
s
o
u
r
c
e
:
 
h
t
t
p
s
:
/
/
d
o
i
.
o
r
g
/
1
0
.
7
8
9
2
/
b
o
r
i
s
.
1
3
9
1
4
4
 
|
 
d
o
w
n
l
o
a
d
e
d
:
 
2
0
.
4
.
2
0
2
4

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

Mitral regurgitation in heart failure: time for
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Secondary (or functional) mitral regurgitation (MR) frequently accom-
panies heart failure syndromes and is associated with poor prognosis.1

Initial surgical approaches2 failed to impact on outcome in contrast
with optimized medical therapy, cardiac resynchronization therapy
(CRT), long-term ventricular assist devices, and cardiac transplantation.
Valve surgery remains challenging in this setting, with inferior outcomes
than in primary (or degenerative) MR, and the indications and choice of
technique are not supported by robust evidence.3 Transcatheter treat-
ment of primary and secondary MR has emerged as an alternative using
a variety of approaches. Of these, the most widely adopted has been
edge-to-edge repair using the MitraClip device (Abbott Vascular).
However, despite application in >70 000 patients since 2003 and fa-
vourable evidence compared with surgery in patients with mainly pri-
mary MR (73%),4 there have been no published randomized studies
focusing on subjects with secondary MR. Until now.

The MITRA-FR trial

In this French study, presented and simultaneously published in late
August 2018,5 307 patients with systolic heart failure (ejection frac-
tion 15–40%) and severe functional MR [effective regurgitant orifice
area (EROA) >20 mm2 or regurgitant volume >30 mL/beat] were
randomly assigned to edge-to-edge MitraClip repair plus optimal
medical treatment or optimal medical treatment alone. Heart failure
was of ischaemic origin in 59% and CRT used in 27%. Baseline medical
treatment was similar in both groups although changes in medication
were not monitored during follow-up.

Edge-to-edge repair achieved reduction of MR to Grade 2þ or
less according to ESC/EACTS guidelines3 in 92% of patients at the
time of hospital discharge but had no impact on the primary outcome
of all-cause mortality or heart failure re-hospitalization at 1-year

follow-up [54.6 vs. 51.3%, odds ratio (OR) 1.16; 95% condolence
interval (CI) 0.73–1.84; P = 0.53]. Rates of all-cause mortality [24.3%
vs. 22.4%, hazard ratio (HR) 1.11; 95% CI 0.69–1.77] and heart failure
re-hospitalization (48.7% vs. 47.4%, HR 1.13; 95% CI 0.81–1.56) were
also similar. Estimates of secondary outcomes were imprecise owing
to incomplete follow-up data (including echocardiographic findings,
functional status, biomarker, and quality of life outcomes).

The COAPT trial

This US trial, presented and simultaneously published only 4 weeks
later,6 randomly assigned 614 patients with symptomatic systolic
heart failure (left ventricular ejection fraction 20–50%) and
moderate-to-severe or severe functional MR [semi-quantitative
Grade 3þ or 4þ according to integrative assessment as defined by
the American Society of Echocardiography7] to edge-to-edge
MitraClip repair plus optimal medical treatment or optimal medical
treatment alone. Eligibility was confirmed by an echocardiographic
core laboratory and a central committee supervised the implementa-
tion of maximal medical treatment (including CRT if appropriate).
Heart failure was of ischaemic origin in 61% and CRT used in 36%.

Edge-to-edge repair (mean 1.7± 0.7 clips) was successful in 98% of
patients, with reduction in peri-procedural MR to <_ Grade 2þ
according to AHA/ACC Guidelines8 in 95% that was maintained in
survivors at 2-year follow-up. Importantly, the procedure was safe
with freedom from device-related complications in 97% at 1 year
(exceeding the pre-specified performance goal of 88%). MitraClip im-
plantation was associated with substantial reduction in the primary
endpoint [hospitalization for heart failure 35.8% vs. 67.9% per
patient-year: HR 0.53, 95% CI 0.40–0.70; P < 0.001; number needed
to treat (NNT) 3.1, 95% CI 1.9–7.9] and every 1 of 10 pre-specified,
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statistically powered secondary endpoints [including 2-year all-cause
mortality (29.1% vs. 46.1%: HR 0.62, 95% CI 0.46–0.82; P < 0.001;
NNT 5.9, 95% CI 3.9–11.7) and the composite of death and heart fail-
ure re-hospitalization (45.7% vs. 67.9%: HR 0.57, 95% CI 0.45–0.71;
P < 0.001; NNT 4.5, 95% CI 3.3–7.2)].

Differences between the trials

Key differences in trial design, clinical characteristics, and procedural
outcomes may explain the radically different outcomes of these
superficially similar studies (Table 1, Figure 1).

• Varying definitions of MR adopted by the European3 (MITRA-FR,
EROA >20 mm2, or regurgitant volume >30 mL/beat) and US8

(COAPT Grade 3þ to 4þ) guidelines.
• Inclusion of patients with greater left ventricular dilatation in

MITRA-FR—those with an end-systolic dimension >70 mm or in
Stage D heart failure were excluded from COAPT.

• Inclusion in COAPT required persistent symptoms despite a pro-
longed run in period on maximal guideline-directed medical

treatment. In contrast, intensification of medical treatment was
allowed before randomization in MITRA-FR (consistent with ‘real-
world’ practice) although subsequent changes in medication were
not monitored during follow-up.

• More frequent peri-procedural complications and inferior durabil-
ity of the immediate result in MITRA-FR, possibly partially related
to less frequent use of multiple clips.

• Lack of power and missing functional and echocardiographic
follow-up data in MITRA-FR may have masked secondary end-
point differences.

• Mortality reduction only emerged in the second year after
MitraClip edge-to-edge repair in COAPT—this observation may
have been shrouded in MITRA-FR owing to shorter follow-up and
lack of statistical power.

Take-home messages

COAPT is the first study to demonstrate that transcatheter mitral
valve repair can significantly improve survival of selected patients
with systolic heart failure and secondary MR who have exhausted

....................................................................................................................................................................................................................

Table 1 Key differences between the COAPTand MITRA-FR trials

MITRA-FR COAPT

Primary endpoint All-cause death and hospitaliza-

tion for CHF at 1 year

All hospitalizations for CHF within 2 years (including

recurrent events)

Key exclusion criteria Heart failure severity NYHA class <II NYHA class <II

ACC/AHA Stage D heart failure

Left ventricular dimensions No exclusion criteria LVESD >70 mm

Coronary artery disease CABG or PCI performed within 1

month

Untreated coronary artery disease requiring

revascularization

Right ventricle No exclusion criteria Right-sided congestive heart failure with moderate or

severe right ventricular dysfunction

Pulmonary disease No exclusion criteria COPD with home oxygen therapy or chronic oral ster-

oid use

Estimated or measured PAP >70 mmHg

Principal baseline

characteristics

Number of patients screened 452 1576

Number of patients enrolled (ITT) 304 614

Mean age (years) 70 ± 10 72 ± 12

Mean LVEF (%) 33 ± 7 31 ± 10

MR severity (EROA, cm2) 0.31 ± 0.10 0.41 ± 0.15

Mean indexed LVEDV (mL/m2) 135 ± 35 101 ± 34

Safety and efficacy

endpoints in the

intervention arm

Complicationsa (%) 14.6 8.5

No implant (%) 9 5

Implantation of multiple clips (%) 54 62

Post-procedural MR grade <_2þ (%)b 92 95

MR grade <_2þ at 1 year (%)b 83 95

Hospitalization for CHF at 1 year (%) 49 38

30-Day mortality (%) 3.3 2.3

1-Year mortality (%) 24 19

aMITRA-FR definition of pre-specified serious adverse events: device implant failure, transfusion or vascular complication requiring surgery, ASD, cardiogenic shock, cardiac em-
bolism/stroke, tamponade, and urgent cardiac surgery.
bAccording to ESC/EACTS guidelines3 in MITRA-FR and AHA/ACC Guidelines8 in COAPT.
ACC, American College of Cardiology; AHA, American Heart Association; BNP, brain natriuretic peptide; CHF, congestive heart failure; COPD, chronic obstructive pulmonary
disease; EROA, effective regurgitant orifice area; ITT, intention to treat; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic diameter; MR, mitral regurgi-
tation; NT-proBNP, N-terminal pro-brain natriuretic peptide; PAP, pulmonary artery pressure.
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medical treatment options. The study also confirms that these
patients have a terrible prognosis despite guideline-directed maximal
medical treatment: two-thirds of the control group were admitted
with heart failure and nearly 50% had died within 2 years. Severe MR
should no longer be regarded as an innocent bystander of underlying
ventricular disease but as an important contributor to deleterious
outcomes. Given that surgery has limited benefits in this setting9 and
is associated with high peri-operative risk,10 transcatheter mitral valve
repair represents a valuable treatment option for selected patients
who remain symptomatic despite optimal medical treatment
(Table 2).11,12

The combined results of both studies provide valuable guidance
regarding patient selection. MITRA-FR demonstrates that those with
extreme left ventricular dilatation and less severe secondary MR
(EROA <30 mm2) are unlikely to benefit from transcatheter mitral
valve repair. This is consistent with an exploratory post hoc subgroup
analysis of COAPT demonstrating that patients with EROA
<_30 mm2 and left ventricular end-diastolic volume >96 mL/m2

(10.2% of the COAPT study population) demonstrate no change in
all-cause mortality or heart failure re-hospitalization 1 year after
MitraClip implantation (unpublished data presented at TCT 2018).
Conversely, the overall outcomes of COAPT demonstrate that
those with moderate left ventricular dilatation and more severe MR
associated with persistent symptoms despite optimal medical treat-
ment should be offered transcatheter mitral valve repair to improve
symptoms and prognosis.

The observation that EROA depends directly on left ventricular
dilatation (LVEDV) and function13 has generated the concept of
‘proportionate’ and ‘disproportionate’ MR14 which may reconcile
both studies. Patients with ‘disproportionate’ MR are those with an
EROA greater than expected based on left ventricular parameters
and may be more likely to benefit from percutaneous mitral valve re-
pair. Whilst the COAPT trial mainly included such patients, further

investigations are needed to define the most appropriate diagnostic
tools and thresholds to differentiate these clinical phenotypes.

Careful echocardiographic screening of heart failure populations
before and after the instigation of optimal medical treatment will
therefore be essential to identify suitable candidates and determine
the appropriate timing of transcatheter intervention. Whilst the
results of MITRA-FR indicate that patients with very advanced left
ventricular dilatation do not respond to edge-to-edge MitraClip re-
pair, the findings of COAPT demonstrate that earlier treatment is
beneficial in those with moderate left ventricular dilatation and more
severe MR. Further studies are required to determine whether
patients with marked left ventricular dilatation and severe MR might
benefit from edge-to-edge repair, since this group was under-
represented in MITRA-FR and excluded from COAPT.

Clinical and regulatory
consequences in Europe
and the USA

A notable feature of COAPT was the rigorous patient selection pro-
cess based on randomization after a prolonged run in period on max-
imally tolerated guideline-directed medical therapy, followed by
continued monitoring of medication throughout the trial, thereby
mitigating the potential bias of medical therapy in either arm.
Translation of the impressive outcomes to everyday clinical practice
will require that patients with secondary MR are on optimal medical
treatment prior to consideration of edge-to-edge repair, as already
recommended in the ESC/EACTS guidelines.8 In turn, this reinforces
the role of the Heart Team (particularly heart failure specialists) in
the management of patients with secondary MR.

.................................................................................................

Table 2 Comparison of relative risk reduction and
number needed to treat to prevent one death among
the principal heart failure treatment options

Treatment

modality

Relative risk

reduction for

all-cause

mortality (%)

NNT for

all-cause

mortality

ACE inhibitor or

ARB11

17 22 over 42 months

Beta blocker11 34 28 over 12 months

Aldosterone

antagonist11

30 9 over 24 months

CRT11 36 12 over 24 months

Sacubitril/

valsartan12

16 36 over 27 months

MitraClip6

(COAPT

population)

37 6 over 24 months

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CRT,
cardiac resynchronization therapy; ICD, implantable cardiac defibrillator; NNT,
number needed to treat.

Figure 1 Comparison of MITRA-FR and COAPT trial outcomes.
CI, confidence interval; GDMT, guideline-directed medical therapy;
HR, hazard ratio; OR, odds ratio.
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The MitraClip device received CE mark approval for high-risk

patients with primary or secondary MR in 2008 and US FDA approval
for high-risk patients with primary MR 5 years later. Approximately
65% of procedures in Europe are currently performed for secondary
MR—conversely, 80% in the USA are for primary MR. Whilst the
number of patients with secondary MR is large (�2.4 million in the
USA alone), the proportion eligible for MitraClip according to
COAPT criteria may be limited given the high proportion of patients
who were ineligible for the study and resulting slow recruitment.
Careful adherence to the inclusion and exclusion criteria of MITRA-
FR and COAPT will be required to avoid chaotic expansion of trans-
catheter mitral valve repair and an excess of expensive futile proce-
dures. Lack of reimbursement strategies and appropriate care
pathways may be further important obstacles to market penetration.

Unanswered questions and
ongoing trials—implications for
future study design

Detailed secondary endpoint analysis, longer-term follow-up of the
randomized cohorts and pooled analysis of individual patient level
data will help to refine patient selection and determine the optimal
timing of intervention before the onset of severe left ventricular dila-
tation (Figure 2). The ongoing European RESHAPE-HF-2 study will
provide important complementary information by enrolling patients
with different left ventricular ejection fraction thresholds according
to symptomatic status [New York Heart Association (NYHA) Class
II: 15–35%; NYHA Class III/IV: 15–45%] and excluding those who
have a walking distance greater than 475 m or are unable to perform
a 6-min walk test. Meanwhile, the MATTERHORN trial is comparing
the merits of transcatheter edge-to-edge repair with surgery in
patients at high surgical risk with a left ventricular ejection fraction
>_20%. The suggestion that future clinical trials in secondary MR may
require a MitraClip control arm will have significant impact on the
progress and development of transcatheter mitral valves, annulo-
plasty devices and other edge-to-edge systems.15

Future research will also be required to investigate the durability
of edge-to-edge repair, compare new clip designs (and other trans-
catheter techniques) with new medical therapies, and evaluate algo-
rithms for patient selection and post-procedural care incorporating
advanced imaging techniques and novel serum biomarkers.

Improved collaboration between
the specialities of interventional
cardiology, imaging, and heart
failure: educational and strategic
goals

The landmark COAPT results demonstrate the important synergy of
medical and device therapy and suggest that best outcomes are
achieved by integration of both approaches, while MITRA-FR pro-
vides key information concerning the appropriate time window for
intervention. Close two-way collaboration between interventional
cardiology and heart failure communities is the only way to guarantee
that this is achieved and constructive education programmes are fun-
damentally important at this juncture. Dedicated training for inter-
ventional cardiologists engaged in mitral intervention and sufficient
case volume to avoid adverse events during the learning curve will be
essential. Clinicians and imaging specialists should place greater em-
phasis on the assessment of secondary MR in heart failure patients
and consider early referral of those with continued symptoms des-
pite maximal tolerated guideline-directed medical treatment for spe-
cialist assessment with a view to edge-to-edge repair. Furthermore,
alternative means of transcatheter repair or replacement are needed
for patients who are anatomically unsuitable for MitraClip placement
(ideally within the remit of future studies). Conversely, the current
trend to restrict transcatheter mitral repair techniques to end stage
heart failure patients with severe left ventricular dilatation and lesser
degrees of MR needs to be curtailed. Earlier treatment of severe sec-
ondary MR is key to improve survival and reduce cumulative heart
failure episodes that are associated with recurrent (and expensive)
hospitalization and dramatic reduction in functional capacity and

Figure 2 Unanswered questions in secondary mitral regurgitation: the need, mode, and timing of intervention. EF, ejection fraction; MR, mitral
regurgitation.
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quality of life. Finally, the divisions between medical and device ther-
apy in heart failure (and their protagonists) need to be abandoned.
A new era of genuine synergistic collaboration between the two dis-
ciplines has dawned—with greater awareness of the pathophysio-
logical importance of secondary MR and the interests of patients as
its focus.
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