
Introduction
Since its introduction in 19741, three-dimensional
echocardiography has offered great promise for its

future application in determining chamber volumes
and function, assessing valvular disorders,
diagnosing congenital lesions, and evaluating
cardiac masses. With the advent of newer
echocardiographic systems using a full matrix array
transducer, these applications are being realized.
In this review, we will discuss three dimensional
transthoracic echocardiography (3D TTE)
techniques, indications, and proven value over
conventional two-dimensional (2D) echocardio-
graphy.

3D TTE Techniques
A stumbling block for the advancement of 3D TTE
was the development of a system capable of live/
real time imaging. Efforts utilizing a rotational
approach offered proof of principal, but suffered from
cumbersome off-line data processing for volume
rendering of sequentially acquired 2D images and
never were embraced in routine clinical practice.2

The advent of a full matrix array transducer (x4,
Philips Medical Systems, Andover, MA) permitted
simultaneous acquisition of a 3D pyramidal data
set that could be cropped in any desired plane. These
newer transthoracic echocardiography systems
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(7500 and iE33, Philips Medical Systems, Andover,
MA) were upgrades of existing 2D systems, now
capable of real time/live 3D imaging. The broadband
2-4 MHz x4 phased array transducer contains 3600-
6400 elements (each as minute as a hair) connected
to 10,000 channels and over 150 mini circuit boards,
which permit instantaneous 3D volume-rendered
imaging as well as color Doppler and harmonic
generation capabilities. Two major display settings
are used in the current 3D TTE systems: narrow
angled and wide-angled display. The narrow-angled
display is capable of 60 by 30 degree steering and
permits real time imaging. This setting offers the
advantage of beat-to-beat imaging with simultaneous
cropping in any plane, but suffers from coverage of
a narrow region. The wide-angled display utilizes
ECG gating over 7 cardiac cycles to obtain a
combination of four 15 by 60 degree scans, resulting
in a stable 60 by 60 degree pyramidal data set
capable of containing the entire heart in most
individuals. Acquisition of this display mode is best
accomplished with a 5-7 second breathhold.
Additionally, color Doppler can be added to either
display setting, but lengthens acquisition time and
narrows the sector/pyramidal data set. An
examination protocol for 3D TTE has been
published2 and highlights the malleable nature of
the 3D exam. In our laboratory, we routinely acquire
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wide-angled data sets from the apical and left
parasternal locations with and without color Doppler.
In cases of aortic pathology, we also commonly
acquire right parasternal and suprasternal data
sets. Instantaneous cropping by the sonographer or
physician using the auto-crop function ensures an
adequate acquisition. After successful acquisitions,
detailed image evaluation can be performed on-line
using the cropping functions or the Q lab software.
Overall, the 3D TTE evaluation adds just minutes
to image interpretation and, as we will review in
the remainder of this manuscript, incremental value
over 2D TTE in answering many clinical questions.
3D TTE is really a revolutionary technique that is
currently being used primarily for assessment of
left ventricular mass and function, but offers wider
utility in many other areas.

Assessment of Ventricular Volumes and
Ejection Fractions
The assessment of left ventricular (LV) function is
a vital component of decision making in routine
clinical cardiology practice. An unbiased and
accurate LV ejection fraction (EF) critically affects
decisions for medical or device management in
patients with cardiac complaints. 2D
echocardiography has been the primary noninvasive
imaging modality to evaluate LV function for
decades, but this technique can be inaccurate due
to foreshortening, reliance on geometric modeling,
or observer variability. In initial reports using
rotational reconstruction methods, 3D
echocardiography showed potential for overcoming

these pitfalls.3-5 These pioneering studies have led

to the wider application of 3D TTE in the clinical

echocardiography laboratory, with the advent of real

time imaging coupled to image analysis software.

Using real time 3D TTE data sets acquired on the

Philips 7500 system and offline processing with 4D-

LV Analysis software (TomTec Imaging systems,

+Unterschleisheim, Germany), Sugeng et al

demonstrated superior correlation for 3D TTE

measurements of LVEF over cardiac CT

measurements, when compared with cardiac MR

measurements as a reference standard.6 In 31

patients, 3D TTE measures of EF showed no

significant bias (+0.3%; p=0.68) when compared

with cardiac MR measures, while cardiac CT

significantly underestimated EF (by -2.8%).

Likewise, 3D TTE demonstrated superior volume
measurements, underestimating end-diastolic and
end-systolic volumes only slightly (by 5 and 6 mL,
respectively), while cardiac CT significantly
overestimated end-diastolic and end-systolic volumes
(by 26 and 19 mL, respectively). 3D TTE did
demonstrate its observer bias however,
demonstrating roughly two-fold variability in
interobserver measurements when compared with
cardiac CT. Overall, this report, and others like it,7-9

suggest that real time 3D TTE offers rapid and
accurate assessment of LV volumes and EF,
overcoming the 2D pitfalls of foreshortening and
geometric modeling and performing at least as well
as other noninvasive imaging modalities. In addition
to assessment of LV volumes and function, 3D TTE
has been applied to right ventricular (RV) volumes
and function with success10,11. Prakasa et al studied
58 patients [23 with arrhythmogenic right
ventricular dysplasia (ARVD), 20 first-degree
relatives with no ARVD, 8 with idiopathic
ventricular tachycardia, and 7 healthy volunteers]
using the Philips 7500 or iE33 ultrasound system
and an off-line TomTec workstation to assess RV
volumes and EFs10. Compared with cardiac MR-
derived measures as a reference standard, there
were good correlations for real time 3D TTEderived
measures of RVEF (r=0.88; p<0.001), RV end-systolic
volume (r=0.72; p<0.0001) and RV end-diastolic
volume (r=0.50; p<0.0001), with intra- and
interobserver differences for EF and end-diastolic
volume of less than 3% and 3 mL, respectively.
While this evaluation is not currently integrated
into the Q lab analysis software, the potential for
on-line RV analysis is appealing in its application
to disease processes such as ARVD, but also as a
prognostic index or indicator for surgical
interventions in patients with other cardiac
disorders.

Assessment of Wall Motion Abnormalities
and Applications to Stress Echocardiography
Dobutamine or treadmill stress echocardiography
is useful for the prognostic stratification or diagnosis
of coronary artery disease,12,13 but there are
important limitations including time-limited
acquisition of multiple cross-sectional views of the
LV to obtain images of all segments.14 Acquisition
of full volume LV images using real time 3D TTE
may offer a solution to these difficulties, since
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simultaneous and speedy acquisition of all LV
segments is possible from a single apical view.15-17

In the first report of 3D TTE in dobutamine stress
echocardiography (DSE), Matsumura et al compared
results with standard 2D TTE and 201Thallium
SPECT myocardial perfusion imaging.15 In 56
consecutive patients, acquisition of 3D TTE images
occurred quicker than with 2D TTE (29 v. 68
seconds) and with high success (92% and 89% at
rest and peak stress, respectively). Wall motion
analysis yielded similar results either by 2D or 3D
TTE (accuracy of 82% and 84%, respectively) when
compared to 201Thallium SPECT myocardial
perfusion imaging as the reference standard.

Subsequent reports have demonstrated added value
for contrast-enhanced 3D TTE for chamber
delineation during DSE,16,17 and one report has
demonstrated detection of perfusion abnormalities
using contrast during DSE with 3D TTE in dogs.18

As the technology advances, with improvements in
frame rates and gated acquisition, 3D TTE offers
promise in replacing 2D TTE during stress
echocardiography studies.

Assessment of Valvular Disorders

Regurgitation

Due to the complex geometry involved, the impact

of loading conditions on many standard parameters

and the difficulty in measuring the small sizes of

load-independent 4 parameters, precise

quantification of regurgitant lesions has been

challenging for the echocardiographer.19 3D TTE

has been employed, even in its infancy,20 as a

technique to overcome these limitations. The

current state of the art includes 3D TTE reports

quantifying mitral, aortic, and tricuspid

regurgitation with apparent incremental value over

2D methods.19-24 By systematic cropping of the color

Doppler 3D dataset, the echocardiographer can

precisely identify the vena contracta (the narrowest

portion of the regurgitant jet) using the anterior/

posterior planes, and then obtain a true short axis

view by cropping in a plane that is exactly

perpendicular to the jet (Figure 1). Planimetered

areas of the vena contracta have now been validated

against other techniques as robust standards for

regurgitation grading.22-24

Fig.-1: Live three-dimensional color Doppler
transthoracic echocardiographic technique for
assessment of vena contracta area. Three-
dimensional color Doppler data set showing mitral
regurgitation (MR, A) is cropped from top to the
level of the vena contracta (arrowhead, B) and tilted
to view it en face (C, D). The vena contracta is then
planimetered by copying onto a videotape. LA =
left atrium; LV – left ventricle. (Published with
permission from Khanna D, et al: Quantification
of mitral regurgitation by live three-dimensional
transthoracic echocardiographic measurements of
vena contracta area. Blackwell Publishing,
Echocardiography 2004; 21: 737-743, Figure 2A-D)

Assessment of mitral regurgitation (MR) with 3D
TTE was first demonstrated using the rotational
method in 30 patients by Yao et al and demonstrated
added diagnostic yield in 70% of the patients
studied.20 The contemporary foundation for 3D TTE
assessment of MR was reported by Khanna et al,22

in which comparisions were made to 2D TTE and
left ventriculography in 44 consecutive patients with
varying degrees of MR. Assessment by 3D TTE of
vena contracta area (VCA) in a short axis plane
perpendicular to and directly across the narrowest
portion of the early regurgitant jet yielded a
parameter that agreed best with angiographic
grading, appearing to outperform 2D TTE measures
of regurgitant jet area and vena contracta width.
Results identified a grading scheme for MR, such
that VCAs of 0.2 and 0.4 cm2 divided mild moderate
and moderate-severe grades, respectively (Figure 2).

A B
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Usefulness of 3D TTE has been likewise
demonstrated for assessment of aortic regurgitation
(AR) by quantification of VCA.23 In 56 consecutive
patients studied by 3D TTE, VCA of <0.2, 0.2-0.4,
0.4-0.6, and >0.6 cm² accurately predicted grades I,
II, III, and IV AR, respectively, when assessed by
aortography and at surgery (Figure 3). This 3D TTE
measure added value beyond 2D TTE assessment
of vena contracta width and 3D TTE correctly
identified the pathological diagnoses of endocarditis
and bicuspid aortic valves in involved cases. Since
this technique can accurately characterize a
measure of AR that is independent of load and

These results are buttressed by the report of another
independent laboratory demonstrating favorable
comparisons with proximal isovelocity surface area
(PISA) measures25 and by a comprehensive review
of MR assessment.19

Fig.-2: Mitral regurgitation vena contracta area by
live three-dimensional color Doppler transthoracic
echocardiography (3D VCA) correlated with left
ventricular angiographic (LV angio) assessment.
(Published with permission from Khanna D, etal:
Quantification of mitral regurgitation by live three-
dimensional transthoracic echocardiographic
measurements of vena contracta area. Blackwell
Publishing, Echocardiography 2004; 21: 737-743,
Figure 3)

eccentricity, quantification of VCA with 3D TTE is
employed routinely in the assessment of AR and
MR in our laboratory.

Most recently, we have experienced in assessing
tricuspid regurgitation (TR) using the VCA
parameter from 3D TTE.24 In 93 consecutive
patients who underwent 2D and 3D TTE with at
least mild TR, we found good correlation with and
acceptable separation for VCA of <0.5cm² for grade
I, 0.5-0.75cm² for grade II, and >0.75 cm² for grade
III TR as compared with the 2D measures of
regurgitant jet area and vena contracta width
(Figure 4). Torrential TR was defined by VCA>1.0
cm², since this threshold had a very high positive
predictive value (93%) for severe TR in our series.

Fig.-3: Shows the correlation between live three-
dimensional transthoracic color Doppler
echocardiographic measurements of aortic
regurgitation vena contracta (3DVCA) and aortic
root angiographic grading. The open circles denote
patients with eccentric aortic regurgitant jets; closed
circles denote central jets. (Reproduced with
permission from Fang L et al: Assessment of aortic
regurgitation by live threedimensional
transthoracic echocardiographic measurements of
vena contracta area: Usefulness and validation.
Blackwell Publishing, Echocardiography 2005; 22:
775- 781. Figure 2).

Demonstrating the incremental value of 3D TTE,
we found that the vena contracta geometry was
complex in most patients and would vary
significantly if assessed by the simple 2D measure
of width, depending upon the angle and orientation
of the 2D plane (Figure 5). Likewise, we have
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experience in cropping through the flow acceleration
region and have found similar complex geometries
that are not representative of symmetric
hemispheric shells, suggesting that PISA
measurements may not be as robust as a true 3D
assessment.

to ensure that the 2D plane is through the actual
flow-limiting orifice, or at the leaflet tips. For these
reasons, 3D TTE has been employed as a tool to
directly and accurately measure valvar stenosis. The
feasibility of assessing normal, sclerotic and stenotic
aortic valves was demonstrated with early 3D
echocardiographic techniques.27 With the advent
of the full matrix-array transducer and live/real time
3D TTE system, this prior cumbersome and time-
consuming technique is now reaching clinical
application.28-30 By cropping the 3Ddataset, the
echocardiographer can rapidly and accurately assess
aortic valvemorphology and orifice area without
Doppler, aligning the 3D plane exactly parallel to
the aortic valve orifice in the short-axis plane.
Cropping above and below the aortic valve can
identify the discrete area of stenosis and is useful in
characterizing subvalvular stenosis.28 For aortic
valve pathology, 3D TTE assessment offers improved
diagnostic accuracy over 2D TTE and mutiplane
transesophageal echocardiography (TEE) in a series
reported by us.29 Additionally, in complex patients
with sub/supravalvar and aortic valve pathology
who have two or more areas of stenosis in which
continuous wave Doppler is particularly unreliable,
3D TTE permits direct visualization and planimetry
of each stenotic orifice, improving clinical decision
making.29, 30

Fig.-5: Live three-dimensional transthoracic
echocardiographic assessment of tricuspid valve
(TV) regurgitation. A,B. Depict complex geometric
shapes of the vena contracta in different patients
with TV regurgitation. (Reproduced with
permission from: Velayudhan DE et al:
Quantification of tricuspid regurgitation by live
three-dimensional transthoracic echocardiographic
measurements of vena contracta area. Blackwell
Publishing, Echocardiography 2006; 23: 793-800.
Figure 1E-F).

Fig.-4: Shows percent ratio of regurgitant jet area
(RJA) to right atrial area (RAA) of less than 35%
and 35% or more plotted against three-dimensional
(3D) vena contracta area (VCA). (Reproduced with
permission from: Velayudhan DE et al:
Quantification of tricuspid regurgitation by live
three-dimensional transthoracic echocardiographic
measurements of vena contracta area. Blackwell
Publishing, Echocardiography 2006; 23: 793-800.
Figure 4)

Stenosis
Assessment of the flow-limiting orifice with Doppler
has been criticized, and is especially fraught with
error when the stenotic orifice is tubular, the leaflets
are domed, or there is a narrow inflow or outflow
tract, due to pressure recovery principles. In the
setting of catheter balloon treatment for valvar
stenosis, Doppler measures are particularly
misleading due to changes in loading conditions.26

Using 2D TTE, attempts at direct measurements
of the open orifice are complicated by the inability
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2D TTE and conventional Doppler have been
traditionally used in the assessment of mitral
stenosis. Using 2D methods, planimetry of the
mitral orifice at the leaflet tips overcomes many of
the Doppler pitfalls and has been shown to provide
a reliable estimate of MS severity when performed
carefully. With 3D TTE, a pyramidal section of the
heart can be acquired, containing the whole mitral
valve apparatus. From this dataset, cropping can
ensure that measurements of the mitral valve orifice
are taken exactly parallel to and at the leaflet tips
(Figure 6).31 In a series of patients considered for
mitral valve catheter balloon treatment using
catheter measurements of mitral valve area as a
reference standard, we found improved accuracy for
the 3D TTE measurement of orifice area before and
after the procedure as compared with 2D TTE
planimetry or pressure half-time methods.31 Others
have described similar 3D TTE methods with
validation against 2D TTE measurements and
demonstration of clinical usefulness.32, 33

Demonstrating wider application of this principle,
others have applied systematic cropping and orifice
planimetry to the tricuspid valve, obtaining short
axis images not usually possible with traditional
2D TTE.34

Prosthetic Valves
Assessment of prosthetic valve restriction and
regurgitation is another problematic area for Doppler
and traditional 2D echocardiography. Doppler
gradients do not correlate with orifice areas in
normally functioning valves,35 and often it is difficult
to visualize metallic leaflet motion. Recent reports
and our recent experience suggest that 3D TTE will
offer incremental value in  determining integrity of
prosthetic valve function.33

Assessment of Congenital Heart Disease
The ability to crop the 3D dataset in any direction
permits en face imaging of defects and systematic
tracking of conduits not possible with traditional
2D TTE planes. Hence, in patients with complex
congenital heart disease prior to operative
interventions, 3D TTE is particularly useful. 3D
TTE has been employed in the evaluation of most
major congenital lesions for over a decade,36 and
recently even in the evaluation of the live fetus in
utero.37

Fig.-6: Live three-dimensional transthoracic
echocardiography (3D TTE) in mitral stenosis. A-D.
A useful and easy technique is to crop an apical four-
chamber section at the tip of the mitral valve and
tilt or rotate the image toward the examiner 10 to
view the flow limiting mitral orifice (arrowhead) in
short axis. E. Section taken at the base of the mitral
valve (using apical four-chamber view) shows a much
larger orifice (arrowhead). F. Demonstrates
subvalvular chordal stenosis. The arrows point to
multiple small openings produced by chordal fusion.
The cumulative area of the openings measured 0.5
cm2, indicative of severe chordal stenosis. LA = left
atrium; LV = left ventricle; RA = right atrium; RV =
right ventricle; RVOT = right ventricular outflow
tract. (Reproduced with permission from: Singh V
et al: Live three-dimensional echocardiographic
assessment of mitral stenosis. Blackwell Publishing,
Echocardiography 2003; 20: 743-750. Figure 3A-F)
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With the introduction of catheter-based techniques for
closure of atrial and ventricular septal defects
(ASD,VSD), assessment of defect anatomy and size
has become more clinically important. In a series of
12 patients with ASD, we found that live 3D TTE
measures of defect size (diameter and circumference)
agreed well with 3D TEE and sizing balloon
measurements.38 In calculating areas and correlating
with sizing balloon or occluder areas, we found the
best correlation for an area that is calculated from the
circumference or a “stretched diameter.” Important
to the interventionalist, 3D TTE is able to characterize
the tissue rims around the ASD, which can determine
feasibility for percutaneous closure (Figure 7).

In a similar manner, measurements of VSD with
3D TTE can be clinically useful.

We reported our experience in 12 patients who
underwent surgical repair of VSD and noted
agreement between 3D TTE, 3D TEE, and surgical
measurements.39

Assessment of atrioventricular septal defects has
also been reported with 3D imaging.40-42 The ability
to produce an en face image or to reconstruct a

surgical view can be an important tool in planning

surgical correction of these defects.

Multiple case reports exist, demonstrating feasibility

and usefulness of 3D TTE in the study of congenital

lesions. Clinical entities such as subaortic stenosis,28

patent ductus arteriosus,43 transposition of the great

arteries,36,44 cor triatriatum,45 cleft mitral valve,46

and Ebstein’s anomaloy47,48 have been assessed with

3D echocardiography.

Assessment of Cardiac Masses

Accurate diagnosis and description of cardiac

masses, which is necessary for surgical

consideration, can be achieved with 3D TTE. As

proof of principle, we have reported our experience
using 3D TEE in diagnosing and accurately defining
characteristics of left atrial myxomas, aortic and
mitral valve fibroelastomas.49, 50 With the newer
application of live 3D TTE, we have found
incremental value over 2D TTE in differentiating
myxomas from hemangiomas, since the internal
structure can be dissected by cropping through the
tumors.51 Isolated echolucent areas denoting
hemorrhage or necrosis can be visualized in
myxomas, while the vascular structure of the
hemangioma can be appreciated with 3D TTE.
Additionally, we have reported the value of 3D TTE
in deciphering the attachment point for tumors. A
pulmonic valve fibroelastoma could be better
described by 3D than by 2D TTE in a recent report.52

In considering the differential diagnosis of cardiac
masses, 3D TTE, as compared with 2D TTE, offers

better description of and improved ability to exclude
cardiac thrombus.53 By rapidly cropping a single

data set including the entirety of the left ventricle,
thrombi can be excluded. Additionally, when present,

3D TTE can accurately localize attachment points,
describe mobility (and hence likelihiood of

embolization) and delineate presence or absence of
focal lysis within thrombi, which may have potential

therapeutic and prognositic implications (Figure 8)
.53, 54 Additionally 3D TTE has been used to

diagnose right atrial and innominate vein
thrombosis as reported in the literature.55, 56

Fig.-7: Live three-dimensional transthoracic
echocardiographic (3D TTE) assessment of atrial
septal defect. Arrowhead points to a large
secundum atrial septal defect visualized from right
atrial (RA) aspect. AS = atrial septum. (Reproduced
with permission from: Mehmood F et al: Usefulness
of live threedimensional transthoracic
echocardiography in the characterization of atrial
septal defects in adults. Blackwell Publishing,
Echocardiography 2004; 21: 707-713. Figure 1A)
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In our laboratory we have found particular utility
in using 3D TTE to evaluate the left atrial appendage
and other cardiac chambers to “rule out cardiac
source of embolus” in patients with stroke. Agoston
et al evaluated their experience with this technique
in 204 consecutive patients referred for 2D TTE or
TEE.57 They found that the left atrial appendage
could be adequately visualized in 68.1% of patients
studied by 3D TTE and in 45.5% by 2D TTE. In
their series only 8 patients had left atrial appendage
thrombus by TEE, but live 3D TTE correctly
identified thrombus in all of these. We commonly
utilize 2D TTE and 3D TTE in tandem in our
laboratory to evaluate the left atrial appendage. Our
experience would suggest that while the left atrial
appendage can be visualized well with 2D TTE in
many patients, 3D TTE offers improved confidence
in excluding thrombus since the entirety of the left
atrial appendage can be sectioned.

Assessment of Vascular Disorders: Dissection
and Coronary Arteries
Rapid and accurate diagnosis of acute aortic
dissection is vital since mortality can be as high as
1 to 2% per hour during the first 2 days.58 Many of
these patients are clinically unstable and can be
challenging for TEE study by the echocardiographer.

In patients with adequate acoustic windows, 3D TTE

can be used to make the diagnosis of aortic dissection

and facilitate surgical decision-making.59, 60 In our

initial series, we reported 10 patients with acute
aortic dissection in which 3D TTE was diagnostic.60

In 2 of 6 patients in which it was requested, TEE

could be averted due to the confidence in the 3D

TTE diagnosis. For these reasons, we have found

that performing a 3D TTE, while preparing for a

TEE in patients with suspected aortic dissection, is

a useful clinical exercise.

Since the entirety of the aortic root and surrounding

epicardium can be captured in a single 3D dataset,

3D TTE can be useful in interrogating patency and

anatomy of the proximal and mid coronary

arteries.61-63 Either by direct visualization or by

color Doppler “angiography,” we demonstrated
feasibility of assessing the coronary arteries to the

level of the first septal perforator, the first marginal

branch, and the proximal right coronary artery in

one report.61  Additionally, 3D TTE complements
2D TTE in assessing ostia locations for the
coronaries and has been used to locate anomalous
coronary arteries.62, 63

Assessment of Cardiomyopathies
In the assessment of cardiomyopathies, 3D TTE has
found a place in determining synchrony and
diagnosing left ventricular noncompaction.
Contemporary management of congestive heart
failure due to systolic impairment involves
determination of intraventricular synchrony. Tissue
Doppler imaging and M-mode are clinically validated
for the assessment of dyssynchrony, with evaluation
of the basal segments of the left ventricle.64 3D TTE
offers a more holistic view with individual segment
analysis built into the Q lab software system and
early publications suggesting utility in the
dyssynchrony evaluation.64

Noncompaction is a World Health Organization
unclassified cardiomyopathy that results from a
disorder of endomyocardial morphogenesis
characterized by the echocardiographic findings of
deep recesses between multiple, prominent
myocardial trabeculations, with a noncompacted:
compacted ratio > 2.65. Since this disorder occurs
in a segmental distribution, usually distributed from
the apex, assessment with 3D TTE provides accurate
determination of the extent of involvement by
systematic cropping of an apically acquired dataset,
and delineation of this clinical entity from primary
or metastatic tumors.66, 67 Noncompaction has

Fig.-8: Morphological assessment of left ventricular
thrombus by live threedimensional transthoracic
echocardiography. A,B: Transverse plane (TP)
section at mid-thrombus level showing clot lysis.
Arrowhead points to the thrombus. LV = left
ventricle; RV = right ventricle. (Published with
permission from: Sinha A et al: Morphological
assessment of left ventricular thrombus by live
three-dimensional transthoracic echocardiography.
Echocardiography 2004; 21: 649-655. Figure 1F-G)
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varied clinical presentations and natural histories,65

such that it is hopeful an echocardiographic
parameter might better explain implications of this
diagnosis.

Conclusion
The rapid and accurate characterization of chamber
volumes and function, valvular regurgitation and
stenosis, and congenital and acquired lesions makes
the recently introduced live/real time 3D TTE exam
a powerful clinical tool. Numerous reports have
already validated its application in routine clinical
practice, often as a replacement for other non-
invasive or invasive imaging techniques. As
familiarity with 3D TTE grows and the technology
continues to evolve, it should reach every corner of
the imaging world.
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