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Secondary mitral insufficiency (SMI) is caused by dilatation and left ventricular dys-
function and is a frequent finding in patients with heart failure (HF). It is associated
with a mortality of between 40% and 50% at 3 years. The first-line treatment is repre-
sented by medical therapy, possibly associated, when indicated, with cardiac re-
synchronization. If the patient remains symptomatic, corrective action should be
considered. Surgery is indicated in cases of severe SMI with ejection fraction >30%
and the need for myocardial revascularization. The management of patients in
whom revascularization is not an option remains extremely complex and the evi-
dence in this field is extremely limited. Percutaneous transcatheter therapies, repar-
ative or replacement, are rapidly emerging as valid alternatives in cases of patients
at high surgical risk. In particular, edge-to-edge repair (MitraClip) has proven effec-
tive in improving symptoms and reducing hospitalizations for HF. However, neither
transcatheter nor surgical mitral repair or replacement has been shown to signifi-
cantly improve prognosis, with mortality remaining high (14–20% at 1 year).
Randomized trials aimed at assessing the effect of these treatments and establishing
their long-term outcomes are urgently required.

Introduction

Secondary mitral insufficiency (SMI; also known as ‘func-
tional’) is defined as a mitral insufficiency caused by a dys-
function of the left ventricle (LV) in the presence of a
normal mitral valve apparatus (Figure 1). It is a frequent
finding in patients with heart failure (HF) where it is esti-
mated to have a prevalence between 6% and 29% for mod-
erate to severe forms.1 The causes that can underlie LV
dysfunction are multiple but, as far as the purpose of this
treatment is concerned, they are distinguishable in ischae-
mic and non-ischaemic. A correct framework of aetiology,
injuries, and the type of dysfunction is an essential prereq-
uisite for the correct management of patients with SMI.
Since it is a heart muscle disease, the primary purpose of

the treatment is to correct LV dysfunction through medical
therapy and, when indicated, cardiac re-synchronization
therapy.2 However, a not negligible share of patients with

SMI remains symptomatic and it is necessary to evaluate
the possibility of further invasive treatment. This field of
cardiovascular medicine is still extremely controversial:
beyond the cases of ischaemic SMI with the possibility of re-
vascularization, the results of mitral surgery have given
results that are not always in agreement.2 Furthermore, if
the advent of percutaneous transcatheter therapies has ex-
panded enormously the pool of potentially treatable
patients, on the other hand the results of these techniques,
especially in the field of functional forms, have not been
univocal.

Percutaneous treatment of secondary mitral
insufficiency

MitraClip
To date, the MitraClip (Abbott Vascular, Santa Rosa, CA,
USA) is the most used device for the transcatheter repair
of the mitral valve with over 70 000 implants. Although
it was initially approved for primary forms of mitral*Corresponding author. Email: Massimo.Massetti@unicatt.it
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incompetence, it soon moved to the ‘off-label’ treatment
of SMI patients. The mechanism of action with which it acts
is attributable to the ‘edge-to-edge’ technique described
by Alfieri for the surgical repair of the mitral valve. It con-
sists in ‘clipping’ the anterior and posterior leaflets, thus
creating a double mitral orifice. The EVEREST II study com-
pared surgical mitral valve vs. percutaneous repair with
MitraClip. In the subgroup of patients with SMI (27% of the
total population), the primary endpoint (a composite of
freedom from death, reoperation, and mitral insufficiency
3þ or 4þ) was not significantly different between the two
groups at 4 years of follow-up.3 More recently, two random-
ized trials have investigated the effectiveness of MitraClip
vs. optimal medical therapy in patients with SMI. The
COAPT4 study enrolled 614 symptomatic patients despite
optimal medical therapy, with moderate–severe to severe
SMI and depressed ejection fraction (EF) (20–50%). At
24months, patients in the MitraClip group had a significant
reduction in re-hospitalizations for HF (primary endpoint)
(35.8% vs. 67.9% patient-year, P< 0.001) and mortality
(29.1% vs. 46.1%, P< 0.001) compared to patients on medi-
cal therapy only. Only 5% of patients had an SMI >2þ at
1 year. The smallest MITRA-FR5 study randomized 304
symptomatic patients, with severe SMI and depressed EF
(15–40%), to MitraClip vs. optimal medical therapy. The
most interesting finding was that at 12months there was
no significant difference between the two groups as far as
the primary endpoint, a composite of death and re-
hospitalizations for HF (54.6% vs. 51.3% for the MitraClip
group and the control group, respectively; P¼ 0.53). The
relapse rate of mitral insufficiency at 1 year was higher
than reported in the COAPT (17%). These differences can
be partly explained by the fact that the COAPT trial in-
cluded a greater number of patients, had a longer follow-
up and, on average, the patients had a higher degree SMI
and a lower degree ventricular dilation than those of the

MITRA-FR trial. Precisely with regard to these last two
points: in a recent study,6 the authors proposed a subdivi-
sion of the SMI into two subgroups on the basis of the mu-
tual interdependence between the severity of the mitral
defect and the extent of ventricular remodelling: those in
which it exists a linear relationship between the extent of
ventricular remodelling and the severity of mitral insuffi-
ciency (‘proportionate’ group) and those in whom dysfunc-
tion rather than ventricular dilation causes the valve
defect (‘disproportionate’ group). Interpreting the results
of the COAPT and MITRA-FR trials in light of this observa-
tion, it can be assumed that ‘proportionate’ patients (as
they were predominantly those enrolled in MITRA-FR)
could benefit more from interventions aimed at correcting
ventricular volume, while ‘disproportionate’ patients
(such as those of COAPT) would be more responsive to
treatments aimed at restoring correct mitral valve func-
tion. Ultimately, this substantial difference in the results
of the COAPT and MITRA-FR studies underlines the impor-
tance of arriving at a correct definition and selection of the
patient with SMI who will benefit most from the procedure.
The results of the two studies are to be considered more
complementary than opposed.

Other transcatheter solutions for valve repair
The Carillon Mitral Contour System (Cardiac Dimension
Inc., Kirkland, WA, USA) is a device that allows indirect
transcatheter annuloplasty. It is housed in the coronary si-
nus, in close proximity to the posterior mitral annulus.
Thanks to its double anchor (proximal and distal), it allows
the reduction of mitral insufficiency through a septal-
lateral compression of the posterior annulus. The main lim-
its are represented by the great anatomical variability of
the coronary sinus and by the fact that the device acts on
the annulus only indirectly. Although few studies still exist
and the clinical impact is still largely unknown, the Carillon
has demonstrated good ease of implantation, a limited ad-
verse event rate at 30days (between 1.9% and 13%), and a
stable reduction in mitral insufficiency at 12months.7,8

The Cardioband MV Reconstruction System (Edwards
Lifesciences, Irvine, CA, USA) and Mitralign (Mitralign Inc.,
Tewksbury, MA, USA) are two transcatheter devices that al-
low direct annuloplasty: the first is positioned trans-
sectally on the atrial side of the posterior mitral annulus in
a concept that is not different from a surgical annuloplasty;
the second consists in positioning retrograde arterially two
sutures with pledget on each commissure, also in this case
creating a restrictive annuloplasty. Although early studies
have provided promising results, there is still no conclusive
evidence of short- and long-term clinical outcomes.

Transcatheter mitral valve replacement
To date, numerous biological prostheses are being devel-
oped. The main difficulties in their design lie in the com-
plexity of the mitral valve apparatus, in the non-rigidity
and dimensional variability of the valve ring and in the risk
of obstruction of the outflow tract of the LV. The available
evidence is the result of observational studies on a small
number of SMI patients followed for a period of �2 years.
According to data in the literature, the implantation of

Figure 1 Pathophysiology of secondary mitral insufficiency. Remodelling
of the left ventricle causes an apical and lateral dislocation of one or
both papillary muscles resulting in tethering on one or both mitral flaps.
The dilation of the mitral ring is common in the dilation of the left ventri-
cle but it can also occur in the context of an isolated left atrial dilation.
Finally, the reduced contractility of left ventricle leads to a reduction of
the mitral valve closing forces. Tethering, the reduction of closing forces,
and the dilation of the mitral ring are the main determinants of second-
ary mitral insufficiency.
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these devices has a success rate of between 76% and 93%,
conversion to cardiac surgery between 0% and 15%, and 30-
day mortality between 3% and 53%. At follow-up, the re-
duction of mitral insufficiency was stable and the symp-
toms improved for all devices.9 However, further studies
are necessary to be able to consider these procedures a
valid option for patients with SMI.

Surgical treatment of secondary mitral
insufficiency
In patients with ischaemic SMI there is, in some cases,
the possibility of acting on the cause responsible for ven-
tricular dysfunction and, therefore, mitral insufficiency.
Revascularization could favour a positive remodelling of LV
which, in turn, could lead to a reduction in SMI: however,
the success of revascularization depends strictly on the
size of the vital myocardium. Whether the addition of a
procedure on the valve at the time of coronary artery by-
pass graft (CABG) could improve the prognosis has been the
subject of divergences and, still today, much remains unde-
fined. However, current European guidelines recommend
(IM Class I, level of evidence C) severe SMI correction in
CABG candidates and EF >30% and suggest considering it
(Class IIa, level of evidence C) in symptomatic patients.
with EF <30% but with the possibility of revascularization
and evidence of myocardial viability.2 Outside the areas in
which there is the possibility of revascularization, the evi-
dence becomes weak. In fact, isolated mitral valve surgery
is associated with a high perioperative mortality and a high
risk of recurrence. If we add to this the absence of evi-
dence to support a survival benefit, we understand why the
indications are so restrictive.2,10 In any case, the diagnosis
and treatment of patients with HF and SMI requires system-
atically a Heart Team and the involvement of specialists in
the field of HF and electrophysiology. Another topic on
which there has been controversy is the management of
patients with moderate SMI candidates for CABG. A sub-
group of the STICH11 study showed that mitral repair in as-
sociation with CABG in patients with EF <35% led to a
reduction in mortality compared to CABG alone. A subse-
quent trial conducted on 301 patients with moderate
ischaemic SMI randomized to CABG or CABG plus mitral
valve repair instead documented similar mortality, re-
hospitalizations and degree of ventricular remodelling at
2 years. In addition, patients undergoing the combined
procedure had a postoperative complication rate (neuro-
logical: stroke, TIA, metabolic encephalopathy; supra-
ventricular arrhythmias) and longer hospital stays than
those who had received only CABG.12 Two other random-
ized studies are of particular interest: the RIME13 and the
POINT trial.14 In both of these studies, the authors showed
that adding valve repair to CABG led to positive ventricular
remodelling, improvement of EF, improvement of symp-
toms, and degree ofmitral insufficiency but not to substan-
tial mortality benefits. To date, the treatment of moderate
SMI in CABG candidate patients is no longer recom-
mended.2 However, there is likely to be a subset of patients
whose survival, symptoms, and functional status may im-
prove after valve repair, but this subset still needs to be
identified. In addition to the indication, the choice of the

type of surgical treatment remains the subject of intense
debate. While for primary forms of mitral insufficiency,
valve repair is the first-choice treatment,2 in the cases of
SMI the evidence is controversial. In fact, restrictive annu-
loplasty is burdened with a relapse rate from 30% to 40% at
12months and up to 60% at 5 years after surgery.15

Preoperative echocardiography is able to identify numer-
ous factors associated with risk of mitral insufficiency re-
sidual or recurrence after repair (symmetrical tethering of
the flaps, tethering angle of the posterior flap >45�, tent-
ing height >11mm, presence of a basal A/dyskinetic area,
severe dilation of the LV or high spherical index of the LV,
etc.) and it is reasonable, in the presence of these risk fac-
tors, to proceed with a valve replacement. In a randomized
study of 251 patients with severe ischaemic SMI assigned to
repair vs. valve replacement, the authors achieved similar
results in terms of mortality, ventricular remodelling, and
major adverse events between the two groups at 2 years.
Patients undergoing valve repair, however, had a signifi-
cantly higher recurrence rate of mitral insufficiency (58.8%
vs. 3.8%, P< 0.001) resulting in a higher frequency of re-
hospitalizations (48.3% vs. 42.2%, P¼ 0.01).15

Conclusions

Secondary mitral insufficiency represents a challenge in
the field of cardiovascular medicine. Its presence in the
context of HF is associated with an unfavourable prognosis.
When, despite optimal medical therapy and possibly the
use of cardiac re-synchronization, the patient remains
symptomatic, the problem arises whether to proceed with
a corrective intervention. Surgery is indicated in severe
forms of SMI with the possibility of revascularization. In
high-risk patients, percutaneous solutions are a valid alter-
native. To date, however, themost concrete option to offer
our patient is that of the MitraClip. Regardless of the strat-
egy used, the long-term prognostic impact of the correc-
tion of the SMI remains to be clarified and further
randomized studies are urgently required.
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