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Abstract
Purpose of Review To analyze the current state of the art of functional mitral regurgitation (FMR) treatment.
Recent Findings The first-line treatment of severe FMR consists of guideline medical therapy (GMT) and resynchronization
therapy when indicated; the impact of new medical therapies like sacubitril/valsartan needs further assessment. Valvular inter-
vention may be considered in FMR symptomatic patients despite GMT, and can be performed surgically or percutaneously.
MitraClip is a safe percutaneous procedure associated with symptoms improvement. Recently, the COAPT trial showed superior
outcomes for MitraClip versus GMT contrasting the MITRA-FR trial which showed no benefit of MitraClip compared with
GMT. These results should be interpreted as complementary rather than opposite.
Summary The COAPT trial provided a “proof of concept” that percutaneous treatment of severe FMR in patients without too
advanced left ventricular disease translates into a prognostic benefit. Careful patient selection will play a critical role in defining
the clinical niche for successful interventions.

Keywords Functionalmitral regurgitation .Mitralvalve repair .Transcatheter interventions .MitraClip .Heart failure .Heart team

Introduction

Functional mitral regurgitation (FMR) is a frequent finding in
patients with heart failure (HF) and left ventricular (LV) sys-
tolic dysfunction. In ischemic and non-ischemic LV adverse

remodeling, the integrity of the mitral valve (MV) is preserved
and FMR is caused by annular dilatation and leaflet tethering
linked to papillary-muscle displacement. Treatment of FMR is
based on the treatment of the LV pathology and guidelines
support first-line treatment with medical therapy and cardiac
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re-synchronization therapy (CRT) (when indicated) [1].
However in persisting symptomatic patients with severe
FMR, surgery may be considered although the level of evi-
dence is low given the uncertain benefit [1]. Indeed, isolated
surgical treatment has failed to demonstrate long-term out-
come benefits unless the LV is treated as well (e.g., coronary
revascularization) [1]. An integrative approach for diagnosis
and management is central to optimal patient care. Indeed,
while surgical mitral repair remains the gold standard for
low-risk patients with degenerative mitral regurgitation, the
advent of transcatheter therapy repair is becoming an emerg-
ing therapy in high-risk patients with FMR, expanding the
indications for MV repair, and extending interventional treat-
ments to older and sicker population. This review aims to
report an updated overview on FMR and his treatment.

Prevalence and Mechanisms of FMR

FMR is a common finding in patients with myocardial dys-
function, with a prevalence of moderate to severe FMR rang-
ing from 6 to 29% in patients with chronic HF [2, 3]. FMR is
associated with poor outcomes with an almost two-fold in-
creased risk of all-cause and cardiac mortality and hospitali-
zation due to HF in patients with ischemic or idiopathic car-
diomyopathies [4]. However, it remains debated whether
FMR is a central driving force of poor prognosis or rather a
bystander, reflecting the severity of ventricular disease [4, 5].

FMR is characterized by an anatomically normal MV ap-
paratus and results from an unfavorable global or regional LV
remodeling from non-ischemic and ischemic causes. Indeed,
(1) reduced closing forces due to ventricular dysfunction
along with annular dilatation and flattening, (2) leaflet tether-
ing secondary to papillary-muscle displacement, and (3) de-
gree of papillary muscle desynchrony result in incomplete
MV closure. In addition, increased left atrial pressure can con-
tribute to valve tenting. Chronic volume overload induces
further LV remodeling in a vicious cycle at the base of the
progression of the disease [6, 7].

FMR can occur in up to half of patients after myocardial
infarction (MI) [7]. In this case, particularly after a transmural
posterior MI, regional LV remodeling and dysfunction can
determine apical-posterolateral displacement of the posterior
papillary muscle, resulting in reduced mobility of the posterior
leaflet and consequent malcoaptation [8].

More recently, atrial FMR has been described as a result of
atrial enlargement and annular dilatation, most often in pa-
tients with history of persistent/chronic atrial fibrillation [9].

The onset or worsening of FMRmay also follow pacemak-
er implantation [10, 11]. Right ventricular apical pacing
causes an abnormal LVactivation, leading to papillary muscle
desynchrony and delayed reduction of mitral annular size that
physiologically occurs in early systole. Moreover, loss of

atrioventricular synchrony during ventricular pacingmay con-
tribute to worsening of FMR.

Finally, FMR may be caused by systolic anterior motion
(SAM) of the MV in patients with hypertrophic cardiomyop-
athy and can contribute to dynamic obstruction of LVoutflow
tract. The anterior displacement of papillary muscles resulting
in an anterior position of coaptation plane, and elongation of
leaflets and chordae tendineae constitutes a favorable anatom-
ical substrate for SAM of the MV. Moreover, SAM is associ-
ated with a variable degree of MR, particularly when the pos-
terior leaflet is not long or mobile enough to move anteriorly
with the anterior leaflet, resulting in poor coaptation [12].

Evaluation of FunctionalMitral Regurgitation Severity
(2D and 3D Echocardiography)

Transthoracic echocardiography (TTE) is the first-line imag-
ing modality for the morphological and functional evaluation
of the MVand allows quantification of LV volumes and func-
tion, detection of wall motion abnormalities as well as identi-
fication of hemodynamic consequences of MR, such as ele-
vated pulmonary artery pressure and right ventricular dysfunc-
tion [13]. Transesophageal echocardiography (TEE) ensures a
thorough evaluation of the MVapparatus to clarify the mech-
anism of MR, and may be helpful for planning surgical or
interventional MV repair [14].

Recommendations from international societies suggest a
multiparametric approach for the evaluation of the severity
of MR [15, 16]. Vena contracta width (VCw), measured at
the narrowest point of the regurgitant jet, is a semi-
quantitative method for the evaluation of MR. A VCw <
3 mm indicates mild MR, whereas VCw ≥ 7 mm indicates
severe MR. Intermediate values need a quantitative method
due to the overlap between MR grades [15, 16].

The flow convergence method is the most recommended
quantitative approach. It estimates the effective regurgitant ori-
fice area (EROA) from the radius of proximal isovelocity sur-
face area (PISA) and peak velocity ofMR jet. The samemethod
allows the determination of the regurgitant volume (RVol).
PISAmethod has several limitations, mainly due to the assump-
tion of hemispheric symmetry of velocity distribution proximal

�Fig. 1 a–d Study of the mitral regurgitation (MR) severity at
transesophageal echocardiography: a X-plane color-Doppler oriented to
MR jet, severe MR is evident. b–d 3D color Doppler for the
quantification of 3D-vena contracta area (3D-VCA). e–f MitraClip
device: e Vision of the device. f Magnification of the clip. g–i
Intraprocedural transesophageal echocardiography during MitraClip
procedure: g Trans-septal puncture. h, i X-plane and 3D volume
rendering views during device orientation. j–k Intraprocedural
transesophageal echocardiography after MitraClip deployment, with
creation of double orifice anatomy: j Transgastric short-axis view. k 3D
volume rendering of mitral valve viewed from the left ventricle. CA, clip
arms; CDS, clip delivery system; Grip, grippers; SGC, steerable guide
catheter; Stab, stabilizer
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to a circular regurgitant lesion. However, in FMR, the
regurgitant orifice has an ellipsoidal shape. Moreover, the
PISA radius and the regurgitant orifice dynamically change
during the cardiac cycle, with early and late systolic peaks
and mid-systolic decrease, leading to a potential underestima-
tion of disease severity [15, 16]. The introduction of 3D color
Doppler echocardiography permits the direct measurement of
vena contracta area by using a multiplanar reconstruction ap-
proach, avoiding geometrical assumptions and allowing more
accurate quantification of MR [17] (Fig. 1).

Diverging definitions regarding the severity criteria for
FMR are provided by guidelines [15, 16]. Whereas EACVI
recommendations define severe FMR to an EROA ≥ 20 mm2

and RVol ≥ 30 ml, ASE guidelines use a higher threshold
(EROA ≥ 40 mm2, RVol ≥ 60 ml). These discrepancies are
mainly attributable to evidence of worse prognosis for patients
affected by FMR and EROA ≥ 20mm2, but exposes to the risk
of overtreatment [16]. Recently, Bartko et al. [18•] proposed a
unifying concept for the quantitative assessment of FMR,
based on the evaluation of EROA, RVol, and regurgitant frac-
tion (RFrac). In their study, the authors proposed a risk-based
algorithm. Thresholds reflecting high-risk were EROA ≥
30 mm2 and RVol ≥ 45 ml. In the intermediate-risk subset
(EROA20–29mm2, RVol 30–44ml), a RFrac ≥ 50% emerged
as a valuable tool for further risk discrimination. Indeed, a
RFrac ≥ 50% suggests a hemodynamically significant FMR
and re-stratifies patients in the high-risk subset.

Finally, the pathophysiological relationship between
EROA and LV end-diastolic volume and function should not
be forgotten. The new conceptual framework proposed by
Grayburn et al. [19•] introduces the concept of proportionate

and disproportionate FMR to determine whether or not the
estimated degree of MR is expected on the basis of LV dila-
tation (Fig. 2).

Medical Therapy and Timing of Intervention

FMR is not a primary disease of the valve; therefore,
reestablishing the competency of the MV is not curative.
Guideline-directed medical therapy (GDMT), favoring LV re-
verse remodeling (LVRR), can improve the degree of FMR and
is the first-line treatment for chronic HF patients who also have
FMR. Diuretics, beta-blockers, angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers, and aldosterone an-
tagonist, are recommended for all patients with HF and reduced
ejection fraction HFrEF and NYHA class ≥II and should be the
first step in the treatment of HF patients with FMR [20]. In
patients with dilated cardiomyopathy receiving optimal medical
treatment, early improvement of FMR is frequent (53%) and is a
favorable independent prognostic factor [21]. Recently, the
PRIME trial, a small double-blind randomized controlled trial,
although too small to show any clinical benefits, showed a reduc-
tion in echo-derived EROA in sacubitril/valsartan compared with
valsartan alone in patients with HFrEF and chronic FMR [22].

The severity of FMR is dynamic and is significantly influ-
enced by ventricular loading conditions. Medical optimization
can decrease mitral regurgitation (MR), pulmonary conges-
tion, fluid overload, and myocardial ischemia, and is an essen-
tial step before deciding on intervention. Thus, options for
MV intervention should be evaluated when symptoms persist
after optimization of GDMT and CRT (if indicated). CRT is
indicated in patients with LVejection fraction (LVEF) ≤ 35%,

Fig. 2 Disproportionately and proportionately severe functional mitral
regurgitation (FMR) with respect to left ventricular end-diastolic
volume and ejection fraction (LVEF). As proposed by Grayburn et al.
[19•], in less remodeled left ventricles (a), a severe FMR is unexpected
and therefore disproportionate to the degree of LV dilatation. In such

cases, mitral valve repair should be considered as a therapeutic target.
By contrast, in advanced remodeled left ventricles (b), the same degree
of FMR is expected if related to LV dilatation. These patients seem not to
benefit from transcatheter mitral valve repair compared with medically
treated subjects

139 Curr Cardiol Rep (2019) 21: 139Page 4 of 12



HF symptoms (NYHA class II–IV) despite maximumGDMT,
and a wide QRS (≥ 150 ms with left bundle branch block
(LBBB)). Class of recommendation and level of evidence
vary according to QRS morphology and duration (lower
strength of recommendations when QRS duration is 130–
150 ms, especially if not associated with LBBB) [20]. The
role of CRT in reducing FMR in patients with LV dysfunction,
increased QRS duration, and both NYHA class I/II and III/IV,
has been showed (at mid-term follow-up of 6 months) [21].
Whether the improvement in FMR after CRT results in supe-
rior survival [23], the absence of MR improvement is a sig-
nificant independent predictor of both all-cause and cardiovas-
cular mortality [24]. Three echocardiographic features showed
independent association with amelioration of significant MR
after CRT: anteroseptal to posterior wall radial strain
dyssynchrony > 200 ms, lack of severe LV dilatation (end-
systolic dimension index < 29 mm/m [2]), and lack of scar at
papillary muscle insertion sites [25]. Moreover, echocardio-
graphic evaluation of acute hemodynamic response to CRT is
helpful to early identification of the favorable FMR evolution
[26].

Isolated surgery of severe FMR carries significant opera-
tive mortality, has high rates of recurrent mitral regurgitation,
and lacks a proven survival benefit [27, 28]. Only patients
undergoing coronary artery bypass grafting (CABG) with as-
sociated severe FMR have a strong indication to MV surgery
(in particular patients with LVEF > 30%) [1]. In other cases,
although severe FMR is associated to a worse prognosis, there
is no conclusive evidence that correcting it improves survival.
Thus, indications for isolated surgery in FMR are particularly
restrictive [1]. The optimal surgical approach remains contro-
versial. While MV repair with an undersized complete ring to
restore leaflet coaptation and valve competence is the pre-
ferred technique [1], valve replacement should be considered
in patients with echocardiographic risk factors for residual or
recurrent mitral regurgitation [15].

In a recent randomized controlled trial, valve-sparing MV
replacement resulted in similar LVRR and equivalent 2-year
mortality, but the rate of recurrence of moderate or severe MR
was significantly higher with mitral-valve repair, resulting in
more HF–related adverse events and cardiovascular admis-
sions [29].

Moreover, in patients with moderate FMR that are sched-
uled to undergo CABG, indication for MV surgery remains
controversial. The addition of mitral-valve repair did not lead
to significant differences in LVRR at 2 years and did not
significantly improve survival or reduce overall adverse
events or readmissions and was associated to increased rate
of perioperative complications [29].

Percutaneous edge-to-edge repair for FMR is a low-risk
option that may fulfill a major unmet need. Despite its reduced
efficacy in reducing MR compared with surgery [30], it can
improve symptoms, functional capacity, and quality of life

and may induce LVRR [31]. Moreover, percutaneous edge-
to-edge repair recently showed to be able to lower the rate of
hospitalization for heart failure and all-cause mortality within
24 months of follow-up compared with guideline-directed op-
timal medical therapy alone [32••]. Edge-to-edge MV repair
with the MitraClip system (Abbott Vascular, Santa Clara, CA,
USA) is the most widely used device [33] with more than
70,000 procedures already performed worldwide.

MitraClip Device

The MitraClip System (Abbott Vascular, Santa Clara,
CA) consists of a steerable guide catheter (SGC) and
the clip delivery system (CDS). The SGC has a tapered
dilator to advance it into the femoral vein and left atri-
um (LA) following transeptal puncture. The CDS com-
prises a steerable sleeve handle, the delivery catheter
handle, and the clip itself, with its grippers and arms
(Fig. 1).

MitraClip Procedure and Echocardiographic Guidance
During Intervention

The MitraClip procedure is performed under general anesthe-
sia, primarily to avoid discomfort to the patient, particularly in
the context of extended periods of TEE evaluation. TEE is of
paramount importance for the guidance of MitraClip proce-
dure, for the assessment of the result and for the detection of
complications. The combination of two-dimensional, bi-plane
(also called X-plane) and three-dimensional views provides a
comprehensive image of cardiac structures, as well as delivery
catheters, wires, and device. Percutaneous femoral venous ac-
cess is obtained. Transeptal puncture is performed in the op-
timal site (superiorly and posteriorly in the interatrial septum,
3.5 cm above the mitral annular plane) under TEE guidance
(Fig. 1) (bicaval, short-axis at the base, and 4-chamber views),
and the 24F SGC is advanced over the guide wire into the left
atrium. After SGC fixation to a stabilizer, the CDS is ad-
vanced into the left atrium through the SGC, and the CDS is
steered towards the mitral valvular commissure. In these
phases, TEE should be used to avoid potential complications,
such as left atrial appendage perforation and left atrial wall
injury. Once an ideal position—over the zone where the MR
jet is greatest—is confirmed (intercommissural and 3-
chamber cross-plane view for medial-lateral and anterior-
posterior position), the clip is orientated perpendicularly to
the commissure (3D en-face view) and advanced through the
valve (Fig. 1). The DC handle is retracted slowly to grasp both
leaflets in the device. Once leaflet capture is confirmed, the
grippers are pushed down and the clip is closed, thus creating
a double orifice MV anatomy simulating the Alfieri surgical
technique (Fig. 1). The clip is released after reduction in MR,
adequate tissue grasping, and absence of significant stenosis
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(mean residual gradient < 6 mmHg) are confirmed by TEE.
Otherwise, the clip can be repositioned or retrieved into the
SGC and removed from the body. Additional clips may be
deployed in case of significant residual MR after the first clip;
in most cases, a maximum of two MitraClip devices are re-
quired (in COAPT trial [32••], a mean of 1.7 ± 0.7 clips per
patient, range 1 to 4, was implanted). When a satisfactory
result is achieved, the system is removed from the femoral
access site, and the presence of residual MR as well as size
and direction of shunting of the residual iatrogenic atrial septal
defect are evaluated.

The MitraClip procedure is generally safe and well tolerat-
ed. Aside from the risks associated with general anesthesia,
those specific to the procedure include the following: vascular
access site complications, new onset atrial fibrillation, left
atrial perforation with cardiac tamponade, rupture of mitral
leaflet, clip entanglement and disruption of subvalvular appa-
ratus, clip detachment and embolization, and endocarditis.
The complication rate is overall low and decreases with in-
creasing operator and institutional experience [29, 34].

Evidence from Multicenter Registries

Between 2013 and 2015, 4 observational studies (ACCESS-
EU [31], the Pilot Sentinel [34], the GRASP-IT [35], and the
TRAMI [36]) provided evidence on “real-world” experience
with MitraClip in Europe (Table 1). Overall, the “real-world”
experience highlighted that patients undergoingMitraClip im-
plantation were usually old (mean age > 70 years) and highly
symptomatic (NYHA III/IV in about 85% of individuals). All
4 registries included patients with both primary and FMR but
the latter consisting of at least 70% of the cases. The assess-
ment of MR severity was different depending on the echocar-
diographic protocol adopted (both mild, moderate, severe, and
1+, 2+, 3+, 4+ scales were used). Percutaneous “edge-to-
edge” repair had excellent efficacy in reducing MR with high
procedural success, accompanied by scarce safety issues,
proving low operator dependency of this technique when per-
formed in high-trained centers. Long-term outcomes were
fairly homogeneous in showing improvement of symptoms
and quality of life.

Evidence from Randomized Studies

The Endovascular Valve Edge-to-Edge Repair Study
(EVEREST II) trial was the first randomized study assessing
efficacy and safety of percutaneous MV repair. Even though
only 27% of the enrolled patients were affected by FMR, the
trial showed similar efficacy and superior safety of the percu-
taneous procedure when compared with surgical approach, at
the cost of higher rates of MV dysfunction at 1-year follow-up
[37]. In 2018, MITRA-FR [38••] and COAPT [32••] trials
addressed the role of percutaneous MV repair in symptomatic

(NYHA II-IV) patients with severe FMR despite GDMT.
Although giving discordant results, they inspired vibrant de-
bate in the cardiological community leading to new theories
and better insights in the role of FMR in HF.

COAPT vs MITRA-FR Trials

Both COAPT [32••] and MITRA-FR [38••] trials randomized
patients to MitraClip plus GDMT or GDMT alone. The
industry-sponsored COAPT randomized study showed that
transcatheter MV repair resulted in a lower rate of hospitali-
zation for heart failure and lower all-cause mortality within
24 months of follow-up than GDMT alone [32••]. These re-
sults were contrasting with those from the MITRA-FR, which
showed no benefit of MitraClip compared with GDMT [38••].

A possible explanation for these different outcomes was
that there were differences in baseline valvular and ventricular
characteristics between the patient populations of the two tri-
als. Patients in the COAPT trial patients had more severe MR
and smaller LV volume, whereas MITRA-FR patients had a
lesser degree of MR and more dilated LV, suggesting that the
MITRA-FR population was more severe (Table 2). Moreover,
the selection criteria with at least one HF hospitalization with-
in the previous year were present in MITRA-FR; however,
hospitalization for HF within previous 1 year in COAPT pop-
ulation was 57%.

The potential differences in baseline medical therapy in
MITRA-FR and COAPT may suggest a potential confound-
ing bias (patients in the control group of COAPT had signif-
icantly less renin-angiotensin-system blockade prescription
than patients in the intervention group) although this differ-
ence is unlikely to explain by itself the difference on HF
events. Probably, COAPT trial has better isolated the true
incremental impact of reducing MR in patients without severe
LV dilation [39].

Recently, authors [40] have proposed that FMR pa-
tients represent a heterogeneous group, mainly
consisting of 2 subsets: patients in whom FMR is ex-
plained by the leaflet tethering and annular dilatation
produced by marked enlargement of the LV cavity (pro-
portionate MR), and patients in whom LV enlargement
alone is not responsible for the severity of MR (dispro-
portionate MR). When FMR severity is proportionate to
LV dilatation (such as in MITRA-FR), patients benefit
from treatments aimed at LVRR but may not respond to
interventions directly aimed at reducing the MR.
Conversely, patients with disproportionate MR (such as
in COAPT) may benefit from treatments aimed at di-
rectly restoring leaflet coaptation through mechanical
means [40]. However, whether treatment decisions based
on this new construct translate to real and meaningful
clinical benefits for the patients is still unproven [39].
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Predictors of Procedural Success

Immediate post-procedural results after MitraClip are gener-
ally reported as satisfactory with > 95% rates of acute-
procedural MR correction [32••, 38••]. However, in real word,
the rate of recurrence ofMR > 2+ at 1-year follow-up has been
reported > 20% [31]. Larger ventricular dimensions, more
compromised LV function, higher level of natriuretic hor-
mones, right ventricular impairment, advanced functional sta-
tus, and renal failure predict worse prognosis in MitraClip
recipients [41]. These features, however, identify patients with
more advanced underlying HF rather to represent useful
markers of durable results after intervention.

In large-scale registries, procedural failure was the only vari-
able associatedwith the risk ofMR recurrence and themagnitude
of residual MR correlated with 1-year survival [36, 42, 43].
Small retrospective studies explored the anatomical characteris-
tics of the mitral apparatus identifying the diameter of the mitral
annulus and the restricted motion of the posterior leaflet as po-
tential markers of increased risk of MR recurrence [44, 45].
Moreover, LV contractile reserve, assessed by speckle tracking
dobutamine stress echocardiography, could improve the selection
of best candidates for the percutaneous correction of FMR [46].

In the MITRA-FR [38••] and COAPT [32••] trials, 17% and
5%, respectively, of patients had recurrent residual FMR ≥ 2+ at
1 year. The opposite results of the COAPTandMITRA-FR have
shed the light on the definition of the patient with the higher
probability of gaining benefit from the procedure and the lower
risk of early failure in order to improve prognosis and avoid
futility.

Reverse Remodeling After MitraClip, a Dream Come
True?

LVRR in HF patients exerts a favorable impact on prognosis
and is considered a main target of medical therapy [47]. The
correction of FMR offers a theoretical basis to further promote
the regression of the maladaptive remodeling due to
longstanding LV volume overload. Moreover, the hemody-
namic stabilization of less stable patients could aid the gradual
uptitration of HF medications. Nevertheless, available data on
LVRR after MitraClip are discordant [34, 48–50]. In both
degenerative and FMR, reduction in LVend-diastolic volume
(LVEDV) has been associated with the degree of residual MR
at 12 months. The reduction of LV volumes at end-diastole
and at end-systole, and LA volumes demonstrated LVRR
when MR severity was reduced to either 1+ or 2+ by
MitraClip therapy [51]. Oppositely, other studies failed to
demonstrate significant changes in LV dimensions and func-
tion. A possible explanation is the more advanced disease of
these patients. Indeed, in about 200 patients from three Italian
hospitals, markers of less advanced disease as freedom from
HF hospitalizations and LV end-diastolic diameter < 75 mm
were the predictors of LVRR [52]. LVRR was associated with
lower adjusted risk of all-cause mortality and HF hospitaliza-
tions but with only a trend towards the reduction of cardiovas-
cular mortality [52]. Finally, in the COAPT trial, only a trivial
reduction in LV end-diastolic volume was observed in the
treated arm; however, the control group experienced a mean
17-ml increase in LV end-diastolic volume [32••]. Therefore,
the timing of intervention may be considered a potential

Table 1 Observational multicenter studies with MitraClip

Access-EU Sentinel
Pilot

Grasp-IT TRAMI

Site Europe Europe Italy Germany

Years of enrollment 2008–2012 2011–2012 2008–2013 2010–2013

No. of patients
(% males)

567 (64) 628 (63) 304 (64) 749 (61)

Age (years) 74 (SD ± 10) 74 (SD ± 9.7) 72 (SD ± 10) 76 (IQR = 71–81)

NYHA III/IV (%) 85 85 80 89

Log. EuroSCORE (%) 23 (SD ± 18.3) 20.4 (SD ± 16.7) 6 (IQR 3–11)* 20 (12–31)

Functional MR (%) 77 72 79 71

LVEF at baseline LVEF ≤ 0.40 (53%) 43% (SD ± 0.16) 37% (SD ± 0.14) LVEF < 0.30 (34%)
LVEF 0.30–0.50 (35%)

Severity of MR at baseline 3/4+ in 98% Severe in 86% 4+ in 70% Severe in 94%

Severity of MR at
discharge

3/4+ in 8.8% Severe in 1.8% 3/4+ in 8.3% Severe in 2.3%

Severity of MR at
Follow up

3/4+ in 21.1% Severe in 6% – –

In-hospital mortality (%) – 2.9 – 2.4

Mortality at 30 days (%) 3.4 3.0 3.4 4.5

Mortality at 1 year (%) 17.3 15.3 20.8 20.3

*EuroSCORE II
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crucial aspect. Indeed, earlier intervention may prevent irre-
versible LV dysfunction due to longstanding LV volume
overload.

Other Devices for Percutaneous Repair: Transcatheter
Annuloplasty Technique

Technologies that restore the shape of the MV annulus
(annuloplasty technique) have emerged and are at different stages
of investigation as a potential catheter-based solution for patients
with FMR.

The CARILLON Mitral Contour System (Cardiac
Dimensions, Inc., Kirkland, WA, USA) is the second CE-
marked catheter-based device to address purely functional MR.
The device uses the coronary sinus to achieve indirect

annuloplasty. The nitinol-based device that has a proximal and
distal anchor is placed into the coronary sinus to reduce its diam-
eter and allows approximation of the MV leaflets. The indirect
modality of action and the variability of the location of the coro-
nary sinus are the main reservations related to this approach.
Even though reduction of MR and inverse LV remodeling have
been showed [53], indication and selection criteria for suitable
patients, the expected complications, and the long-term results
with regard to survival and quality of life still remain unclear [53].

The Cardioband MV Reconstruction System (Edwards
Lifesciences, Irvine, CA, USA) is a transcatheter direct
annuloplasty implant that closely reproduces surgical ring im-
plantation and annulus plication. The adjustable Dacron band
is delivered through a transeptal access and implanted on the
atrial side of the mitral annulus. The study that led to the CE

Table 2 MITRA-FR and
COAPT trials MITRA-FR COAPT

Centers 37 (France) 78 (North America)

Duration (months) 40 57

Eligibility criteria

NYHA II–IV II–IV

LVEF (%) 15–40 20–50

LVESD (mm) – < 70

EROA (mm2) > 20 > 30

Regurgitant volume (ml) > 30 > 45

HF hospitalization and BNP At least 1 hospitalization within
1 year

○ At least 1 hospitalization within
1 year and/or

○ BNP > 300 pg/ml

NTproBNP > 1500 pg/ml

Eligibility committee Local Central

Population characteristics

No. of patients (males %) 304 (74) 614 (64)

Age (years) 70 72

NYHA III/IV (%) 67 60.4

EROA (mm2) 31 ± 10 40.5 ± 15

LVEDVi (ml/m2) 135 ± 35 101 ± 34

ACEi, ARB, ARNI (%) 84.7 67.1

Beta-blockers (%) 89.5 90.3

MRA (%) 54.8 50.1

Diuretics (%) 98.6 89.1

Outcomes

Acute MR ≥ 3+ (%) 9 5

MR ≥ 3+ at 1 year (%) 17 5

Mortality at 1 year

(MitraClip + GDMT vs GDMT,
%)

24.3 vs 22.4 18.8 vs 23.2

Mortality/HF hospitalization
at 1 year

(MitraClip + GDMT vs GDMT,
%)

55 vs 51 34 vs 47
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approval of the device showed a reasonable performance and
safety at 1 year withmost patients havingmoderate or lessMR
and significant functional improvements [22].

Finally, the Mitralign device (Mitralign Inc., Tewksbury, MA)
mimics a surgical suture annuloplasty; it is performed using a
retrograde arterial approach. The device attempts to achieve annu-
lar size reduction by placing paired couples of annular pledgeted
sutures from the ventricle to atrial side of the mitral annulus. This
treatment showed to initiate LVreverse remodeling and to provide
clinical improvement during 6 months after treatment [54].

So far, only the MitraClip device has undergone extensive
human investigation, and the reproducibility of results and the
real effectiveness of the other devices still remain to be demon-
strated [33]. The complex anatomy of the MVand mitral appa-
ratus and the interplay of the valve with the LV are the main
components causing the difficulties in developing and evaluating
new mitral devices.

Decision Making and Importance
of a Multidisciplinary Heart Team Approach

Managing care for patients with complex cardiovascular dis-
ease has changed substantially over the last decade. Patients
are older, have more complex cardiovascular disease, and
have a greater number of comorbidities. The decision between
treatment ofMR (catheter-based or surgical), ventricular assist
devices, heart transplantation, and continued conservative
therapy should be made by the Heart Team after careful indi-
vidual evaluation of the patient in order to select the best
candidates for a particular treatment, avoiding futility.

If interventional therapy is considered, a multidisciplinary
team involving HF specialists, interventionalists, imaging ex-
perts, and cardiac surgeons should be involved in patient evalu-
ation and decision making [55,56]. A team may better interpret
examination results and specific conditions and may combine
local therapeutic capability while avoiding professional bias that
may come from a single subspecialist’s point of view. Indeed
heart teammay also elevate the cognitive interchange that occurs
among the specialties. Establishing formats for interaction by the
Heart Team is essential. In some institutions, there will the de-
velopment of a structural heart disease center to facilitate the
process [57]. The heart team should focus on patient evaluation,
selection, education, with intensive efforts at discussion of the
risk/benefit ratio, and alternative strategies of care [58]. Indeed,
the central goal of patient-centric care requires that the patient
and family be sufficiently educated about the alternatives avail-
able so that their expectations can be met as fully as possible.

Conclusions

The essential, first-line, treatment of severe FMR consists of
GMT, and CRT when indicated. In persisting symptomatic

patient with severe FMR despite optimized medical therapy,
the benefit of valve interventions is uncertain especially be-
cause is not always clear whether FMR plays a leading role in
heart failure progression or rather represent a mere marker of
severity. FMR correction can be performed surgically or per-
cutaneously with the MitraClip procedure as the most widely
used device. Recently, COAPT [32••] and MITRA-FR [38••]
trials have given discordant results; however, the two trials
should be interpreted as complementary rather than opposite.

The MITRA-FR trial enrolled patients who had FMR that
was proportionate to the degree of left ventricle dilatation,
whereas the patients enrolled in the COAPT trial, compared
with MITRA-FR, had an higher EROA but LV volumes that
were smaller, indicative of disproportionate MR [19•].

The COAPT [32••] trial showed that MitraClip procedure
resulted in a lower rate of hospitalization for HF and lower
mortality within 24 months of follow-up than medical therapy
alone and may be considered a “proof of concept” that the
treatment of severe FMR in patients without too advanced
ventricular disease translate into a prognostic benefit.

Careful patient selection with the Heart Team approachwill
play a critical role in defining the clinical niche for successful
transcatheter interventions, because the selection of good can-
didates for these therapies remains still a clinical challenge.
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