomes Assessment of 
the MitraClip Percutaneous Therapy for heart failure patients with 
functional mitral regurgitation (COAPT) trial highlighted a clear 
benefit of TMVR with the MitraClip device added to optimal 
guideline-directed medical therapy (GDMT), allowing a significant 
reduction of the annualised rate of all heart failure hospitalisa-
tions within 2 years of inclusion2. Many assumptions were made to 
explain these discrepancies, such as the presence of a central eligi-
bility committee in COAPT and not in MITRA-FR, differences in 
the medical treatment management before randomisation and dur-
ing the follow-up, and, mostly, differences in the cardiovascular 
profile of patients included in these two trials4,5. The 2-year results 
of the MITRA-FR study showed a mismatch between a con-
stant and similar mortality rate in the intervention and the control 
groups after 1 year of follow-up, contrasting with a slight reduc-
tion of the HF hospitalisation rate in the intervention group (though 
not reaching statistical significance)3. Since a 12-month delay is 
long enough for identification of the patients with the most severe 
symptoms and is a commonly accepted threshold for the assess-
ment of the potential benefit of any procedure, we herein aimed to 
analyse a potential delayed benefit of the MitraClip device in the 
MITRA-FR trial patients who did not experience any component 
of the primary objective, i.e., death from any cause or unplanned 
hospitalisation for HF, using a 12-month landmark analysis.

Methods
THE MITRA-FR TRIAL
The methods of the MITRA-FR trial have been previously thor-
oughly presented1,6. Briefly, 304 patients with severe (regurgi-
tant volume >30 mL/beat or an effective regurgitant orifice area 
[EROA] >20 mm²) and symptomatic (New York Heart Association 
[NYHA] Functional Class ≥II and at least one hospitalisation for 

HF decompensation in the preceding 12 months) SMR despite 
GDMT were prospectively randomised at 37 French centres in 
a 1:1 ratio in 2 groups: pursuit of the GDMT alone (“GDMT 
group”) or TMVR in addition to the GDMT (“TMVR group”).

The screening transthoracic and transoesophageal echocardi-
ograms performed prior to randomisation were analysed by an 
independent centralised core laboratory. All serious adverse events 
were adjudicated by an independent events validation committee 
blinded to treatment assignment. The study was conducted and 
coordinated by the Clinical Investigation Centre of Lyon, which is 
an academic research organisation based at Hospices Civils de Lyon 
(INSERM 1407) and mainly financed by an academic grant from 
the French Ministry of Health. The MITRA-FR trial was approved 
by a central ethics committee and the French National Agency 
for Medicines and Health Products Safety and was conducted in 
accordance with the provisions of the Declaration of Helsinki.

The primary efficacy endpoint of the MITRA-FR trial was the 
composite of all-cause death and unplanned HF hospitalisation. 
Results at 12 and 24 months were previously reported1,3.

STUDY DEVICE AND PROCEDURE
The evaluated technique was TMVR with the MitraClip device, as 
previously described7. Technical proctoring from Abbott Vascular 
was provided for all procedures.

RATIONALE OF THIS ANALYSIS
One possible explanation of the divergent results between the 
MITRA-FR and COAPT trials is that the MITRA-FR patients 
were at a later stage of HF, with less severe SMR and left ventri-
cular (LV) remodelling and dysfunction too advanced to benefit 
from any therapy. Thus, we assumed that we should exclude from 
the present analysis the patients who died or were hospitalised 
for HF during the first year. Therefore, we analysed the outcomes 
between 12 and 24 months after randomisation for the selected 
subgroup of patients who did not reach the MITRA-FR primary 
endpoint at 12 months. The main characteristics of the two groups 
(TMVR and GDMT) of this landmark analysis were compared. 
We also compared characteristics of the patients selected in this 
landmark analysis with those who either died or were hospitalised 
for HF within the first year of inclusion in the trial. 

In addition, considering recent publications about the patho-
physiology of SMR, we analysed patients according to the ratio of 
preprocedural EROA to the left ventricular end-diastolic volume 
(LVEDV)8,9. Major adverse cardiac events were defined as the 
composite of death, stroke, myocardial infarction, or unplanned 
HF hospitalisation.

To allow cross comparison with the COAPT trial, the primary 
outcome of this landmark analysis was the annualised cumula-
tive rate of HF hospitalisations between 12 and 24 months after 
inclusion in the MITRA-FR trial. Secondary outcomes were the 
composite of all-cause death and unplanned HF hospitalisation 
between 12 and 24 months after inclusion in the MITRA-FR trial, 
and the individual components of this composite outcome.
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As a sensitivity analysis, the analysis was repeated after adjust-
ment for prognostically important patient characteristics (age, 
baseline NYHA Class, type of cardiomyopathy, LV ejection frac-
tion). In order to address the competing risk of death, we per-
formed a “cause-specific hazard” model and a Fine-Gray model 
(subdistribution hazard model).

Last, we used the same statistical analysis on a landmark analy-
sis selecting all 12-month surviving MITRA-FR patients, whether 
they were hospitalised or not during the first year of follow-up. 

STATISTICAL ANALYSIS
Between-group comparisons used the Fisher's exact test for quali-
tative variables and the Wilcoxon rank-sum test for quantitative 
variables. Efficacy endpoints were analysed with the Cox’s pro-
portional-hazards regression model stratified on centre to estimate 
the treatment effect (hazard ratio [HR] and confidence interval 
[CI]) on time-to-event data10. Kaplan-Meier survival curves were 
drawn. 

The distribution of the number of hospitalisations for HF per 
patient was compared between the two treatment groups with 
a Wilcoxon rank-sum test. The rate of HF hospitalisations per 
patient-year was calculated and compared between the two treat-
ment groups with a negative binomial generalised linear regres-
sion model accounting for overdispersed data and correlated 
events, using the log of follow-up time as an offset. In addition, 
the competitive risk of death with the recurrent events process was 
explored using a joint frailty model with a Weibull distribution 
for modelling the baseline hazard11. Changes from baseline were 
compared between the two groups with the paired Student’s t-test, 
or the Wilcoxon rank-sum test in case of non-normality of the dis-
tributions. A two-sided p-value of less than 0.05 indicates statisti-
cal significance. All statistical analyses were performed using SAS 
software version 9.4 (SAS Institute) in a Windows environment. 
All statistical analyses were performed by the statistical depart-
ment of the Hospices Civils de Lyon.

Results
RESULTS OF THE MITRA-FR TRIAL
The results of the MITRA-FR were previously published: 307 
patients with HF and severe (mean EROA: 31±11 mm²; regur-
gitant volume 45±13 ml) SMR were randomised to the interven-
tion (152 patients) or to the control (155 patients) group, with 
similar characteristics and guideline-directed medical treatment at 
baseline (except for history of myocardial infarction, which was 
more common in the intervention group). Implantation was not 
attempted in eight patients randomised to the intervention group. 
Results showed no differences at the primary endpoint (a compos-
ite of death from any cause or unplanned hospitalisation for heart 
failure) at 12 and 24 months1,3.

POPULATION SELECTED FOR THE LANDMARK ANALYSIS
From the MITRA-FR trial overall population, 161 patients reached 
the MITRA-FR primary endpoint (death: 71 patients; unplanned 

hospitalisation for HF: 146 patients) and three patients with-
drew their consent within the first 12 months. Thus, 140 patients 
(TMVR group: 67 patients; GDMT group: 73 patients) formed this 
12-month landmark analysis population (Table 1). Clinical, bio-
logical and echocardiographic data at inclusion in the MITRA-FR 
trial were similar in the 2 groups, except for history of myocardial 
infarction. The main echographic data at 12 months in the TMVR 
and GDMT groups are presented in Supplementary Table 1.

The patients of this landmark analysis presented with less severe 
characteristics than the patients who died or were hospitalised for 
HF during the first year (Table 2). Selected patients were younger 
(age 68±9 vs 71±10; p=0.002), less symptomatic (NYHA Class I 
or II: 41% vs 26%; p=0.0014), with lower median (1st-3rd quar-
tile) risk scores (logistic EuroSCORE II: 5.0 [3.0-10.0] vs 7.0 [4.2-
12.0]; p=0.004; STS mortality score: 2.6 [1.2-5.8] vs 4.1 [2.2-7.3]; 
p=0.001), less renal impairment (glomerular filtration rate 53±19 
vs 46±19 ml/min; p=0.0003) and less elevated brain natriuretic 
peptide (BNP) levels with a median (1st-3rd quartile) of 654 ng/l 
(309-977) vs 1,016 ng/l (596-1,789); p=0.0002. Furthermore, the 
echocardiographic data also highlighted the less severe profile of 
included patients who harboured a better LV function (LV ejection 
fraction 34±6% vs 32±7%; p=0.02), less severe mitral regurgita-
tion (EROA 29±10 vs 32±11 mm²; p=0.0019), and a lower EROA/
LVEDV ratio (0.12±0.05 vs 0.14±0.06 mm²/100 ml of LVEDV; 
p=0.002) than non-included patients, with similar end-diastolic 
volumes (indexed LVEDV 135±31 vs 135±39 ml/m²; p=0.89).

OUTCOME
The predicted cumulative hospitalisation rate for HF between 
12 and 24 months after inclusion in the MITRA-FR trial was 
27.6 events per 100 patient-years in the TMVR group as com-
pared with 60.0 events per 100 patient-years in the GDMT group 
(HR 0.45, 95% CI: 0.20-1.02; p=0.057) (Figure 1). The number 
of HF hospitalisations was 0 in 83.5% of the TMVR patients (vs 

GDMT 73 62 55 50
TMVR 67 63 61 55
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Figure 1. Cumulative rates of recurrent hospitalisations for heart 
failure in the guideline-directed medical treatment (GDMT) and in 
the transcatheter mitral valve repair (TMVR) groups between 12 and 
24 months after inclusion in the MITRA-FR trial. CI: confidence 
interval; HF: heart failure; RR: rate ratio
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69.8% of the GDMT patients), 1 in 8.9% (vs 15.0%), 2 in 5.9% 
(vs 13.7%) and 3 in 1.4% (vs 1.3%). Because of a limited number 
of events, the joint frailty model that took into account the com-
petitive risk of death for the analysis of the cumulative rate of 
HF hospitalisation did not converge. Between 12 and 24 months 

after inclusion in the MITRA-FR trial, the composite secondary 
outcome of death from any cause or unplanned HF hospitalisa-
tion occurred in 14 patients (20.1%) in the TMVR group and in 
24 patients (32.9%) in the GDMT group (HR 0.55, 95% CI: 0.28-
1.07; p=0.08) (Figure 2). A total of 6 deaths (9.0%) occurred in 

Table 1. Main characteristics of the landmark population at inclusion in the MITRA-FR trial.

Characteristics
TMVR group

(n=67)
GDMT group

(n=73)
p-value

Clinical data Age, years 69.0±9.8 68.8±9.0 0.81

Age >75 yrs, n (%) 19 (28.4) 19 (26) 0.84

Female sex, n (%) 14 (20.9) 20 (27.4) 0.43

Body mass index, kg/m² 25.5±5.2 25.3±3.9 0.92

Systolic blood pressure, mmHg 109.1±17.1 109.0±20.0 0.80

Heart rate, beats/min 70.7±12.2 70.3±13.1 0.46

Medical history Ischaemic cardiomyopathy, n (%) 45 (67.2) 42 (57.5) 0.29

Non-ischaemic cardiomyopathy, n (%) 22 (32.8) 29 (39.7) 0.48

Previous myocardial infarction, n (%) 38 (56.7) 23 (31.5) 0.003

Previous coronary revascularisation, n (%) 34 (50.7) 30 (41.1) 0.30

Prior stroke, n (%) 10 (14.9) 5 (6.8) 0.17

Peripheral vascular disease, n (%) 8 (11.9) 6 (8.2) 0.57

History of atrial fibrillation, n (%) 35 (52.2) 34 (46.6) 0.61

Renal insufficiency, n (%) 6 (9) 7 (9.6) 1.00

Glomerular filtration rate, ml/min 54.5±18.1 53.0±21.5 0.55

Diabetes mellitus, n (%) 27 (40.3) 22 (30.1) 0.22

Functional status/
impact

NYHA Class III or IV 37 (55.2) 46 (63.0) 0.39

Unplanned hospitalisation for heart failure within 12 months 59 (88.1) 67 (93.1) 0.38

Median BNP* (IQR), ng/litre 510 (293-890) 720 (423-977) 0.57

Median NT-proBNP* (IQR), ng/litre 2,545 (1,578-3,984) 2,120 (1,420-2,857) 0.34

Echographic data Left ventricular ejection fraction, % 34±6.8 33.8±6.2 0.70

Indexed LVEDV, ml/m² 133.7±34.1 136.3±27.1 0.44

Indexed LVESV, ml/m² 89.0±29.5 91.0±23.2 0.32

EROA, mm² 29.4±10.7 28.9±9.9 0.87

Regurgitant volume, ml 45.1±15.2 44.6±13.3 0.99

EROA/LVEDV, mm2/100 ml of LVEDV 0.12±0.05 0.12±0.05 0.53

PASP, mmHg 41.6±12.7 43.4±13.4 0.35

Tricuspid regurgitation >moderate, n (%) 10 (16.7) 9 (13.5) 0.71

Risk scores Median Logistic EuroSCORE II (IQR) 5.1 (3.0-10.7) 5.0 (2.9-9.2) 0.76

Median STS score for mortality (IQR) 2.5 (1.3-5.2) 2.5 (1.1-7.2) 0.86

Medical treatment Single implantable cardioverter-defibrillator, n (%) 39 (58.2) 37 (50.7) 0.39

Cardiac resynchronisation therapy-defibrillator, n (%) 41 (61.2) 38 (52.1) 0.30

Single cardiac resynchronisation therapy device, n (%) 15 (22.4) 11 (15.1) 0.28

ACEi/ARB, n (%) 51 (76.1) 56 (76.7) 1.00

Angiotensin receptor and neprilysin inhibitors, n (%) 8 (13.3) 11 (15.7) 0.80

Beta blockers, n (%) 61 (91.0) 66 (90.4) 1.00

Mineralocorticoid receptor antagonists, n (%) 45 (67.2) 40 (55.6) 0.16

Loop diuretics, n (%) 66 (98.5) 71 (97.3) 1.00

Oral anticoagulants, n (%) 37 (55.2) 40 (54.8) 1.00

Plus–minus values are means±SD. *Brain natriuretic peptide (BNP) was measured in 29 of the 67 patients in the MitraClip group and in 29 of the 
73 patients in the control group, and NT-proBNP in 33 and 35 patients, respectively. All the measurements were obtained locally. ACEi: angiotensin-
converting enzyme inhibitor; ARB: angiotensin receptor blocker; EROA: effective regurgitant orifice area; GDMT: guideline-directed medical treatment; 
IQR: interquartile range; LVEDV: left ventricular end-diastolic volume; LVESV: left ventricular end-systolic volume; NYHA: New York Heart Association; 
PASP: pulmonary arterial systolic pressure; STS: Society of Thoracic Surgeons; TVMR: transcatheter mitral valve repair
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the TMVR patients vs 9 (12.3%) in their GDMT counterparts 
(HR 0.71, 95% CI: 0.25-1.99; p=0.47) (Figure 3). Eleven patients 
(16.4%) in the TMVR group had at least one unplanned HF hos-
pitalisation, as compared with 22 patients (30.1%) in the GDMT 

group (HR 0.47, 95% CI: 0.23-0.97; p=0.04) (Figure 4). Last, 
major adverse cardiac events occurred in 16 (23.9%) patients 
in the TMVR group compared with 24 (32.9%) in the GDMT 
group (HR 0.54, 95% CI: 0.27-1.05; p=0.07). The sensitivity 

Table 2. Main characteristics of the landmark analysis included and non-included populations, from the MITRA-FR trial overall population.

Characteristics
Landmark
population
(n=140)

Non-included 
population
(n=164)

p-value

Clinical data Age, years 68.9±9.3 71.5±10.3 0.002

Age >75 yrs, n (%) 38 (27.1) 72 (43.9) 0.002

Female sex, n (%) 34 (24.3) 43 (26.2) 0.79

Body mass index, kg/m² 25.4±4.6 24.9±3.5 0.57

Systolic blood pressure, mmHg 109.0±18.7 108.0±15.3 0.90

Heart rate, beats/min 70.5±12.6 74.2±12.4 0.01

Medical history Ischaemic cardiomyopathy, n (%) 87 (62.1) 93 (57.1) 0.41

Non-ischaemic cardiomyopathy, n (%) 51 (36.4) 68 (41.7) 0.40

Previous myocardial infarction, n (%) 61 (43.6) 66 (40.2) 0.56

Previous coronary revascularisation, n (%) 64 (45.7) 71 (43.6) 0.72

Prior stroke, n (%) 15 (10.7) 13 (7.9) 0.43

Peripheral vascular disease, n (%) 14 (10.0) 18 (11.0) 0.82

History of atrial fibrillation, n (%) 69 (49.3) 105 (64.8) 0.007

Renal insufficiency, n (%) 13 (9.3) 28 (17.1) 0.06

Glomerular filtration rate, ml/min 53.7±19.9 45.9±19.2 0.0003

Diabetes mellitus, n (%) 49 (35.0) 40 (24.4) 0.04

Functional status/
impact

NYHA Class III or IV 83 (59.2) 121 (73.7) 0.001

Unplanned hospitalisation for heart failure within the 
12 months 126 (90.6) 157 (95.7) 0.10

Median BNP* (IQR), ng/litre 654 (309-977) 1,016 (596-1,789) 0.0002

Median NT-proBNP* (IQR), ng/litre 2,251 (1,424-3,542) 5,058 (3,002-10,052) <0.0001

Echographic data Left ventricular ejection fraction, % 34.0±6.1 32.3±6.8 0.02

Indexed LVEDV, ml/m² 135.1±30.6 135.6±38.9 0.89

Indexed LVESV, ml/m² 90.0±26.4 92.7±33.2 0.70

EROA, mm2 29.1±10.2 32.4±10.9 0.001

Regurgitant volume, ml 44.8±14.2 45.5±13.0 0.49

EROA/LVEDV, mm2/100 ml of LVEDV 0.123±0.05 0.140±0.06 0.002

PASP, mmHg 42.6±13.1 46.5±13.6 0.06

Tricuspid regurgitation >moderate, n (%) 19 (15.0) 33 (22.3) 0.10

Risk scores Median logistic EuroSCORE II (IQR) 5.03 (3.0-10.0) 7.09 (4.2-12.0) 0.004

Median STS score for mortality (IQR) 2.57 (1.2-5.8) 4.14 (2.2-7.3) 0.001

Medical treatment Single implantable cardioverter-defibrillator, n (%) 76 (54.3) 96 (58.5) 0.48

Cardiac resynchronisation therapy-defibrillator, n (%) 79 (56.4) 107 (65.2) 0.12

Single cardiac resynchronisation therapy device, n (%) 26 (18.6) 55 (33.7) 0.004

ACEi/ARB, n (%) 107 (76.4) 117 (71.3) 0.36

Angiotensin receptor and neprilysin inhibitors, n (%) 19 (14.6) 12 (8.0) 0.08

Beta blockers, n (%) 127 (90.7) 145 (88.4) 0.57

Mineralocorticoid receptor antagonists, n (%) 85 (61.2) 81 (49.4) 0.04

Loop diuretics, n (%) 137 (97.9) 163 (99.4) 0.33

Oral anticoagulants, n (%) 77 (55.0) 109 (66.5) 0.04

Plus–minus values are means±SD. *BNP was measured in 58 of the 140 patients in the landmark-studied group and in 68 of the 164 patients in the 
not-included group, and NT-proBNP in 68 and 79 patients, respectively. ACEi: angiotensin-converting enzyme inhibitor. ARB: angiotensin receptor 
blocker; EROA: effective regurgitant orifice area; GDMT: guideline-directed medical treatment; IQR: interquartile range; LVEDV: left ventricular 
end-diastolic volume; LVESV: left ventricular end-systolic volume; NYHA: New York Heart Association; PASP: pulmonary arterial systolic pressure; 
STS: Society of Thoracic Surgeons; TVMR: transcatheter mitral valve repair
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analysis found very comparable results, since the predicted cumu-
lative rate of HF hospitalisation was 26 events per 100 patient-
years in the TMVR group as compared with 51 events per 100 
patient-years in the GDMT group (HR 0.44, 95% CI: 0.19-0.98; 
p=0.045). The HR for the cumulative rate of HF hospitalisation 
was 1.13 (95% CI: 0.81-1.56) between 0 and 12 months vs 0.46 
(95% CI: 0.22-0.98; p=0.044) between 12 and 24 months after 
inclusion in the MITRA-FR trial in the “cause-specific hazard" 
model (pinteraction=0.032). Similarly, the HR for the cumulative rate 
of HF hospitalisation was 1.09 (95% CI: 0.79-1.51) between 0 
and 12 months vs 0.44 (95% CI: 0.21-0.93; p=0.03) between 12 
and 24 months after inclusion in the MITRA-FR trial in the Fine-
Gray model (pinteraction=0.029).

LANDMARK ANALYSIS SELECTING ALL ELIGIBLE PATIENTS
The results regarding the analysis selecting all eligible patients (i.e., 
all the 12-month surviving MITRA-FR patients, whether they were 
hospitalised or not during the first year of follow-up) are extensively 
presented in Supplementary Table 2 and Supplementary Table 3. 
This analysis included 226 patients (TMVR group: 113; GDMT 
group: 113) and found very comparable results to the analysis 
including only surviving patients who were free from HF hospitali-
sation within the first 12 months of follow-up. Thus, characteristics 
in the TMVR and GDMT groups were similar at inclusion in the 
MITRA-FR trial. In addition, the number of patients hospitalised for 
HF during the first year was similar in the TMVR and GDMT groups 
(35.4% vs 40.7%; p=0.49). Selected patients presented with less 
severe characteristics at inclusion in the MITRA-FR trial and were 
less frequently hospitalised for HF during the first year (38.1% vs 
76.9%; p<0.0001) than the patients who died during the first year. 
Interestingly, the primary outcome reached statistical significance: 
the predicted cumulative rate of HF hospitalisation was 38 events per 
100 patient-years in the TMVR group as compared with 69 events 
per 100 patient-years in the GDMT group (HR 0.55, 95% CI: 0.31-
0.98; p=0.042) (Supplementary Figure 1-Supplementary Figure 4).

Discussion
The main findings of this 12-month landmark analysis of patients 
included in the MITRA-FR trial are 1) the patients who reached 
the primary endpoint within the first year after randomisation 
presented with more severe characteristics than those who didn’t 
and 2) despite similar characteristics at inclusion in the trial, the 
patients randomised to the intervention group who did not reach 
the trial’s primary endpoint during the first year underwent almost 
half as many accumulated hospitalisations for HF during the sec-
ond year following inclusion than patients treated with GDMT 
alone (Central illustration).
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Figure 2. Kaplan-Meier estimates for all-cause death or unplanned 
heart failure hospitalisation in the guideline-directed medical 
treatment (GDMT) and in the transcatheter mitral valve repair 
(TMVR) groups between 12 and 24 months after inclusion in the 
MITRA-FR trial. CI: confidence interval; HR: hazard ratio
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Figure 3. Kaplan-Meier estimates for all-cause death in guideline-
directed medical treatment (GDMT) and in the transcatheter mitral 
valve repair (TMVR) groups between 12 and 24 months after 
inclusion in the MITRA-FR trial. CI: confidence interval; 
HR: hazard ratio
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Figure 4. Kaplan-Meier estimates for unplanned heart failure 
hospitalisation in the guideline-directed medical treatment (GDMT) 
and in the transcatheter mitral valve repair (TMVR) groups between 
12 and 24 months after inclusion in the MITRA-FR trial. HR: hazard 
ratio; CI: confidence interval
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Both the COAPT and MITRA-FR trials studied patients with 
severe HF. However, inclusion criteria for the MITRA-FR study 
selected patients with SMR mainly related to the severity of the 
LV dilatation than to a predominant valvular component. The 
prognosis of these patients is known to be particularly dire and the 
MITRA-FR study results showed a very high mortality rate during 
the first 12 months: 24.3% in the intervention group and 22.4% 
in the control group, associated with a high rate of unplanned 
hospitalisation for HF amounting to approximately 50% in both 
groups1. However, a two-year analysis of the MITRA-FR study 
showed stable and comparable mortality in both groups after 
1 year of follow-up.

POTENTIAL DELAYED REDUCTION OF HF HOSPITALISATION 
RATE
While the COAPT trial found a substantial reduction of the hos-
pitalisation rate within 24 months (HR 0.53, 95% CI: 0.40-0.70) 
in patients receiving TMVR in addition to GDMT compared with 
patients receiving GDMT alone, the MITRA-FR trial showed 
no difference between the 2 groups for its primary and second-
ary endpoints, especially for the time to first HF hospitalisation 
at 12 and 24 months. It is likely that the first HF admission and 
total HF admissions are linked in most of the diseases. However, 

it might be hypothesised that the hospitalisation rate, representing 
the overall HF burden of these patients, is a more relevant crite-
rion, allowing a better characterisation and quantification of the 
patient’s journey throughout the follow-up period, than first HF 
hospitalisation12.

Moreover, the population of this landmark analysis harboured 
major differences compared with the patients included in the 
MITRA-FR trial who died or were hospitalised for HF within 
the first year of inclusion. The patients included in the land-
mark analysis presented with less severe characteristics than 
the excluded patients, with fewer comorbidities (including less 
renal failure), lower risk scores and better systolic left ventri-
cular function. In other words, the most severely affected patients 
from the overall MITRA-FR trial population were not included in 
this landmark analysis. Therefore, it might be hypothesised that 
the landmark analysis patients had less advanced disease than 
their non-included counterparts. Besides, renal function is an 
important parameter to consider, as well as comorbidities, which 
have a significant impact on the prognosis of these patients with 
severe SMR.

The identification of predictors of short-term poor prognosis in 
patients with HF and severe SMR were reported in several publi-
cations, mainly based on large TMVR registries13-15. Also, recent 
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analyses from the COAPT trial highlighted interesting baseline ele-
ments associated with a worse prognosis in such patients, regard-
less of their management (TMVR or not), such as elevated PASP 
(≥50 mmHg)16, functional status assessed by the 6-min walk dis-
tance17, more than moderate tricuspid regurgitation18, and NYHA 
Functional Class >II19.

However, prediction of a mid-term positive response to mitral 
valve (MV) repair is still unclear. In the MITRA-FR trial, there 
were no significant interactions between trial groups and any of 
the prespecified subgroups with respect to the rate of the pri-
mary outcome event at 12 and 24 months. A post hoc MITRA-FR 
study focusing on multiple echocardiographic parameters failed to 
identify specific subgroups who might benefit from MV repair20. 
Furthermore, an in-depth analysis of the MITRA-FR data recently 
highlighted that the 2-year outcome of its COAPT-eligible popu-
lation was similar in the intervention and control groups21. Thus, 
a COAPT-like pattern itself did not warrant a favourable outcome. 
Moreover, a recent analysis of the COAPT trial found no reduc-
tion in the composite of all-cause mortality or HF hospitalisa-
tions at 24 months with TMVR among patients with a MITRA-FR 
pattern22. 

A previous study on patients with HF and severe SMR on GDMT 
alone highlighted a significant association between a low EROA/
LVEDV ratio and a better outcome23. Similarly, in a recently pub-
lished report, patients on GDMT alone with significant SMR 
and a regurgitant volume to LVEDV ratio ≥20% tended to have 
higher mortality rates than those with a ratio <20%24. Actually, the 
EROA/LVEDV ratio was lower in the MITRA-FR patients ana-
lysed in this landmark analysis than in the non-selected patients. 
It has been suggested that this ratio, by taking into account the 
severity of the MR (shown by the EROA) and the LV remodel-
ling (LVEDV), may stratify patients. According to this proportion-
ate/disproportionate SMR framework, both landmark-included and 
non-included patients should, however, be considered as patients 
with “proportionate SMR” (SMR-LV-codominant)8,9.

Other parameters, such as the right ventricular function, LV 
fibrosis and LV contractile reserve, are possibly different between 
the two trials’ populations and might also explain the observed 
divergent outcomes. This landmark analysis supports this hypo-
thesis. Unidentified factors may explain the discrepancy between 
the two studies. Future analysis of the pooled individual data of 
the COAPT and MITRA-FR trials may highlight specific and 
strong predictors of good responders to MV repair.

LANDMARK ANALYSIS
A landmark analysis is an observational method used to compare 
time-to-event outcomes between groups determined during study 
follow-up. It aims to estimate the time-to-event probabilities in 
each group according to the group membership of patients at a spe-
cific time point, the landmark time. Despite being a valuable meth-
odological analysis method, landmark analysis has several major 
limitations25. First, because of the lack of randomisation in the con-
stitution of the groups, this work remains an observational analysis, 

with the known limitations inherent to this design. However, it is 
worth noting that the two groups (TMVR and GDMT alone) had 
similar characteristics at inclusion in the MITRA-FR trial, except 
for history of myocardial infarction, which was more frequent in 
the device group, this difference was present at baseline as well as 
in the landmark analysis. Prognosis of ischaemic HF is expected to 
be worse than idiopathic cardiomyopathy-related HF26.

Moreover, the arbitrary selection of the landmark time is a well-
known limit of this method. For this work, we hypothesised that 
a 12-month delay is long enough for the distinction of the most 
seriously affected patients. In addition, 12 months is a com-
monly accepted threshold for assessment of a potential benefit of 
any procedure. Accordingly, the Mitral Valve Academic Research 
Consortium (MVARC) patient success is measured at 12 months.

Limitations
Aside from the previously discussed limits of a landmark analysis, 
this was a post hoc analysis of a non-prespecified outcome in the 
setting of a negative randomised trial. As such, our results should 
be regarded as hypothesis-generating. We considered the annual-
ised HF hospitalisation rate as the primary outcome for this work, 
which is essentially aligned with the COAPT trial. Moreover, 
because a significant amount of data (mainly echocardiographic) 
were missing at 12 months after inclusion in the MITRA-FR trial, 
we were not able to compare patients’ characteristics in the inter-
vention and control groups at the landmark point. It is very likely 
because of survivorship bias that patients reaching the landmark 
point were overall healthier than patients who died or were hos-
pitalised during the first 12 months. Furthermore, the lack of 
information about the potential uptitration of the medical thera-
pies within the first year of follow-up impeded the analysis of the 
exact role of GDMT in both groups. Besides, this analysis failed 
to identify clear predictive factors, such as the dilatation of the LV, 
associated with a favourable outcome. The absence of a predictive 
model to identify those patients who would remain event-free at 
1-year follow-up reduces the insights from this study in clinical 
practice. This analysis included a limited number of patients, since 
the rate of MITRA-FR primary endpoints at 12 months was high 
in the overall population. Thus, the absolute number of events 
within the studied period was quite small, which reduced the sta-
tistical power of the analysis. The risk of a type II error (false 
negative) cannot be ruled out to explain the absence of statisti-
cal significance in the analysis of the primary outcome despite an 
absolute cumulative rate of HF hospitalisation, which was almost 
twice those of the TMVR group in the GDMT group. In keeping 
with this point, we were not able to analyse the primary outcome 
using a joint frailty model accounting for the competitive risk of 
death, which was the methodology of the COAPT trial, because of 
the limited number of events. Last, it should be stressed that ran-
domisation is lost when analysing patients at the landmark point. 
Similar baseline characteristics among the two groups do not 
reduce the risk of residual confounding (i.e., unmeasured charac-
teristics) in the analyses.
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Conclusions
This 12-month landmark analysis of the MITRA-FR trial showed 
an almost 2-fold lower annualised HF hospitalisation rate between 
12 and 24 months in patients treated with TMVR compared with 
patients treated with GDMT alone, which did not reach statisti-
cal significance in the setting of a limited number of events. As 
in any exploratory analysis, these results should be viewed cau-
tiously and regarded as hypothesis-generating. Further studies are 
required to confirm the potential ability of TMVR to improve the 
prognosis of severe symptomatic SMR.

Impact on daily practice
From the initial cohort of patients included in the MITRA-FR 
trial, those alive and free from HF hospitalisation at 1 year 
have a lower rate of HF hospitalisation within the 2 years of 
follow-up after randomisation, a difference that did not reach 
statistical significance. Future research is needed to identify the 
patients who stand to benefit the most long-term from TMVR 
for severe and symptomatic secondary MR.
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Supplementary data 

Supplementary Table 1. Main echographic data of the landmark population at 12 

months in the MITRA-FR trial. 

 

 

 

 

 

 

 

 

EROA: effective regurgitant orifice area; GDMT: guideline-directed medical treatment;  

LVEDV: left ventricular end-diastolic volume; LVESV: left ventricular end-systolic volume; 

PASP: pulmonary arterial systolic pressure; TVMR: transcatheter mitral valve repair 

 

 

 

 

  

Characteristics TMVR 

group 

GDMT            

group 

Echographic data   

  Left ventricular ejection fraction, %  33.4±10.7 

(n=52) 

37.3±11.2 (n=54) 

  Indexed LVEDV, ml/m2 127.8±33.3 

(n=52) 

138.4±33.5 

(n=54) 

  Indexed LVESV, ml/m2 831.0±34.4 

(n=52) 

89.3±33.0 (n=54) 

  EROA, mm2 11.5±9.6 

(n=33) 

24.5±14.5 (n=49) 

  Regurgitant volume, ml 18.1±14.0 

(n=34) 

39.6±19.5 (n=50) 

 PASP, mmHg 34.7±12.5 

(n=40) 

36.5±12.3 (n=43) 

 



Supplementary Table 2. Main characteristics of the landmark population at inclusion in 

the MITRA-FR trial. 

Characteristics TMVR 

group 

(n=113) 

GDMT            

group 

(n=113) 

p-

value 

Clinical data    

  Age, years 69.1±10.4 69.5±9.9 0.83 

  Age >75 yrs, n (%) 32 (28.3) 37 (32.7) 0.56 

  Female sex, n (%) 22 (19.5) 32 (28.3) 0.16 

  Body mass index, kg/m2 25.3±4.5 25.4±3.9 0.80 

  Systolic blood pressure, mmHg 108.8±16.3 108.4±18.7 0.67 

  Heart rate, beats/min 72.6±13.1 71.6±12.9 0.37 

    

Medical history     

  Ischaemic cardiomyopathy, n (%) 70 (61.9) 64 (56.6) 0.49 

  Non-ischaemic cardiomyopathy, n (%) 42 (37.2) 46 (40.7) 0.68 

  Previous myocardial infarction, n (%) 59 (52.2) 40 (35.4) 0.015 

  Previous coronary revascularisation, n (%) 53 (46.9) 48 (42.5) 0.59 

  Prior stroke, n (%) 12 (10.6) 7 (6.2) 0.33 

  Peripheral vascular disease, n (%) 14 (12.4) 10 (8.8) 0.51 

  History of atrial fibrillation, n (%) 62 (54.9) 63 (55.8) 1.00 

  Renal insufficiency, n (%) 13 (11.5) 10 (8.8) 0.66 

  Glomerular filtration rate, ml/min 50.5±20.1 51.4±20.3 0.75 

  Diabetes mellitus, n (%) 41 (36.3) 31 (27.4) 0.19 

    

Functional status/impact    

  NYHA Class III or IV 67 (59.2) 77 (68.1) 0.38 

  Unplanned hospitalisation for heart failure 

within 12 months 

103 (91.2) 105 (93.8) 0.61 

  Median BNP* (IQR) ng/litre 721 (391-

1,105) 

729 (490-1,118) 0.68 



  Median NT-proBNP* (IQR), ng/litre 2,884 

(1,790-

4,317) 

2,722 (1,703-

5,118) 

0.91 

    

Echographic data    

  Left ventricular ejection fraction, %  33.9±5.9 33.0±6.7 0.38 

  Indexed LVEDV, ml/m2 132.9±34.4 138.6±32.1 0.19 

  Indexed LVESV, ml/m2 88.3±29.3 93.8±29.1 0.09 

  EROA, mm2 30.3±10.4 29.8±10.4 0.73 

  Regurgitant volume, ml 44.2±13.6 44.5±13.7 0.93 

  EROA/LVEDV, mm2/100 ml of LVEDV  0.13±0.05 0.12±0.05 0.14 

  PASP, mmHg 44.1±14.4 44.7±12.9 0.52 

Tricuspid regurgitation >moderate, n (%) 21 (20.0) 15 (14.1) 0.60 

    

Risk scores    

  Median logistic EuroSCORE II (IQR) 5.6 (3.2-

11.0) 

5.4 (3.1-9.2) 0.55 

  Median STS score for mortality (IQR) 

 

Medical treatment 

3.1 (1.5-5.8) 2.6 (1.3-5.7) 0.44 

  Single implantable cardioverter-defibrillator, 

n (%) 

 

61 (54.0) 60 (53.1) 1.00 

  Cardiac resynchronisation therapy-

defibrillator, n (%) 

 

64 (56.6) 67 (59.3) 0.78 

  Single cardiac resynchronisation therapy 

device, n (%) 

 

29 (25.7) 25 (22.1) 0.64 

  ACEi/ARB, n (%) 

 

82 (72.6) 83 (73.5) 1.00 

  Angiotensin receptor and neprilysin 

inhibitors, n (%) 

 

11 (10.5) 15 (14.2) 0.53 

  Beta-blockers, n (%) 

 

98 (86.7) 102 (90.3) 0.53 

  Mineralocorticoid receptor antagonists, n (%) 71 (62.8) 62 (55.4) 0.27 

    

  Loop diuretics, n (%) 112 (99.1) 110 (97.3) 0.62 



 

Landmark analysis in the selected subgroup of MITRA-FR patients still alive at 12 months 

(whether they were hospitalised or not for heart failure within the first year). 

Plus–minus values are means±SD.  

*Brain natriuretic peptide (BNP) was measured in 51 of the 113 patients in the MitraClip 

group and in 45 of the 113 patients in the control group, and NT-proBNP in 56 and 53 

patients, respectively. All the measurements were obtained locally. 

ACEi: angiotensin-converting enzyme inhibitor. ARB: angiotensin receptor blocker; EROA: 

effective regurgitant orifice area; GDMT: guideline-directed medical treatment; IQR: 

interquartile range; LVEDV: left ventricular end-diastolic volume; LVESV: left ventricular 

end-systolic volume; NYHA: New York Heart Association; PASP: pulmonary arterial 

systolic pressure; STS: Society of Thoracic Surgeons; TVMR: transcatheter mitral valve 

repair 

 

  

 

  Oral anticoagulants, n (%) 65 (57.5) 69 (61.1) 0.68 



Supplementary Table 3. Main characteristics of the landmark analysis-included and 

non-included populations, from the MITRA-FR trial overall population. 

 

Characteristics Landmark 

population 

(n=226) 

Non-included 

population 

(n=78) 

p-value 

Clinical data    

  Age, years 69.3±10.1 73.1±8.8 0.002 

  Age >75 yrs, n (%) 69 (30.5) 41 (52.6) 0.006 

  Female sex, n (%) 54 (23.9) 23 (29.5) 0.36 

  Body mass index, kg/m2 25.4±4.2 24.5±3.4 0.14 

  Systolic blood pressure, mmHg 108.6±17.5 108.1±15.0 0.77 

  Heart rate, beats/min 72.1±13.0 73.5±11.4 0.17 

    

Medical history     

  Ischaemic cardiomyopathy, n (%) 134 (59.3) 92 (40.7) 1.00 

  Non-ischaemic cardiomyopathy, n 

(%) 

88 (38.9) 31 (40.3) 0.89 

  Previous myocardial infarction, n 

(%) 

99 (43.8) 28 (35.9) 0.23 

  Previous coronary revascularisation, 

n (%) 

101 (44.7) 34 (44.2) 1.00 

  Prior stroke, n (%) 19 (8.4) 9 (11.5) 0.49 

  Peripheral vascular disease, n (%) 24 (10.6) 8 (11.3) 1.00 

  History of atrial fibrillation, n (%) 70 (32.7) 27 (36.0) 0.67 

  Renal insufficiency, n (%) 23 (10.2) 18 (23.1) 0.006 

  Glomerular filtration rate, ml/min 50.9±20.1 44.9±18.3 0.02 

  Diabetes mellitus, n (%) 72 (31.9) 17 (21.8) 0.11 

    

Functional status/impact    

  NYHA Class III or IV 144 (63.7) 60 (76.9) 0.02 



  Unplanned hospitalisation for heart 

failure within the 12 months 

208 (92.4) 75 (96.2) 0.30 

  Median BNP* (IQR), ng/litre 723 (414-1,111) 1,064 (881-2,950) 0.0001 

  Median NT-proBNP* (IQR), ng/litre 2,750 (1,757-

5,058) 

5,932 (3,231-

13,248) 

<0.0001 

    

Echographic data    

  Left ventricular ejection fraction, %  33.5±6.3 31.9±7.1 0.05 

  Indexed LVEDV, ml/m2 135.7±33.3 134.2±40.5 0.64 

  Indexed LVESV, ml/m2 91.1±29.3 92.5±33.1 0.87 

  EROA, mm2 30.1±10.4 33.3±11.3 0.01 

  Regurgitant volume, ml 44.4±13.6 47.6±13.2 0.03 

  EROA/LVEDV, mm2/100 ml of 

LVEDV  

0.13±0.05 0.15±0.06 0.002 

  PASP, mmHg 44.4±13.6 46.5±13.0 0.73 

  Tricuspid regurgitation >moderate, n 

(%) 

36 (17.1) 16 (22.5) 0.03 

    

Risk scores    

  Median logistic EuroSCORE II 

(IQR) 

5.61 (3.2-9.9) 8.20 (4.5-15.3) 0.001 

  Median STS score for mortality 

(IQR) 

2.99 (1.4-5.8) 4.68 (2.2-8.8) 0.002 

 

Medical treatment 

   

  Single implantable cardioverter-

defibrillator, n (%) 

 

121 (53.5) 51 (65.4) 0.08 

  Cardiac resynchronisation therapy-

defibrillator, n (%) 

 

131 (58.0) 55 (70.5) 0.05 

  Single cardiac resynchronisation 

therapy device, n (%) 

 

54 (23.9) 27 (35.1) 0.07 

  ACEi/ARB, n (%) 

 

165 (73.0) 59 (75.6) 0.76 



 

Landmark analysis in the selected subgroup of MITRA-FR patients still alive at 12 months 

(whether they were hospitalised or not for heart failure within the first year). 

Plus–minus values are means±SD.  

*BNP was measured in 96 of the 226 patients in the Landmark-studied group and in 30 of the 

78 patients in the not-included group, and NT-proBNP in 109 and 38 patients, respectively.  

ACEi: angiotensin-converting enzyme inhibitor. ARB: angiotensin receptor blocker; EROA: 

effective regurgitant orifice area; GDMT: guideline-directed medical treatment; IQR: 

interquartile range; LVEDV: left ventricular end-diastolic volume; LVESV: left ventricular 

end-systolic volume; NYHA: New York Heart Association; PASP: pulmonary arterial 

systolic pressure; STS: Society of Thoracic Surgeons; TVMR: transcatheter mitral valve 

repair 

 

  

  Angiotensin receptor and neprilysin 

inhibitors, n (%) 

 

26 (12.3) 5 (7.2) 0.27 

  Beta-blockers, n (%) 

 

200 (88.5) 72 (92.3) 0.39 

  Mineralocorticoid receptor 

antagonists, n (%) 

133 (59.1) 33 (42.3) 0.01 

    

  Loop diuretics, n (%) 

 

222 (98.2) 78 (100) 0.57 

  Oral anticoagulants,  n (%) 134 (59.3) 52 (66.7) 0.28 



 

 

Supplementary Figure 1. Cumulative number of hospitalisations for HF per 100 patient-

years. Cumulative rates of recurrent hospitalisations for heart failure in the guideline-directed  

medical treatment (GDMT) and in the transcatheter mitral valve repair (TMVR) groups 

between 12 and 24 months after inclusion in the MITRA-FR trial. Landmark analysis in the 

selected subgroup of MITRA-FR patients still alive at 12 months (whether they were 

hospitalised or not for heart failure within the first year). 

 CI: confidence interval  
 

  



 

 

 

Supplementary Figure 2. Kaplan-Meier estimates for all-cause death or unplanned heart 

failure hospitalisation in the guideline-directed  medical treatment (GDMT) and in the 

transcatheter mitral valve repair (TMVR) groups between 12 and 24 months after inclusion in 

the MITRA-FR trial. Landmark analysis in the selected subgroup of MITRA-FR patients still 

alive at 12 months (whether they were hospitalised or not for heart failure within the first 

year). CI: confidence interval; HR: hazard ratio 

 

 

  

 



 

Supplementary Figure 3. Kaplan-Meier estimates for all-cause death in the guideline-

directed medical treatment (GDMT) and in the transcatheter mitral valve repair (TMVR) 

groups between 12 and 24 months after inclusion in the MITRA-FR trial. Landmark analysis 

in the selected subgroup of MITRA-FR patients still alive at 12 months (whether they were 

hospitalised or not for heart failure within the first year). CI: confidence interval; HR: hazard 

ratio 

 



 

 

Supplementary Figure 4. Kaplan-Meier estimates for unplanned heart failure hospitalisation 

in the guideline-directed  medical treatment (GDMT) and in the transcatheter mitral valve 

repair (TMVR) groups between 12 and 24 months after inclusion in the MITRA-FR trial.  

Landmark analysis in the selected subgroup of MITRA-FR patients still alive at 12 months 

(whether they were hospitalised or not for heart failure within the first year). CI: confidence 

interval; HR: hazard ratio 

 


