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Abstract

Interest in the mitral valve has increased over the past few years with the
development of new technologies that allow intervention in patients
previously deemed too ill for treatment. This increased attention has
resulted in a significant increase in publications on the mitral valve, the
majority of which focus on mitral regurgitation and mitral valve
surgery/intervention. The focus of this review is on publications in the past
few years that offer additional insights into our understanding and
management of mitral valve disease and specifically mitral regurgitation. It
will discuss mitral valve anatomy, epidemiology of mitral valve disease,
changes in the 2017 management guidelines, management of mitral
bioprosthetic valves, transcatheter mitral valve procedures and the repair of
rheumatic valves.
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Introduction

Interest in the mitral valve has increased over the past few years
with the development of new technologies that allow interven-
tion in patients previously deemed too ill for treatment. This
increased attention has resulted in a significant increase in
publications on the mitral valve, the majority of which focus
on mitral regurgitation and mitral valve surgery/interven-
tion (Figure 1). Additionally, numerous societal guidelines and
consensus statements have been published to standardize assess-
ment and management'=. The focus of this review is on publica-
tions in the past few years that offer additional insights into our
understanding and management of mitral valve disease and
specifically mitral regurgitation. It will discuss mitral valve anat-
omy, epidemiology of mitral valve disease, changes in the 2017
management guidelines, management of mitral bioprosthetic
valves and transcatheter mitral valve procedures.

Mitral valve anatomy

Insights into mitral valve anatomy and the changes that occur
from intrinsic valvular abnormalities or secondary to other
cardiac pathologies continue to evolve. This is due to advance-
ments in cardiac imaging that allows us to visualize and quan-
tify the mitral valve in three dimensions. In particular, there
have been gains in understanding the pathomorphological mitral
annular and leaflet and left ventricular myocardial changes
that occur with myxomatous mitral valve disease. Addition-
ally, there has been greater appreciation of the significance of

F1000Research 2019, 8(F1000 Faculty Rev):1686 Last updated: 24 SEP 2019

mitral clefts and cleft-like indentations during percutaneous
interventions.

With three-dimensional echocardiography, it is well estab-
lished that the normal mitral annulus is saddle-shaped and that
there are dynamic changes to this shape during the cardiac
cycle’. Alterations to mitral annular size and function have been
recognized secondary to pathologies such as myxomatous mitral
valve disease and ischemic cardiomyopathies®™’. The mitral
annulus of patients with myxomatous mitral valve dis-
ease dilates in all directions. Although it retains its dynamic
changes during the cardiac cycle, it loses its regurgitation
preventive mechanism through decoupling of annular and
ventricular contraction'. In contrast, in patients with ischemic
cardiomyopathies, the mitral annulus enlarges only in the
anteroposterior diameter and is adynamic throughout the
cardiac cycle. Developments over the past few years
have given us a greater appreciation that mitral annular
remodeling differs not only between primary and secondary mitral
regurgitation but also between primary etiologies such as
Barlow’s disease and fibroelastic deficiency. These patho-
physiological differences involve not only mitral annular
dynamics but also leaflet tissue changes (Table 1)'"°.

There are primary abnormalities of the mitral annulus that likely
contribute to mitral regurgitation severity in patients with Bar-
low’s disease. Annular dynamics in patients with Barlow’s
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Figure 1. General PubMed search results related to the mitral valve per year from 1955 to 2017.
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Table 1. Mitral annular and leaflet changes in mitral valve disease.

Disease Mitral annulus

Fibroelastic deficiency e Moderately dilated
e Preserved shape
e Relatively preserved

contraction pattern

Barlow’s disease e Severely dilated
® Flattened shape

e | oss of systolic accentuation of

the saddle shape
e Annular-ventricular decoupling

Dilated
Adynamic

Ischemic/Dilated °
cardiomyopathy .

disease are blunted more than what would be expected from
the amount of ventricular and atrial remodeling observed''.
This may be related to the mitral annular disjunction detected
in patients with myxomatous mitral valve disease'’. However,
minor degrees of mitral annular disjunction have been meas-
ured in “normal” patients'**. For these patients, it is unclear
whether this represents early pathological changes or is a nor-
mal variant. It must be noted that the mitral annulus is histo-
logically a non-continuous structure that varies in form and
has different degrees of stiffness depending on the regional
dense collagen content”. This has resulted in different ana-
tomic, surgical and echocardiographic definitions (Table 2)%.
The non-continuous form of the annulus may contribute to
the changes seen not only in patients with Barlow’s disease
but also in normal patients. However, further mechanistic
studies are needed to understand these changes.

Differences in leaflet distensibility or reserve are also observed
between patients with Barlow’s disease and those with fibroe-
lastic deficiency''. This may explain how patients with Barlow’s
disease can have a regurgitation severity that is quantitatively
similar to that of patients with fibroelastic deficiency despite
having greater prolapse severity and annular enlargement.
Patients with Barlow’s disease are able to compensate through

increased mitral tissue distensibility during mid to late
systole''. Patients with fibroelastic deficiency have reduced
systolic leaflet area changes, indicating little tissue reserve.

Thus, despite relatively preserved annular function, they develop
severe regurgitation with “fewer” morphological changes.

Overall, there are important surgical and percutaneous implica-
tions if fibroelastic deficiency and Barlow’s disease are distinct
entities rather than morphological variants'®. These results sug-
gest that an understanding of the pathophysiological changes
is needed in planning surgical repair. This is so that different
surgical approaches may be used to achieve a successful and
durable repair. For instance, resection of excessive leaflet tissue
may have a different impact in a patient with Barlow’s
disease where regurgitation is reduced by leaflet distensibility
versus a patient with fibroelastic deficiency where regurgitation

Mitral leaflets

e Moderately increased length and area

Smaller prolapse volume compared with patients
with Barlow’s disease

Minimal distensibility during systole

Severely increased length and area

Larger prolapse volume compared with patients
with fibroelastic deficiency

Significant distensibility during mid and late systole

Mild increase in length and area
No prolapse
Tethering

Table 2. Definitions of the mitral annulus.

Mitral annulus Definition

Anatomic The fibroelastic structure at the level of the
atrioventricular junction that separates the
left atrium and ventricle

Surgical The transition zone seen between the left

atrium myocardium and the mitral leaflet

Echocardiographic = The hinge region of the mitral leaflet

is increased because of a lack of leaflet reserve. Similarly, the
success of surgical or percutaneous edge-to-edge mitral repair
methods may depend on the underlying pathophysiological
changes.

Cardiac magnetic resonance imaging has been demonstrated to
offer mechanistic insights into the interaction between the myo-
cardium and myxomatous mitral regurgitation through the use
of delayed or late gadolinium enhancement imaging and native/
pre-contrast or post-contrast T, mapping'’. Papillary muscle
fibrosis with extension to the infero-basal wall, identified with
late gadolinium enhancement imaging, has been observed in
patients with mitral valve prolapse and a history of ventricular
arrhythmias or sudden death'’'*. This is likely due to exces-
sive systolic leaflet motion resulting in mechanical stretch
of the infero-basal papillary muscle and wall with result-
ant hypertrophy and scarring. Interestingly, patients did not
necessarily have significant mitral regurgitation to develop this
fibrosis and even a small burden of late gadolinium enhance-
ment was associated with sudden cardiac death. It may be
that late gadolinium enhancement does not identify all of the
myocardial abnormalities that are present. Studies character-
izing myocardial tissue with cardiac magnetic resonance have
described the presence of diffuse interstitial derangement even in
the absence of focal fibrosis and have shown that these changes
are linked to subclinical systolic left ventricular dysfunc-
tion and ventricular arrhythmias in mitral valve prolapse with
regurgitation'””’. Overall, these results suggest that arrhythmic
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mitral valve prolapse requires management that is different
from that of echocardiographic mitral valve prolapse. Fea-
tures that may identify these patients include mitral valve
prolapse patients with mitral annular disjunction and systo-
lic curling of the posterior leaflet, which are associated with a
relative increase in basal to mid left ventricular hypertrophy and
fibrosis’'**. However, these features may be late markers
of myocardial changes. Given the large number of patients
with mitral valve prolapse with or without significant regur-
gitation, systematic routine screening with cardiac magnetic
resonance imaging is not feasible or even reasonable at this
time. Additional studies are needed to determine who would
benefit from arrhythmic risk stratification and which clinical,
imaging or even genetic markers should be used.

In addition to developments in understanding pathomorpho-
logical mitral valve changes, an increase in appreciation of
the presence and frequency of mitral valve clefts and cleft-
like indentations has taken place in the past few years™ .
This is due in part to the increasing use of three-dimensional
echocardiographic en face imaging, which allows complete
visualization of the mitral valve in a single image. It is also due
to the increasing number of patients undergoing assessment
and treatment with mitral clip. Whereas mitral valve clefts have
long been recognized as a source of residual regurgitation dur-
ing surgical repair, the role of cleft-like indentations caus-
ing regurgitation post-mitral clip placement is now being
recognized”. Clipping can open up a cleft-like indentation with
subsequent regurgitation, making it difficult to determine the
likelihood of reducing mitral regurgitation severity post-clip.

Epidemiology of mitral regurgitation

There is great interest in defining the number of patients with
significant mitral regurgitation who are undertreated because
of the resources that are being devoted to developing costly new
therapeutic interventions for mitral regurgitation. Studies have
reported that up to 50% of patients with moderate to severe
mitral regurgitation who are referred for surgical evaluation
are denied intervention’*. The number of undertreated patients
is likely higher when those who have not been referred for
intervention are included and this is not accounting for the
substantial number of patients with significant mitral regur-
gitation who are undiagnosed”’~”. One clue to the size of this
undertreated population comes from the known gap between
the number of patients in epidemiological studies with sig-
nificant mitral regurgitation and the number of isolated mitral
valve surgeries performed yearly’™!. Supporting this idea that
mitral valve operations are likely underperformed is the fact that
isolated and combined aortic valve surgeries (excluding
transcatheter procedures) are performed 1.6 times more com-
monly than mitral valve operations despite a two- to three-fold
higher prevalence of mitral valve disease”’.

However, there are many reasons why patients may be denied
intervention. These include socioeconomic factors such as
poor access to care and treatment and clinical factors related
to late referral for intervention and the presence of co-
morbidities precluding intervention. It was unclear whether the
number who would be considered undertreated would be so
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large if issues relating to access to care and treatment could be
removed. Dziadzko et al. addressed this knowledge gap by
studying a population with easy access to diagnostic and thera-
peutic interventions, which allowed them to separate socio-
economic from clinical factors””. They examined a group of
patients whose isolated moderate or severe mitral regurgita-
tion was diagnosed between 2000 and 2010 in Olmsted County
(Minnesota, USA), the main catchment region for the Mayo
Clinic*”>. They identified 1294 patients (0.6% of all assessed
adults) with moderate or severe mitral regurgitation, of whom
538 (42%) had a left ventricular ejection fraction below 50%.
Overall, these patients with moderate or severe mitral regur-
gitation had higher rates of mortality compared with the
general population in that region and this was true even if they
had few co-morbidities and normal left ventricular function.
Not surprisingly, those with poor left ventricular function had
poorer outcomes. Despite access to the resources of the Mayo
Clinic, only 15% of the 1294 patients underwent surgical therapy.
Even within the subgroup of 561 patients with a left ventricu-
lar ejection fraction of at least 50% and class 1 guideline-based
indications for intervention, only 118 patients underwent
surgery. Even more concerning was the finding that men,
despite having more co-morbidities, were twice as likely than
women to have mitral surgery.

While this article confirms that there is a large group of patients
who are undertreated despite adequate access to care and inter-
vention, it also suggests that there are areas in current clini-
cal practice that could be improved before consigning all of
these patients to percutaneous procedures. It is unclear why
patients with significant mitral regurgitation are not undergo-
ing intervention as per societal guidelines. Whether this is due
to patient reluctance to undergo surgery, overestimation of the
risks over the benefits of mitral valve surgery by the managing
physicians, or reluctance of the surgeon to operate is unclear.
Also, women are significantly undertreated. Although this
is not a new finding, it warrants stronger actions to improve
outcomes in women®*. More data are needed to under-
stand why it occurs. Perhaps societal guidelines require cutoff
values indexed to body surface area to account for sex difference
or more objective testing for symptoms should be instituted.

Management

Changes to the guidelines

Both the American Heart Association/American College of
Cardiology' and the European Society of Cardiology’ guide-
lines for managing patients with valvular heart disease were
updated in 2017. Changes in these guidelines include grad-
ing of mitral regurgitation severity in primary and secondary
mitral regurgitation, the use of valve replacement over repair in
severe secondary mitral regurgitation, treatment of moderate
secondary mitral regurgitation at the time of coronary artery
bypass surgery, and an inclination to earlier interven-
tion in asymptomatic patients with severe primary mitral
regurgitation (Table 3).

With respect to the mitral valve, the American guidelines were
notable for unifying cutoff values for grading mitral regurgi-

tation severity'. The previous guidelines, published in 2014,
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Table 3. Mitral valve guideline changes.

Disease American guideline changes

Primary mitral
regurgitation

New Ila recommendation for surgery in asymptomatic
patients with severe primary mitral regurgitation, normal left

European guideline changes

New Ila recommendation for surgery for an asymptomatic
patient with severe primary mitral regurgitation who is

ventricular (LV) size (LV end-systolic diameter <40 mm) and in sinus rhythm with an LV ejection fraction of more than

ejection fraction (>60%), with progressive LV enlargement
or decline in ejection fraction on serial imaging. The patient
must also be a low surgical risk and the chance of repair

must be high.

Secondary mitral

regurgitation regardless of primary or secondary etiology
o effective regurgitant orifice area >0.4 cm?

® regurgitant volume =60 mL

New lla recommendation for chordal-sparing mitral
valve replacement over mitral valve repair in those with
symptomatic severe secondary mitral regurgitation

despite optimal medical therapy

American guidelines reflect uncertainty on the role
of mitral valve repair in patients with moderate mitral

regurgitation at the time of bypass surgery.

had emphasized the need to differentiate between primary
and secondary mitral regurgitation and recommended lower
cutoffs for reporting severe regurgitation in patients with
secondary mitral regurgitation’. This recommendation was
based on studies demonstrating greater adverse outcomes
with smaller effective regurgitant orifice areas in patients
with secondary mitral regurgitation. This change created
difficulties in reporting mitral regurgitation severity because
mitral regurgitation etiology is not always apparent in the
echocardiographic laboratory and the patient’s clinical status
(that is, in overt failure or clinically stable) is often unknown.
Currently, for both primary and secondary mitral regurgitation,
severe mitral regurgitation is defined as an effective regurgitant
orifice area of at least 0.4 cm? or a regurgitant volume of
at least 60 mL. Although this simplifies clinical reporting, the
intent of the original recommendation should still be remem-
bered. It was meant to raise awareness that patients with
secondary mitral regurgitation may be classified under current
guidelines as moderate but have a risk of adverse events similar to
those classified as severe. However, intervention on the valve in
these patients has not been demonstrated to improve outcomes.

For patients with secondary mitral regurgitation, the American
guidelines included a new class Ila recommendation to
choose chordal-sparing mitral valve replacement over annu-
loplasty with repair in those with chronic severe mitral
regurgitation despite goal-directed medical therapy. This recom-
mendation originates from the results of a randomized clinical
trial on patients with secondary mitral regurgitation who were
randomly assigned to mitral valve repair or replacement™ .

Cutoff values for severe regurgitation are the same

60% if the probability of repair is high, the LV end-systolic
diameter is between 40 and 44 mm, and one of the
following criteria is met: the left atrium is dilated

(=60 mL/m?) or the cause is chordae tendineae rupture.
Patients who have severe pulmonary hypertension with
exercise are not included in this indication for surgery.

No change

European guidelines still lean toward restrictive
annuloplasty in these patients.

European guidelines have removed the indication for valve
intervention in patients with moderate mitral regurgitation
at the time of bypass surgery.

New llb recommendation for percutaneous intervention
in patients with severe ventricular dysfunction despite
optimal medical therapy if surgical risk is high.

Although both groups demonstrated improvements in ven-
tricular remodeling, the repair group has higher rates of recur-
rent moderate or severe mitral regurgitation, heart failure
and repeat cardiac hospitalizations. However, patients with
durable repairs had better outcomes than those with recurrent
regurgitation. Also, recurrent regurgitation after annuloplasty
was often due to tethering of the posterior leaflet toward the
apex, which was not addressed by the annuloplasty ring. Thus,
the 2017 European guidelines still lean toward recommend-
ing repair with a restrictive annuloplasty for these patients, as
some patients do benefit from repair over replacement. What
is unclear is how to identify these patients and what other repair
techniques should be used in addition to the annuloplasty ring to
improve repair durability.

For patients with moderate secondary mitral regurgita-
tion undergoing coronary artery bypass surgery, the Ameri-
can guidelines reported uncertainty regarding whether this
valve should be repaired at the time of surgery. This is due to a
study that randomly assigned patients with moderate mitral
regurgitation at the time of coronary artery bypass surgery to
mitral valve repair plus bypass surgery or to bypass surgery
alone’*. The European guidelines have withdrawn the indication
for mitral valve surgery during coronary bypass surgery.

For secondary mitral regurgitation, the European guidelines
also included a new IIb indication for percutaneous interven-
tion. Patients with severe ventricular dysfunction who have no
indication for revascularization and are symptomatic despite
optimal medical therapy may require surgery if the surgical
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risk is low or percutaneous intervention if the surgical risk is
high and valve morphology is favorable. This recommenda-
tion depends on the patient’s left ventricular ejection fraction.
For those with a left ventricular ejection fraction of not more
than 30%, there is no evidence that treatment of secondary
mitral regurgitation improves survival.

For primary regurgitation, the American guidelines include a
new class Ila recommendation based on a level of evidence
C-LD that mitral valve surgery is reasonable for asympto-
matic patients with primary mitral regurgitation who have
normal left ventricular size (left ventricular end-systolic diam-
eter of less than 40 mm) and ejection fraction (>60%) and have
progressive left ventricular enlargement or a reduction in left
ventricular ejection fraction on serial imaging studies. The
patient must also have low surgical risk and the chance
of repair must be high. This is due to increasing evidence
demonstrating improved outcomes in patients who undergo
surgery prior to achieving traditional surgical triggers™*’. In
contrast, the European guidelines introduced a Ila recom-
mendation for surgery in asymptomatic patients with severe
primary mitral regurgitation in sinus rhythm with a left
ventricular ejection fraction of more than 60% if the probability
of repair is high, the left ventricular end-systolic diameter is
between 40 and 44 mm, and one of the following criteria is
met: the left atrium is dilated (=60 mL/m?) or the cause is chor-
dae tendineae rupture. Patients who have severe pulmonary
hypertension with exercise are not included in this indication
for surgery. This differs from the American recommendation
which emphasizes progressive changes on serial imaging and
suggests that repair be performed only if it is feasible with
a high rate of success and durability.

Risk scores in mitral regurgitation

Although the guidelines offer direction for management,
the decision for referral for intervention is an individual one
based on patient co-morbidities, disease severity, and the like-
lihood of valve repair. Such decisions are often challenging
and require a mental scale to subjectively weigh the value of
various considerations. This leads to uncertainly and often a
conservative management approach, which may be to the
patient’s detriment. An example of this is the undertreatment
of patients with significant mitral regurgitation from myxo-
matous mitral valve disease. Physicians tend to underestimate
the mortality risks from the regurgitation and overestimate
the risks from the patient’s co-morbidities''”. The develop-
ment of risk scores may help in these situations and two such
scores have been developed in the past few years to improve
management of patients with mitral regurgitation from
myxomatous mitral valve disease.

The Mitral Regurgitation International Database (MIDA)
score is an integrated risk score that was developed for
use at the time of diagnosis to help improve risk stratifica-
tion in patients with severe regurgitation from myxomatous
mitral valve disease (Table 4)*. Tt is composed of clinical and
echocardiographic parameters that are easily obtainable
and includes risk factors that are associated with adverse
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Table 4. Score for risk stratification with myxomatous
mitral valve disease.

Factors Points
Age = 65 years 3
Symptoms 8
Right ventricular systolic pressure > 50 mm Hg 2
Atrial fibrillation 1
Left atrial diameter = 55 mm 1
Left ventricular end-systolic diameter 240 mm 1
Left ventricular ejection fraction < 60% 1

outcomes in patients with myxomatous mitral valve disease. The
score is meant to be used to determine whether a patient should
continue medical therapy or undergo surgical intervention.
With higher scores, there was a progressive increase in 1- and
S5-year mortality in patients who were medically managed
and those who underwent surgery. Compared with the Euro-
SCORE 1I, the MIDA score provided incremental prognostic
predictive value. Although the score was validated, it was
in a population that differed only in that it included patients
with prolapse in addition to flail leaflets. It must be noted
that this score did not include measurements from three-
dimensional echocardiography, global longitudinal strain, the
presence of fibrosis on cardiac magnetic resonance imaging,
peptides, or exercise testing, all of which could improve the
MIDA score.

It is recognized that mitral valve repair is superior to
replacement in patients with mitral regurgitation secondary to
myxomatous mitral valve disease. Ideally, all patients would
have a successful repair at the time of surgery that is durable
and long-lasting. Unfortunately, in the real world, there is a
spectrum of repair success rates and durability that is related to
surgeon volume™. Stratification of patients by mitral valve
lesion complexity may assist in directing those with com-
plex etiologies or lesions to surgeons with greater expertise
and volumes and so improve repair rates. To date, determining
complexity has been based on the knowledge that anterior leaf-
let repair is more difficult than posterior leaflet repair and
multi-segmental posterior leaflet repair is more complicated
than single segment repair. A scoring system for determining
complexity in patients with myxomatous mitral valve dis-
ease has been proposed (Table 5)*. A score of 1 is considered
a simple repair, 2 to 4 is considered intermediate and 5 or more
is complex. This score has the potential to assist the cardiolo-
gist in determining the surgeon whom their patient should be
referred to and the surgeon in planning and predicting repara-
bility. Some limits to this study were the arbitrary manner in
which weighting for the scores was assigned and the high
repair rate at the center where this score was devised.
Additionally, this score was not prospectively validated. However,
such scoring is needed to help guide management of these
patients as a high proportion of patients unfortunately are
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not appropriately receiving valve repair. It also simplifies the
decision making when compared with the table in the 2017
Expert Consensus paper published by the American Col-
lege of Cardiology, which classifies the feasibility of repair
as ideal, challenging or contraindicated without recognizing
the spectrum and combination of abnormalities that may be
present (Table 6)".

Impact from choosing a bioprosthetic mitral valve

Between 60% and 70% of patients who undergo mitral valve
replacement surgery receive a bioprosthetic valve and this
proportion is  growing’*. However, there are many

Table 5. Risk stratification of complexity for
repair of myxomatous mitral valves.

Anatomic factors Points
Segment prolapse
P1 1
P2 1
P3 1
Al
A2
A3
Anterolateral commissure prolapse
Posteromedial commissure prolapse

Any leaflet restriction

N NN NN

Papillary muscle or leaflet calcification
without annular involvement

w

Annular calcification

Previous mitral valve repair
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uncertainties that persist with the use of bioprosthetic mitral valve.
For patients undergoing prosthetic mitral valve replacement sur-
gery, the decision regarding the choice of prosthesis—mechanical
or bioprosthetic—is generally based on a discussion con-
cerning the need for anticoagulation with mechanical valves,
the belief of improved durability with current bioprosthe-
ses, and patient risks for reoperation. This discussion assumes
that mortality rates of patients who receive a bioprosthetic
valve are equal to those of patients who receive a mechanical
valve*’**. However, there is growing evidence, especially for
patients under the age of 70 years, that long-term all-cause
mortality is higher in patients with a bioprosthetic valve in
the mitral position’™*. One large study, based on administra-
tive data, reported that patients between the ages of 40 to 69
years who receive a bioprosthetic mitral valve have signifi-
cantly higher 15-year mortality rates compared with those who
received a mechanical mitral valve*. Critics of this study have
pointed out that there may have been co-morbidities affect-
ing life expectancy in those who receive a bioprosthetic mitral
valve which in turn affect outcomes. Also, changes in the bio-
prosthetic valve technology affecting durability during the
study period may have accounted for some of the adverse
outcomes observed in the study. Finally, many cardiologists
believe that should the bioprosthetic mitral valve fail, percu-
taneous mitral valve replacement could be performed and so
decision making should account for this management option.
This may be an important option when the patient is young
and possibly facing many sternotomies. Whether this is a
reasonable strategy needs further discussion, as will be discussed
in the next section.

Surgical versus transcatheter mitral valve-in-valve/ring

All bioprosthetic valves degenerate, affecting short- and long-
term patient outcomes. Up to one third of patients may require
redo mitral valve surgery after a median of 8 years, and the rate
of degeneration is faster in younger patients***’~’. Although

Table 6. Feasibility of mitral valve repair from the American College of Cardiology 2017 Expert Consensus Decision Pathway on the

Management of Mitral Regurgitation®.

Parameter Ideal pathoanatomy
Primary lesion location Posterior leaflet only
None Mild

None

Leaflet calcification

Annular calcification

Subvalvular apparatus Thin, normal

Mechanism of mitral
regurgitation

Type Il fibroelastic deficiency
or focal myxomatous
prolapse or flail

thickening

Unigue anatomic None

complexities

Challenging pathoanatomy

Anterior leaflet or bileaflet

Mild diffuse thickening or moderate
focal thickening

Type Il forme fruste or bileaflet
myxomatous disease; type |
healed or active endocarditis, type
[NA/B with mild restriction or leaflet

Redo cardiac operation or mitral
re-repair; anatomic predictors
of systolic anterior motion, adult

Contraindicated pathoanatomy
None

Moderate to severe

Mild to moderate with minimal leaflet Severe or with significant leaflet
encroachment

encroachment

Severe and diffuse thickening with leaflet
retraction

Type llIB with severe tethering and
infero-basal aneurysm; type IlIA with
severe bileaflet calcification; type | active
infection with severe leaflet or annular
tissue destruction

Mitral valve reoperation with paucity
of leaflet tissue; diffuse radiation
valvulopathy; papillary muscle rupture with

congenital anomalies; focal papillary shock
muscle rupture
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individual risks will vary, mortality rates in the published
literature for reoperation on the mitral valve range from 8%
to 14%"%"2 Tt is knowledge of these high risks during reop-
eration that is leading providers to refer patients for tran-
scatheter options and manage patients with the belief of
potential transcatheter intervention™. However, a series of pub-
lications in the last few years have suggested that redo mitral
valve surgery is being increasingly performed, and with
more surgical experience, the risks of redo mitral surgery
have decreased dramatically’’”'**. Additionally, for carefully
selected patients, who do not have endocarditis, heart failure,
or the need for a concomitant procedure, mortality can be as
low as 4.1% to 5.5%>". Although the risks of reoperation
are still higher than the risks during a first operation, contin-
ued reduction in redo surgical risks will affect the standards that
transcatheter valve-in-valve replacements will need to meet
for widespread clinical use. This is especially true given that
long-term durability of catheter-based valves in the mitral posi-
tion is unknown, and at least one study has demonstrated higher
mitral valve gradients at 1 year compared with a surgical redo
mitral valve replacement®. Complications from transcatheter
mitral valve-in-valve procedures are also high, emphasizing
the need for careful patient selection. In one study, 73 compli-
cations ranging from left ventricular outflow tract obstruction,
left ventricular perforation and post-procedural mitral stenosis,
mitral valve thrombosis, and residual mitral valvular and
paravalvular regurgitation occurred in 87 patients”’. Another
interesting point seen in these studies is that despite the
enthusiasm for valve-in-valve/ring procedures, the number of
patients who could be considered for a transcatheter mitral
valve-in-valve or valve-in-ring procedure may not be large.
One study identified 121 patients at three sites over 10 years™.
Another found 147 patients in 24 years (or six patients a
year); of these patients, only 36 had a Society of Thoracic
Surgeons predictors-of-mortality score greater than 4%, further
limiting the number of potential candidates. This number may
change as fewer mechanical valves and annuloplasty bands
are implanted to allow possible percutaneous intervention
after an initial surgery™. Overall, although there may be an
understandable preference for mitral valve-in-valve procedures,

Proximity to the
aortic valve

Left ventricular outflow
tract obstruction
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there are many unknowns prior to wider use and extension into
native valve in healthier patients (Figure 2).

Transcatheter mitral valve repair

Although there have been and continue to be many transcath-
eter mitral valve repair techniques in development, only edge-
to-edge repair through the MitraClip procedure has become
widely adopted in routine clinical practice™ . It is typically per-
formed in patients with symptomatic regurgitation who have
limited treatment options as the procedure has good success at
reducing regurgitation and low procedural mortality®*>. With
greater use, indications have expanded with its use in anatomi-
cally challenging cases as well as patients with lower surgi-
cal risks®. However, data on the MitraClip beyond 5 years
are limited. The EVEREST II trial that compared MitraClip
with surgery found that MitraClip at 5 years was inferior to
surgery because of recurrent regurgitation. If this occurs in
clinical practice, it would indicate that durability of results is
limited and patients who are selected for this procedure should
be chosen with this eventual result in mind. With respect to
the other transcatheter techniques, it would be ideal to be
able to offer combined techniques such as transcatheter
annuloplasty and leaflet intervention to achieve complete
transcatheter repair of the valve across the range of mitral valve
pathologies and perhaps improve durability. However, this
has yet to come to fruition.

There has been great anticipation for the publication of two
trials—MITRA-FR and COAPT—which have studied the
utility of MitraClip in patients with symptomatic severe
functional mitral regurgitation®*®. These two trials had very dif-
ferent results. MITRA-FR randomly assigned 304 patients to either
optimal medical therapy or MitraClip and found no difference
in rehospitalization or all-cause death at 1 year. In contrast,
COAPT randomly assigned 610 patients to either guideline-
directed medical care or guideline-directed medical care plus
MitraClip implantation and found that all hospitalizations and
mortality at 24 months were lower in the MitraClip arm. There
are differences between these two trials that may explain some
of the differences. In COAPT, patients were highly selected as

Asymmetry of the
mitral annulus

Mitral annular calcium volume
and location variability

Mitral annular and left
basal ventricular mobility

Variability of the
subvalvular apparatus

Figure 2. Some of the challenges of transcatheter mitral valve development.
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they had to be on maximally tolerated medical therapy prior
to enrollment in the trial. The stricter criteria for enrollment
in COAPT resulted in a slower rate of enrollment in the trial,
which required 8 years to complete. Enrollment in MITRA-FR
did not have any medication requirements, but it was a prag-
matic trial studying the types of patients who are currently
referred for MitraClip. Patients in COAPT had more severe
mitral regurgitation with a mean effective orifice area of
41 mm? compared with 31 mm? in MITRA-FR, but these
patients also had smaller left ventricular end-diastolic volumes
(101 mL/m? in COAPT versus 135 mL/m? in MITRA-FR), sug-
gesting that their disease may not have been as severe. How-
ever, mortality rates in the control arms for the two trials
were similar. Lastly, residual mitral regurgitation was higher
in the MITRA-FR group (17%) than in COAPT (5%). Over-
all, these results suggest that mitral regurgitation not only
is a marker of heart failure severity but contributes to the
abnormal pathophysiology in patients with heart failure. The
results also suggest that there may be a population of patients
with symptomatic severe secondary mitral regurgitation
that will benefit from intervention. It has been postulated that
this population has disproportionate secondary mitral regur-
gitation, where the quantified mitral regurgitation is out of
keeping with the size of the left ventricle®. However, more
study to better define this population echocardiographically
is needed. What is also not known from these studies is what
happened to the brain natriuretic protein levels in the
COAPT group and how novel therapies such as sacubitril/
valsartan would have affected the results of the COAPT trial.
Ultimately, the results of a third trial in this population, the
RESHAPE HF?2 trial, may bring more clarity to this area.

Beyond MitraClip, other devices have been developed for per-
cutaneous edge-to-edge repair. This includes the Edwards
PASCAL device that permits better deployment with simpler
left atrial navigation and independent leaflet grasping®. It
also has a central spacer that provides addition mitral regur-
gitation reduction. A feasibility study in 23 patients has been
published, and a multi-center trial of 120 patients is under
way®’. Outside of the edge-to-edge devices, there are percu-
taneous chordal replacement devices and devices that address
mitral annular enlargement, such as coronary sinus annulo-
plasty, and incomplete and complete annuloplasty rings. Per-
cutaneous chordal replacement devices are growing in popu-
larity and several large studies are under way“. Percutaneous
mitral annuloplasty devices have been implanted mainly in
patients with functional or secondary mitral regurgitation and
fewer than 1500 patients worldwide have received these devices
compared with the 60,000 who have received the Mitra-
Clip”. Ultimately, the future may become one where com-
binations of these percutaneous mitral valve repair devices
are used, mimicking current surgical repair techniques®-".
However, the costs of these devices individually are quite high
and so combining their use would require either that the prices
decrease or that significant benefits be demonstrated in clinical
trials with very broad populations.
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Transcatheter mitral valve replacement

Beyond developing transcatheter mitral valve repair, investi-
gators are developing novel methods for transcatheter mitral
valve replacement (TMVR)’'. Compared with transcatheter
aortic valve replacement, TMVR has been more challenging
because of the size and anatomy of the mitral valve, the lack
of calcium to act as anchors in patients with mitral regurgita-
tion, and the risk of left ventricular outflow tract obstruction’.
Additionally, there have been challenges in recruiting patients
for these trials; rejection rates have been about 60% to 70%’*"".
Of those excluded, about 20% to 50% of patients are excluded
because of anatomic concerns and 20% to 40% for clini-
cal or other issues’”. Overall, patients are being carefully
selected to avoid intervention failure due to treatment of those
with disease to advance to improve or those who are at risk
of complications due to anatomic features. But the highly
selective nature of these studies raises concerns regarding
the real-life applicability of these devices.

Recent developments hold the promise of increasing the popu-
lation that could be treated. One is the development of a trans-
septal approach’™. Although only 10 patients were studied
with this approach, procedural success was high and safe.
This is encouraging but it must be noted that this less invasive
approach does have some limitations related to intracardiac
maneuverability and sheath sizes”. With respect to anatomic
features, the two most common reasons for exclusion have
been left ventricular dimensions that are out of the treat-
able size of the device under study and possible post-
procedural left ventricular outflow tract obstruction”. This
latter issue was addressed with a novice device that lacerates the
anterior leaflet prior to TMVR implantation”. In 30 patients, this
approach was found to be safe and effective in preventing left
ventricular outflow tract obstruction. However, these patients
still experienced issues related to the TMVR device used. In
general, TMVR is still in the very early stages of clinical use.
More study will be needed with respect to patient selection, the
duration of anticoagulation required, the timing and mode of
valve degeneration, and the impact of left ventricular remodeling
after intervention on device stability.

Mitral stenosis

The publications on treating and managing mitral stenosis have
not been as plentiful as those on mitral regurgitation and this is
reflected by a lack of changes in the guidelines with respect
to managing mitral stenosis. One area that is developing is
the growing experience with mitral valve repair in rheumatic
mitral valve disease. Literature in this field should be interpreted
with the recognition that there are differences between
patients with rheumatic mitral valve disease who undergo sur-
gery in developed countries compared with less developed
nations’’. Patients in developed nations tend to be older at the
time of valve surgery and have quiescent rheumatic disease,
whereas those in developing nations tend to be young with active
progressive or recurrent rheumatic disease, which would
require reoperation. Additionally, differences in outcomes
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between mitral valve repair and replacement in developed coun-
tries are minimal because of the resources available to comply
with mechanical replacement. Regardless of these differences,
it has been suggested that both groups would benefit from
mitral valve repair’’. In fact, another study demonstrated
no difference in late mortality or the need for reopera-
tion, and the risk of valve-related complication was signifi-
cantly lower in the repair group’®. This is despite the younger
average age in the repair group who also predominantly had
regurgitation and the fact that there were very few repair
cases performed per year per surgeon. This is consistent with
other articles reporting that durability of mitral valve repair
for rheumatic disease in the current era has improved and is
comparable to the outstanding durability of repairs for degen-
erative disease’”®’. Although much effort has been directed
toward increasing mitral valve repair with degenerative mitral
valve disease, perhaps the direction should be toward an
expectation of valve repair if possible for all patients.
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Summary

Currently, there are many developments in the field of mitral
valve disease that offer promise in improving our understand-
ing and management of these patients. Application of novel
imaging methods is providing us greater insights into mitral
valve remodeling with disease and how these could contrib-
ute to possible mechanisms for failure with valve interventions.
Additionally, although there is a significant number of patients
with clinically important mitral regurgitation who are under-
treated, advances in interventional techniques may not neces-
sarily be required to improve their outcomes. Greater appli-
cation of the guidelines and use of risk scores may have a
larger impact. Also, the promise of transcatheter procedures
will increase the number of patients receiving a bioprosthetic
valve, but a clear discussion should be had with patients with
respect to risks of mortality, failure and reoperation. Lastly, more
study is needed both in transcatheter mitral valve procedures
and in surgical repair to improve long-term patient outcomes.

F1000 recommended

1. Nishimura RA, Otto CM, Bonow RO, et al.: 2017 AHA/ACC Focused Update of the
2014 AHA/ACC Guideline for the Management of Patients With Valvular Heart
Disease: A Report of the American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guidelines. J Am Coll Cardiol. 2017;
70(2): 252-89.

PubMed Abstract | Publisher Full Text

2. Zoghbi WA, Adams D, Bonow RO, et al.: Recommendations for Noninvasive
Evaluation of Native Valvular Regurgitation: A Report from the American
Society of Echocardiography Developed in Collaboration with the Society
for Cardiovascular Magnetic Resonance. J Am Soc Echocardiogr. 2017; 30(4):
303-71.

PubMed Abstract | Publisher Full Text

3. Baumgartner H, Falk V, Bax JJ, et al.: 2017 ESC/EACTS Guidelines for the
management of valvular heart disease. Eur Heart J. 2017; 38(36): 2739-91.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

4. O'Gara PT, Grayburn PA, Badhwar V, et al.: 2017 ACC Expert Consensus
Decision Pathway on the Management of Mitral Regurgitation: A Report of the
American College of Cardiology Task Force on Expert Consensus Decision
Pathways. J Am Coll Cardiol. 2017; 70(19): 2421-49.

PubMed Abstract | Publisher Full Text

5. Nishimura RA, Otto C: 2014 ACC/AHA valve guidelines: earlier intervention for
chronic mitral regurgitation. Heart. 2014; 100(12): 905-7.
PubMed Abstract | Publisher Full Text

6. Ruiz CE, Hahn RT, Berrebi A, et al.: Clinical Trial Principles and Endpoint
Definitions for Paravalvular Leaks in Surgical Prosthesis: An Expert
Statement. J Am Coll Cardiol. 2017; 69(16): 2067-87.

PubMed Abstract | Publisher Full Text

7. Veronesi F, Corsi C, Sugeng L, et al.: A study of functional anatomy of aortic-
mitral valve coupling using 3D matrix transesophageal echocardiography. Circ
Cardiovasc Imaging. 2009; 2(1): 24-31.

PubMed Abstract | Publisher Full Text

8. Ben Zekry S, Lang RM, Sugeng L, et al.: Mitral annulus dynamics early after
valve repair: preliminary observations of the effect of resectional versus non-
resectional approaches. J Am Soc Echocardiogr. 2011; 24(11): 1233-42.

PubMed Abstract | Publisher Full Text

9. Veronesi F, Caiani EG, Sugeng L, et al.: Effect of mitral valve repair on
mitral-aortic coupling: a real-time three-dimensional transesophageal
echocardiography study. J Am Soc Echocardiogr. 2012; 25(5): 524-31.
PubMed Abstract | Publisher Full Text

10. Grewal J, Suri R, Mankad S, et al.: Mitral annular dynamics in myxomatous
valve disease: new insights with real-time 3-dimensional echocardiography.
Circulation. 2010; 121(12): 1423-31.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

11.  Clavel MA, Mantovani F, Malouf J, et al.: Dynamic phenotypes of

degenerative myxomatous mitral valve disease: quantitative 3-dimensional
echocardiographic study. Circ Cardiovasc Imaging. 2015; 8(5): pii: €002989.
PubMed Abstract | Publisher Full Text

12.  Antoine C, Mantovani F, Benfari G, et al.: Pathophysiology of Degenerative Mitral
Regurgitation: New 3-Dimensional Imaging Insights. Circ Cardiovasc Imaging.
2018; 11(1): e005971.
PubMed Abstract | Publisher Full Text

13. Lee AP, Jin CN, Fan Y, et al.: Functional Implication of Mitral Annular
Disjunction in Mitral Valve Prolapse: A Quantitative Dynamic 3D
Echocardiographic Study. JACC Cardiovasc Imaging. 2017; 10(12): 1424-33.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

14.  Hutchins GM, Moore GW, Skoog DK: The association of floppy mitral valve with
disjunction of the mitral annulus fibrosus. N Engl J Med. 1986; 314(9): 535-40.
PubMed Abstract | Publisher Full Text

15.  Rahman S, Eid N, Murarka S, et al.: Remodeling of the mitral valve using
radiofrequency energy: review of a new treatment modality for mitral
regurgitation. Cardiovasc Revasc Med. 2010; 11(4): 249-59.

PubMed Abstract | Publisher Full Text

16. Hagege AA, Carpentier A, Levine RA: Dynamic changes of the mitral valve
annulus: new look at mitral valve diseases. Circ Cardiovasc Imaging. 2015; 8(5):
pii: €003539.

PubMed Abstract | Publisher Full Text | Free Full Text

17. Basso C, Perazzolo Marra M, Rizzo S, et al.: Arrhythmic Mitral Valve Prolapse
and Sudden Cardiac Death. Circulation. 2015; 132(7): 556—66.

PubMed Abstract | Publisher Full Text

18. Han'Y, Peters DC, Salton CJ, et al.: Cardiovascular magnetic resonance
characterization of mitral valve prolapse. JACC Cardiovasc Imaging. 2008; 1(3):
294-303.

PubMed Abstract | Publisher Full Text

19. Bui AH, Roujol S, Foppa M, et al.: Diffuse myocardial fibrosis in patients with
mitral valve prolapse and ventricular arrhythmia. Heart. 2017; 103(3): 204-9.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

20. Edwards NC, Moody WE, Yuan M, et al.: Quantification of left ventricular
interstitial fibrosis in asymptomatic chronic primary degenerative mitral
regurgitation. Circ Cardiovasc Imaging. 2014; 7(6): 946-53.

PubMed Abstract | Publisher Full Text

21. Perazzolo Marra M, Basso C, de Lazzari M, et al.: Morphofunctional
Abnormalities of Mitral Annulus and Arrhythmic Mitral Valve Prolapse. Circ
Cardiovasc Imaging. 2016; 9(8): e005030.

PubMed Abstract | Publisher Full Text | Free Full Text

22. Dejgaard LA, Skjolsvik ET, Lie @H, et al.: The Mitral Annulus Disjunction
Arrhythmic Syndrome. J Am Coll Cardiol. 2018; 72(14): 1600-9.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Page 11 of 14


http://www.ncbi.nlm.nih.gov/pubmed/28315732
http://dx.doi.org/10.1016/j.jacc.2017.03.011
http://www.ncbi.nlm.nih.gov/pubmed/28314623
http://dx.doi.org/10.1016/j.echo.2017.01.007
https://f1000.com/prime/730950037
http://www.ncbi.nlm.nih.gov/pubmed/28886619
http://dx.doi.org/10.1093/eurheartj/ehx391
https://f1000.com/prime/730950037
http://www.ncbi.nlm.nih.gov/pubmed/29055505
http://dx.doi.org/10.1016/j.jacc.2017.09.019
http://www.ncbi.nlm.nih.gov/pubmed/24688115
http://dx.doi.org/10.1136/heartjnl-2014-305834
http://www.ncbi.nlm.nih.gov/pubmed/28427582
http://dx.doi.org/10.1016/j.jacc.2017.02.038
http://www.ncbi.nlm.nih.gov/pubmed/19808561
http://dx.doi.org/10.1161/CIRCIMAGING.108.785907
http://www.ncbi.nlm.nih.gov/pubmed/21956119
http://dx.doi.org/10.1016/j.echo.2011.08.010
http://www.ncbi.nlm.nih.gov/pubmed/22406162
http://dx.doi.org/10.1016/j.echo.2012.02.002
https://f1000.com/prime/2746960
http://www.ncbi.nlm.nih.gov/pubmed/20231533
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.901181
https://f1000.com/prime/2746960
http://www.ncbi.nlm.nih.gov/pubmed/25956922
http://dx.doi.org/10.1161/CIRCIMAGING.114.002989
http://www.ncbi.nlm.nih.gov/pubmed/29321211
http://dx.doi.org/10.1161/CIRCIMAGING.116.005971
https://f1000.com/prime/727631046
http://www.ncbi.nlm.nih.gov/pubmed/28528161
http://dx.doi.org/10.1016/j.jcmg.2016.11.022
https://f1000.com/prime/727631046
http://www.ncbi.nlm.nih.gov/pubmed/3945291
http://dx.doi.org/10.1056/NEJM198602273140902
http://www.ncbi.nlm.nih.gov/pubmed/20934658
http://dx.doi.org/10.1016/j.carrev.2009.10.004
http://www.ncbi.nlm.nih.gov/pubmed/25956923
http://dx.doi.org/10.1161/CIRCIMAGING.115.003539
http://www.ncbi.nlm.nih.gov/pmc/articles/4428605
http://www.ncbi.nlm.nih.gov/pubmed/26160859
http://dx.doi.org/10.1161/CIRCULATIONAHA.115.016291
http://www.ncbi.nlm.nih.gov/pubmed/19356441
http://dx.doi.org/10.1016/j.jcmg.2008.01.013
https://f1000.com/prime/726640913
http://www.ncbi.nlm.nih.gov/pubmed/27515954
http://dx.doi.org/10.1136/heartjnl-2016-309303
http://www.ncbi.nlm.nih.gov/pmc/articles/5237392
https://f1000.com/prime/726640913
http://www.ncbi.nlm.nih.gov/pubmed/25140067
http://dx.doi.org/10.1161/CIRCIMAGING.114.002397
http://www.ncbi.nlm.nih.gov/pubmed/27516479
http://dx.doi.org/10.1161/CIRCIMAGING.116.005030
http://www.ncbi.nlm.nih.gov/pmc/articles/4991345
https://f1000.com/prime/734077743
http://www.ncbi.nlm.nih.gov/pubmed/30261961
http://dx.doi.org/10.1016/j.jacc.2018.07.070
https://f1000.com/prime/734077743

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Chui J, Anderson RH, Lang RM, et al.: The Trileaflet Mitral Valve. Am J Cardiol.
2018; 121(4): 513-9.
PubMed Abstract | Publisher Full Text

Narang A, Addetia K, Weinert L, et al.: Diagnosis of Isolated Cleft Mitral
Valve Using Three-Dimensional Echocardiography. J Am Soc Echocardiogr.
2018; 31(11): 1161-7.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation
Taramasso M, Maisano F: Challenging mitral clefts with MitraClip: the
convergent clips strategy. Eurointervention. 2016; 12(8): e1071.

PubMed Abstract | Publisher Full Text

Goel SS, Bajaj N, Aggarwal B, et al.: Prevalence and outcomes of unoperated
patients with severe symptomatic mitral regurgitation and heart failure:
comprehensive analysis to determine the potential role of MitraClip for this
unmet need. J Am Coll Cardiol. 2014; 63(2): 185-6.

PubMed Abstract | Publisher Full Text

d'Arcy JL, Coffey S, Loudon MA, et al.: Large-scale community
echocardiographic screening reveals a major burden of undiagnosed valvular
heart disease in older people: the OxVALVE Population Cohort Study. Eur
Heart J. 2016; 37(47): 3515-22.

PubMed Abstract | Publisher Full Text | Free Full Text

Rezzoug N, Vaes B, de Meester C, et al.: The clinical impact of valvular heart
disease in a population-based cohort of subjects aged 80 and older. BVMC
Cardiovasc Disord. 2016; 16: 151.

PubMed Abstract | Publisher Full Text | Free Full Text

Marciniak A, Glover K, Sharma R: Cohort profile: prevalence of valvular
heart disease in community patients with suspected heart failure in UK. BMJ
Open. 2017; 7(1): e012240.

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

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

Gammie JS, Chikwe J, Badhwar V, et al.: Isolated Mitral Valve Surgery: The
Society of Thoracic Surgeons Adult Cardiac Surgery Database Analysis. Ann
Thorac Surg. 2018; 106(3): 716-27.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Dziadzko V, Clavel MA, Dziadzko M, et al.: Outcome and undertreatment

of mitral regurgitation: a community cohort study. Lancet. 2018; 391(10124):
960-9.

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

Grayburn PA: Sex Differences in Mitral Regurgitation Before and After Mitral
Valve Surgery. JACC Cardiovasc Imaging. 2016; 9(4): 397-9.
PubMed Abstract | Publisher Full Text

Regitz-Zagrosek V, Oertelt-Prigione S, Prescott E, et al.: Gender in cardiovascular
diseases: impact on clinical r if 1t, and outcomes. Eur
Heart J. 2016; 37(1): 24-34.

PubMed Abstract | Publisher Full Text

Acker MA, Parides MK, Perrault LP, et al.: Mitral-valve repair versus
repl 1t for severe i ic mitral regurgitation. N Engl J Med. 2014;
370(1): 23-32.

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

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 | Free Full Text | F1000 Recommendation

jons,

E Michler RE, Smith PK, Parides MK, et al.: Two-Year Outcomes of Surgical
Treatment of Moderate Ischemic Mitral Regurgitation. N Eng/ J Med. 2016;
374(20): 1932-41.

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

Smith PK, Puskas JD, Ascheim DD, et al.: Surgical treatment of moderate
ischemic mitral regurgitation. N Engl J Med. 2014; 371(23): 2178-88.
PubMed Abstract | Publisher Full Text | Free Full Text

Enriquez-Sarano M, Suri RM, Clavel MA, et al.: Is there an outcome penalty
linked to guideline-based indications for valvular surgery? Early and long-
term analysis of patients with organic mitral regurgitation. J Thorac Cardiovasc
Surg. 2015; 150(1): 50-8.

PubMed Abstract | Publisher Full Text

Goldstone AB, Patrick WL, Cohen JE, et al.: Early surgical intervention or
watchful waiting for the management of asymptomatic mitral regurgitation: a
systematic review and meta-analysis. Ann Cardiothorac Surg. 2015; 4(3): 220-9.
PubMed Abstract | Publisher Full Text | Free 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

Bach DS, Awais M, Gurm HS, et al.: Failure of guideline adherence for
intervention in patients with severe mitral regurgitation. J Am Coll Cardiol.
2009; 54(9): 860-5.

PubMed Abstract | Publisher Full Text

Grigioni F, Clavel MA, Vanoverschelde JL, et al.: The MIDA Mortality Risk
Score: development and external validation of a prognostic model for early

F1000Research 2019, 8(F1000 Faculty Rev):1686 Last updated: 24 SEP 2019

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

and late death in degenerative mitral regurgitation. Eur Heart J. 2018; 39(15):
1281-91.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Chikwe J, Toyoda N, Anyanwu AC, et al.: Relation of Mitral Valve Surgery
Volume to Repair Rate, Durability, and Survival. J Am Coll Cardiol. 2017; 69(19):
2397-24086, pii: S0735-1097(17)30677-0.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Anyanwu AC, ltagaki S, Chikwe J, et al.: A cc ity scoring sy for
degenerative mitral valve repair. J Thorac Cardiovasc Surg. 2016; 151(6): 1661-70.
PubMed Abstract | Publisher Full Text

E Goldstone AB, Chiu P, Baiocchi M, et al.: Mechanical or Biologic Prostheses
for Aortic-Valve and Mitral-Valve Replacement. N Engl J Med. 2017; 377(19):
1847-57.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Chikwe J, Chiang YP, Egorova NN, et al.: Survival and outcomes following
bioprosthetic vs mechanical mitral valve replacement in patients aged 50 to 69
years. JAMA. 2015; 313(14): 1435-42.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Ruel M, Chan V, Bédard P, et al.: Very long-term survival implications of
heart valve replacement with tissue versus mechanical prostheses in adults
<60 years of age. Circulation. 2007; 116(11 Suppl): 1294-300.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Kaneko T, Aranki S, Javed Q, et al.: Mechanical versus bioprosthetic mitral
valve replacement in patients <65 years old. J Thorac Cardiovasc Surg. 2014;
147(1): 117-26.

PubMed Abstract | Publisher Full Text

Vohra HA, Whistance RN, Roubelakis A, et al.: Outcome after redo-mitral valve
repl 1t in adult ¢ a 10-year single-centre experience. Interact
Cardiovasc Thorac Surg. 2012; 14(5): 575-9.

PubMed Abstract | Publisher Full Text | Free Full Text

Onorati F, Perrotti A, Reichart D, et al.: Surgical factors and complications

ing hospital ot in redo mitral surgery: insights from a multicentre
experience. Eur J Cardiothorac Surg. 2016; 49(5): e127-33.
PubMed Abstract | Publisher Full Text

Kwedar K, McNeely C, Zajarias A, et al.: Outcomes of Early Mitral Valve
Reoperation in the Medicare Population. Ann Thorac Surg. 2017; 104(5): 1516-21.
PubMed Abstract | Publisher Full Text

Yoon SH, Whisenant BK, Bleiziffer S, et al.: Transcatheter Mitral Valve
Replacement for Degenerated Bioprosthetic Valves and Failed Annuloplasty
Rings. J Am Coll Cardiol. 2017; 70(9): 1121-31.

PubMed Abstract | Publisher Full Text

Mehaffey HJ, Hawkins RB, Schubert S, et al.: Contemporary outcomes in
reoperative mitral valve surgery. Heart. 2018; 104(8): 652—6.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

E Ejiofor JI, Hirji SA, Ramirez-Del Val F, et al.: Outcomes of repeat mitral
valve replacement in patients with prior mitral surgery: A benchmark for
transcatheter approaches. J Thorac Cardiovasc Surg. 2018; 156(2): 619-627.e1.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Kamioka N, Babaliaros V, Morse MA, et al.: Comparison of Clinical and
Echocardiographic Outcomes After Surgical Redo Mitral Valve Replacement
and Transcatheter Mitral Valve-in-Valve Therapy. JACC Cardiovasc Interv. 2018;
11(12): 1131-8.

PubMed Abstract | Publisher Full Text

Eleid MF, Whisenant BK, Cabalka AK, et al.: Early Outcomes of

Percut ous Tr ous Tr ptal Trar Valve Implantation
in Failed Bioprosthetic Mitral Valves, Ring Annuloplasty, and Severe Mitral
Annular Calcification. JACC Cardiovasc Interv. 2017; 10(19): 1932-42.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Onorati F, Mariscalco G, Reichart D, et al.: Hospital Outcome and Risk
Indices of Mortality after redo-mitral valve surgery in Potential Candidates for
Transcatheter Procedures: Results From a European Registry. J Cardiothorac
Vasc Anesth. 2018; 32(2): 646-53.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

P

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

Kuwata S, Taramasso M, Guidotti A, et al.: Ongoing and future directions in
percutaneous treatment of mitral regurgitation. Expert Rev Cardiovasc Ther.
2017; 15(6): 441-6.

PubMed Abstract | Publisher Full Text

Mirabel M, lung B, Baron G, et al.: What are the characteristics of patients
with severe, symptomatic, mitral regurgitation who are denied surgery? Eur
Heart J. 2007; 28(11): 1358-65.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Sorajja P, Mack M, Vemulapalli S, et al.: Initial Experience With Commercial
Transcatheter Mitral Valve Repair in the United States. J Am Coll Cardiol. 2016;
67(10): 1129-40.

PubMed Abstract | Publisher Full Text

Obadia JF, Messika-Zeitoun D, Leurent G, et al.: Percutaneous Repair or

Page 12 of 14


http://www.ncbi.nlm.nih.gov/pubmed/29304994
http://dx.doi.org/10.1016/j.amjcard.2017.11.018
https://f1000.com/prime/733804389
http://www.ncbi.nlm.nih.gov/pubmed/30097300
http://dx.doi.org/10.1016/j.echo.2018.06.008
http://www.ncbi.nlm.nih.gov/pmc/articles/6252053
https://f1000.com/prime/733804389
http://www.ncbi.nlm.nih.gov/pubmed/27721219
http://dx.doi.org/10.4244/EIJV12I8A173
http://www.ncbi.nlm.nih.gov/pubmed/24036029
http://dx.doi.org/10.1016/j.jacc.2013.08.723
http://www.ncbi.nlm.nih.gov/pubmed/27354049
http://dx.doi.org/10.1093/eurheartj/ehw229
http://www.ncbi.nlm.nih.gov/pmc/articles/5216199
http://www.ncbi.nlm.nih.gov/pubmed/26754575
http://dx.doi.org/10.1186/s12872-016-0184-8
http://www.ncbi.nlm.nih.gov/pmc/articles/4709950
https://f1000.com/prime/727252152
http://www.ncbi.nlm.nih.gov/pubmed/28131996
http://dx.doi.org/10.1136/bmjopen-2016-012240
http://www.ncbi.nlm.nih.gov/pmc/articles/5278264
https://f1000.com/prime/727252152
https://f1000.com/prime/1046231
http://www.ncbi.nlm.nih.gov/pubmed/16980116
http://dx.doi.org/10.1016/S0140-6736(06)69208-8
https://f1000.com/prime/1046231
https://f1000.com/prime/733682906
http://www.ncbi.nlm.nih.gov/pubmed/30032907
http://dx.doi.org/10.1016/j.athoracsur.2018.03.086
https://f1000.com/prime/733682906
https://f1000.com/prime/732844840
http://www.ncbi.nlm.nih.gov/pubmed/29536860
http://dx.doi.org/10.1016/S0140-6736(18)30473-2
http://www.ncbi.nlm.nih.gov/pmc/articles/5907494
https://f1000.com/prime/732844840
http://www.ncbi.nlm.nih.gov/pubmed/27056159
http://dx.doi.org/10.1016/j.jcmg.2016.02.013
http://www.ncbi.nlm.nih.gov/pubmed/26530104
http://dx.doi.org/10.1093/eurheartj/ehv598
https://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
https://f1000.com/prime/718180676
https://f1000.com/prime/725924119
http://www.ncbi.nlm.nih.gov/pubmed/26550689
http://dx.doi.org/10.1056/NEJMoa1512913
http://www.ncbi.nlm.nih.gov/pmc/articles/4908819
https://f1000.com/prime/725924119
https://f1000.com/prime/726264072
http://www.ncbi.nlm.nih.gov/pubmed/27040451
http://dx.doi.org/10.1056/NEJMoa1602003
http://www.ncbi.nlm.nih.gov/pmc/articles/4908820
https://f1000.com/prime/726264072
http://www.ncbi.nlm.nih.gov/pubmed/25405390
http://dx.doi.org/10.1056/NEJMoa1410490
http://www.ncbi.nlm.nih.gov/pmc/articles/4303577
http://www.ncbi.nlm.nih.gov/pubmed/25986494
http://dx.doi.org/10.1016/j.jtcvs.2015.04.009
http://www.ncbi.nlm.nih.gov/pubmed/26309823
http://dx.doi.org/10.3978/j.issn.2225-319X.2015.04.01
http://www.ncbi.nlm.nih.gov/pmc/articles/4533073
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/19695468
http://dx.doi.org/10.1016/j.jacc.2009.03.079
https://f1000.com/prime/732307818
http://www.ncbi.nlm.nih.gov/pubmed/29020352
http://dx.doi.org/10.1093/eurheartj/ehx465
https://f1000.com/prime/732307818
https://f1000.com/prime/727592892
http://www.ncbi.nlm.nih.gov/pubmed/28476349
http://dx.doi.org/10.1016/j.jacc.2017.02.026
https://f1000.com/prime/727592892
http://www.ncbi.nlm.nih.gov/pubmed/26936003
http://dx.doi.org/10.1016/j.jtcvs.2016.01.033
https://f1000.com/prime/732091530
http://www.ncbi.nlm.nih.gov/pubmed/29117490
http://dx.doi.org/10.1056/NEJMoa1613792
https://f1000.com/prime/732091530
https://f1000.com/prime/725433487
http://www.ncbi.nlm.nih.gov/pubmed/25871669
http://dx.doi.org/10.1001/jama.2015.3164
https://f1000.com/prime/725433487
https://f1000.com/prime/1097213
http://www.ncbi.nlm.nih.gov/pubmed/17846320
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.681429
https://f1000.com/prime/1097213
http://www.ncbi.nlm.nih.gov/pubmed/24079878
http://dx.doi.org/10.1016/j.jtcvs.2013.08.028
http://www.ncbi.nlm.nih.gov/pubmed/22294560
http://dx.doi.org/10.1093/icvts/ivs005
http://www.ncbi.nlm.nih.gov/pmc/articles/3735849
http://www.ncbi.nlm.nih.gov/pubmed/26984984
http://dx.doi.org/10.1093/ejcts/ezw048
http://www.ncbi.nlm.nih.gov/pubmed/28760466
http://dx.doi.org/10.1016/j.athoracsur.2017.05.001
http://www.ncbi.nlm.nih.gov/pubmed/28838360
http://dx.doi.org/10.1016/j.jacc.2017.07.714
https://f1000.com/prime/731794313
http://www.ncbi.nlm.nih.gov/pubmed/28982718
http://dx.doi.org/10.1136/heartjnl-2017-312047
https://f1000.com/prime/731794313
https://f1000.com/prime/733267880
http://www.ncbi.nlm.nih.gov/pubmed/29759741
http://dx.doi.org/10.1016/j.jtcvs.2018.03.126
https://f1000.com/prime/733267880
http://www.ncbi.nlm.nih.gov/pubmed/29929633
http://dx.doi.org/10.1016/j.jcin.2018.03.011
https://f1000.com/prime/731999551
http://www.ncbi.nlm.nih.gov/pubmed/28982556
http://dx.doi.org/10.1016/j.jcin.2017.08.014
https://f1000.com/prime/731999551
https://f1000.com/prime/732426932
http://www.ncbi.nlm.nih.gov/pubmed/29325846
http://dx.doi.org/10.1053/j.jvca.2017.09.039
https://f1000.com/prime/732426932
https://f1000.com/prime/725433740
http://www.ncbi.nlm.nih.gov/pubmed/25870204
http://dx.doi.org/10.1093/eurheartj/ehv123
https://f1000.com/prime/725433740
http://www.ncbi.nlm.nih.gov/pubmed/28471277
http://dx.doi.org/10.1080/14779072.2017.1327349
https://f1000.com/prime/1089638
http://www.ncbi.nlm.nih.gov/pubmed/17350971
http://dx.doi.org/10.1093/eurheartj/ehm001
https://f1000.com/prime/1089638
http://www.ncbi.nlm.nih.gov/pubmed/26965532
http://dx.doi.org/10.1016/j.jacc.2015.12.054
https://f1000.com/prime/733874366

64.

65.

66.

67.

68.

69.

70.

71.

Medical Treatment for Secondary Mitral Regurgitation. N Engl J Med. 2018;
379(24): 2297-306.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Stone GW, Lindenfeld J, Abraham WT, et al.: Transcatheter Mitral-Valve
Repair in Patients with Heart Failure. N Engl J Med. 2018; 379(24): 2307—-18.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Grayburn PA, Sannino A, Packer M: Proportionate and Disproportionate
Functional Mitral Regurgitation: A New Conceptual Framework That
Reconciles the Results of the MITRA-FR and COAPT Trials. JACC Cardiovasc
Imaging. 2019; 12(2): 353-62.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

E Praz F, Spargias K, Chrissoheris M, et al.: Compassionate use of the
PASCAL transcatheter mitral valve repair system for patients with severe
mitral regurgitation: a multicentre, prospective, observational, first-in-man
study. Lancet. 2017; 390(10096): 773-80.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Feldman T, Fernandes E, Levisay JP: Transcatheter mitral valve repair/replacement
for primary mitral regurgitation. Ann Cardiothorac Surg. 2018; 7(6): 755-63.
PubMed Abstract | Publisher Full Text | Free Full Text

Colli A, Manzan E, Aidietis A, et al.: An early European experience with
transapical off-pump mitral valve repair with NeoChord implantation. Eur J
Cardiothorac Surg. 2018; 54(3): 460-6.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Schueler R, Werner N, Nickenig G, et al.: Catheter-based complete “Alfieri-Stich”
via interventional annuloplasty and edge-to-edge repair for degenerative
mitral regurgitation. Eur Heart J. 2016; 37(27): 2201.

PubMed Abstract | Publisher Full Text

von Bardeleben RS, Colli A, Schulz E, et al.: First in human transcatheter
COMBO mitral valve repair with direct ring annuloplasty and neochord leaflet
implantation to treat degenerative mitral regurgitation: feasibility of the
simultaneous toolbox concept guided by 3D echo and computed tomography
fusion imaging. Eur Heart J. 2018; 39(15): 1314-5.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Webb JG, Murdoch DJ, Boone RH, et al.: Percutaneous Transcatheter
Mitral Valve Replacement: First-in-Human Experience With a New Transseptal
System. J Am Coll Cardiol. 2019; 73(11): 1239-46.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

F1000Research 2019, 8(F1000 Faculty Rev):1686 Last updated: 24 SEP 2019

72.

73.

74.

75.

76.

77.

78.

79.

80.

De Backer O, Piazza N, Banai S, et al.: Percutaneous transcatheter mitral
valve replacement: an overview of devices in preclinical and early clinical
evaluation. Circ Cardiovasc Interv. 2014; 7(3): 400-9.

PubMed Abstract | Publisher Full Text

Urena M, Vahanian A, Sendergaard L: Patient ion for trar mitral
valve implantation: why is it so hard to find patients? Eurolntervention. 2018;
14(AB): AB83—-AB90.

PubMed Abstract | Publisher Full Text

Sorajja P, Moat N, Badhwar V, et al.: Initial Feasibility Study of a New
Transcatheter Mitral Prosthesis: The First 100 Patients. J Am Coll Cardiol. 2019;
73(11): 1250-60.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Vahanian A, Urena M, Himbert D: Transcatheter Mitral Valve Replacement: The
End of the Beginning? J Am Coll Cardiol. 2019; 73(11): 1261-3.
PubMed Abstract | Publisher Full Text

E Khan JM, Babaliaros VC, Greenbaum AB, et al.: Anterior Leaflet Laceration
to Prevent Ventricular Outflow Tract Obstruction During Transcatheter Mitral
Valve Replacement. J Am Coll Cardiol. 2019; 73(20): 2521-34.

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

Antunes MJ: Repair for rheumatic mitral valve disease. The controversy goes
on! Heart. 2018; 104(10): 796-7.
PubMed Abstract | Publisher Full Text

Kim WK, Kim HJ, Kim JB, et al.: Clinical outcomes in 1731 patients
undergoing mitral valve surgery for rheumatic valve disease. Heart. 2018;
104(10): 841-8.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Yakub MA, Dillon J, Krishna Moorthy PS, et al.: Is rheumatic aetiology a predictor
of poor outcome in the current era of mitral valve repair? Contemporary
long-term results of mitral valve repair in rheumatic heart disease. Eur J
Cardiothorac Surg. 2013; 44(4): 673-81.

PubMed Abstract | Publisher Full Text

Dillon J, Yakub MA, Kong PK, et al.: Comparative long-term results of mitral
valve repair in adults with chronic rheumatic disease and degenerative
disease: is repair for “burnt-out” rheumatic disease still inferior to repair
for degenerative disease in the current era? J Thorac Cardiovasc Surg. 2015;
149(3): 771-7; discussion 777-9.

PubMed Abstract | Publisher Full Text

Page 13 of 14


http://www.ncbi.nlm.nih.gov/pubmed/30145927
http://dx.doi.org/10.1056/NEJMoa1805374
https://f1000.com/prime/733874366
https://f1000.com/prime/734059120
http://www.ncbi.nlm.nih.gov/pubmed/30280640
http://dx.doi.org/10.1056/NEJMoa1806640
https://f1000.com/prime/734059120
https://f1000.com/prime/734643779
http://www.ncbi.nlm.nih.gov/pubmed/30553663
http://dx.doi.org/10.1016/j.jcmg.2018.11.006
https://f1000.com/prime/734643779
https://f1000.com/prime/729083160
http://www.ncbi.nlm.nih.gov/pubmed/28831993
http://dx.doi.org/10.1016/S0140-6736(17)31600-8
https://f1000.com/prime/729083160
http://www.ncbi.nlm.nih.gov/pubmed/30598889
http://dx.doi.org/10.21037/acs.2018.07.04
http://www.ncbi.nlm.nih.gov/pmc/articles/6288224
https://f1000.com/prime/732811619
http://www.ncbi.nlm.nih.gov/pubmed/29514183
http://dx.doi.org/10.1093/ejcts/ezy064
https://f1000.com/prime/732811619
http://www.ncbi.nlm.nih.gov/pubmed/26843281
http://dx.doi.org/10.1093/eurheartj/ehv765
https://f1000.com/prime/732058428
http://www.ncbi.nlm.nih.gov/pubmed/29088385
http://dx.doi.org/10.1093/eurheartj/ehx595
https://f1000.com/prime/732058428
https://f1000.com/prime/735393011
http://www.ncbi.nlm.nih.gov/pubmed/30898198
http://dx.doi.org/10.1016/j.jacc.2018.12.065
https://f1000.com/prime/735393011
http://www.ncbi.nlm.nih.gov/pubmed/24944303
http://dx.doi.org/10.1161/CIRCINTERVENTIONS.114.001607
http://www.ncbi.nlm.nih.gov/pubmed/30158099
http://dx.doi.org/10.4244/EIJ-D-18-00510
https://f1000.com/prime/735393010
http://www.ncbi.nlm.nih.gov/pubmed/30898200
http://dx.doi.org/10.1016/j.jacc.2018.12.066
https://f1000.com/prime/735393010
http://www.ncbi.nlm.nih.gov/pubmed/30898201
http://dx.doi.org/10.1016/j.jacc.2019.01.026
https://f1000.com/prime/735792189
http://www.ncbi.nlm.nih.gov/pubmed/31118146
http://dx.doi.org/10.1016/j.jacc.2019.02.076
http://www.ncbi.nlm.nih.gov/pmc/articles/6664295
https://f1000.com/prime/735792189
http://www.ncbi.nlm.nih.gov/pubmed/29331985
http://dx.doi.org/10.1136/heartjnl-2017-312674
https://f1000.com/prime/732126028
http://www.ncbi.nlm.nih.gov/pubmed/29146626
http://dx.doi.org/10.1136/heartjnl-2017-312249
https://f1000.com/prime/732126028
http://www.ncbi.nlm.nih.gov/pubmed/23447474
http://dx.doi.org/10.1093/ejcts/ezt093
http://www.ncbi.nlm.nih.gov/pubmed/25308120
http://dx.doi.org/10.1016/j.jtcvs.2014.08.066

FIOOOResearch F1000Research 2019, 8(F1000 Faculty Rev):1686 Last updated: 24 SEP 2019

Open Peer Review

Current Peer Review Status: v Vv

Editorial Note on the Review Process

F1000 Faculty Reviews are written by members of the prestigious F1000 Faculty. They are commissioned and
are peer reviewed before publication to ensure that the final, published version is comprehensive and accessible.
The reviewers who approved the final version are listed with their names and affiliations.

The reviewers who approved this article are:

1 Joseph Alpert
Department of Medicine, University of Arizona, Sarver Heart Center, Tucson, AZ, 85724-5035, USA
Competing Interests: No competing interests were disclosed.

> Benedetto Del Forno
Department of Cardiac Surgery, Vita-Salute San Raffaele University, San Raffaele Hospital, Milan, ltaly
Competing Interests: No competing interests were disclosed.

The benefits of publishing with F1000Research:

®  Your article is published within days, with no editorial bias

®  You can publish traditional articles, null/negative results, case reports, data notes and more
®  The peer review process is transparent and collaborative

®  Your article is indexed in PubMed after passing peer review

® Dedicated customer support at every stage

For pre-submission enquiries, contact research@f1000.com F](xx) Resea I‘Ch

Page 14 of 14


https://f1000research.com/browse/f1000-faculty-reviews
http://f1000.com/prime/thefaculty
http://orcid.org/0000-0002-0081-6232

