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The different aetiologies of mitral regurgitation (MR) have a direct 
bearing on its prognostic impact and the selection and timing of 
treatment. Simply speaking, MR may be classified as degenerative 
(DMR) or functional (FMR), representing primary disease of the 
mitral valve (MV) or the left ventricle (LV), respectively. Surgical 
repair of severe DMR by experienced surgeons has high success 
rates with acceptable periprocedural morbidity and excellent dura-
bility, returning patients to their age/sex-matched expected survival. 
As such, surgical MV repair has a class I recommendation to treat 
severe DMR in the EU and US guidelines1,2, although with level of 
evidence B as no randomised controlled trials (RCTs) have been 
performed. In surgically eligible patients, the EVEREST II RCT 
demonstrated that MV surgery is more effective than transcatheter 
mitral leaflet approximation with the MitraClip in severe DMR, 
although registry studies have demonstrated that the MitraClip may 
provide symptomatic benefit for patients with severe DMR who are 
at prohibitive surgical risk (class IIb in the guidelines)1,2. Medical 
therapy is palliative at best in patients with structural MV disease.

In FMR, apical and lateral distraction of the papillary muscles 
due to global or regional LV dilatation results in tethering and lack 
of coaptation of otherwise normal mitral leaflets. Treatment of 
patients with heart failure (HF) and FMR is much more complex 
than DMR as the symptoms and prognosis are, to a large extent, 
determined by the underlying LV dysfunction. Nonetheless, the 
additional volume overload from quantitatively severe FMR is 

an independent predictor of mortality and HF hospitalisation3. HF 
medications and cardiac resynchronisation therapy (CRT) in select 
cases are the only class I recommended therapies for FMR1,2. No 
RCTs of MV surgery compared with medical therapy in severe 
FMR have been performed. However, most observational stud-
ies using propensity-matching and other statistical techniques to 
adjust for baseline differences have not suggested a prognostic 
benefit of surgical MV repair in severe FMR, and the MR recur-
rence rate is high1,2,4. Chordal-sparing MV replacement provides 
a more durable correction for FMR4, but similarly has not been 
demonstrated to reduce death or hospitalisation. As such, MV sur-
gery has a class IIb recommendation in international guidelines for 
isolated severe FMR treatment1,2.

The MitraClip® (Abbott Vascular, Santa Clara, CA, USA) 
may provide symptomatic benefit in patients with FMR, and in 
Europe it is widely used for this purpose. Until recently, however, 
whether reduction of FMR with the MitraClip (or any therapy) 
provides prognostic benefit in HF was uncertain. Two RCTs of the 
MitraClip in HF patients with severe FMR compared with medical 
therapy have now recently been reported, reaching diametrically 
opposite conclusions. In the MITRA-FR trial, one-year rates of 
death or HF hospitalisation were not improved by the addition of 
MitraClip to background medical therapy, whereas in the COAPT 
trial the two-year rates of survival, freedom from HF hospitali-
sation, quality of life and exercise performance were markedly 
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improved in MitraClip-treated patients compared with maximally 
tolerated guideline-directed medical therapy (GDMT) alone5,6. In 
both studies MitraClip therapy was safe, with low rates of peripro-
cedural complications. The differences between these trials may 
be explained by variations in the severity of MR and LV dilata-
tion among the patients enrolled, background use and changes in 
medical therapies during follow-up, and technical and procedural 
outcomes of the MitraClip procedure (Table 1). Perhaps most 
importantly, patients enrolled in COAPT had substantially more 
severe MR but with smaller LV dimensions than those enrolled 
in MITRA-FR. As such, the MR component haemodynamically 
contributed more to the symptomatology and poor prognosis in 
COAPT than in MITRA-FR. To conceptualise this, Grayburn and 
colleagues have noted that most patients in COAPT had “dispro-
portionately severe” MR whereas most patients in MITRA-FR had 
“proportionately severe” or non-severe MR7. Thus, these two trials 
have complementary value in that they inform which HF patients 
are likely or unlikely to benefit from transcatheter MV repair.

In the present issue of EuroIntervention, Kortlandt and col-
leagues report the mortality rates among 963 high-risk patients 
with 3+/4+ MR undergoing surgery, MitraClip treatment or con-
servative therapy at four Dutch centres8.

Article, see page 1733

In patients with FMR (n=688), the multivariable-adjusted HR 
(95% CI) for mortality at median 2.8-year follow-up for conserva-
tive therapy (n=228) vs. MitraClip (n=365) was 1.79 (1.34 to 2.39), 
p<0.001, similar to the two-year HR (95% CI) for patients treated 
with GDMT alone vs. MitraClip plus GDMT in the COAPT trial 
(1.62 [1.22 to 2.17], p<0.001)6. Only 95 FMR patients were treated 
with MV surgery (80% repair). These patients were younger and 
in general had fewer comorbidities than those treated with either 
the MitraClip or medical therapy. The multivariable-adjusted mor-
tality of MV surgery compared with MitraClip was not signi-
ficantly different (HR 0.86, 95% CI: 0.54 to 1.38; p=0.54). Similar 
results were seen in propensity-adjusted models. Not surprisingly, 
patients with DMR (n=275) had fewer comorbidities and better 

LV function than those with FMR, although they were slightly 
older. DMR treatment was with MitraClip (n=165), surgery 
(n=66; 69% repair) or medical therapy only (n=44). There were 
substantial differences in baseline features between these groups 
(e.g., conservatively treated patients were oldest while MitraClip 
patients had the highest surgical risk by EuroSCORE II). Detailed 
analysis of survival by treatment among DMR patients was not 
performed due to this marked selection bias. Moreover, outcomes 
beyond mortality in both groups were not available (e.g., hospitali-
sation rates, quality of life), nor were long-term echocardiographic 
data examining LV remodelling or MR severity over time.

The limitations of non-randomised studies are well known and 
apply to the current report. In particular, the reasons why physi-
cians choose surgery vs. MitraClip or elect to leave severe MR 
uncorrected are not documented in observational databases; even 
the most sophisticated statistical models cannot overcome residual 
confounding. In the present study, the MitraClip-treated patients 
were selected from 2009-2016, whereas the surgically and con-
servatively treated patients were from an earlier period (2007-
2012, depending on MitraClip availability at each centre). This 
introduces further potential differences between the groups in 
background therapies or practices that evolve over time. In addi-
tion, the grading of MR severity can be challenging, with different 
criteria used in the EU and the USA7. No echocardiographic core 
laboratory was utilised, and the definition of 3+/4+ MR used in 
the present study and quantitative measures of MR among enrolled 
patients were not provided. It is very possible that a proportion 
of patients had less than severe MR, and whether the degree of 
MR was balanced between groups is uncertain. Thus, relying on 
the observed comparative outcome differences between therapies 
from the present study should be avoided. Such reports are useful 
at documenting relative frequencies of treatments, and in general 
the present study supports the short-term safety of both MitraClip 
and surgery in selected patients with severe MR, although inter-
mediate-term mortality was substantial with all treatments, reflect-
ing the underlying patient substrate.

Table 1. Differences between the MITRA-FR and COAPT trials that may have contributed to their differing clinical outcomes.

MITRA-FR (n=304) COAPT (n=614)
MR entry criteria

EROA >20 mm2 or RV >30 mL/beat
Severe FMR by an integrated parametric 
approach: EROA ≥30 mm2 or pulmonary vein 
systolic flow reversal or other

EROA (mean±SD) 31±10 mm2 41±15 mm2

LVEDVI (mean±SD) 135±35 mL/m2 101±34 mL/m2

Medical therapy at baseline and follow-up Receiving heart failure meds at baseline 
– allowed variable adjustment in each group 
during follow-up per “real-world” practice 
(changes not tracked)

Eligibility committee confirmed patients were 
symptomatic with severe MR despite maximally 
tolerated GDMT at baseline – few major 
changes during follow-up

Acute results: no clip/≥3+ MR 9%/9% 5%/5%

Procedural complications* 14.6% 8.5%

12-month MitraClip MR ≤2+/≥3+ 83%/17% 95%/5%

*Device implant failure, transfusion or vascular complication requiring surgery, atrial septal defect, cardiogenic shock, cardiac embolism/stroke, 
tamponade, or urgent cardiac surgery. EROA: effective regurgitant orifice area; FMR: functional mitral regurgitation; GDMT: guideline-directed medical 
therapy; LVEDVI: left ventricular end-diastolic volume index
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Based on the totality of data, MV surgical repair should remain the 
standard of care for most patients with DMR, with MitraClip reserved 
for those in whom surgical repair is not feasible. Future randomised 
trials will demonstrate whether device and technique advances have 
improved MitraClip outcomes sufficiently such that they provide 
acceptable outcomes for intermediate surgical risk patients with DMR. 
As regards FMR, the implications of the COAPT and MITRA-FR 
studies are currently being considered and will inform labelling of the 
MitraClip for FMR by regulatory authorities and recommendations 
in future guideline updates. Based on the robust findings from the 
COAPT trial, in our opinion HF patients meeting strict COAPT cri-
teria (3+/4+ MR graded using the integrated approach recommended 
by the American Society of Echocardiography9, LV ejection fraction 
20-50%, LV end-systolic diameter ≤70 mm who remain symptomatic 
despite maximally tolerated GDMT including CRT if appropriate) 
should be offered the MitraClip if anatomically eligible to improve 
survival (one life saved per six patients treated over two years), pre-
vent HF hospitalisations (one hospitalisation prevented per three 
patients treated over two years) and improve functional capacity and 
quality of life. Additional studies are required to determine whether 
surgical MV repair or replacement should be considered for select 
patients with isolated FMR. Further investigation is also required to 
define the role of the numerous emerging transcatheter MV repair 
and replacement devices in DMR and FMR, a complex calculus 
that will depend in part upon patient eligibility for surgery and the 
MitraClip. Even more fundamental questions relate to the optimal 
timing of MR treatment (intervening early, or conversely before it 
is too late), whether select patients with moderate MR may benefit, 
and examining whether MR reduction is useful in cardiogenic shock 
or the stage D patient (pre-LV assist device or transplant). What can 
be stated with certainty is that advances in transcatheter and surgical 
approaches buttressed by evidence-based medicine will continue to 
improve outcomes for high-risk patients with severe MR.
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