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Abstract
Purpose of Review In this review, we provide a comprehensive approach to assess degenerative mitral regurgitation.
Recent Findings In the evaluation ofMR, it is important to differentiate between primary (degenerative/organic) MR in which an
intrinsic mitral valve lesion(s) is responsible for the occurrence of MR and secondary (functional) MR where the mitral valve is
structurally normal, but alterations of the left ventricular geometry cause deterioration of the MVapparatus. Advanced imaging
modalities, foremost two-dimensional and three-dimensional echocardiography, are essential for this determination.
Summary In the evaluation of degenerative MR, the exact mechanism, the extent of the disease, associated valve lesions, the
grade of mitral regurgitation severity, and hemodynamic consequences require careful assessment in order to provide patients
with appropriate monitoring and treatment.

Keywords Mitralregurgitation .Primarymitralregurgitation .Degenerativemitralregurgitation .Echocardiography .Mitralvalve
prolapse . Barlow’s disease . Fibroelastic deficiency . Papillary muscle rupture

Introduction: Prevalence and Mechanisms
of Mitral Regurgitation

Mitral regurgitation (MR) is defined as an abnormal retro-
grade blood flow from the left ventricle (LV) to the left atrium
(LA) during left ventricular contraction. Trivial to mild mitral
regurgitation is a common finding and is seen in nearly 50%
of healthy people [1]. Severe MR is relatively uncommon in
patients before the fifth decade, but the prevalence increases
with age to 13.3% in patients ≥ 75 years of age [2].

For the evaluation of MR, it is essential to appreciate the
complex structure of the mitral valve (MV). MV competence

depends on several factors which include the mechanical and
functional integrity of all components involved: the anterior
and posterior mitral leaflets, the mitral annulus, the chordae
tendinae, both papillary muscles, the left atrium, and the left
ventricle. An anatomic abnormality or dysfunction of these
components alone or in combination may lead to MV
incompetence.

MR can be classified as primary (degenerative or organic)
MR (DMR) (Fig. 1a and b) or as secondary (functional) MR
(FMR) (Fig. 1c and d): With primary or degenerative MR,
there is an intrinsic MV abnormality or lesion(s) responsible
for the development of MR. With secondary or functional
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MR, the MV is structurally/anatomically normal. MR is the
result of MV deformation due to an abnormal LV geometry
and LV dysfunction. Both DMR and FMR can occur in the
same patient (mixed disease).

The Carpentier classification [3] allows for a further sub-
classification of MR by focusing on mitral leaflet motion to
describe specific types of MV dysfunction: Type I is charac-
terized by normal leaflet motion. In these cases, MR is caused
by mitral annular dilation or calcification, MV clefts, or MV
perforations. Type II describes cases with excessive leaflet
mobility as seen in patients with MV prolapse(s) or flail leaf-
lets, and type III describes cases in which there is restricted
motion of the leaflets. This is present either in diastole (type
IIIa) as it is typically seen in rheumatic MV disease or in
systole (type IIIb) as it is characteristic for ischemic MR.
Table 1 gives an overview of mechanisms, causes, and types
of dysfunction according to the Carpentier classification.

In the industrialized world, 60–70% of MR patients under-
going surgery have DMR caused by primary myxomatous
disease, primary flail leaflets or annular calcification, followed
by ischemic MR (representing 20% of cases), infective endo-
carditis, and rheumatic MR (each with representing 2–5% of
cases), and some rare causes including cardiomyopathies, cleft
mitral valve, traumatic rupture of chordae or papillary

muscles, radiation heart disease, drug-induced, and inflamma-
tory diseases [4, 5].

Mitral valve prolapse (MVP) which has a wide spectrum of
etiologies and clinical presentations as outlined in Table 2 is
the most common cause of primary MR in developed coun-
tries [6]. Two main phenotypes of MVP have been described
[7]: Patients may present with severe diffuse myxomatous
degeneration of the entire MV with thickened and redundant
leaflets, excessive leaflet tissue, elongated chordae tendinae,
and sometimes translocation of the posterior mitral annulus
into the LA (this is often described as “Barlow’s disease”)
(Fig. 2). In other patients who may present at an older age,
the leaflets have been described by some surgeons as being
thin and somewhat delicate, and suggesting that the lack of
adequate connective tissue leads to chordal rupture and a flail
mitral leaflet. Several reports have attributed this finding to
fibroelastic deficiency disease. However, pathologic studies
show that fibroelastic deficiency cannot be reliably differenti-
ated from MVP or Barlow syndrome by gross inspection but
only by quantitative histologic evaluation. Qualitative histol-
ogy is not sufficient to distinguish these two entities. It is
therefore not surprising that the terms mitral valve prolapse
and myxomatous degeneration due to fibroelastic deficiency
disease have been used as synonyms [7].

Fig. 1 Examples of degenerative and functional mitral regurgitation (a).
A flail mitral valve prolapse (MVP) (yellow star) can be seen in a 0°
transesophageal echocardiographic (TEE) view in 2D and 2D with
color Doppler (b). The white arrows in a and b mark ruptured chords.
The eccentricity of the MR jet can be appreciated in color Doppler. In b, a
3D TEE enface view shows the extent of the P2 flail and two ruptured
chordae tendinae (white arrows). The prolapse is marked again with a

yellow star. cAn example of a patient with functional mitral regurgitation
is given. The left ventricle is dilated, and the mitral leaflets are drawn into
the left ventricle. The coaptation is below the annular plane (yellow dotted
line). The mitral leaflets have a tent-like appearance (“tenting”) as seen a
2D transesophageal echocardiographic (TEE). The lack of coaptation in c
and in a 3D TEE enface view (d) is marked with yellow arrows
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This finding also suggest that when describing the MV,
fibroelastic deficiency disease is a term that should be re-
served for pathologists performing quantitative histology
rather than the clinician or surgeon. When a flail mitral leaflet
occurs, it affects the posterior leaflet in approximately 70% of
cases. The myxomatous degeneration is most likely localized
to the flail segment whereas the MV has a normal morphol-
ogy elsewhere [8] (primary flail leaflet).

Other less common causes or associations of MVP are
listed in Table 2 and include acute rheumatic MV disease,
Marfan’s syndrome, infective endocarditis, acute rupture of
a papillary muscle, or acute myocardial ischemia which in-
volves a papillary muscle.

Severe MR has significant impact on functional capacity
and mortality [2], and the correction of degenerative MR is
curative in most cases as the MV itself is “the disease.” As
moderate and severe MR are often progressive over time, it is
important to detect and appropriately quantifyMR severity as
well as understand the MV anatomy and pathologic abnor-
mality in order to offer appropriate monitoring and treatment.

Natural History and Predictors
of Complications

One important part of the clinical assessment and treatment
decisions is knowledge of the natural history of DMR to
predict the clinical course and to optimize outcomes.
Unfortunately, the clinical course is variable and oftentimes
unpredictable, making diligent clinical follow-up essential to
avoid complications from chronic LV volume overload. Data
from longitudinal follow-up to estimate complication rates
are available for MVP but not for other etiologies, such as
rheumatic MR, or MR from a flail leaflet. In MVP, posterior
leaflet involvement had a much higher rate of severe MR and
related complications such as atrial fibrillation, congestive
heart failure, or chordal rupture. Baseline severity and wors-
ening of severity of MR during follow-up was the most im-
portant predictor of complications [9]. In another study of
asymptomatic MVP, 10-year mortality was 19% and mitral
valve prolapse-related events were 20% at 10 years (i.e.,
stroke, heart failure, endocarditis, and mitral valve surgery).
The most important predictors of complications were a LV
ejection fraction < 50%, more severe MR, flail leaflet, atrial
fibrillation, left atrial size > 40 mm, and age > 50 years [10].
These data underscore the importance of clinical follow-up
with serial echocardiograms to detect progression of MR and
associated structural changes. The progression of MR in
MVP has been estimated as 5.9 ml increase in regurgitant
volume per year (10 of 64 patients with prolapse developed
new flail leaflet during follow-up) [4]. The natural history of
flail mitral leaflet is very different compared with prolapse as
progression of regurgitation severity and signs of LV volumeTa

bl
e
1

M
ec
ha
ni
sm

s,
ca
us
es
,a
nd

ty
pe

of
m
itr
al
va
lv
e
dy
sf
un
ct
io
n
in

pa
tie
nt
s
w
ith

pr
im

ar
y
an
d
se
co
nd
ar
y
m
itr
al
re
gu
rg
ita
tio

n

Pr
im

ar
y
(d
eg
en
er
at
iv
e/
or
ga
ni
c)

M
R

Se
co
nd
ar
y
(f
un
ct
io
na
l)
M
R

M
ec
ha
ni
sm

In
tr
in
si
c
va
lv
e
le
si
on

St
ru
ct
ur
al
no
rm

al
va
lv
e,
M
V

de
te
ri
or
at
io
n
du
e
to

ge
om

et
ri
ca
lL

V
ab
no
rm

al
iti
es

C
au
se
s

N
on
-i
sc
he
m
ic

E
nd
oc
ar
di
tis

(p
er
fo
ra
tio
n)

A
nn
ul
ar

di
la
tio

n
(r
ar
el
y
is
ol
at
ed
)

D
eg
en
er
at
iv
e
(a
nn
ul
ar

ca
lc
if
ic
at
io
n)

C
on
ge
ni
ta
l(
cl
ef
t)

D
eg
en
er
at
iv
e
(b
ill
ow

in
g/

pr
ol
ap
se
/f
la
il)

E
nd
oc
ar
di
tis

(r
up
tu
re
d
ch
or
da
e)

T
ra
um

at
ic
(r
up
tu
re
d
ch
or
da
e/
PM

)
R
he
um

at
ic
(a
cu
te
R
F)

R
he
um

at
ic
(c
hr
on
ic
rh
eu
m
at
ic

M
V
di
se
as
e)

Ia
tr
og
en
ic
(p
os
t-
ra
di
at
io
n,

to
xi
c,
dr
ug
-i
nd
uc
ed
)

In
fl
am

m
at
or
y
di
se
as
es

(l
up
us

er
yt
ho
m
at
od
es
/a
nt
ic
ar
di
ol
ip
in
,

eo
si
no
ph
ili
c
en
do
ca
rd
ia
ld

is
ea
se
,

en
do
m
yo
ca
rd
ia
lf
ib
ro
si
s)

C
ar
di
om

yo
pa
th
y

M
yo
ca
rd
iti
s

LV
dy
sf
un
ct
io
n
of

an
y
ca
us
e

Is
ch
em

ic
–

R
up
tu
re
d
PM

–
Fu

nc
tio

na
li
sc
he
m
ic

Ty
pe

of
dy
sf
un
ct
io
n

(C
ar
pe
nt
ie
r
cl
as
si
fi
ca
tio
n)

Ty
pe

I
(n
or
m
al
le
af
le
tm

ot
io
n)

Ty
pe

II
(e
xc
es
si
ve

le
af
le
tm

ot
io
n)

Ty
pe

II
Ia

(r
es
tr
ic
te
d
le
af
le
tm

ot
io
n

in
di
as
to
le
)

Ty
pe

I
(n
or
m
al
le
af
le
tm

ot
io
n)

Ty
pe

II
Ib

(r
es
tr
ic
te
d
le
af
le
t

m
ot
io
n
in

sy
st
ol
e)

M
V
m
itr
al
va
lv
e,
LV

le
ft
ve
nt
ri
cl
e,
P
M

pa
pi
lla
ry

m
us
cl
e,
R
F
rh
eu
m
at
ic
fe
ve
r

Curr Cardiol Rep (2019) 21: 85 Page 3 of 13 85



overload occur at a much faster pace. Of note, many authors
use the presence of flail mitral leaflet as an indication of severe
MR, though several cases of non-severe regurgitant flail mitral
valves have been reported. Further, chronic less than severe
MR fromMVPmay turn into very severeMR from an acutely
ruptured chordae. Sudden cardiac death is a rare occurrence in
degenerative MR. However, observational studies (from au-
topsy and ICD studies) have demonstrated a link between
sudden cardiac death from ventricular arrhythmias and MVP
and flail mitral leaflet [11–13]. Although the mechanism is
unclear, it may be related to the severity of MR and thrombo-
embolic events and possibly related to a genetic predisposition
of sudden cardiac death in connective tissue disorders that can

lead to degenerative mitral disease as well [14]. Evidence for
the former is that arrhythmic risk reportedly decreases after
surgical repair [15].

Assessment of Patients with Degenerative MR

Clinical Presentation

Acute Degenerative Mitral Regurgitation

Acute severe degenerative MR is mainly caused by ana-
tomic disruption of the MV—most commonly due to flail

Table 2 Etiologies of mitral
valve prolapse (MVP) Degenerative

(myxomatous/idiopatic/-
primary)

Most common etiology of MVP occurs in adolescence or young
adulthood but is more frequent in older adults.

The classic form (Barlow’s disease/“classic” MVP syndrome) is
characterized by involvement of both mitral leaflets, excessive leaflet
tissue, redundant leaflets, elongated and thickened chordae tendinae,
and annular dilation

Thickening of the leaflets to 5 mm or greater

Only focal myxomatous changes may be present

MR is usually trivial or mild in early stages of the disease

In the more advanced stages, MR becomes typically progressive with
enlargement of left-sided chambers

Fibroelastic deficiency Less common etiology of MVP

More frequent in the elderly (> 70 years)

MV involvement is more focal

The leaflets are usually very thin and delicate, and the chordae tendinae
are thin and friable

Fibroelastic deficiency as well as focal myxomatous changes may be
present in different areas of the MVat the same time

Acute rheumatic valve disease Acute rheumatic valvulitis may be associated with typical MVP with
diffuse degenerative changes

Chronic rheumatic MV disease is typically not associated with MVP

Marfan’s syndrome The appearance of generalized MV degeneration associated with mitral
annular dilation may simulate Barlow’s disease

The aortic root and aorta are typically involved, and other systemic
abnormalities are present

Infective endocarditis (IE) Acute and subacute IE may lead to ruptured chordae tendinae and flail
leaflets

Vegetations, destructive lesions, and complications of IE (e.g., annular
abscess) may be seen

A clinical correlation and positive blood culture help to diagnose this
condition

Acute papillary muscle rupture PM rupture may be a consequence of acute myocardial infarction
resulting in severe MR and acute pulmonary edema

Rupture of the tip of one head of PM may present as flail leaflet
with severe MR

Echocardiography typically reveals a ruptured PM head at tip of
the flail chord

Acute myocardial ischemia If myocardial ischemia involves a PM, a MVP may occur

In chronic ischemic MR, leaflet tethering rather than MVP is present

MR mitral regurgitation, MV mitral valve, IE infective endocarditis, PM papillary muscle
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MV leaflet(s) or papillary muscle rupture. Flail MV leaflet
maybe spontaneous due to the inherent abnormal tensile
strength of the chordae or the consequence of infective
endocarditis or trauma. Papillary muscle rupture is most
often due to acute myocardial infarction and rarely caused
by trauma. Patients with flail MV leaflet(s) typically pres-
ent with acute or worsening shortness of breath and may
also have pulmonary edema. Patients with papillary mus-
cle rupture present with more profound signs and symp-
toms including acute shortness of breath, pulmonary ede-
ma, and/or shock. In the setting of papillary muscle rup-
ture, physical examination may be deceptive as there is
wide open MR, and consequently, there is often very little
turbulence because of the size of the regurgitant mitral
orifice—thus, the murmur may be soft or even not audi-
ble. When a murmur is audible, it is typically not
holosystolic as the LV and LA pressures equilibrate before
the end of systole—thus with no LV-LA gradient, the
duration of MR is attenuated. Due to the aforementioned
reason, the echocardiographic evaluation with color
Doppler frequently underestimates the severity of MR.
The diagnosis must be considered when the LV demon-
strates hyperdynamic function in the presence of acute
heart failure. Urgent transesophageal echocardiographic
(TEE) evaluation is often needed in this setting to confirm

the diagnosis as acute MR and papillary muscle rupture is
generally poorly tolerated and is associated with a poor
prognosis. Urgent surgical intervention should be per-
formed to correct the MR [16••].

Chronic Degenerative Mitral Regurgitation

In its chronic stage, even severe MR may be well tolerated
over a surprisingly long period, and patients may remain
asymptomatic for many years. The primary clinical examina-
tion may provide the first evidence that relevant MR is pres-
ent. Symptoms such as dyspnea and chest pain atypical for
angina [17], signs of left and right-sided heart failure, and
physical signs of severe MR should be addressed. A laterally
displaced apical impulse, a systolic thrill, a loud holosystolic
murmur, and a third heart sound (S3) may be indicative for
severe MR. A dynamic mid-systolic to late systolic click is
characteristic but not specific for a MVP. Cardiomegaly with
LA enlargement as seen on chest X-ray and the presence of
atrial fibrillation which occurs most commonly later in the
course of the disease may also support the diagnosis.
Although these clinical signs are important and helpful, they
are not specific and therefore sole reliance on them to suggest
corrective surgery is not recommended [16••, 18].

Fig. 2 Typical example of Barlow’s disease. Multiple MR jets are visible
in different TEE views (a = 0; b = 65°; c = 132°). An enface 3DTEE view
from the left atrial side (d) reveals redundant tissue andmultiple prolapses

in multiple segments of the mitral valve (yellow arrows). An additional
perforation of the anterior leaflet is marked with a red arrow in d and e
that shows the mitral valve from the left ventricular side

Curr Cardiol Rep (2019) 21: 85 Page 5 of 13 85



Imaging in the Evaluation of Degenerative MR

Echocardiographic imaging is the primary method to evaluate
degenerativeMR and other findings that predict prognosis and
risk of complications. The echocardiogram should allow for a
detailed analysis of all the structures of the MVapparatus, the
determination of MR mechanisms, an assessment of MR se-
verity and hemodynamic consequences, and reparability [19].

Description of Mitral Valve Leaflets

Carpentier [3] proposed a simplified nomenclature of the MV
leaflets that has been widely adopted and that is extremely
useful particularly for accurately describing and localizing
anatomic lesions thereby facilitating the communication be-
tween physicians of different specialization who are involved
in the management of MR. The MV is composed of two leaf-
lets, a longer hemiellipsoid shaped anterior leaflet that is ab-
breviated as “A” with narrower base and a posterior leaflet
(abbreviated as “P”) which forms two thirds of the annular
circumference but has a shorter leaflet length. The posterior
leaflet is classified as being segmented into three scallops
through small identations that are referred to as P1 (lateral),
P2 (middle), and P3 (medial). Although the P2 scallop is usu-
ally the largest, there is considerable variability. The number
of slits and scallops (up to six may be present) may also vary
largely [20], and in some instances, the three scallops present
as distinct leaflets with separate annular attachment of each.
The segments of the anterior leaflet are labeled correspond-
ingly as A1 (lateral), A2 (middle), and A3 (medial) even if a
distinctive separation between the segments can not be clearly
identified in most cases. At the two commissures (anterolater-
al and posteromedial), both leaflets are fused by a tissue rim of
variable length (usually < 1 cm).

Classification of Mitral Valve Prolapse

Using two-dimensional (2D) echocardiography, MVP is usual-
ly defined as an abnormal systolic movement of the MV into
the left atrium ≥ 2 mm past the level of the saddle-shaped mitral
annulus in long-axis views [21]. According to this definition, a
mild billowing of the body of the anterior leaflet in systole
which is a physiological occurrence may be mislabelled as
MVP. The recognition that the mitral annular plane has “sad-
dle” shape led to the suggestion that the diagnosis of MVP
should only be made in echocardiographic long-axis views.
However, this approach does not take into account that only
the segments A2 and P2 are displayed in long-axis views and
prolapses located in other valve segments may remain unde-
tected. In the current era of modern transthoracic echocardiog-
raphy (TTE) and TEE, the shape of the MVannulus is negligi-
ble and any echocardiographic view may be used to diagnose
MVP keeping in mind that mild billowing of the body of the

anterior leaflet (i.e., < 5 mm above the MVannular plane) is a
normal finding that may be even more pronounced in patients
with small ventricles, longer anterior leaflets, and a dehydrated
status. However, displacement of a free edge of a leaflet of any
MV segment above the annular plane is clearly pathological
irrespective of the echocardiographic plane.

The coaptation of the mitral leaflets is normally located in
the LV below the level of the MV annulus (Fig. 3). It is sug-
gested to defineMVP when a displacement of the free edge of
a leaflet above the MVannular plane is present at end-systole
[22]. This may be further subclassified as billowing MV with
free-edge prolapse or flail MVP. This condition is most com-
monly associated with chordal rupture, but extreme chordal
elongation without rupture can also be seen in some patients.
A flail MVP due to PM rupture following acute myocardial
infarction is less common. The billowing MVwith prolapse is
generally associated with excess tissue, chordal elongation,
and free-edge prolapse.

As the involvement of other valves such as the tricuspid
(43.3%) and aortic (10%) is a common finding in patients with
MVP, these valves should also be carefully assessed [23].

Imaging Modalities in the Evaluation of Degenerative MR

In most cases, TTE is sufficient to differentiate between a
functional or degenerative mechanism of MR [24] and can
provide crucial information on structural alterations of the
MV apparatus and lesions, in particular, on mitral annular
dimensions [19], myxomatous MV changes [16••], MVP
and/or flail leaflet, calcifications, vegetations, and perfora-
tions. In identifying the exact location of prolapses, not
only the 2D appearance should be assessed but also the
origin and the direction of the accompanying MR jet with
color Doppler which is typically directed towards the op-
posite direction in patients with unileaflet prolapse (anteri-
or MVP is associated with a posteriorly directed MR jet
and posterior MVP with an anteriorly directed jet). In pa-
tients with a bileaflet prolapsed, two MR jets may be iden-
tified, or in the case of symmetrical prolapses of both leaf-
lets, a central jet may be present. 2D TTE also provides
reliable information on the size and function of both ven-
tricles, LA size, and peak systolic pulmonary artery pres-
sure. In addition, it enables the examiner to define the
degree of MR severity by using an integrative approach
which includes multiple parameters recommended in cur-
rent guidelines [16••, 18]. Three-dimensional (3D) TTE in
conjunction with color Doppler has recently shown to be
superior in quantifying MR severity when compared with
conventional 2D methods especially in patients with mul-
tiple MR jets and a dilated left ventricle [25•].

Two-dimensional TEE using a systematic approach [26] is
usually performed before a planned procedure (either surgically
or interventionally) as it provides enhanced image resolution
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and is therefore advantageous in assessing morphological char-
acteristics in more detail. Thus, the determination whether the
valve can be surgically repaired requires valve replacement or is
suitable for percutaneous repair that is improved. Exemplarly,
eccentric MR jets can be better identified and matched with
anatomical findings, and when TTE results are inconclusive
in regard to MR severity, the assessment of pulmonary vein
flow reversal may support the diagnosis of severe MR [18, 27].

In addition to 2D TEE, 3D TEE adds remarkable benefits
in the assessment and visualization of the entire MVapparatus
[19] by providing additional views thus allowing for a better
morphological and quantitative evaluation than 2D TEE. It
has been demonstrated that 3D TEE is superior in identifying
valve segments [24], determining the exact morphology and
pathology and the localization of lesions of the MV which
correlated well with intra-operative findings (particularly re-
garding complex prolapses, flail lesions, and commissural le-
sions) [28–32], assessing dynamic changes of the mitral an-
nulus [33], and detecting clefts, gaps, and perforations which
are frequently missed by 2D TEE evaluation [28].

Exercise echocardiography may be useful to assess func-
tional capacity, to reveal the dynamic component of MR (par-
ticularly in patients with ischemic MR or large prolapse/flail),
and to grade MR severity during exercise [18]. The assess-
ment of the contractile reserve under exercise may be useful
for risk stratification and may help to optimize the timing of
surgery in asymptomatic patients with severe MR [34]. In
addition, the development of pulmonary hypertension with
an increase of systolic pulmonary pressure > 60 mmHg under
exercise provides a guideline indication for surgery [18].

In cases with suboptimal imaging quality rendered by echo-
cardiography or inconclusive results concerning MR severity,
cardiac magnetic resonance (CMR) imaging may be an alter-
native modality. Although experience in the assessment of MR
is limited, it has some potential advantages over echocardio-
graphic techniques. These include accurate determination of left
and right ventricular volumes and ejection fraction [35], mea-
surements of aortic flow volume and regurgitant volume, as-
sessment of associated prolapse or leaflet restriction and in

ischemic MR, comprehensive assessment of regional myocar-
dial function, and viability in a single examination [36].
However, CMR imaging rarely permits adequate visualization
of the chordal structures to identify ruptured or elongated
chordae accurately. CMR is also not suited for visualization
of annular or leaflet calcification which are important factors
in determining the likelihood of successful MV repair [36].

Although only semiquantitative, a carefully performed LV
ventriculogram by using the density of contrast to determine the
amount of blood flow from the LV to the LA and hemodynamic
measurements can add valuable information regarding the as-
sessment of MR severity, global and regional LV function, and
the need for surgery, particularly when echocardiographic find-
ings are inconclusive or discordant [16••, 37]. Prior to an inter-
vention or a surgical procedure, a coronary angiography is usu-
ally indicated to rule out associated coronary artery disease.
Alternatively, computed tomography coronary angiography
can be used as non-invasive imaging option to evaluate coro-
nary anatomy in appropriately selected patients [38].

Assessment of Mitral Regurgitation Severity

According to current guidelines, the severity of MR should not
be quantified by a single parameter. A multiparameter approach
based on a comprehensive integration of color-flowDoppler and
pulsed and continuous wave Doppler is recommended to ade-
quately assess the degree of MR. Qualitative and semiquantita-
tive parameters that indicate severe MR include [39] an abnor-
mal MV morphology with prolapse, flail, or large coaptation
defects; a large central jet or eccentric jet swirling and reaching
the posterior wall of the LA; a dominant E-wave > 1.5 m/s in the
absence of other causes of elevated LA pressure and of mitral
stenosis; a dense, triangular shape of the continuous wave
Doppler signal of the MR jet; a vena contracta width ≥ 7 mm
(> 8 mm when averaged between apical four- and two-chamber
views); a large convergence zone at a Nyquist limit of 50–60 cm/
s; systolic flow reversal in the pulmonary veins; and a time
velocity integral (TVI) mitralis/TVI aortic > 1.4. Quantitative
MR assessment should be included in the evaluation as it allows

Fig. 3 Schematic to demonstrate the definition of prolapse taking the
annular plane (red dotted line) as reference point in a long-axis
parasternal view. a Normal coaptation is below the mitral annular plane;
the body of the leaflets is not protruding into the LA). b Billowing with
free edge bileaflet prolapse (the body of both leaflets protrudes into the

LA, and the coaptation is above themitral annular plane in the LA). c Flail
mitral valve prolapse (the free edge of one leaflet is above the mitral
annular plane, and no coaptation is present). Ao aorta, LA left atrium,
LV left ventricle, Co coaptation
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for the measurement of effective regurgitant orifice (ERO) area
and regurgitant volume (RVol) (an EROarea ≥ 40mm2 andRVol
≥ 60 ml per beat indicate severe MR) and has important prog-
nostic relevance [40]. The proximal isovelocity surface area
(PISA) is the most frequently used method to calculate ERO
and RVol. However, the PISA method has some important lim-
itations the echocardiographer must be aware of. These include
the following:

& Eccentric jets (e.g., inadequate acquisition of the continu-
ous wave Doppler signal of the MR jet).

& MR jets for which the convergence zone is not hemispher-
ical (e.g., due to non-circular regurgitant orifice area/wall
constraint (Fig. 4)).

& Jets that are dynamic and not holosystolic (single-frame
evaluation).

& Multiple jets (PISA is not validated for multiple jets).
& Inadequate when no clear delineation of the PISA radius is

achievable.
& Inadequate when the precise location of the effective

regurgitant orifice is not judgeable.
& Presence of atrial fibrillation.
& Large interobserver variability.

Additionally, new 3Dmethods (particularly themeasurement
of the 3D vena contracta area) may be helpful in the evaluation
of degenerative MR when 2D echocardiographic quantification
does not clearly suggests mild or severe MR [41].

Specific pitfalls in the assessment of degenerative MR
should be mentioned:

1. MR that results from MVP is frequently eccentric in na-
ture. An assessment of the jet area by using color Doppler
will underestimate the true severity of MR.

2. When applying the PISA technique, effects of wall con-
straint on the proximal isovelocity surface area must be
taken into account particularly in patients with large pro-
lapses or flail leaflets [42] which may modify the appear-
ance of the true hemispheric proximal convergence zone,
thus leading to incorrect measurements of the PISA radius
which is typically overestimated (Fig. 4). However, in
such constraint, MR is most likely already severe, and
clinical decisions are therefore usually not altered by an
inaccurate overestimation.

3. In patients with MVP, the effective regurgitant orifice
(ERO) and regurgitant volume may be dynamic and
may vary during systole (Fig. 5). The ERO typically
shows an increase in progression throughout systole.
Regurgitant volume also increases initially but tends to
decrease in late systole [43, 44]. In some patients, MR
may even be confined to the end of systole. In this setting,
color M mode and the continuous Doppler profile of the
MR jet may help to determine the true duration of MR.
When PISA is measured in mid-systole as it is tradition-
ally done and as it is suggested in current recommenda-
tions [39], the grade of MR may be misjudged. When
measurements for PISA are performed in still-frame im-
ages that are presenting the largest PISA during systole,
the overall degree of MR will be falsely overestimated.

Hemodynamic Consequences of Acute and Chronic
Degenerative MR

In case MR occurs acutely, the LA and an unadapted LV are
acutely exposed to a large volume load. This leads to an imme-
diate increase in LA pressure that is given back to the pulmo-
nary circulation. Forward stroke volume and consecutively

Fig. 4 Example of a proximal
convergence zone that is
constrained by the posterior wall.
A mitral valve prolapse of the
posterior mitral leaflet is seen
without (left) and with color
(right) Doppler in a long-axis
transesophageal
echocardiographic view. The
proximal convergence zone is
constrained by the posterior wall
(white arrows) and is no longer
truly hemispheric

85 Page 8 of 13 Curr Cardiol Rep (2019) 21: 85



cardiac output decrease as the blood is directed backwards into
the lower pressure zone of the LA. This causes clinical symp-
toms like acute shortness of breath, pulmonary edema, or even-
tually pulmonary congestion. The short-term adaptation of the
LV leads to an increased preload and thereby to an increase of
total stroke volume via the Frank-Starling mechanism thus
resulting in an increase in LVejection. The end-systolic volume
decreases as a consequence of the low resistance runoff of
blood into the LA thus leading to a decrease in systolic wall
tension. Provided that these compensatory mechanisms are
successful in maintaining forward cardiac output and that the
LA pressure can be lowered (e.g., by medial therapy), a trans-
lation towards a chronic stage of MR may occur [45].

In chronic degenerative MR, volume overload with an in-
creased preload leads to ventricular enlargement which con-
stitutes the major compensatorymechanism of the LV. The LV
pumps the extra volume due to MR into the lower pressure
zone of the LA thus causing LA enlargement. The LV usually
remodels eccentrically with a large increase in LV dimensions
and little or no increase in LV wall thickness. Diastolic func-
tion is typically preserved in this type of remodeling, and in
early stages of the disease, LV contractility is also preserved.
Afterload, the force opposing ventricular ejection, is normal in
chronic MR patients with a normal or slightly increased
endsystolic volume [46, 47]. In later stages of the disease,
when remodeling progresses, afterload becomes abnormally
high which may impede the unloading of the LV in systole.

The combination of an increased preload with normal
afterload and initially preserved contractility results in higher
LVejection fraction levels than normal. Therefore, in chronic
MR, an ejection fraction of about 70% has to be considered as
“normal” whereas an ejection fraction less than 60% or the
inability of the LV to contract to < 40-mm diameter at end
systole [48] already indicates overt LV dysfunction and is
associated with an impaired prognosis [49, 50, 16••, 51]. In
asymptomatic patients with DMR and formally preserved LV
function, 2D strain imaging (longitudinal strain) can reliably
reveal subclinical LV dysfunction and thus may have influ-
ence on the timing of a corrective procedure [51].

Left atrial volume overload as indicated by an increase in
LA diameter (≥ 40mm10) and LAvolume indices (≥ 40ml/m2

[52]) majorly impacts clinical outcome and predicts the occur-
rence of atrial fibrillation. Therefore, careful assessment of LA
enlargement should be included in the assessment of DMR.

In case no clear signs of LA and LV volume overload
are present in asymptomatic patients, the diagnosis of se-
vere MR is doubtful particularly when considering recent
studies that reported frequent overestimation of MR sever-
ity by echocardiography when comparing it with CMR
[53]. In this context, the integration of LV end diastolic
diameters (LVEDD ≥ 55 mm) in the assessment of chronic
MR provided a sensitivity of 83% and specificity of 77%
to predict concordance between echocardiography and
CMR imaging. This finding underlines the importance of

Fig. 5 Example to demonstrate the dynamic nature of the PISA (proximal
isovelocity surface area) during systole in a patient with anterior prolapse
and an eccentric jet towards the posterior leaflet. The smallest PISA is

seen in early systole (top left) whereas the largest PISA is seen in the later
systole (bottommiddle). The yellow arrows indicate the time point during
the cardiac cycle
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integrating LVEDD measurements in the assessment of
chronic MR as a key parameter [54].

The measurement of systolic pulmonary artery pressure
(sPAP) should also be part of the echocardiographic evalua-
tion of DMR. When a sPAP > 50 mmHg at rest is present, the
risk of death and heart failure is nearly doubled after diagno-
sis, and in the case of pre-operatively existing pulmonary hy-
pertension, the beneficial effects of MV surgery are dimin-
ished [55].

Hemodynamic consequences of MR must be carefully mon-
itored by serial echocardiograms as they provide critical infor-
mation which help to decide upon the best time point for a
surgical or percutaneous mitral intervention. Echocardiographic
findings in acute versus chronic severe MR are listed in Table 3.
Without timely relief of the burden of LV and LA overload by
surgical MR correction, patients may develop left heart failure,
atrial fibrillation, and secondary pulmonary hypertension even-
tually with right heart failure.

Although natriuretic peptides are not part of current guide-
lines, they are associated with symptoms status, MR severity,
and MR-induced or MR-independent LV dysfunction. The
pulmonary artery pressure and brain natriuretic peptide
(BNP) ratio has shown to be a powerful, independent, predic-
tor of long-term mortality in patients under medical manage-
ment [56•, 57]. Thus, it may become an integral part of the
future clinical evaluations of MR.

Defining Reparability of the Mitral Valve

MVP is generally associated with excess tissue that allows for
the possibility of repair. An accurate assessment of the exact
location of the lesion and the extent of the disease is para-
mount to determine the likeliness of repair and the extent of
surgical repair that is needed. The goal of MV repair is to
restore a good surface of coaptation to ensure satisfactory
function of the MV. MR resulting from a P2 prolapse or flail,
for example, is generally amenable to surgical repair in nearly
100% [58•] of cases with very durable results. Extensive leaf-
let calcification is the major reason for failure of repair in this
situation as it precludes leaflet resection. This is usually easily
assessed by echocardiography. The implantation of

neochordae and a ring is a newer approach but has limitations
in patients with excessive and exuberant myxomatous degen-
eration [59]. A bileaflet lesion occurs more frequently in
younger patient and is often associated with myxomatous
changes of other valves. The severity of MR is often more
dynamic [60]. However, successful repair can be performed
in most cases. The presence of two MR jets or a central jet
usually indicates true bileaflet prolapse. In patients with a
severe posterior MVP, an apparent prolapse of the anterior
leaflet can occur due to loss of the anchoring effect of the
opposite posterior leaflet (“pseudo-prolapse” of the anterior
mitral leaflet). The chordae tendinae of the anterior mitral
leaflet are typically preserved in these cases, and repair is as
likely as with isolated posterior MVP [61]. Barlow’s disease
remains a surgical challenge. However, a 4-year freedom from
re-operation can be achieved in > 90% of cases by using dif-
ferent techniques of repair [62]. Prolapses of the anterior
leaflet are generally the most challenging lesions to be
repaired due to the “curtain-like” configuration and the
missing segmentation. Additional chordal transfer is usu-
ally needed, and the results are less durable as with pos-
terior lesions even if advanced surgical techniques in-
crease the likelihood of repair [63, 64].

Conclusion

Degenerative mitral regurgitation is a common valvular heart
disease in the industrialized world. We have reviewed the
available data on how to assess acute and chronic degenerative
mitral regurgitation. We have discussed the natural history,
physical exam, and imaging. Specifically, imaging is de-
scribed in detail using currently available transthoracic and
transesophageal 2D and 3D echocardiography, as it is crucial
in the management of patients with mitral regurgitation.
Further, we have described the anatomic classification and
indices of severity of degenerative mitral valve disease. It is
important to not only document the severity of mitral regurgi-
tation. Documentation of the valve morphology itself and the
mechanism of the regurgitation are of equal importance. All
factors combined are relevant for the optimal timing and the

Table 3 Typical
echocardiographic changes seen
in acute vs. chronic severe mitral
regurgitation

Echo parameter Acute MR Chronic MR

LV size Normal to ↑ ↑↑

LV function Hyperdynamic Hyperdynamic to decreased

LA size Normal ↑↑

PA pressure Mildly increased ↑↑

PV flow Systolic flow reversal Diastolic dominant or systolic flow reversal

Continuous wave Doppler
signal/color Doppler M mode

Not holosystolic Holosystolic

MR mitral regurgitation, LV left ventricle, LA left atrium, PA pulmonary artery, PV pulmonary vein
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type of therapy for the mitral regurgitation. Comprehensive
assessment is essential for patient management, which may
include watchful waiting, mitral valve surgery, or percutane-
ous repair/replacement.
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