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Mitral regurgitation (MR) is the most
common valvular heart disorder1 and
because the incidence of MR increases
with age, an increasing number of
patients with MR requiring hospitalization is expected in the next decades.2
Severe MR is associated with a poor
prognosis when untreated. However, its
correction is associated with favorable
long-term outcomes.
Although a wide spectrum of etiologies has been described, two major entities should be acknowledged: primary
(or organic) and secondary (or functional) MR.
Primary MR is characterized by the
presence of a structural abnormality of
the mitral valve apparatus (i.e. annulus,
leaflets, chordae tendineae and papillary
muscles). Conversely, in functional MR
the integrity of the mitral valve is preserved and the valvular incompetence
is frequently related to a disease of the
left-sided chambers. In ischemic and
non-ischemic left ventricular adverse

remodeling, valvular dysfunction is
caused by annular dilatation and leaflet tethering linked to papillary-muscle
displacement. More recently, atrial
functional MR has been described as a
result of atrial enlargement and annular
dilatation, most often in patients with
a history of persistent/chronic atrial
fibrillation.3 Some conditions, such as
right ventricular pacing and anterior
systolic movement of the mitral valve
are other peculiar causes of MR.

❱ Primary (organic) MR
Mitral valve prolapse
Mitral valve prolapse (MVP) is a frequent condition affecting approximately 2% of the general population.4
A higher prevalence was reported in
patients with connective tissue diseases.5 MVB is defined as the systolic
displacement of leaflet tissue into the
left atrium, with the free-margin of one
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or both leaflets above the annular plane
of at least 2 mm.6 It can be subclassified as billowing valve with free-edge
prolapse and flail mitral valve. The first
condition refers to a leaflet redundancy
and displacement, generally associated
with valvular tissue excess and chordal
elongation. Flail valve is characterized
by the loss of leaflet coaptation most
frequently associated with the rupture
of chordae tendineae (Figure 1).
MVP can be associated with a spectrum of anatomical lesions, ranging
from fibroelastic deficiency (FED) to
Barlow’s disease.

FED is a condition more prevalent in
middle-advanced age and is characterized
by fibrillin deficiency, which can lead to
the rupture of one or more thinned and
elongated chordae, usually involving the
middle scallop of the posterior leaflet.7
On the opposite side, Barlow’s disease, more prevalent in young adults,
is characterized by diffuse myxomatous
changes of the mitral valve with abundant tissue excess, annular dilatation,
thickened leaflets and chordal elongation. It can be associated with billowing
of one or both leaflets and chordal rupture over time.7

Figure 1 A, B) Two-dimensional transesophageal echocardiography, intercommissural and
long-axis views. Wide mitral valve prolapse with flail posterior leaflet due to chordal rupture;
C, D) color-Doppler study for the assessment of mitral regurgitation (MR). Wide eccentric jet
consistent with severe MR.
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MVP is associated with a variable
degree of MR, with most patients having
trivial or mild regurgitation. Severe MR
was present in less than 10% of patients
in an unselected outpatient population.8

Rheumatic mitral regurgitation
Rheumatic heart disease (RHD) is a serious complication of rheumatic fever,
which is an autoimmune multiorgan
inflammatory disease as a consequence
of group A ß-hemolytic streptococcal
pharyngitis. Patients develop carditis
in the acute phase in 50−78% of cases,
while chronic rheumatic heart disease
is found in 60% of cases in endemic
countries.9 Although the prevalence
of the disease is drastically reduced in
developed countries, especially due to
the improvement in economic conditions, better access to medical care
and antibiotic therapy, RHD remains
a significant health problem in poor
countries.
The mitral valve can be affected in
up to 50% of cases, resulting in stenosis, regurgitation or both. In acute
mitral valve involvement, dilatation
of mitral annulus, elongation and rupture of chordae tendineae, prolapse
of anterior − or less often posterior −
leaflet and nodular lesions on leaflets

can be observed. Chronic involvement
is characterized by thickening and limited mobility of leaflets, thickening and
fusion of chordae tendineae and presence of calcifications.9

Infective endocarditis
Infective endocarditis (IE) is defined as
an infection, usually bacterial, of the
endocardial surface of the heart. Its
incidence ranges from 1.5–11.6 cases
per 100,000 person-years.10 Mitral valve
endocarditis accounts for more than a
third of the cases.11 The presence of a
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valvular structural abnormality is a significant risk factor. Rheumatic heart
disease was the most common underlying condition in the past and persists in
developing countries, although there
was a significant decline in the last
two decades. Mitral valve prolapse and
degenerative mitral valve disease are
other significative risk factors.10 The
presence of a valve abnormality represents a substrate for bacterial colonization and subsequent development of
infected masses called “vegetations”.
With the progression of the infection, the valvular tissue is damaged,
possibly leading to leaflet perforation,
rupture of chordae tendineae, formation of valvular ring abscesses and
fistulae. Valve destruction and inadequate leaflet coaptation due to the
presence of vegetations (Figure 2) can
result in acute MR and hemodynamic
decompensation.12

Congenital malformations
Congenital abnormalities of the mitral
valve are rare, with an estimated
prevalence of 0.5%,13 higher when considering minor valve defects and incomplete forms. Congenital malformations
are often complex and may occur in
isolation or in association with other
congenital defects.14 Possible abnormalities include mitral ring, dysplastic
leaflets, clefts, commissural underdevelopment, and abnormal implantation of chordae tendineae or papillary
muscles. Specific conditions with complex anatomy are double-orifice mitral
valve, Ebstein’s malformation of the
mitral valve, arcade or hammock valve,
straddling mitral valve and parachute
mitral valve.13 Although the impact on
mitral valve function can occur both
with stenosis and insufficiency, MR is
reported in the majority of cases.13
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Figure 2 Two-dimensional and color-Doppler transesophageal echocardiography,
intercommissural view. Mitral valve endocarditis with diffuse involvement of the leaflets.
Significant mitral regurgitation with multiple jets due to extensive valvular damage.

Figure 3 Two-dimensional and color-Doppler transesophageal echocardiography, four
chamber view. Severe mitral regurgitation due to papillary muscle rupture in patient with
recent subacute myocardial infarction.

Ischemic MR
Papillary muscle dysfunction due to myocardial ischemia can occur in patients
with acute or chronic coronary artery
disease, particularly when the infero-
postero-lateral segments are involved.15
Indeed, because the posterolateral papillary muscle receives its blood supply
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from a single coronary system, it is particularly prone to suffer from ischemia,
resulting in acute MR and “flash pulmonary edema.” Papillary muscle rupture
(Figure 3) can also occur as a mechanical
complication of myocardial infarction,
leading to a potentially fatal hemodynamic decompensation.16, 17
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❱ Other causes of primary MR
Radiation therapy
Radiation-induced valvular heart disease affects about 10% of patients
treated and is characterized by fibrosis
and calcification of valvular structures,
including aortic root, mitral-aortic
intervalvular fibrosa, mitral valve annulus, base and mid portions of mitral
leaflets, with sparing of commissures.
Direct exposure and radiation dose can
increase the risk of significant VHD,
that generally develops several years
after treatment.18

Traumatic lesions
Chest trauma is a less common cause
of acute MR, caused by papillary muscle rupture, ruptured chordae tendineae and injury to the valve leaflets.19
Iatrogenic trauma during interventional procedures, such as percutaneous
mitral valvulotomy, transcatheter aortic
valve implantation and intracardiac left
ventricular assist devices implantation,
have also been reported.12

❱ Primary MR, indication
and timing of intervention
Severe degenerative MR is a progressive condition and indication for intervention is guided by the occurrence of
symptoms, declining left ventricular
(LV) function, significant LV enlargement, or the development of important
pulmonary hypertension or atrial fibrillation. There are no medical therapies
able to affect the disease process in the
valve leaflets; the use of vasodilators
reducing the afterload may decrease
the regurgitant fraction and increase
cardiac output, often with a decrease in
ventricular volumes and end-diastolic
pressure.20 It is well accepted that mitral
valve repair, with the goal of restoring
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a good surface of leaflet coaptation
and correcting for annular dilatation,
should be the preferred technique when
the results are expected to be durable.
Indeed, the majority of patients with
degenerative mitral valve disease who
require surgery will have an improved
quality of life with less morbidity, and
better long-term survival, if a valve
repair as opposed to replacement is performed. However, outcomes depend on
surgeon experience and center-related
volume.
Cardiac surgery in severe chronic
primary MR is easily indicated in
clearly symptomatic patients. However,
patients with severe MR may remain
asymptomatic for many years and
watchful waiting may be considered a
safe strategy,21 as long as early signs of
early deterioration are promptly recognized. Indeed, it has been shown that
these signs are all important predictors
of poor outcome under medical management and are associated with considerable increase of postoperative and
late mortality after surgery. Therefore,
it is fundamental to refer these patients
for surgery in a timely fashion, when
the maximal benefit from a successful
mitral valve repair would be realized
(Table I). Six-month follow-up intervals are recommended in order to avoid
any delay in surgical referral, but this
time frame can be further shortened if
deemed necessary.
Determination of functional capacity by cardiopulmonary exercise testing
and the use of exercise echocardiography is useful to stratify risk in asymptomatic patients. In asymptomatic
patients, a significant increase in pulmonary artery pressure with exercise
(>60 mmHg) has been reported to be of
prognostic value.22 However, a systolic
pulmonary pressure ≥50 mmHg at rest
is considered a strong indication for surgery.23 Assessment of neurohormonal
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Table I Factors determining the optimal
timing of corrective surgery in the presence
of organic severe MR.
Presence of symptoms
(or neuro-hormonal activation, or poor
functional capacity by cardiopulmonary exercise
testing)
Left ventricular ejection fraction
<60%
End-Systolic Diameter
≥45 mm
or
≥40 mm if:
• flail leaflet
• presence of significant left atrium dilatation
(volume index ≥60 mL/m2 BSA) in sinus
rhythm
Presence of pulmonary hypertension
at rest ≥50 mmHg or with exercise >60 mmHg

considered when the likelihood of successful repair is high and comorbidity
low. Otherwise, patients should be discussed by the Heart Team regarding
percutaneous edge-to-edge procedure,
especially in patients at high surgical
risk and low likelihood of successful
repair. The choice between surgical
and percutaneous intervention should
be individualized according to the specific characteristics of the patient, the
surgical risk, the likelihood of an effective and durable repair, and the local
expertise. Moreover the mechanism
of severe degenerative MR is of critical importance since MR with anterior
or bileaflet prolapse are significantly
more difficult to repair than those with
isolated posterior leaflet prolapse.26

Presence of Atrial fibrillation
High likelihood of successful repair
The preference and expectations of the patient

activation may be considered in clinical
routine workup for risk stratification.
Indeed, among patients with severe
asymptomatic organic MR, BNP value
discriminates a subgroup of patients at
higher risk.24
The presence of LV dysfunction
(LVEF <60%) is “per se” an indication for surgery.25 However, LV end-
systolic diameter (LVESD) >45 mm in
the presence of normal LVEF (>60%)
is also considered an appropriate
indication for surgery.25 Moreover,
in patients with flail leaflet, low surgical risk and significant LA dilatation (volume index ≥60 mL/m2 BSA),
surgery may also be indicated in the
presence of smaller LV dilatation
(LVESD 40–44 mm).25 In symptomatic
patients with severe LV dysfunction
(LVEF <30%) and/or severe dilatation
(LVESD >55 mm) refractory to medical
therapy, mitral valve repair should be
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❱ Secondary (functional) MR
Functional MR due to left
ventricular disease
Functional MR is a common finding in patients with myocardial dysfunction and is associated with poor
outcomes.27, 28 It is characterized by
an anatomically normal mitral valve
apparatus and results from an unfavorable global or regional left ventricular remodeling (Figure 4) from
non-
ischemic and ischemic causes.
Indeed, reduced closing forces due to
ventricular dysfunction along with
annular dilatation and flattening,
leaflet tethering secondary to papillary-muscle displacement and degree of
papillary muscle dyssynchrony result
in incomplete mitral valve closure and
then MR. In addition, increased left
atrial pressure can contribute to valve
tenting. Chronic volume overload
induces further LV remodeling in a
vicious cycle at the base of the progression of the disease.28, 29
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Secondary MR can occur in up to half
of the patients after myocardial infarction (MI).29 In this case, particularly after
a transmural posterior MI, regional left
ventricular remodeling and dysfunction

can determine apico-postero-lateral displacement of the posterior papillary
muscle, resulting in reduced mobility
of the posterior leaflet and consequent
malcoaptation (Figure 5).15

Figure 4 Two-dimensional and color-Doppler transesophageal echocardiography, long-axis
view. Severe mitral regurgitation due to tethering and reduced coaptation of mitral valve
leaflets in patient with left ventricular dilatation and dysfunction.

Figure 5 Two-dimensional and color-Doppler transesophageal echocardiography, long-axis
view. Severe mitral regurgitation due to tethering of the posterior mitral valve leaflet in patient
with previous history of posterolateral myocardial infarction.
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Atrial functional MR
Atrial functional MR is a recently recognized distinct etiology of MR. Its exact
prevalence is unknown because it is
generally under-recognized. This entity
is found in patients with atrial fibrillation (AF) and/or heart failure with
preserved ejection fraction (HFpEF)
and is associated with worse prognosis.30 It is believed that the underlying
mechanism is related to the left atrial
enlargement with subsequent annular
dilatation and leaflet malcoaptation.
Insufficient leaflet remodeling and
altered mitral annular dynamics probably contribute to the disease. Moreover,
in HFpEF, LV diastolic dysfunction with
increased LV filling pressure and LA
pressure may oppose mitral leaflet closure, creating a pushing force that worsens systolic mitral valve tenting.28

Right ventricular pacing MR
The onset or worsening of MR following
pacemaker implantation is known.31, 32
Indeed, right ventricular apical pacing
causes an abnormal left ventricular
activation, leading to papillary muscle
dyssynchrony and delayed reduction of
mitral annular size that physiologically
occurs in early systole. Moreover, loss
of atrio-ventricular synchrony during
ventricular pacing may contribute to a
worsening of MR.

MR due to systolic anterior
motion (sam) of the mitral valve
Mitral valve abnormalities are frequently observed in patients with
hypertrophic cardiomyopathy and can
contribute to dynamic obstruction of
the left ventricular outflow tract (LVOT).
These abnormalities can involve all valvular structures. Anterior displacement
of papillary muscles resulting in an
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anterior position of coaptation plane,
elongation of leaflets and chordae
tendineae constitutes a favorable anatomical substrate for the systolic anterior motion (SAM) of the mitral valve,
mechanism involved in LVOT obstruction. Moreover, SAM is associated with
a variable degree of MR, particularly
when the posterior leaflet is not long or
mobile enough to move anteriorly with
the anterior leaflet, resulting in poor
coaptation.33
An uncommon cause of acute
MR due to SAM is associated with
Takotsubo cardiomyopathy. Indeed, in
the acute phase of the disease, hyperdynamic contraction of basal segments
of the left ventricle can result in SAM
and consequent MR. The acute onset of
severe MR together with left ventricular dysfunction can potentially lead to
severe hemodynamic decompensation
and cardiogenic shock.12

❱ Secondary (functional)
mitral regurgitation,
indication and timing
of intervention
Because functional MR (FMR) is not a
primary disease of the valve, reestablishing the competency of the mitral valve
is not curative. Only patients undergoing CABG with associated severe FMR
have a strong indication for mitral valve
surgery (in particular patients with LVEF
>30%).25 In other cases, although severe
FMR is associated with a worse prognosis, there is no conclusive evidence that
correcting it improves survival.
Guideline-directed medical therapy, including diuretics, beta blockers,
angiotensin-converting enzyme inhib
itors or angiotensin receptor blockers,
aldosterone antagonist, sacubitril/valsartan, and cardiac resynchronization
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