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Abstract

Mitral regurgitation (MR) is the most common valvular heart disease in the
Western world. The MR can be either organic (mainly degenerative in Western
countries) or functional (secondary to left ventricular remodeling in the context
of ischemic or idiopathic dilated cardiomyopathy). Degenerative and functional
MR are completely different disease entities that pose specific decision-making
problems and require different management. The natural history of severe
degenerative MR is clearly unfavorable. However, timely and effective
correction of degenerative MR is associated with a normalization of life
expectancy. By contrast, the prognostic impact of the correction of functional
MR is still debated and controversial. In this review, we discuss the optimal
treatment of both degenerative and functional MR, taking into account current
surgical and percutaneous options. In addition, since a clear understanding of
the etiology and mechanisms of valvular dysfunction is important to guide the
timing and choice of treatment, the role of the heart team and of echo imaging
in the management of MR is addressed as well.
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Introduction

Mitral regurgitation (MR) is the most frequent clinically recogniz-
able valvular heart disease in the Western world'. MR can be divided
into organic MR, resulting from primary anatomical changes of
the leaflets and subvalvular apparatus, or functional (secondary)
MR, which is a consequence of annular dilatation and geometrical
distortion of the subvalvular apparatus secondary to left ventricu-
lar (LV) remodeling and dyssynchrony, most usually associated
with cardiomyopathy or coronary artery disease (mitral valve
[MV] is morphologically normal). Organic and functional MR are
different entities with regard to pathophysiology, prognosis, diag-
nosis, and management and will be discussed separately in this
review. The most common etiology of organic MR in industrialized
countries is degenerative MV disease, as a result either of myxoma-
tous degeneration or of fibroelastic deficiency of the leaflets, lead-
ing to MV prolapse. Less common is organic MR due to rheumatic
heart disease (prevalent in developing countries) and congenital
MYV anomalies’. Functional MR worsens the prognosis of patients
with dilated cardiomyopathy®*. Ischemic MR is a subcategory of
functional MR in which LV dysfunction is the consequence of a
previous myocardial infarction. The natural history of severe MR is
clearly unfavorable, leading to LV failure, pulmonary hypertension,
atrial fibrillation (AF), stroke, and death’. Appropriate and timely
correction of degenerative MR, however, has a highly beneficial
impact on the prognosis of patients and can even be associated
with a life expectancy and a quality of life similar to those of the
general population. For functional MR, surgery is challenging
and outcomes are inferior to those of degenerative MR, and the
indications and choice of technique are not supported by robust
evidence?’.

Furthermore, in recent years, a variety of approaches for the percu-
taneous treatment of MR have emerged. The most widely adopted
has been the edge-to-edge (EE) procedure investigated in large
registries and small randomized trials. Meanwhile, numerous
alternative technologies are in development.

The heart team

A multidisciplinary heart team (interventional cardiologists, car-
diac surgeons, anesthesiologists, imaging, and heart failure spe-
cialists) should evaluate the advantages and the drawbacks of
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surgical, percutaneous, and conservative approaches in all high-
risk subjects with MR, assessing the risk ratio due to the presence
of relevant comorbidities. The team should assess the possible
futility of intervention in very high-risk patients, in whom con-
servative management could be more appropriate. Risk assess-
ment is fundamental to decision-making since percutaneous MV
intervention should currently be reserved for high-risk or inoper-
able patients. Definitions of ‘high surgical risk’ and the ‘inoperable
patient’ remain elusive and significantly influenced by surgeon and
center experience. Established risk scores—for example, Society
of Thoracic Surgeons (STS) and EuroScore II—should be used in
conjunction with other factors (e.g. frailty, porcelain aorta, and
so on) as recommended by the MVARC (Mitral Valve Academic
Research Consortium) consensus documents’. As heart valve
teams generate the most beneficial treatments, it becomes funda-
mental to define the “centers of excellence” in MV repair. Cri-
teria should include MV surgery volume requirements (center
and surgeon), appropriate periprocedural imaging skills, and a
willingness to provide patients and referring doctors with the
data regarding outcomes based on the experience of the institu-
tion (including repair rates, mortality rates, stroke rates, and the
likelihood of durability of the repair)’. A tailored approach for indi-
vidual patients remains appropriate in the absence of guidelines
for the conduct of heart team activity.

Imaging assessment

Transesophageal echocardiography (TEE) is essential to under-
stand MV anatomical morphology (leaflet, annular, and subvalvu-
lar anomalies), and it is fundamental to assess the degree of MR
(Table 1 and Figure 1), defining suitability for an optimal surgi-
cal or percutaneous MV repair'’. Moreover, the presence of
thrombi in heart chambers or active endocarditic lesions, which
could contraindicate intervention, should be detected. In particular
for surgical patients with degenerative MR, both the leaflets and
the corresponding associated lesions should be recognized and
carefully studied. The management of asymptomatic patients is
controversial as there are no randomized trials to support any
particular course of action. Surgery can be proposed in selected
asymptomatic patients with severe MR, in particular when repair
probability is high. Some specific triggers for early intervention in
these patients are worth mentioning: signs of LV dysfunction—in

Table 1. Anatomical characteristics of both primary and secondary MR.

Degenerat. Barlow

Age at Diagnosis < 50 years

Valve Morphology

Annular dilatation (+++)

Leaflets Thickened (++)
Excess tissue (+++)

Chordae Heterogeneous
Elongated

Left ventricular N/A

dilatation

Degenerat. .
Fibroelastic Def. Functional

> 50 years N/A

(+) (++)

Thin Thickened (+)

No excess tissue  No excess tissue (++)
Thin(++) Thin(+)

Ruptured Tethered

N/A (+++)
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More than 40 |

More than 60

Figure 1. Echo criteria for the definition of severe mitral regurgitation. *Nyquist limit 50-60 cm/s. **Average between apical four- and
two-chamber views. ***In the absence of mitral stenosis or other causes of elevated left atrial pressure. EROA, effective regurgitant orifice area.

particular, LV ejection fraction (EF) of not more than 60% or LV
end-systolic diameter (LVESD) of at least 45 mm or both—and
lower LVESD are accepted in patients of small stature. If LV
function is preserved, new-onset AF or pulmonary hyper-
tension (at least 50 mmHg at rest or at least 60 mmHg dur-
ing exercise) or both and sinus rhythm with severe LA
dilatation (volume index of at least 60 ml/mq body surface area)
provide surgical indication®. The detection of annular calcification
is a finding of paramount importance. Instead, for surgical patients
presenting with secondary MR, echocardiographic parameters on
the LV morphology and function (volume, EF, and sphericity index)
are dominant in association with geometric MV distortion (tenting
area, coaptation depth, leaflet angles, and inter-papillary muscle dis-
tance). Numerous predictors of MV repair failure after undersized
annuloplasty have been identified (Figure 2) and, when present,
should suggest MV replacement as a more durable solution'’.

TEE is mandatory in the operating room to confirm optimal
competence of the valve after repair. Moreover, it is essential to
confirm anatomical eligibility for percutaneous EE repair, where
the anatomical criteria of the EVEREST II trial (Endovascular
Valve Edge-to-Edge Repair Study) are the reference (Figure 3).
Percutaneous treatments beyond these criteria are now com-
mon, although certain anatomical conditions predict failure or
suboptimal outcomes (Figure 3).

Degenerative mitral regurgitation

Natural history, medical therapy, and timing of intervention
The natural history of severe degenerative MR is unfavorable and
symptoms, age, AF, pulmonary hypertension, left atrial or LV

dilatation, and low EF are all predictors of poor outcome™. There
is no evidence-based medical therapy for patients with primary
MR and minimal or no symptoms. Although beta-blockers and
angiotensin-converting enzyme inhibitors palliate symptoms in
patients with heart failure, they should not postpone the timing of
intervention®. Although patients with primary MR could remain
asymptomatic for years, thus deferring the intervention, the treat-
ment strategy has been redefined in recent years. Nowadays the
international guidelines recommend earlier intervention when the
probability of durable repair is high, especially when surgery can
be performed by skilled teams with excellent outcomes. The pur-
pose of ‘early repair’ is to treat severe degenerative MR before the
occurrence of structural and functional changes in the left atrial and
LV chambers, to ensure that survival and quality of life of patients
are similar to those of the general population.

Surgery

MYV repair is the preferred surgical treatment for severe degenera-
tive MR and has significant advantages over MV replacement®''.
The main goals (restitution of physiological leaflet motion, achieve-
ment of adequate leaflet coaptation, and annular stabilization with
maintenance of an adequate mitral orifice) can be achieved by using
a variety of isolated or combined techniques (leaflet resection,
implantation of artificial chordae, chordal transposition/transfer,
EE technique, and annuloplasty using a prosthetic ring or band)
according to the type and location of the mitral lesions. Nowa-
days the vast majority of degenerative MR can be successfully
repaired in dedicated valve centers'>'". Recent reports assess an
absence from re-intervention at 10 years of more than 90%, slightly
decreasing (to 80%) at 20 years'*'°. Numerous anatomical lesions
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Echo predictors of rep
undersized annulop

Figure 2. Echo predictors of repair failure or recurrent mitral regurgitation after undersized annuloplasty in secondary mitral
regurgitation. LV, left ventricular; MR, mitral regurgitation.

Figure 3. Key anatomic eligibility criteria for percutaneous edge-to-edge repair (EVEREST Il) and unfavorable anatomical conditions.
EVEREST I, Endovascular Valve Edge-to-Edge Repair Study; MR, mitral regurgitation.
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limiting long-term outcomes, especially the anterior or bileaflet
prolapse, the extensive myxomatous disease, and annular calcifica-
tions, have been recognized so far. Surgical outcomes are strongly
related to the experience of the center and surgeons. The hospi-
tal mortality achieved in dedicated centers is very low (less than
1%), and major complications are very rare when a strategy of early
repair is adopted. Patients should be referred to centers with exten-
sive experience to maximize the likelihood of a durable repair'”'*.
Indeed, the long-term outcomes are significantly improved when
timely MV repair is performed, as opposed to lower late survival
obtained in patients with hemodynamic decompensation (heart
failure, depressed ventricular function, pulmonary hypertension,
and arrhythmias)'>".

Percutaneous intervention

Several new transcatheter mitral devices are currently under inves-
tigation, although the MitraClip System (Abbott Vascular, Santa
Clara, CA, USA), approved for use in high-risk or inoperable
patients with severe MR and suitable anatomic criteria (Figure 3),
is the only one widely available, and around 30,000 implanta-
tions are performed worldwide”. Percutaneous EE repair with this
device is safe in degenerative MR and has low rates of procedural
and 30-day mortality, complications (stroke, bleeding, tamponade,
or resuscitation), and short mean hospital stay’'~**.One-year sur-
vival is 80%, mirroring the advanced age and multiple comorbidi-
ties of the populations studied. Post-procedural mitral stenosis is
very rare, and the clip detachment rate is around 2%. The acute
procedural success rate (moderate or less than moderate final MR
grade) is more than 80-85% and is maintained at 1- and 4-year
follow-up. In the EVEREST II study”'**, which compared MV sur-
gery versus transcatheter EE, 279 patients with moderate-to-severe
and severe MR were randomly assigned to MitraClip repair (Abbott
Laboratories, Abbott Park, IL, USA) or surgery (repair or replace-
ment). The great majority of the population had degenerative MR
and low risk of intervention. After 1 year, percutaneous repair was
associated with a higher rate of residual MR, requiring surgical
correction in comparison with surgery (20% versus 2%). These
results were confirmed and remained stable after 4 years (25%
versus 5%). Importantly, improvements in safety in favor of the
percutaneous technique were influenced by the higher need for
blood transfusion in the surgical arm. This population of the
EVEREST 1II was significantly different from the patients who
are currently treated in Europe, mainly affected by functional MR
with severe LV dysfunction and higher surgical risk due to higher
comorbidities. However, our group clearly documented that
residual moderate MR after MitraClip implantation was associ-
ated with worse follow-up outcomes compared with mild or trivial
MR, including survival, symptom relief, and MR recurrence. So
far, better efficacy should be pursued by transcatheter mitral repair
technologies in this particular setting®. Accordingly, the study by
Suri et al. demonstrated that also recurrent MR following surgical
mitral repair in degenerative patients is associated with adverse LV

26

remodeling and late death™.

Functional mitral regurgitation

Medical therapy

Medical therapy (angiotensin-converting enzyme inhibitors, beta-
blockers, and aldosterone antagonists) is mandatory in functional
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MR. Diuretics may be required for fluid overload, and vasodila-
tors have a role in acute hemodynamic decompensation. The
presence of conduction disturbances is not uncommon in these
patients and contributes to the worsening of symptoms due to
asynchronous ventricular contraction. Hence, cardiac resynchro-
nization therapy aims at three different levels: (1) atrioventricular
(2) intraventricular, and (3) interventricular. The therapy is
achieved by pacing or sensing the right atrium, pacing the right
ventricle (close to the septum), and pacing the left ventricle
through the coronary sinus, also called biventricular pacing”’.

Surgery

The best surgical treatment for secondary MR remains
controversial”’. Mitral repair performed with an undersized rigid
complete ring to restore leaflet coaptation and valve competence
has been considered the standard treatment and can be performed
with acceptable perioperative risk in carefully selected patients
with secondary MR and poor LV function’®*. Several predictors of
failure after repair have been recognized in the last decade, and it is
well known that more advanced leaflet tethering predicts significant
recurrent MR**~*". To improve MV repair durability, concomitant
techniques on the subvalvular apparatus (secondary chordal resection,
suturing of the posteromedial papillary muscle to the aorto-mitral
continuity, infarct plication, papillary muscle imbrication, and poste-
rior LV restoration) have been described in small, non-randomized,
and observational studies and are under investigation’’~"’. Restric-
tive annuloplasty was recently compared with chordal-sparing MV
replacement in a randomized study in patients with secondary MR
of ischemic origin and demonstrated no advantage with regard to
LV end-systolic volume index or 1-year mortality*. However, the
trial was underpowered for mortality and included patients with
pre-operative predictors of repair failure in the repair group. A
more appropriate selection of the candidates to mitral repair should
be pursued since the rates of moderate-to-severe recurrent MR at
1 year were 32.6% in the repair and 2.3% in the replacement group.
When the study follow-up was extended to 2 years, no significant
difference between groups in LV reverse remodeling or survival was
documented, and values of moderate-to-severe recurrent MR were
58.8% in the repair group and 3.8% in the replacement®. Since no
reverse LV remodeling was observed in the patients with recurrent
MR, such a high rate of repair failure certainly had a major impact
on the results. When repair was successful (no MR recurrence),
the degree of LV reverse remodeling was higher than in patients
submitted to MV replacement, emphasizing that a successful repair
outplays the best MV replacement in this setting®. Therefore,
further studies are required to determine whether selected patients
with secondary MR and no predictors of repair failure may benefit
from surgical MV reconstruction. Moreover, no study has convinc-
ingly demonstrated a survival benefit compared with medical ther-
apy in patients with MR and LV systolic dysfunction and this argues
against surgical intervention in asymptomatic patients and poses a
complex surgical decision in high-risk cases*’. However, in a large
retrospective study recently published by Duke Medicine, substan-
tial mortality was shown in patients with severe LV dysfunction and
significant MR when treated with medical therapy alone whereas
MV surgery was independently associated with higher event-
free survival, encouraging the treatment of moderate and severe
secondary MR in these challenging patients™.
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Percutaneous intervention

Nowadays inoperable functional MR is widely treated with the
MitraClip system, the transcatheter technology adopting the
EE repair’>***~. The outcomes of patients with functional MR
and severe LV dysfunction in the ACCESS-EU (a prospective,
multicenter, nonrandomized post-approval observational study of
the MitraClip System in Europe) registry (around 400 patients)
showed an extremely low mortality after 1 month (3%), which
increased after 1 year to 17%, without evidence of significant com-
plications (stroke, resuscitation, and tamponade)’”. Significant
residual MR in this challenging population, defined as moderate-
to-severe or severe MR, progressively increased during the first year
and was present in more than 20% of patients. With regard to clinical
efficacy, most patients (70%) remained in New York Heart Associa-
tion (NYHA) class I and II after the first year, showing either atrial
or ventricular reverse remodeling, although in half of them a mod-
erate residual MR was detected”~°. Direct comparisons between
percutaneous EE repair and surgery in secondary MR are difficult
since patients who receive either strategy are significantly differ-
ent. Taramasso et al. reported in a non-randomized series higher
efficacy of surgery compared with percutaneous intervention (free-
dom from moderate-to-severe and severe MR at 1 year was 94%
versus 79%)*. In contrast, post hoc analysis of the EVEREST II
trial demonstrated equivalence of the two strategies in thissetting™.
However, in the absence of a medical therapy control group,
it is not possible to establish whether either treatment has a
positive impact on survival; ongoing randomized studies will
address this question. Currently, three large randomized trials will
help clarify the future role of transcatheter devices in secondary
MR therapy and whether MR reduction improves long-term
outcomes: COAPT (Cardiovascular Outcomes Assessment of the
MitraClip Percutaneous Therapy for Heart Failure Patients with
Functional Mitral Regurgitation), RESHAPE-HF (Randomized
Study of the MitraClip Device in Heart Failure Patients With Clini-
cally Significant Functional Mitral Regurgitation), and MITRA-FR
(Multicentre Study of Percutaneous Mitral Valve Repair MitraClip
Device in Patients With Severe Secondary Mitral Regurgitation).
The primary outcomes of these trials should be available at the
end of 2017. In the COAPT trial (USA), 430 inoperable patients
with secondary MR are randomly assigned between standard-
of-care medical therapy and MitraClip versus standard-of-care
medical therapy alone in order to assess the safety and effec-
tiveness of the MitraClip in this field. In addition, the feasibility
and safety of percutaneous direct mitral annuloplasty with Car-
dioband (Cardioband System; Valtech Cardio Ltd., Or Yehuda,
Israel) have been recently assessed both in preclinical models and
in humans***, The Cardioband system is a direct annuloplasty
adjustable device that is implanted in the beating heart on the
posterior annulus under fluoroscopic and TEE guidance. The
human study group included 31 consecutive high-risk patients
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with moderate-to-severe or severe secondary MR*. Procedural
mortality was zero, and in-hospital mortality was 6.5% (2 of 31
patients, neither procedure- nor device-related). At 1 month, 88% of
patients had moderate or less than moderate residual MR.

Transcatheter mitral valve replacement early feasibility
trials

Although this work aims to report the current management of MV
repair, it is worth mentioning the current role of the complemen-
tary therapy: the transcatheter valve replacement. The feasibility of
transcatheter MV replacement has been reported in a small number
of patients at extreme risk (fewer than 100 patients) with native,
MV disease but does not allow for any robust conclusions. On one
hand, implantation of a valve in a non-calcified MV raises sev-
eral important challenges: its positioning and anchoring, causing
obstruction of the LV outflow tract, or coronary circumflex artery or
paravalvular leak. On the other hand, transcatheter MV replacement
has several theoretical advantages (compared with valve repair)
because it is versatile and durably eliminates MR*. Of the 10
ongoing studies, four are early feasibility trials in the US: Neovasc
Tiara Mitral Valve System (TIARA-I; NCT02276547), Tendyne
Mitral Valve System (NCT02321514), CardiAQ TMVI System
(Transfemoral and Transapical DS; NCT02515539), and Twelve
Transcatheter Mitral Valve Replacement (NCT02428010).

Conclusions

Nowadays surgical MV repair is considered the gold standard for
patients with severe degenerative MR. To ensure the best durable
outcomes, the procedure should be performed in a timely manner
and in dedicated centers. In patients with secondary MR and dilated
cardiomyopathy, the mitral repair intervention is more challenging
and the careful selection of patients is essential. The presence of
echocardiographic predictors of postoperative residual or recurrent
MR should be carefully considered to recommend replacement as
a more durable solution. Percutaneous interventions offer beating-
heart MV repair and replacement under physiological conditions,
without the need for cardiopulmonary bypass. Beyond percutane-
ous EE repair, the percutaneous direct annuloplasty reproduces
proven surgical techniques, showing a good safety profile and
efficacy. Advanced imaging technologies (three-dimensional
echocardiography and heart computed tomography scan) will
guide MV repair procedures in the near future.

Competing interests
The authors declare that they have no competing interests.

Grant information

The author(s) declared that no grants were involved in supporting
this work.

Page 6 of 9



References

F1000Research 2016, 5(F1000 Faculty Rev):1326 Last updated: 10 JUN 2016

F1000 recommended

E Nkomo VT, Gardin JM, Skelton TN, et al.: Burden of valvular heart diseases:
a population-based study. Lancet. 2006; 368(9540): 1005—11.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

lung B, Vahanian A: Epidemiology of valvular heart disease in the adult. Nat
Rev Cardiol. 2011; 8(3): 162-72.
PubMed Abstract | Publisher Full Text

Bursi F, Enriquez-Sarano M, Nkomo VT, et al.: Heart failure and death
after myocardial infarction in the community: the emerging role of mitral
regurgitation. Circulation. 2005; 111(3): 295-301.

PubMed Abstract | Publisher Full Text

Grigioni F, Enriquez-Sarano M, Zehr KJ, et al.: Ischemic mitral regurgitation:
long-term outcome and prognostic implications with quantitative Doppler
assessment. Circulation. 2001; 103(13): 1759-64.

PubMed Abstract | Publisher Full Text

Ling LH, Enriquez-Sarano M, Seward JB, et al.: Clinical outcome of mitral
regurgitation due to flail leaflet. N Engl J Med. 1996; 335(19): 1417-23.
PubMed Abstract | Publisher Full Text

Joint Task Force on the Management of Valvular Heart Disease of the
European Society of Cardiology (ESC), European Association for Cardio-Thoracic
Surgery (EACTS), Vahanian A, et al.: Guidelines on the management of valvular
heart disease (version 2012). Eur Heart J. 2012; 33(19): 2451-96.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Stone GW, Vahanian AS, Adams DH, et al.: Clinical trial design principles
and endpoint definitions for transcatheter mitral valve repair and replacement:
part 1: clinical trial design principles: A consensus document from the mitral
valve academic research consortium. Eur Heart J. 2015; 36(29): 1851-77.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Stone GW, Adams DH, Abraham WT, et al.: Clinical Trial Design Principles
and Endpoint Definitions for Transcatheter Mitral Valve Repair and
Replacement: Part 2: Endpoint Definitions: A Consensus Document From the
Mitral Valve Academic Research Consortium. J Am Coll Cardiol. 2015; 66(3):
308-21.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

E LaPar DJ, Ailawadi G, Isbell JM, et al.: Mitral valve repair rates correlate with
surgeon and institutional experience. J Thorac Cardiovasc Surg. 2014; 148(3):
995-10083; discussion 1003-4.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

de Bonis M, Al-Attar N, Antunes M, et al.: Surgical and interventional
management of mitral valve regurgitation: a position statement from the
European Society of Cardiology Working Groups on Cardiovascular Surgery
and Valvular Heart Disease. Eur Heart J. 2016; 37(2): 133-9.

PubMed Abstract | Publisher Full Text

Vassileva CM, Mishkel G, McNeely C, et al.: Long-term survival of patients
undergoing mitral valve repair and replacement: a longitudinal analysis of
Medicare fee-for-service beneficiaries. Circulation. 2013; 127(18): 1870-6.
PubMed Abstract | Publisher Full Text

Castillo JG, Anyanwu AC, Fuster V, et al.: A near 100% repair rate for mitral valve
prolapse is achievable in a reference center: implications for future guidelines.
J Thorac Cardiovasc Surg. 2012; 144(2): 308-12.

PubMed Abstract | Publisher Full Text

Jouan J, Berrebi A, Chauvaud S, et al.: Mitral valve reconstruction in Barlow
disease: long-term echographic results and implications for surgical
management. J Thorac Cardiovasc Surg. 2012; 143(4 Suppl): S17-20.

PubMed Abstract | Publisher Full Text

Braunberger E, Deloche A, Berrebi A, et al.: Very long-term results (more than
20 years) of valve repair with carpentier’s techniques in nonrheumatic mitral
valve insufficiency. Circulation. 2001; 104(12 Suppl 1): 18—11.

PubMed Abstract | Publisher Full Text

David TE, Armstrong S, McCrindle BW, et al.: Late outcomes of mitral valve
repair for mitral regurgitation due to degenerative disease. Circulation. 2013;
127(14): 1485-92.

PubMed Abstract | Publisher Full Text

DiBardino DJ, EIBardissi AW, McClure RS, et al.: Four decades of experience
with mitral valve repair: analysis of differential indications, technical evolution,
and long-term outcome. J Thorac Cardiovasc Surg. 2010; 139(1): 76—83;
discussion 83—4.

PubMed Abstract | Publisher Full Text

lung B, Baron G, Butchart EG, et al.: A prospective survey of patients with
valvular heart disease in Europe: The Euro Heart Survey on Valvular Heart
Disease. Eur Heart J. 2003; 24(13): 1231-43.

PubMed Abstract | Publisher Full Text

Anyanwu AC, Bridgewater B, Adams DH: The lottery of mitral valve repair
surgery. Heart. 2010; 96(24): 1964—7.

PubMed Abstract | Publisher Full Text

Montant P, Chenot F, Robert A, et al.: Long-term survival in asymptomatic
patients with severe degenerative mitral regurgitation: a propensity score-
based comparison between an early surgical strategy and a conservative
treatment approach. J Thorac Cardiovasc Surg. 2009; 138(6): 1339-48.
PubMed Abstract | Publisher Full Text

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Minha S, Torguson R, Waksman R: Overview of the 2013 Food and Drug
Administration Circulatory System Devices Panel meeting on the MitraClip
Delivery System. Circulation. 2013; 128(8): 864-8.

PubMed Abstract | Publisher Full Text

Feldman T, Foster E, Glower DD, et al.: Percutaneous repair or surgery for
mitral regurgitation. N Engl J Med. 2011; 364(15): 1395-406.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Maisano F, Franzen O, Baldus S, et al.: Percutaneous mitral valve interventions
in the real world: early and 1-year results from the ACCESS-EU, a prospective,
multicenter, nonrandomized post-approval study of the MitraClip therapy in
Europe. J Am Coll Cardiol. 2013; 62(12): 1052—-61.

PubMed Abstract | Publisher Full Text

Reichenspurner H, Schillinger W, Baldus S, et al.: Clinical outcomes through

12 months in patients with degenerative mitral regurgitation treated with the
MitraClip® device in the ACCESS-EUrope Phase | trial. Eur J Cardiothorac Surg.
2013; 44(4): €280-8.

PubMed Abstract | Publisher Full Text

Mauri L, Foster E, Glower DD, et al.: 4-year results of a randomized
controlled trial of percutaneous repair versus surgery for mitral regurgitation.
J Am Coll Cardiol. 2013; 62(4): 317-28.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Buzzatti N, De Bonis M, Denti P, et al.: What is a “good” result after
transcatheter mitral repair? Impact of 2+ residual mitral regurgitation. J Thorac
Cardiovasc Surg. 2016; 151(1): 88-96.

PubMed Abstract | Publisher Full Text

Suri RM, Clavel MA, Schaff HV, et al.: Effect of Recurrent Mitral
Regurgitation Following Degenerative Mitral Valve Repair: Long-Term Analysis
of Competing Outcomes. J Am Coll Cardiol. 2016; 67(5): 488-98.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

McMurray JJ, Adamopoulos S, Anker SD, et al.: ESC Guidelines for the
diagnosis and treatment of acute and chronic heart failure 2012: The Task
Force for the Diagnosis and Treatment of Acute and Chronic Heart Failure
2012 of the European Society of Cardiology. Developed in collaboration with
the Heart Failure Association (HFA) of the ESC. Eur Heart J. 2012; 33(14):
1787-847.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Magne J, Girerd N, Sénéchal M, et al.: Mitral repair versus replacement for
ischemic mitral regurgitation: comparison of short-term and long-term
survival. Circulation. 2009; 120(11 Suppl): S104—11.

PubMed Abstract | Publisher Full Text

Bolling SF, Deeb GM, Brunsting LA, et al.: Early outcome of mitral valve
reconstruction in patients with end-stage cardiomyopathy. J Thorac Cardiovasc
Surg. 1995; 109(4): 676-82; discussion 682-3.

PubMed Abstract | Publisher Full Text

McGee EC Jr, Gillinov AM, Blackstone EH, et al.: Recurrent mitral regurgitation
after annuloplasty for functional ischemic mitral regurgitation. J Thorac
Cardiovasc Surg. 2004; 128(6): 916-24.

PubMed Abstract | Publisher Full Text

Ciarka A, Braun J, Delgado V, et al.: Predictors of mitral regurgitation
recurrence in patients with heart failure undergoing mitral valve annuloplasty.
Am J Cardiol. 2010; 106(3): 395-401.

PubMed Abstract | Publisher Full Text

Lee AP, Acker M, Kubo SH, et al.: Mechanisms of recurrent functional mitral
regurgitation after mitral valve repair in nonischemic dilated cardiomyopathy:
importance of distal anterior leaflet tethering. Circulation. 2009; 119(19): 2606—14.
PubMed Abstract | Publisher Full Text

Kron IL, Hung J, Overbey JR, et al.: Predicting recurrent mitral regurgitation
after mitral valve repair for severe ischemic mitral regurgitation. J Thorac
Cardiovasc Surg. 2015; 149(3): 752-61.e1.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Borger MA, Alam A, Murphy PM, et al.: Chronic ischemic mitral regurgitation:
repair, replace or rethink? Ann Thorac Surg. 2006; 81(3): 1153-61.
PubMed Abstract | Publisher Full Text

Borger MA, Murphy PM, Alam A, et al.: Initial results of the chordal-cutting
operation for ischemic mitral regurgitation. J Thorac Cardiovasc Surg. 2007;
133(6): 1483-92.

PubMed Abstract | Publisher Full Text

Langer F, Kunihara T, Hell K, et al.: RING+STRING: Successful repair technique
for ischemic mitral regurgitation with severe leaflet tethering. Circulation. 2009;
120(11 Suppl): S85-91.

PubMed Abstract | Publisher Full Text

Hvass U, Joudinaud T: The papillary muscle sling for ischemic mitral
regurgitation. J Thorac Cardiovasc Surg. 2010; 139(2): 418-23.

PubMed Abstract | Publisher Full Text

EIAcker MA, Parides MK, Perrault LP, et al.: Mitral-valve repair versus
replacement for severe ischemic mitral regurgitation. N Engl J Med. 2014;
370(1): 23-32.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Page 7 of 9


http://f1000.com/prime/1046231
http://www.ncbi.nlm.nih.gov/pubmed/16980116
http://dx.doi.org/10.1016/S0140-6736(06)69208-8
http://f1000.com/prime/1046231
http://www.ncbi.nlm.nih.gov/pubmed/21263455
http://dx.doi.org/10.1038/nrcardio.2010.202
http://www.ncbi.nlm.nih.gov/pubmed/15655133
http://dx.doi.org/10.1161/01.CIR.0000151097.30779.04
http://www.ncbi.nlm.nih.gov/pubmed/11282907
http://dx.doi.org/10.1161/01.CIR.103.13.1759
http://www.ncbi.nlm.nih.gov/pubmed/8875918
http://dx.doi.org/10.1056/NEJM199611073351902
http://f1000.com/prime/718039814
http://www.ncbi.nlm.nih.gov/pubmed/22922415
http://dx.doi.org/10.1093/eurheartj/ehs109
http://f1000.com/prime/718039814
http://f1000.com/prime/725634694
http://www.ncbi.nlm.nih.gov/pubmed/26170467
http://dx.doi.org/10.1093/eurheartj/ehv281
http://f1000.com/prime/725634694
http://f1000.com/prime/725648746
http://www.ncbi.nlm.nih.gov/pubmed/26184623
http://dx.doi.org/10.1016/j.jacc.2015.05.049
http://f1000.com/prime/725648746
http://f1000.com/prime/718506081
http://www.ncbi.nlm.nih.gov/pubmed/25048633
http://dx.doi.org/10.1016/j.jtcvs.2014.06.039
http://f1000.com/prime/718506081
http://www.ncbi.nlm.nih.gov/pubmed/26152116
http://dx.doi.org/10.1093/eurheartj/ehv322
http://www.ncbi.nlm.nih.gov/pubmed/23569153
http://dx.doi.org/10.1161/CIRCULATIONAHA.113.002200
http://www.ncbi.nlm.nih.gov/pubmed/22698565
http://dx.doi.org/10.1016/j.jtcvs.2011.12.054
http://www.ncbi.nlm.nih.gov/pubmed/22154786
http://dx.doi.org/10.1016/j.jtcvs.2011.11.016
http://www.ncbi.nlm.nih.gov/pubmed/11568021
http://dx.doi.org/10.1161/hc37t1.094780
http://www.ncbi.nlm.nih.gov/pubmed/23459614
http://dx.doi.org/10.1161/CIRCULATIONAHA.112.000699
http://www.ncbi.nlm.nih.gov/pubmed/19931098
http://dx.doi.org/10.1016/j.jtcvs.2009.08.058
http://www.ncbi.nlm.nih.gov/pubmed/12831818
http://dx.doi.org/10.1016/S0195-668X(03)00201-X
http://www.ncbi.nlm.nih.gov/pubmed/20855441
http://dx.doi.org/10.1136/hrt.2010.199620
http://www.ncbi.nlm.nih.gov/pubmed/19660385
http://dx.doi.org/10.1016/j.jtcvs.2009.03.046
http://www.ncbi.nlm.nih.gov/pubmed/23960257
http://dx.doi.org/10.1161/CIRCULATIONAHA.113.004062
http://f1000.com/prime/10118956
http://www.ncbi.nlm.nih.gov/pubmed/21463154
http://dx.doi.org/10.1056/NEJMoa1009355
http://f1000.com/prime/10118956
http://www.ncbi.nlm.nih.gov/pubmed/23747789
http://dx.doi.org/10.1016/j.jacc.2013.02.094
http://www.ncbi.nlm.nih.gov/pubmed/23864216
http://dx.doi.org/10.1093/ejcts/ezt321
http://f1000.com/prime/718009673
http://www.ncbi.nlm.nih.gov/pubmed/23665364
http://dx.doi.org/10.1016/j.jacc.2013.04.030
http://f1000.com/prime/718009673
http://www.ncbi.nlm.nih.gov/pubmed/26545970
http://dx.doi.org/10.1016/j.jtcvs.2015.09.099
http://f1000.com/prime/726132343
http://www.ncbi.nlm.nih.gov/pubmed/26846946
http://dx.doi.org/10.1016/j.jacc.2015.10.098
http://f1000.com/prime/726132343
http://f1000.com/prime/718489795
http://www.ncbi.nlm.nih.gov/pubmed/22611136
http://dx.doi.org/10.1093/eurheartj/ehs104
http://f1000.com/prime/718489795
http://www.ncbi.nlm.nih.gov/pubmed/19752354
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.843995
http://www.ncbi.nlm.nih.gov/pubmed/7715214
http://dx.doi.org/10.1016/S0022-5223(95)70348-9
http://www.ncbi.nlm.nih.gov/pubmed/15573077
http://dx.doi.org/10.1016/j.jtcvs.2004.07.037
http://www.ncbi.nlm.nih.gov/pubmed/20643253
http://dx.doi.org/10.1016/j.amjcard.2010.03.042
http://www.ncbi.nlm.nih.gov/pubmed/19414639
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.796151
http://f1000.com/prime/726394435
http://www.ncbi.nlm.nih.gov/pubmed/25500293
http://dx.doi.org/10.1016/j.jtcvs.2014.10.120
http://www.ncbi.nlm.nih.gov/pmc/articles/4687890
http://f1000.com/prime/726394435
http://www.ncbi.nlm.nih.gov/pubmed/16488757
http://dx.doi.org/10.1016/j.athoracsur.2005.08.080
http://www.ncbi.nlm.nih.gov/pubmed/17532944
http://dx.doi.org/10.1016/j.jtcvs.2007.01.064
http://www.ncbi.nlm.nih.gov/pubmed/19752391
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.840173
http://www.ncbi.nlm.nih.gov/pubmed/20106402
http://dx.doi.org/10.1016/j.jtcvs.2009.08.007
http://f1000.com/prime/718180676
http://www.ncbi.nlm.nih.gov/pubmed/24245543
http://dx.doi.org/10.1056/NEJMoa1312808
http://www.ncbi.nlm.nih.gov/pmc/articles/4128011
http://f1000.com/prime/718180676

39.

40.

41.

42.

43.

44.

E Goldstein D, Moskowitz AJ, Gelijns AC, et al.: Two-Year Outcomes of Surgical
Treatment of Severe Ischemic Mitral Regurgitation. N Engl J Med. 2016; 374(4):
344-53.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Wu AH, Aaronson KD, Bolling SF, et al.: Impact of mitral valve annuloplasty on
mortality risk in patients with mitral regurgitation and left ventricular systolic
dysfunction. J Am Coll Cardiol. 2005; 45(3): 381-7.

PubMed Abstract | Publisher Full Text

E Samad Z, Shaw LK, Phelan M, et al.: Management and outcomes in patients
with moderate or severe functional mitral regurgitation and severe left
ventricular dysfunction. Eur Heart J. 2015; 36(40): 2733-41.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Schillinger W, Hiinlich M, Baldus S, et al.: Acute outcomes after MitraClip therapy
in highly aged patients: results from the German TRAnscatheter Mitral valve
Interventions (TRAMI) Registry. Eurolntervention. 2013; 9(1): 84-90.

PubMed Abstract | Publisher Full Text

Taramasso M, Maisano F, Latib A, et al.: Clinical outcomes of MitraClip for

the treatment of functional mitral regurgitation. Eurointervention. 2014; 10(6):
746-52.

PubMed Abstract | Publisher Full Text

Grayburn PA, Foster E, Sangli C, et al.: Relationship between the magnitude

of reduction in mitral regurgitation severity and left ventricular and left atrial

F1000Research 2016, 5(F1000 Faculty Rev):1326 Last updated: 10 JUN 2016

45.

46.

47.

48.

49.

reverse remodeling after MitraClip therapy. Circulation. 2013; 128(15): 1667-74.
PubMed Abstract | Publisher Full Text

Grasso C, Capodanno D, Scandura S, et al.: One- and twelve-month safety and
efficacy outcomes of patients undergoing edge-to-edge percutaneous mitral
valve repair (from the GRASP Registry). Am J Cardiol. 2013; 111(10): 1482-7.
PubMed Abstract | Publisher Full Text

Van den Branden BJ, Swaans MJ, Post MC, et al.: Percutaneous edge-to-edge
mitral valve repair in high-surgical-risk patients: do we hit the target? JACC
Cardiovasc Interv. 2012; 5(1): 105—11.

PubMed Abstract | Publisher Full Text

Taramasso M, Guidotti A, Cesarovic N, et al.: Transcatheter direct mitral
annuloplasty with Cardioband: feasibility and efficacy trial in an acute
preclinical model. Eurointervention. 2015; 11(7): pii: EIJ-D-15-00021.
PubMed Abstract | F1000 Recommendation

Maisano F, Taramasso M, Nickenig G, et al.: Cardioband, a transcatheter
surgical-like direct mitral valve annuloplasty system: early results of the
feasibility trial. Eur Heart J. 2016; 37(10): 817-25.

PubMed Abstract | Publisher Full Text

Maisano F, Alfieri O, Banai S, et al.: The future of transcatheter mitral valve
interventions: competitive or complementary role of repair vs. replacement?
Eur Heart J. 2015; 36(26): 1651-9.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Page 8 of 9


http://f1000.com/prime/725924119
http://www.ncbi.nlm.nih.gov/pubmed/26550689
http://dx.doi.org/10.1056/NEJMoa1512913
http://f1000.com/prime/725924119
http://www.ncbi.nlm.nih.gov/pubmed/15680716
http://dx.doi.org/10.1016/j.jacc.2004.09.073
http://f1000.com/prime/725693479
http://www.ncbi.nlm.nih.gov/pubmed/26233850
http://dx.doi.org/10.1093/eurheartj/ehv343
http://f1000.com/prime/725693479
http://www.ncbi.nlm.nih.gov/pubmed/23579108
http://dx.doi.org/10.4244/EIJV9I1A13
http://www.ncbi.nlm.nih.gov/pubmed/24469474
http://dx.doi.org/10.4244/EIJV10I6A128
http://www.ncbi.nlm.nih.gov/pubmed/24014834
http://dx.doi.org/10.1161/CIRCULATIONAHA.112.001039
http://www.ncbi.nlm.nih.gov/pubmed/23433761
http://dx.doi.org/10.1016/j.amjcard.2013.01.300
http://www.ncbi.nlm.nih.gov/pubmed/22230156
http://dx.doi.org/10.1016/j.jcin.2011.09.013
http://f1000.com/prime/725941558
http://www.ncbi.nlm.nih.gov/pubmed/26573974
http://f1000.com/prime/725941558
http://www.ncbi.nlm.nih.gov/pubmed/26586779
http://dx.doi.org/10.1093/eurheartj/ehv603
http://f1000.com/prime/725433740
http://www.ncbi.nlm.nih.gov/pubmed/25870204
http://dx.doi.org/10.1093/eurheartj/ehv123
http://f1000.com/prime/725433740

FIOOOResearch F1000Research 2016, 5(F1000 Faculty Rev):1326 Last updated: 10 JUN 2016

Open Peer Review

Current Referee Status: l_ J [_ J [_ J

Editorial Note on the Review Process

F1000 Faculty Reviews are commissioned from members of the prestigious F1000 Faculty and are edited as a
service to readers. In order to make these reviews as comprehensive and accessible as possible, the referees
provide input before publication and only the final, revised version is published. The referees who approved the
final version are listed with their names and affiliations but without their reports on earlier versions (any comments
will already have been addressed in the published version).

The referees who approved this article are:

1 Nicolas Doll, Department of Cardiac Surgery, Sana Cardiac Surgery Stuttgart, Stuttgart, Germany
Competing Interests: No competing interests were disclosed.

2 Javier Castillo, Department of Cardiovascular Surgery, Center for Carcinoid and Neuroendocrine Tumors,
The Mount Sinai Hospital, New York, NY, USA
Competing Interests: No competing interests were disclosed.

3 Pieter Kappetein, Department of Cardiothoracic Surgery, Erasmus Medical Center, Rotterdam, Netherlands
Competing Interests: No competing interests were disclosed.

Page 9 of 9


http://f1000research.com/channels/f1000-faculty-reviews/about-this-channel
http://f1000.com/prime/thefaculty

