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Three-dimensional echocardiography (3DE) has made a dramatic transition from
predominantly a research tool to a technology useful in everyday clinical practice.
This article outlines the history of 3DE from its beginnings to the most current
technology.
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Ivan S. Salgo

This article addresses the current state of the art of technology in three-dimensional
echocardiography as it applies to transducer design, beam forming, display, and
quantification. Because three-dimensional echocardiography encompasses many techni-
cal and clinical areas, this article reviews its strengths and limitations and concludes with
an analysis of what to use when.
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The major advantage of three-dimensional (3D) ultrasound imaging of the heart is the
improvement in the accuracy of the echocardiographic evaluation of cardiac chamber
volumes, which is achieved by eliminating the need for geometric modeling and the
errors caused by foreshortened 2D views. In this article, we review the literature that has
provided the scientific basis for the clinical use of 3D ultrasound imaging of the heart in
the assessment of cardiac chamber size, function, and mass, and discuss its potential
future applications.
VOLUME 25 Æ NUMBER 2 Æ MAY 2007 v



Intraventricular Dyssynchrony Assessment by Real-Time Three-Dimensional
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Heart failure is exceedingly prevalent in the United States and in other developed
countries. Treatment regimens are complex and now include electrical therapy. Methods
for evaluating left ventricular dyssynchrony using echocardiography rather than QRS
duration have been developed, with tissue Doppler velocity parameters being the most
popular. Real-time three-dimensional echocardiography is another novel method for
dyssynchrony evaluation that has potential advantages over existing techniques. The
authors describe their experience with three-dimensional echocardiography dyssyn-
chrony evaluation and offer insights into the direction that this technology must move to
improve results.
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Real-time three-dimensional echocardiography with its methodological advantage of
rapid scanning of the complete left ventricle may be the optimal modality to overcome
some limitations of conventional two-dimensional stress echocardiography. Matrix array
transducers allow bi- or triplanar scanning or full-volume three-dimensional acquisition.
Both techniques have been shown to significantly reduce scanning time without losing
sensitivity and test accuracy, although here the emphasis is on bi- and triplane imaging.
Several advantages of real-time three-dimensional stress testing during acquisition but
also in the analysis and interpretation of echo data have been demonstrated over the last
few years.
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Two-dimensional stress echocardiography is an established technique for detecting the
presence and severity of coronary artery disease. It also provides myocardial viability
data, prognostic information, and risk stratification before major cardiovascular and
noncardiac surgery. The current limitation of two-dimensional stress echocardiography
includes the difficulty in obtaining the same imaging plane at rest and during stress,
which may result in over- or underestimation of wall motion assessment, particularly in
patients who have resting wall motion abnormalities. The accurate assessment of the
extent and severity of stress-induced wall motion abnormalities is often difficult, and
wall motion abnormalities may be missed by visual inspection of wall motion from the
standard two-dimensional views. Recent technological development and engineering
refinements have allowed the application of real-time three-dimensional (RT3D)
echocardiography in the routine clinical setting. Because full-volume datasets obtained
with RT3D echocardiography incorporate information on the entire left ventricle in four
volumetric datasets, RT3D stress echocardiography has the potential to overcome many
of the limitations encountered with two-dimensional stress echocardiography. Two
different types of imaging modes, full-volume and multiplane mode, can be used to
acquire and analyze stress echocardiography. Both modes have their particular benefits
and limitations. This article reviews the literature describing the clinical utility of RT3D
stress echocardiography, with particular emphasis on full-volume datasets.
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One of the most intriguing developments in ultrasound imaging of the heart was the use
of contrast media to assess myocardial perfusion, which sparked tremendous interest
and over the years generated a significant body of research. Although most published
work has been based on the use of contrast for 2D perfusion imaging, there are a few
recent studies aimed at exploring the idea of 3D assessment of myocardial perfusion,
which has the potential to overcome many of the limitations of the 2D methodology. We
provide a brief overview of the 2D work that provided the scientific basis for the
emerging 3D methodology and discuss the unique features and promises as well as the
challenges posed by this novel approach.
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Three-dimensional echocardiography (3DE) is a valuable tool to be used in addition to
and not instead of two-dimensional echocardiography by providing complementary
information and improved quantitative accuracy and reproducibility compared with
two-dimensional techniques. 3DE has the potential to become the standard echocardio-
graphic examination procedure for the assessment of valvular disease. This article
describes applications of 3DE.
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Three-dimensional (3D) color Doppler echocardiography is a relatively new noninvasive
tool that displays and quantitates regurgitant flow and also enables estimation of cardiac
output, stroke volume, pulmonary outflow, and shunt calculations. This article provides an
overview of the current methodology of 3D color flow, and its advantages and limitations.

Three-Dimensional Echocardiography: An Alternative Imaging Choice
for Evaluation of Tricuspid Valve Disorders 305
Alicia A. Ahlgrim, Navin C. Nanda, Elenise Berther, and Edward A. Gill

This article presents an approach to real-time three-dimensional imaging of the tricuspid
valve from three different views. This is followed by some representative cases that
illustrate these views and some unique tricuspid valve abnormalities, including one case
of corrected transposition.

The Use of Three-Dimensional Echocardiography for the Evaluation
of and Treatment of Mitral Stenosis 311
Jose A. de Agustin, Navin C. Nanda, Edward A. Gill, Leopoldo Pérez de Isla,
and Jose L. Zamorano

To date, mitral stenosis has been evaluated by both hemodynamic data derived from
catheterization as well as 2D and Doppler echocardiography. However, the advent of
real-time 3D echocardiography has allowed more precise measurement of the mitral
valve orifice by planimetry. In addition, evaluation of the mitral commissures prior to
and after percutaneous mitral valvuloplasty is greatly aided by 3D echocardiography.
Here we discuss these subjects as well as provide specific clinical trials that support the
use of real-time 3D echocardiography for the evaulation and treatment of mitral
stenosis.
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Regurgitation and Mitral Valve Prolapse 319
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Evaluation of the mitral valve requires appreciation of its complex geometry. To
accurately guide surgical interventions and describe pathology, three-dimensional
transthoracic echocardiography (TTE) is an immense improvement over the cumber-
some mental reconstruction required by two-dimensional approaches. Here we describe
real-time, three-dimensional transthoracic techniques for assessing mitral regurgitation
and mitral valve prolapse.

Three-Dimensional Transthoracic Echocardiographic Assessment of Aortic
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Ravi K. Mallavarapu and Navin C. Nanda

Color-guided continuous-wave Doppler has important limitations in the assessment of
aortic stenosis (AS) and aortic regurgitation (AR). This article outlines the limitations of
conventional echocardiographic methods and describes the three-dimensional echocar-
diographic assessment of AS and AR.
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Edward A. Gill and David H. Liang

Real-time three-dimensional echocardiography (RT3DE) already has demonstrated its
utility in guiding intracardiac procedures. This article discusses the advantages RT3DE
has over the previous standard of 2D echocardiography.

Three-Dimensional Echocardiography for Studies of the Fetal Heart:
Present Status and Future Perspectives 341
Boris Tutschek and David J. Sahn

Three-dimensional (3D) ultrasound of the fetal heart is increasingly being used in
prenatal diagnosis. While very detailed fetal cardiac studies can be performed using the
various 3D ultrasound modalities, their utility for screening for fetal heart disease is yet
to be proven. With the emergence of even newer technologies such as quantification
techniques and two-dimensional matrix arrays, further improvements are imminent.

Three-Dimensional Echocardiography in Congenital Heart Disease 357
Gerald R. Marx and Xiaohong Su

Matrix array technology has brought three-dimensional echocardiography into the
clinical practice of cardiology. Arguably, this advancement is most notable in the field of
pediatric cardiology. Full-volume acquisitions now can be undertaken in the youngest
of infants with excellent image quality. This article illustrates the clinical application of
three-dimensional echocardiography in congenital heart disease.
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