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ABSTRACT

Echocardiography is the most common noninvasive tool for assessing cardiac structure and
function.

Three-dimensional echocardiography expands the diagnostic capabilities of cardiac ultrasound.
The available literature suggests that three-dimensional echocardiography provides improved accuracy
and reproducibility over two-dimensional methods for the assessment of mitral valve diseases.

The aim of this manuscript is to give a brief review of the development of the clinical applications
of three-dimensional echocardiography.
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| INTRODUCTION

Conventional  two-dimensional
(2D) echocardiography can evaluate
cardiac structure and function by pro-
viding crosssectional views of the he-
art.

The examination requires one to
mentally conceive a series of ortho-
gonal, planar, or tomographic images
as a multidimensional reconstruction.
The mental reconstruction is often di-
fficult and inadequate in understand-
ding of complex cardiac structures. As
repair techniques have advanced, so
has the need to obtain accurate infor-

mation prior to surgery. Three-dimen-
sional (3D) echocardiography is a new
emerging technique that allows recor-
ding of volumetric echographic data . 2.
This technique can provide views of
the entire valve, allowing a complete
assessment of the valve leaflets and
commissures.

Several authors recommended
already to integrate this new technique
in the standard preoperative examina-
tion and become an important tool in
the decision to process valvular repair
/replacement 1-6.

THREE DIMENSIONAL RECONSTRUCTION

Three dimensional echocardiogra-
phy can be done by two techniques 7:
transthoracic echocardiography (TTE)
and transesophageal echocardiography
(TEE), using real-time imaging or off-
line postprocessing. Transesophageal a-
cquisition is more useful in emphyse-
matous, obese patients and its more li-
kely to obtain more data of small car-
diac structure which can not be visu-
alized with TTE.

There are several ways to present
the data in the 3D volumetric data set.
The most used are anyplane echocar-
diography and volumetric rendering
technique. Anyplane echocardiography
allows the examiner to generate 2D to-
mographic images in any desired orien-
tation which can be physically unob-
tainable by conventional 2D echocar-
diography 8. 3D TEE is performed with
image acquisition in multiple 2D image
planes and automatic rotational image
acquisition on every 2-3 degrees from a
complete 180 degrees rotation. For this,
a special omniplane transducer and
special echocardiographic software for
the sequential image acquisition is ne-
eded.

Bidimensional images are stored
and then transferred to another com-
puter where the reconstruction and 3D
images are obtained. Unfortunately,
this method is time-consuming.

Volumetric rendering technique cre-
ates images resembling the true ana-
tomy of the heart 7. The development of
matrix transducers with more than
3000 crystals, together with new proce-
ssors, has enabled the acquisition of
real-time images without the need for
off-line reconstruction. These new ad-
vances have allowed the application of
3D echocardiography to daily clinical
practice.

Early 3D color Doppler echo-
cardiography systems also required la-
borious reconstruction but full volume
imaging has eliminated that need 8.
Seven heart beats are needed to acquire
a full-volume image which is able to
demonstrate the entire flow of interest.

This method is especially useful
in complex mitral regurgitant flows,
the severity of which is wusually
underestimated by 2D echocardiogra-

phy.
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THE EVALUATION OF MITRAL VALVE ANATOMY

Three-dimensional echocardiogra-
phy allows for an understanding of the
complex interrelationships among val-
ve, chordae, papillary muscles, and
myocardial walls, making it an exce-
llent tool in the understanding of the
mitral valve (MV) anatomy. Conse-
quently, the morphology of muscular
trabecula, the location of papillary
muscles 7 8, and spatial relations of va-
rious other structures can be observed
very clearly.

The full-volume mode can be cro-
pped using the elevational plane from

the apex so that whole views of MV
from the atrial and ventricular side and
the relation with neighboring struc-
tures can be displayed 7.

Several 3D studies, it was confir-
med the saddle-shape of the mitral
annulus 45.

These data make 3D echocardiogra-
phy a new clinical standard for the
evaluation of the MV: a fast and repro-
ducible technique with detailed anato-
mic information and orifice assessment
that is relatively independent of con-
founding hemodynamic variables®.

THE EVALUATION OF MITRAL VALVE STENOSIS

The utility of 3D echocardiography
in the evaluation of mitral stenosis and
accuracy of MV area measurements has
been established by multiple studies 4 5
7.9, This technique is a rapid and pre-
cise for determining the valvular orifice
area, as it facilitates the orientation of
any slice plane to locate the minimal
MYV area. Thus, it eliminates one of the
principle limitations of 2D echocardi-
ography in determining MV area by
planimetry 7. In a 3D homogeneous da-
ta set using anyplane echocardiogra-
phy it is possible to pinpoint the cut
plane to the tips of the MV so that the
true anatomic valve area can be mea-
sured. The most optimal way of MV
area measurement is: two long-axis
views through the MV, nearly perpen-

dicular to each other, are defined by
navigation of the lines of intersection 8.
Short-axis cut plane is further positi-
oned at the MV cusp tips, which is se-
lected for area measurement by plani-
metry. With 3D reconstruction there is
less inter- and intra-observer variation
when calculating MV area 7. In MV ste-
nosis, the severity of stenosis, the po-
sition and degree of leaflet fusion and
thickening, as well as the fused and
thickened chordae tendineae can all be
visualized clearly on 3D technique
(figure 1) °.

The 3D echocardiography assess-
ment of MV area showed better agree-
ment with the invasively derived me-
thod before and after percutaneous mi-
tral valvuloplasty?2.

THE EVALUATION OF MITRAL VALVE REGURGITATION

Accurate evaluation of mitral re-
gurgitation (MR) severity is a challen-
ging task in daily practice. The current
2D echocardiographic methods used to
quantify MR have their well-known
limitations. Three-dimensional echocar-
diography has the potential to improve

the assessment of MR by facilitating the
visualization of complex mitral ana-
tomy in three dimensions and provi-
ding more accurate quantification of
regurgitant color Doppler flow events 1.
Some authors have quantified by 3D
echocardiography the severity of MR
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by calculating mitral regurgitant orifice
area on virtually reconstructed valve.
3D color flow imaging recognized di-
fferent patterns of eccentric regurgitant
jets, not described previously, such as
cylinder, tongue, spiral and spoon-like
patterns 8. This improved technique
provided information on the origin and
extent of the dehiscence in case of pa-
ravalvular leaks, as well as insight into
the direction of the regurgitant jets.

The flow convergence or proximal
isovelocity surface area (PISA) method
is based on the phenomenon that flow
accelerates towards the regurgitant ori-
fice and forms a series of concentric he-
mispheric shells of increasing velo-city
10, Since 3D can display the entire flow
convergence region en face viewing
from the left atrium, a more accurate a-
ssessment of its area can be done
without the need to make geometric
assumptions. Three-dimensional flow

Fig.1 Diastolic frames of the 3D reconstruction of the
mitral valve orifice as seen from the left atrium. AML =
anterior mitral leaflet, PML = posterior mitral leaflet.

Fig.3 Transesophageal off-line three-dimensional
echocardiography: prolapse of the mitral valve
(longitudinal view).

MV prolapse is often under- or
overestimated using 2D echocardiogra-

convergence based methods have been
shown to accurately predict the flow
rate 8.

Furthermore, 3D echocardiography
has provided important mechanistic in-
sights into functional and ischemic MR
resulting from derangements of the
normal spatial relationships of the MV
leaflets to its chordal attachments, papi-
llary muscles, and left ventricle 35. Dis-
tortion of the normal spatial relation-
ship between the left ventricle and MV
apparatus results in outward and api-
cal displacement of the papillary mus-
cle with secondary tethering of the MV
leaflets, leading to incomplete closure
of the leaflets and MR. MV tethering
has been found as a strongest determi-
nant of MR severity and the pattern of
MV deformation was asymmetrical in
ischemic heart disease, whereas it was
symmetrical in dilated cardiomyopa-
thy 8.

echocardiography: view of the mitral valve prolapse as
seen from the left atrium.

Fig.4 Infective endocarditis of mitral valve: real-time
three-dimensional  transthoracic ~ echocardiography
showing vegetation (veg) and perforation (perf).

phy because of its non-planar leaflet-
annular relations!. In patients with MV
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prolapse, the degree of prolapse, stere-
oscopic views, and spatial relations of
anterior and posterior mitral leaflets in
systolic closure can be observed in the
left parasternal long-axis view much
more clearly on 3D echocardiography
than on conventional 2D technique (fi-
gure 2 and 3) 7. For a bird's eye view of
the MV from the left atrium or left ven-
tricle side, 3D echocardiography can
also provide more accurate images,
showing the location, range, and chan-
ges of phases in cardiac cycles of the
prolapsing leafleté. Probably due to its
greater size, the anterior leaflet was
more easily seen, both in the para-
sternal and apical views. The posterior
leaflet was better identified from the
parasternal view. 3D TEE performs best
when compared with anatomic exami-

nation by the surgeon during the inter-
vention, with correct localization of the
prolapsed segment in 96% of cases 8.
Rapid, single-image acquisition with a
3D TEE probe enables the evaluation of
each mitral scallop from any angle wit-
hout the necessity of mental reconstruc-
tion of different echocardiographic sli-
ces.

In patients with prosthetic MV we
are able to delineate actual site, size,
and shape of the paravalvular leak and
its relation to the surrounding structu-
res 8. In patients with infective endocar-
ditis, 3D echocardiography is able to
show the stereoscopic configuration,
attachment, and mobility of vegetati-
ons, as well as potential complications,
such as valve prolapse and perforation
(figure 4) 7.

NEW APPLICATION IN MITRAL VALVE DISEASES

New prosthetic mitral annuloplasty
devices are being designed to attempt
to recover the original shape of the mi-
tral annulus. In this new context, 3D
echocardiography may be used for a
detailed evaluation of the geometry of
the annulus and possibly help select
the most appropriate prosthesis 8. In a-
ddition, similar studies can be conduc-
ted post-implantation to evaluate the
changes in annular geometry.

Cardiac resynchronization therapy
is a therapeutic alternative in patients
with advanced heart failure that is re-
fractory to medical treatment. Three-
dimensional echocardiography could
help improve the understanding which
mechanisms that lead to functional MR
reduction in patients receiving resyn-
chronization therapy and perhaps op-
timize the selection of patients that be-
nefit most from this therapy 1.

The application of echocardiogra-
phy in the cardiac catheterization labo-

ratory has facilitated certain interventi-
ons and has allowed the timely detec-
tion of procedural complications.

Similarly, 3D TEE could be of use in
guiding the interatrial wall puncture
needed in mitral device implantation 7.
8

3D visualization of the entire mitral
annulus prosthesis in patients with pe-
riprosthetic leaks obviates the mental
reconstruction necessary to localize the-
ir origin and, consequently, improves
diagnostic precision 7.

Although there is minimal scientific
evidence to support it, the application
of 3D technique may provide a great
advance in the guidance of percutane-
ous closure procedures for peripros-
thetic leaks.

Moreover, it will be able to guide
MV procedures such as the Alfieri
percutaneous repair technique or mitral
annuloplasty ring implantation via the
coronary sinus 12,
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CONCLUSIONS

The application of 3D echocardio-
graphy to the study of the MV contri-
butes unique information about its ana-
tomy that can be of great use in impro-
ving the knowledge and treatment of

MV pathologies. It appears that 3D
echocardiography has the potential for
planning operations and assessing in-
terventional or surgical results.
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