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Mitral valve prolapse: role of 3D echocardiography
in diagnosis
Ricardo Benenstein and Muhamed Saric

Purpose of review
To review the utility and the latest developments in three-dimensional (3D) echocardiography of mitral
valve prolapse.
Recent findings
Although 3D echocardiography was invented in 1974, it did not gain wide clinical acceptance until
the introduction of real-time 3D echocardiography in the first decade of the 21st century. Driven by
improvements in probe technology and increases in computing power, 3D echocardiography now provides
unprecedented images of mitral valve prolapse and its associated mitral regurgitation with no or minimal
requirements for image post processing.
Summary
3D echocardiography has become the echocardiographic modality of choice for establishing the
diagnosis, describing the precise anatomy, and visualization of mitral regurgitant jets in mitral valve
prolapse. 3D echocardiography is becoming indispensable in guiding surgical and percutaneous
methods of mitral valve repair and replacement.
Keywords
mitral valve prolapse, real-time 3D echocardiography, transesophageal echocardiography,
transthoracic echocardiography

INTRODUCTION
The word prolapse (from Latin ‘to slip forward’) has
been used since the 17th century to refer to slipping
of a body part (such as the uterus) from its usual
position. It appears that the term prolapse was first
applied to the mitral valve in 1966 by Criley et al. [1].
Mitral valve prolapse (MVP) may be defined as
an abnormal protrusion or bulging of mitral valve
leaflet segments into the left atrium past the plane
of the mitral annulus during ventricular systole.
In typical MVP, the free leaflet edges point toward
the left ventricle during systole. In more severe
forms of MVP, the free edges of mitral leaflets
may lose their chordal support and evert into the
left atrium during systole. When that occurs, the
mitral valve leaflet is said to be flail.
Mitral valve prolapse is the leading cause of
mitral regurgitation and the most frequent reason
for mitral valve surgery in the industrialized world.
On the basis of two-dimensional (2D) transthoracic
imaging, the prevalence of MVP in the Framingham
population is calculated at 2.4% [2].
Due to complexity of the mitral valve apparatus,
especially the saddle-shaped nature of the mitral

annulus, MVP is often difficult to fully characterize
by cross-sectional imaging techniques such as 2D
echocardiography. Real-time three-dimensional
(3D) echocardiography – notably 3D transesophageal echocardiography (3D-TEE) – provides
unprecedented views of the mitral valve apparatus,
including the unique real-time en face view of the
mitral valve from the left atrial perspective.
The 3D echocardiographic en face view is
equivalent to the way surgeons see the mitral valve.
One can usually visualize all the details of MVP from
this single 3D en face view – something that can only
be accomplished by multiple cross-sectional images
and a fair amount of mental reconstructions in the
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KEY POINTS
 Mitral valve prolapse (MVP) may be defined as an
abnormal protrusion or bulging of mitral valve leaflet
segments into the left atrium past the plane of the mitral
annulus during ventricular systole.
 In typical MVP, the free leaflet edges point toward the
left ventricle during systole. In more severe forms of
MVP, the free edges of mitral leaflets may lose their
chordal support and evert into the left atrium during
systole. When that occurs, the mitral valve leaflet is
said to be flail.
 Three-dimensional (3D) echocardiography is an
excellent imaging technique for establishing the
diagnosis of MVP, and provides means for detailed
description of MVP in preparation for surgical or
percutaneous repair.
 3D echocardiographic techniques that are useful in
MVP include the en face zoomed view of the mitral
valve as well as liver 3D, full-volume 3D, and 3D color
Doppler techniques.
 3D echocardiography is useful in the assessment of
mitral valve surgery as well as in guiding percutaneous
procedures of mitral valve repair.

head of an experienced imager using a 2D
imaging technique.
The 3D en face view is supplemented by
other 3D echocardiographic techniques including
volume rendering of the mitral valve apparatus
in the long axis, multiplane reconstructions,
and color Doppler imaging, as well as specialized
software packages to quantify a wide variety of
MVP parameters such as the size and shape of
the mitral annulus or the volume of the leaflet
prolapse.

HISTORICAL OVERVIEW OF THE CONCEPT
OF MITRAL VALVE PROLAPSE
The study of MVP originally started in the field
of cardiac auscultation and phonocardiography
rather than in imaging. Clinicians of the 19th
and 20th centuries noted that typical mitral regurgitation presents with a holosystolic murmur
and is often functional in nature (e.g. due to leftventricular dilatation). In the 20th century, with
the advent of phonocardiography – electronic
recordings and graphical representations of cardiac sounds which allowed precise timing of cardiac
events – it became evident that some patients
present with murmurs that start in mid-systole
and terminate at end-systole and are often preceded
by a mid-systolic click.
466
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In 1963, the South African cardiologist John B.
Barlow et al. [3] were apparently the first to
demonstrate clinically that these mid-systolic onset
murmurs – based on their response to amyl nitrite
inhalation, Valsalva maneuver, and phenylephrine
injection – were due to mitral regurgitation; it was
previously thought that they were pericardial
or pleural in origin. Subsequently, Barlow and his
colleagues performed cine angiograms (ventriculograms) in these patients but erroneously interpreted
them as showing ‘subvalvular ventricular aneurysm’
[4].
In 1964, Barlow visited the Johns Hopkins
Hospital in Baltimore and met John Michael Criley,
who correctly interpreted the cine angiograms in
patients with mid-systolic onset murmurs as showing systolic protrusion of the mitral leaflets into the
left atrium. It was Criley who appears to have introduced the term ‘mitral valve prolapse’ to refer to
these angiographic findings [1]. Barlow himself preferred the term ‘billowing of the mitral valve’ [4].
Thereafter the eponym ‘Barlow’s disease’ or
‘Barlow’s syndrome’ was introduced into the
medical parlance (probably as early as 1974), but
its strict definition remains unclear [5]. Some use the
term Barlow’s disease to refer to MVP due to diffuse
myxomatous degeneration and extensive bileaflet
redundancy, billowing, and broad prolapse [6 ].
Interestingly, Barlow himself in his initial study
described the billowing of the posterior leaflet alone
(Barlow and Bosman [7]).
Others (notably the French surgeon Alain
Carpentier) use the term Barlow’s disease to refer
to primary forms of MVP that are related to myxomatous leaflet degeneration as opposed to fibroelastic deficiency or connective tissue disorders [8].
&&

CAUSE OF MITRAL VALVE PROLAPSE
Mitral valve prolapse has a wide spectrum of
presentations spanning from single leaflet segment
involvement to generalized bileaflet pathology.
With respect to its cause, MVP may be either primary
or secondary. Primary MVP refers to conditions in
which there is primary abnormality of the mitral
leaflet anatomy, whereas secondary MVP refers
to conditions in which mitral leaflet prolapse is
secondary to abnormalities in the subvalvular mitral
apparatus (Table 1).
The two leading causes of primary MVP include
myxomatous degeneration and fibroelastic deficiency [9]. Myxomatous degeneration is likely a
genetic condition in which there is replacement
of the normal leaflet and chordal tough fibrous
structure with a loose mucopolysaccharide-rich
material. The genetics of myxomatous generations
Volume 27  Number 5  September 2012
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Table 1. Cause of mitral valve prolapse
Primary mitral valve prolapse

Secondary mitral valve prolapse

Myxomatous degeneration

Papillary muscle rupture

Fibroelastic deficiency

Left-ventricular remodeling
with papillary muscle
displacement

Marfan’s disease

Trauma

Ehlers-Danlos syndrome
Osteogenesis imperfecta

are complex and are likely due to multigene,
multichromosomal autosomal dominance with
incomplete penetrance [6 ].
Myxomatous degeneration typically leads to
progressive thickening, redundancy, and billowing
of multiple leaflet segments. Frequently significant
mitral regurgitation develops by the time patients
reach their middle age. Because myxomatous
degeneration is the most predominant cause of
MVP, the terms myxomatous degeneration and
MVP are often (albeit incorrectly) used synonymously. Interestingly, MVP that is macroscopically
and histologically similar to myxomatous degeneration in humans also occurs with a very high
frequency in certain breeds of dogs, such as Cavalier
King Charles spaniels [10].
In contrast, fibroelastic deficiency typically
presents with a single-segment prolapse in an
elderly patient. The prolapse segment is thick and
redundant. However, the remaining mitral leaflet
tissue is thinner than normal and has translucent
(pellucid) appearance. The cause of fibroelastic
deficiency is unknown but is clearly age-related [11].
Other causes of primary MVP include connective tissue disorders such as Marfan’s disease
and Ehlers-Danlos syndrome. In many forms of
primary MVP, there is concomitant involvement
of the tricuspid valve (as in myxomatous degeneration) or the aortic valve (as in Marfan’s disease).
Secondary MVP results when structurally normal
mitral valve leaflets lose their chordal and papillary
muscle support, as may occur in endocarditis,
papillary muscle rupture during acute coronary syndromes or following left-ventricular remodeling and
papillary muscle displacement (as in patients with
chronic infarction surrounding the posteromedial
papillary muscle).
&&

HISTORY OF THREE-DIMENSIONAL
ECHOCARDIOGRAPHY OF MITRAL VALVE
PROLAPSE
As early as 1974, a 3D transthoracic echocardiography (3D-TTE) system was developed in the

USA; it used a long mechanical arm to locate the
position of the transducer in space and allow alignment of multiple 2D images and subsequent offline
reconstruction of very-low-resolution 3D image of
the heart [12]. This system was primarily a proof of
concept rather than a clinically useful imaging tool.
In 1989, using a more advanced but conceptually similar 3D transthoracic system, Levine et al.
[13,14] at the Massachusetts General Hospital confirmed their seminal discovery of the nonplanar,
saddle-shaped nature of the mitral annulus.
The saddle-shaped nature of the mitral annulus
had a profound implication on the diagnosis of
MVP, which, from then on, was defined as systolic
bulging of mitral leaflets above the high points
of the annulus. These high points are located in
the antero-posterior direction and are best seen
in parasternal or apical three-chamber TTE views.
In contrast, the leaflets may normally protrude past
the medio-lateral low points of the annulus which
are seen in the apical four-chamber view. The
saddle-shaped nature appears to minimize leaflet
stress during systole and is evolutionarily conserved
(apart from humans, it occurs, for instance, in sheep
and baboons) [15].
In these initial 3D echocardiographic attempts,
the mitral valve was represented by a low-resolution
wire mesh from which one could appreciate the
overall shape and size of the mitral annulus, but
the details of the leaflet anatomy were lacking.
In the 1990s, a method for volume rendering
of the cardiac structures including the mitral
valve using standard 2D transesophageal probes
was developed. In this system, a series of 2D-TEE
images was obtained at regular angle intervals
using ECG and respiratory gating. The images were
then transferred to a computer work station for
often laborious and lengthy offline postprocessing.
Despite its limitation, the system was capable of
rendering the anatomy of the mitral valve leaflets
for the first time [Fig. 1, Supplementary Digital
Content (SDC)1 and SDC2, http://links.lww.com/
HCO/A7, http://links.lww.com/HCO/A8]. This offline 3D-TEE method was soon applied to the diagnosis of MVP [16–18]. In addition, more precise
measurements of the mitral annulus became feasible
[19].
All these initial 3D echocardiographic systems –
whether transthoracic or transesophageal – relied
on standard 2D probes for image acquisition and
used offline computer systems for 3D reconstruction. The field of 3D echocardiography was revolutionized in the first decade of the 21st century by the
introduction of novel matrix array transducers
which feature a several-fold increase in the number
of imaging elements compared with conventional
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FIGURE 1. Volume-rendered images of the mitral valve using older 3D-TEE techniques. Panel (a) and accompanying SDC1
(HTTP://LINKS.LWW.COM/HCO/A7) represent normal mitral valve. Panel (b) and accompanying SDC2 (HTTP://LINKS.
LWW.COM/HCO/A8) show mitral valve prolapse of the P2 scallop. In both instances, first a series of 2D images of the
mitral valve were obtained with the standard multiplane 2D-TEE probe at regular angle intervals using ECG and respiratory
gating. Subsequently images were postprocessed offline using a specially equipped computer work station by TomTec Imaging
Systems, Unterschleissheim, Germany. These images were obtained in 1998. 2D, two-dimensional; 3D-TEE, three-dimensional
transesophageal echocardiography.

2D transducers. For instance, a standard 2D-TEE
probe has 64 imaging elements, whereas the 3DTEE probe has approximately 3000 of them [20].
With this new probe technology, real-time (or near
real-time) 3D echocardiographic imaging became
feasible for the first time.

MODERN THREE-DIMENSIONAL
ECHOCARDIOGRAPHIC IMAGING OF
MITRAL VALVE
Soon after the release of the matrix array 3D-TTE
probe (in 2003) and the matrix array 3D-TEE probe
(in 2007), real-time 3D echocardiographic imaging
was used to diagnose and characterize MVP. It soon
became evident that real-time 3D-TEE imaging
[21,22 ] is superior to real-time 3D-TTE imaging
[23–25] of MVP.
As previously noted, the most clinically useful
3D echocardiographic images for the diagnosis of
MVP are the en face views of the mitral valve from
the left atrial perspective. Since the left atrial side
of the mitral valve is in the near-field of 3D-TEE and
in the far-field of 3D-TTE, 3D-TEE provides superior
imaging of MVP compared with 3D-TTE. In general,
modern 3D echocardiographic imaging has three
general modalities: volume-rendered; biplane or
multiplane; and color Doppler.
&

Volume-rendered imaging
Volume-rendered 3D imaging has three spatial
dimensions; two of these (lateral and depth) are
468
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the same as in 2D imaging. The third spatial dimension relates to the slice thickness and is referred
to as elevation. On the basis of the magnitude
of each dimension, volume-rendered 3D imaging
is further subdivided into live 3D, 3D zoom, and
full-volume modalities.
Live 3D (narrow-angle) imaging provides a
fixed pyramid of data with approximately 608 of
lateral width, 308 of elevation, and the full depth.
It requires no ECG gating and has reasonable
temporal resolution (typically around 20 frames
per second). It is often useful for demonstrating
the anatomy of MVP in the long axis (Fig. 2, panel
a and SDC3, http://links.lww.com/HCO/A9). Frequently, the entire mitral valve cannot be captured
with one live 3D slice.
Full-volume (wide-angle) 3D imaging is essentially a series of live 3D slices acquired over several
cardiac cycles using ECG gating and then electronically stitched together (Fig. 2, panel b and SDC4,
http://links.lww.com/HCO/A10). This modality
provides the largest possible pyramid of data
(approximately 1008 in both lateral and elevation
directions and the full depth). It has the best
temporal resolution of all volume-rendered techniques (approximately 30 frames per second) and is
thus well suited to demonstrate leaflet movement
in MVP. However, full-volume 3D has low spatial
resolution and frequently suffers from stitching
artifacts (misalignment of individual slices).
Three-dimensional zoom imaging is similar
to live 3D imaging except that it trades depth for
Volume 27  Number 5  September 2012
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FIGURE 2. Techniques of three-dimensional (3D) echocardiographic imaging. All three panels demonstrate bileaflet prolapse
with markedly redundant and billowing leaflets. Panel (a): Live 3D technique; SDC3 (HTTP://LINKS.LWW.COM/HCO/A9)
corresponds to this panel. Panel (b): Full-volume technique; SDC4 (HTTP://LINKS.LWW.COM/HCO/A10) corresponds to this
panel. Panel (c): 3D Zoom technique; SDC5 (HTTP://LINKS.LWW.COM/HCO/A12) corresponds to this panel.

an increase in the lateral and elevation dimensions.
This modality is the most useful for 3D imaging of
MVP. It provides good spatial resolution (Fig. 2,
panel c and SDC5, http://links.lww.com/HCO/
A12) but suffers from low frame rate (typically
around 10 frames per second).

orthogonal planes (Fig. 3 and SDC6, http://links.
lww.com/HCO/A13). Multiplane reconstruction
(MPR) imaging is essentially an extension of biplane
images [26]. In addition to two longitudinal axes
there is an additional short-axis view (Fig. 4). MPR
may improve the accuracy of the description of MVP
compared with 2D imaging [27].

Biplane or multiplane imaging
In these modalities orthogonal 2D images are
automatically extracted from the pyramidal 3D data
set by the ultrasound system. Biplane imaging is
useful for understanding of MVP anatomy in two

Three-dimensional color Doppler imaging
At present, the 3D color Doppler imaging is available only in the full-volume mode. It is useful in
determining the size, direction, and shape of the

P
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Flail P2
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JPEG

PAT T: 37.0C
TEE T: 38.8C

52 bmp

FIGURE 3. Biplane image of mitral valve prolapse. In biplane imaging mode, the ultrasound system extracts from the threedimensional (3D) volume set two orthogonal planes (planes that are 908 apart). In this case, the left panel represents the
image at 08 and the right panel shows the image at 908. Images were obtained from a patient with flail P2 scallop of the
posterior mitral leaflet. Note that in the right panel the P2 scallop seems to float above the A2 segment (’cobra sign’).
SDC6 (HTTP://LINKS.LWW.COM/HCO/A13) corresponds to this figure.
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Long axis #1 (coronal)

Long axis #2 (sagittal)

Short axis (transverse)

Volume rendered image

Aortic
valve

P2
P2

Aortic
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FIGURE 4. Multiplane reconstruction (MPR) image of mitral valve. MPR is a standard technique used in three-dimensional (3D)
echocardiography as well as computer tomography and MRI. It allows precise alignment of a structure of interest (flail P2
scallop in this instance) in two long axes and one short axis.

mitral regurgitant jet. More importantly, it allows
quantification of mitral regurgitation through 3D
planimetry of the vena contracta as discussed below.
In general, 3D color Doppler imaging with present
technology of prolonged multibeat acquisition is
not truly real-time and is frequently suboptimal
due to stitching artifacts [28]. True real-time 3D
color imaging (for instance, as an overlay of 3D
zoom images) may soon become commercially
available.

THREE-DIMENSIONAL
ECHOCARDIOGRAPHIC ANATOMY OF
MITRAL VALVE
The mitral valve is a complex structure that
consists of the mitral annulus, two leaflets, two
commissures, and two papillary muscles with associated chordae and the supporting left-ventricular
myocardium.
470
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Anatomically, the mitral valve orifice is almost
vertical in diastole, rotated at 458 leftward from
the sagittal body plane, and its ventricular side faces
anterolaterally and slightly inferiorly toward the
left-ventricular apex. Although this anatomically
(attitudinally) correct plane is obtainable by 3D
echocardiography it is not commonly used. Instead
the so-called surgical view of the mitral valve is used
(Fig. 5).
The surgical view is rotated counter-clockwise
by approximately 458 from the anatomically correct
view because following left atriotomy the operating
table is rotated by that degree at the time of surgery
to facilitate direct visualization of the mitral valve by
the surgeon [29].
The mitral leaflet anatomy is usually described using the nomenclature developed by the
French cardiac surgeon Alain Carpentier [30]. Carlos
Duran, a Spanish-American surgeon, has proposed
an alternative to the Carpentier nomenclature;
Volume 27  Number 5  September 2012
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FIGURE 5. Attitudinal vs. surgical view of the mitral valve. En face view of the mitral valve from the left atrial perspective
obtained using the three-dimensional (3D) zoom technique. Panel (a) demonstrates the attitudinal (anatomically correct)
orientation of the mitral valve. Panel (b) shows the so-called surgical view of the mitral valve. Surgical view is rotated counterclockwise relative to the attitudinal view due to rotation of the operating table.

however, the Duran terminology is infrequently
used [31].
On the basis of the Carpentier nomenclature,
the posterior mitral leaflet is typically divided by
two small clefts into three scallops named P1, P2,
and P3 and numbered from the anterolateral
commissure (near the left atrial appendage) toward
the posteromedial commissure (near the interatrial
septum). The posterior leaflet accounts for 2/3 of the
mitral annular circumference but only for 1/3 of the
total mitral leaflet area.
The anterior mitral leaflet typically has no
visible clefts. It is divided into three segments: A1,
A2, and A3, which correspond to the scallops of the
posterior mitral leaflets. The anterior mitral leaflet
accounts for 1/3 of the mitral annular circumference
and 2/3 of the total mitral leaflet area.
It is important to note that there is significant
variability in the mitral leaflet anatomy and that
variations from the Carpentier system may occur in
a substantial number of patients [32].
As previously noted, the mitral annulus has a
saddle shape with two high points (near the aortic
valve at the base of the A2 segment and posteriorly
at the base of the P2 scallop) and two low
points (near the mitral valve commissures). Using
specialized 3D-TEE software, one can appreciate this
saddle shape nature of the mitral annulus (Fig. 6 and
SDC7, http://links.lww.com/HCO/A14).
The posterior leaflet is anchored to the fibrous
skeleton of the mitral annulus. In contrast, the
anterior leaflet is contiguous with the aorto-mitral

curtain (intervalvular fibrosa) which is located
between the two trigones.

UTILITY OF THREE-DIMENSIONAL
ECHOCARDIOGRAPHY IN DIAGNOSIS OF
MITRAL VALVE PROLAPSE
Three-dimensional echocardiography allows establishment of the precise diagnosis of MVP, advanced
quantification of leaflet and annular anatomy,
and quantification of mitral regurgitation due to
MVP.

General diagnosis of mitral valve prolapse
Three-dimensional TEE has been shown to be more
accurate in describing the details of MVP anatomy
than 2D-TEE when compared with intraoperative
findings. For instance, in a study of 204 patients,
3D-TEE had an accuracy rate of 92% compared
with the 78% accuracy rate of 2D-TEE imaging
[33 ]. This is not surprising, since 2D imaging
depends on memorization of location of leaflet segments in each 2D view and a creation of a complex
mental image of MVP [34,35].
In contrast, the en face images of MVP on 3D
echocardiography are practically self-evident. The
number of prolapsing segments, their location,
and their extent and the presence or absence of flail
segments can easily be visualized by 3D-TEE (Fig. 7).
It is important to evaluate the en face view of the
mitral valve not only in the surgical view but also
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FIGURE 6. Reconstruction of the mitral annulus and the mitral leaflets. Using specialized software, the mitral annulus and the
mitral leaflets can be reconstructed in such a way as to allow a variety of measurements such as the annular size and the
prolapse volume. Images were obtained from a patient with prolapse of the P2 scallop of the posterior mitral leaflet. A,
anterior; AL, anterolateral; P, posterior; PM, posteromedial. SDC7 (HTTP://LINKS.LWW.COM/HCO/A14) corresponds to
this figure.

Advanced diagnostic parameters of leaflet
anatomy

from other perspectives after rotating the en face
view along the so-called Z-axis (the axis that is
perpendicular to the plane of the imaging monitor)
[36 ].

Specialized software packages for advanced MVP
calculations are commercially available, and their

&

(a)
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(d)

(c)

A2

(e)

P1
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(f)
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FIGURE 7. Three-dimensional (3D) echocardiographic appearance of prolapsed and flail mitral segments. Images were
obtained from different patients using the 3D zoom technique. All panels show the en face view of the mitral valve from the
left perspective. Panel a: Prolapse of the A1 segment of the anterior mitral leaflet. Panel b: Prolapse of the A2 segment of the
anterior mitral leaflet. Panel c: Prolapse of the A3 segment of the anterior mitral leaflet. Panel d: Prolapse of the P1 scallop of
the posterior mitral leaflet. Panel e: Flail P2 scallop of the posterior mitral leaflet. Panel f: Flail A3 scallop of the posterior
mitral leaflet.
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clinical utility is being investigated. These software
packages allow both leaflet and annular quantifications (Fig. 6 and SDC7, http://links.lww.com/
HCO/A14). Quantifiable leaflet parameters include
anterior and posterior leaflet area, as well as the
billowing height and billowing volume of each
prolapsing segment [37 ]. Annular quantifications
include the antero-posterior annular diameter,
intertrigonal and intercommissural distances, and
annular circumference [38].
These advance quantification techniques allow
discrimination between Barlow’s disease, fibroelastic deficiency, and the controls. In Barlow’s disease
there is a marked increase in the overall leaflet area,
leaflet billowing (as judged by billowing height
and volume), and annular size (as measured by
the annular circumference and the diameters), as
well as in an overall flattening of the annular saddle.
These changes are much less pronounced in fibroelastic deficiency [39,40].
&

Quantification of mitral regurgitation
On the basis of 2D echocardiographic imaging it is
usually said that single-leaflet prolapse typically produces a jet that is directed contralaterally (i.e. isolated
posterior leaflet prolapse leads to an anteriorly
directed jet and vice versa) [41]. The jets are typically
eccentric and crawl along the left atrial wall or the
left atrial side of the contralateral mitral leaflet.
With the advent of 3D color imaging it became
evident that MVP-related regurgitant jets are
more complex and feature a variety of shapes (e.g.
spoon-shaped and tongue-shaped jets) [42].
With present commercially available 3D echocardiographic techniques it is still not possible
to quantify the size of the regurgitant jet per se.
However, the severity of mitral regurgitation can
be quantified by measuring the 3D-rendered vena
contracta, the narrowest portion of the regurgitant
jet at or just distant to the physical regurgitant
orifice [43]. 3D echocardiography appears to be able

Long axis #1 (coronal)

Long axis #2 (sagittal)

Vena
contracta
0.7 cm2

Short axis (transverse)

Zoomed short axis

FIGURE 8. Three-dimensional (3D) color Doppler technique for measuring vena contracta. Multiplane reconstruction
techniques with color Doppler overlay can be used to quantify the severity of mitral regurgitation by measuring the crosssectional area of the vena contracta.
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to measure the vena contracta more precisely and
without any geometric assumptions made by 2D
echocardiography.
On 2D echocardiography, the cross-sectional
area of vena contracta – the functional measure
of the regurgitant orifice size – is deduced either
from measuring the vena contracta diameter or
through the use of the proximal isovelocity surface
area (PISA) method to calculate the effective orifice
area (ERO) [44]. The 2D PISA method assumes a
planar ERO and a hemispheric nature of the PISA
flow. 3D echocardiography has demonstrated
that these assumptions are often incorrect as ERO
frequently has elliptical or irregular shape, more so
in functional than in MVP-related mitral regurgitation [45].
Using the multiplanar reconstruction techniques (MPRs; Fig. 8), one first aligns the vena
contracta in two long axes and then planimeters
its area in the third plane showing vena contracta in

(a)

its short axis [46]. Alternatively, one can use systematic cropping of a 3D color volume set to locate the
true short axis of vena contracta and then perform
planimetry [47,48]. These 3D echocardiographic
techniques have the potential to become the gold
standard in Doppler evaluation of the severity of
mitral regurgitation.

UTILITY OF THREE-DIMENSIONAL
ECHOCARDIOGRAPHY IN POSTSURGICAL REPAIR OF MITRAL VALVE
PROLAPSE
There is no effective medical therapy for altering the
course of MVP. When severe mitral regurgitation
develops and the established clinical criteria are
met, MVP becomes a surgical disease. Surgical
options include cardiac surgery and percutaneous
implantation of a mitral clip. With respect to cardiac
surgery, mitral valve repair is preferred over mitral

(b)

Annuloplasty band

(c)

Annuloplasty ring

(d)

Bioprosthesis

Mitral clip

FIGURE 9. Three-dimensional (3D) echocardiography of mitral valve surgical and percutaneous techniques used to repair
mitral valve prolapse. All images show the en face view of the mitral valve from the left atrial perspective using the 3D zoom
technique. Panel a: Mitral annuloplasty band or open ring (arrows). Panel b: Mitral annuloplasty ring (arrows). Panel c: Mitral
bioprosthesis with a paravalvular leak (arrow) adjacent to the left atrial appendage. Panel d: Percutaneously placed mitral
valve clip (arrows) between A2 and P2 segments of the mitral valve.
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valve replacement [49]. 3D echocardiography, in
general, and 3D-TEE, in particular, is well suited
for assessing the results of the repair [50] and for
visualizing possible complications of mitral valve
surgery including paravalvular and para-annular
leaks (Fig. 9).
Three-dimensional TEE is also the preferred
echocardiographic technique for guiding the percutaneous repair of the mitral valve using a mitral clip
(Perk et al. [51]). This percutaneous procedure
was inspired by the surgical technique originally
developed by Alfieri et al. [52] and was shown to
be noninferior to surgery in the treatment of mitral
regurgitation in suitable candidates [53].

CONCLUSION
The review summarizes the latest developments
in 3D echocardiography of MVP. 3D is superior to
2D echocardiography in visualizing the mitral valve.
The intuitive en face views of the mitral valve on 3D
echocardiography simplify the diagnosis of MVP,
and 3D color Doppler techniques allow more precise
quantification of the severity of mitral regurgitation. 3D echocardiography is becoming indispensible in guiding surgical and percutaneous procedures
of mitral valve repair and replacement.
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10. Pedersen HD, Häggström J. Mitral valve prolapse in the dog: a model of mitral
valve prolapse in man. Cardiovasc Res 2000; 47:234–243.
11. Anyanwu AC, Adams DH. Etiologic classification of degenerative mitral valve
disease: Barlow’s disease and fibroelastic deficiency. Semin Thorac Cardiovasc Surg 2007; 19:90–96.
12. Dekker DL, Piziali RL, Dong E Jr. A system for ultrasonically imaging the
human heart in three dimensions. Comput Biomed Res 1974; 7:544–553.
13. Levine RA, Handschumacher MD, Sanfilippo AJ, et al. Three-dimensional
echocardiographic reconstruction of the mitral valve, with implications for the
diagnosis of mitral valve prolapse. Circulation 1989; 80:589–598.
14. Levine RA, Triulzi MO, Harrigan P, Weyman AE. The relationship of mitral
annular shape to the diagnosis of mitral valve prolapse. Circulation 1987;
75:756–767.
15. Salgo IS, Gorman JH 3rd, Gorman RC, et al. Effect of annular shape on leaflet
curvature in reducing mitral leaflet stress. Circulation 2002; 106:711–717.
16. Salustri A, Becker AE, van Herwerden L, et al. Three-dimensional echocardiography of normal and pathologic mitral valve: a comparison with
two-dimensional transesophageal echocardiography. J Am Coll Cardiol
1996; 27:1502–1510.
17. Pepi M, Tamborini G, Maltagliati A, et al. Head-to-head comparison of twoand three-dimensional transthoracic and transesophageal echocardiography
in the localization of mitral valve prolapse. J Am Coll Cardiol 2006; 48:2524–
2530.
18. Müller S, Müller L, Laufer G, et al. Comparison of three-dimensional imaging to
transesophageal echocardiography for preoperative evaluation in mitral valve
prolapse. Am J Cardiol 2006; 98:243–248.
19. Legget ME, Bashein G, McDonald JA, et al. Three-dimensional measurement
of the mitral annulus by multiplane transesophageal echocardiography: in vitro
validation and in vivo demonstration. J Am Soc Echocardiogr 1998; 11:188–
200.
20. Sugeng L, Shernan SK, Salgo IS, et al. Live 3-dimensional transesophageal
echocardiography initial experience using the fully-sampled matrix array
probe. J Am Coll Cardiol 2008; 52:446–449.
21. Manda J, Kesanolla SK, Hsuing MC, et al. Comparison of real time twodimensional with live/real time three-dimensional transesophageal echocardiography in the evaluation of mitral valve prolapse and chordae rupture.
Echocardiography 2008; 25:1131–1137.
22. Ben Zekry S, Nagueh SF, Little SH, et al. Comparative accuracy of two- and
&
three-dimensional transthoracic and transesophageal echocardiography in
identifying mitral valve pathology in patients undergoing mitral valve repair:
initial observations. J Am Soc Echocardiogr 2011; 24:1079–1085.
In this reference, the authors demonstrate that 3D-TEE is better than 3D-TTE in
localizing segmental mitral valve lesions, including those of mitral valve prolapse.
23. Patel V, Hsiung MC, Nanda NC, et al. Usefulness of live/real time threedimensional transthoracic echocardiography in the identification of individual
segment/scallop prolapse of the mitral valve. Echocardiography 2006;
23:513–518.
24. Agricola E, Oppizzi M, Pisani M, et al. Accuracy of real-time 3D echocardiography in the evaluation of functional anatomy of mitral regurgitation. Int J
Cardiol 2008; 127:342–349.
25. Hirata K, Pulerwitz T, Sciacca R, et al. Clinical utility of new real time threedimensional transthoracic echocardiography in assessment of mitral valve
prolapse. Echocardiography 2008; 25:482–488.
26. Solis J, Sitges M, Levine RA, Hung J. Three-dimensional echocardiography.
New possibilities in mitral valve assessment. Rev Esp Cardiol 2009; 62:188–
198.
27. Beraud AS, Schnittger I, Miller DC, Liang DH. Multiplanar reconstruction of
three-dimensional transthoracic echocardiography improves the presurgical
assessment of mitral prolapse. J Am Soc Echocardiogr 2009; 22:907–913.
28. Shah PM. Current concepts in mitral valve prolapse: diagnosis and management. J Cardiol 2010; 56:125–133.
29. McCarthy JF, Cosgrove DM 3rd. Optimizing mitral valve exposure with
conventional left atriotomy. Ann Thorac Surg 1998; 65:1161–1162.
30. Carpentier AF, Lessana A, Relland JY, et al. The ‘physio-ring’: an advanced
concept in mitral valve annuloplasty. Ann Thorac Surg 1995; 60:1177–1185;
discussion 1185–1186.
31. Kumar N, Kumar M, Duran CM. A revised terminology for recording surgical
findings of the mitral valve. J Heart Valve Dis 1995; 4:70–75.
32. Quill JL, Hill AJ, Laske TG, et al. Mitral leaflet anatomy revisited. J Thorac
Cardiovasc Surg 2009; 137:1077–1081.
33. La Canna G, Arendar I, Maisano F, et al. Real-time three-dimensional
&
transesophageal echocardiography for assessment of mitral valve functional
anatomy in patients with prolapse-related regurgitation. Am J Cardiol 2011;
107:1365–1374.
In this reference, there is a very nice comparison between intraoperative and 3DTEE findings in patients with MVP.
34. Foster GP, Isselbacher EM, Rose GA, et al. Accurate localization of mitral
regurgitant defects using multiplane transesophageal echocardiography.
Ann Thorac Surg 1998; 65:1025–1031.
35. Pellerin D, Brecker S, Veyrat C. Degenerative mitral valve disease with
emphasis on mitral valve prolapse. Heart 2002; 88 (Suppl 4):iv20–iv28.

0268-4705 ß 2012 Wolters Kluwer Health | Lippincott Williams & Wilkins

www.co-cardiology.com

475

Imaging and echocardiography
36. Biaggi P, Gruner C, Jedrzkiewicz S, et al. Assessment of mitral valve prolapse
by 3D TEE angled views are key. JACC Cardiovasc Imaging 2011; 4:94–97.
This reference emphasizes the importance of the en face 3D-TEE view for the
accurate segmental diagnosis of MVP.
37. Chikwe J, Adams DH, Su KN, et al. Can three-dimensional echocardiography
&
accurately predict complexity of mitral valve repair? Eur J Cardiothorac Surg
2012; 41:518–524.
This is another reference that compares 3D-TEE with intraoperative findings in
patients with MVP.
38. Warraich HJ, Chaudary B, Maslow A, et al. Mitral annular nonplanarity:
correlation between annular height/commissural width ratio and the
nonplanarity angle. J Cardiothorac Vasc Anesth 2012; 26:186–190.
39. Chandra S, Salgo IS, Sugeng L, et al. Characterization of degenerative mitral
valve disease using morphologic analysis of real-time three-dimensional
echocardiographic images: objective insight into complexity and planning
of mitral valve repair. Circ Cardiovasc Imaging 2011; 4:24–32.
40. Little SH, Ben Zekry S, Lawrie GM, Zoghbi WA. Dynamic annular geometry
and function in patients with mitral regurgitation: insight from three-dimensional annular tracking. J Am Soc Echocardiogr 2010; 23:872–879.
41. Zaroff JG, Picard MH. Transesophageal echocardiographic (TEE) evaluation
of the mitral and tricuspid valves. Cardiol Clin 2000; 18:731–750.
42. De Simone R, Glombitza G, Vahl CF, et al. Three-dimensional color Doppler:
a clinical study in patients with mitral regurgitation. J Am Coll Cardiol 1999;
33:1646–1654.
43. Sugeng L, Lang RM. Current status of three-dimensional color flow Doppler.
Cardiol Clin 2007; 25:297–303.
44. Enriquez-Sarano M, Seward JB, Bailey KR, Tajik AJ. Effective regurgitant
orifice area: a noninvasive Doppler development of an old hemodynamic
concept. J Am Coll Cardiol 1994; 23:443–451.
&

476

www.co-cardiology.com

45. Matsumura Y, Fukuda S, Tran H, et al. Geometry of the proximal isovelocity
surface area in mitral regurgitation by 3-dimensional color Doppler echocardiography: difference between functional mitral regurgitation and prolapse
regurgitation. Am Heart J 2008; 155:231–238.
46. Little SH, Pirat B, Kumar R, et al. Three-dimensional color Doppler echocardiography for direct measurement of vena contracta area in mitral regurgitation: in vitro validation and clinical experience. JACC Cardiovasc Imaging
2008; 1:695–704.
47. Khanna D, Vengala S, Miller AP, et al. Quantification of mitral regurgitation
by live three-dimensional transthoracic echocardiographic measurements of
vena contracta area. Echocardiography 2004; 21:737–743.
48. Yosefy C, Hung J, Chua S, et al. Direct measurement of vena contracta area
by real-time 3-dimensional echocardiography for assessing severity of mitral
regurgitation. Am J Cardiol 2009; 104:978–983.
49. Oliveira JM, Antunes MJ. Mitral valve repair: better than replacement. Heart
2006; 92:275–281.
50. Mahmood F, Subramaniam B, Gorman JH 3rd, et al. Three-dimensional
echocardiographic assessment of changes in mitral valve geometry after
valve repair. Ann Thorac Surg 2009; 88:1838–1844.
51. Perk G, Ruiz C, Saric M, Kronzon I. Real-time three-dimensional transesophageal echocardiography in transcutaneous, catheter-based procedures
for repair of structural heart diseases. Curr Cardiovasc Imaging Rep 2009;
2:363–374.
52. Alfieri O, Maisano F, De Bonis M, et al. The double-orifice technique in mitral
valve repair: a simple solution for complex problems. J Thorac Cardiovasc
Surg 2001; 122:674–681.
53. Feldman T, Foster E, Glower DD, et al., EVEREST II Investigators.
Percutaneous repair or surgery for mitral regurgitation. N Engl J Med
2011; 364:1395–1406.

Volume 27  Number 5  September 2012

