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The use of cardiac ultrasound is fundamental to the understanding of normal heart function and crucial to

pathophysiological diagnosis. The growing availability of 3D echocardiography (3DE) over the last decade has

allowed its applications to expand from establishing reference values for chamber size and elucidating ventricular

mechanics, to assessing valvular disease severity and playing pivotal roles in interventional procedures. Several

important advantages of 3DE include eliminating geometric assumptions, quantifying complex geometric shape

volumes, viewing structures from any perspective, assessing lesion in simultaneous multiplanes or multislice mode,

all of which are not possible with traditional 2D echocardiography (2DE). Real-time 3DE has been shown to be

simple, accurate, reproducible, and versatile, and generally has superior outcome prognosis compared to the 2DE.
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INTRODUCTION

Over the past 4 decades, echocardiography has be-

come the quintessential diagnostic instrument for cardi-

ologists to noninvasively assess cardiac structure and

function, and to make important clinical decisions. Pio-

neers in the field early demonstrated the utility of one-

dimensional motion mode (M-Mode) to identify various

structural heart disease and classify severity using two-

dimensional echocardiography (2DE). To better under-

stand human anatomy, researchers Olaf von Ramm and

Stephen Smith at Duke University School of Biomedical

Engineering invented the three-dimensional (3D) ultra-

sound prototype in the early 1990s.
1

With new found

advantages over its predecessor, 3D echocardiography

(3DE) was commercialized and found its way to major ul-

trasound laboratories in the early 2000s. The initial 3DE

required labor-intensive off-line analysis to reconstruct

3D structures from 2D images.
2,3

The improved capabil-

ity of real-time 3DE includes visualization of heart struc-

tures with depth, assessment of cardiac lesions from

any perspective, and quantification of volumes without

geometric assumption. The technology enables accu-

rate, precise, detailed understanding of the pathophy-

siologic nature of diseases. 3DE data acquisition in-

cludes simultaneous multiplane mode, real-time 3D

mode narrow sector, focused wide sector-zoom mode,

full volume-gated acquisition, and full volume with color

flow Doppler.
4

In this review, we will summarize the

practical applications and incremental values of 3DE

over traditional 2DE.

3D CHAMBER QUANTIFICATION

Left ventricle

Accuracy of echocardiographically measured left

ventricular (LV) volumes is imperative for improved knowl-
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edge of LV status. Studies have shown that LV volumes

and LV ejection fractions are predictive for future car-

diovascular outcomes in patients with various cardiac

conditions. However, in 2DE, the left ventricle is as-

sumed to have ellipsoid shape and LV volumes are cal-

culated based on supposed geometry. 2DE derived LV

chamber sizes have been consistently underestimated

compared to the gold standard cardiac magnetic reso-

nance (CMR). To the contrary, 3DE has the advantages

of full-volume acquisition with established accuracy and

reproducibility, and has been shown to be better corre-

lated with CMR measured volumes with less underesti-

mation (Table 1).
5-8

In 3DE, the LV end-diastolic volume

(EDV) and end-systolic volume (ESV) are measured by

semi-automatic border delineation in 3D space with

manual adjustment when required (Figure 1). In cases
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Figure 1. Representative case of LV quantification step-by-step using TomTec 4D LV Analysis software. View alignment (A), Beutel revision (B),

Tracking revision (C), Analysis (D). LV, left ventricular.

A

C

B

D

Table 1. Comparison of left ventricular volume between 2D/3D echocardiography and cardiac magnetic resonance

3DE vs. CMR 2DE vs. CMR
Studies Subjects n

EDV (ml)* p ESV (ml)* p EF (%)* p EDV (ml)* p ESV (ml)* p EF (%)* p

Jenkins et al.,

JACC 2004

Mixed

patients
50 00-4 � 29 0.31 .-3 � 18 0.23 00 � 7 0.74 0.-54 � 33 < 0.010 .-28 � 28 < 0.01 0-1 � 13 0.76

Caiani et al.,

JASE 2005

Mixed

patients
46 .-4.1 � 30 ns -3.5 � 340 ns -0.8 � 14 ns -23.1 � 86 < 0.001 -18.7 � 600 < 0.001 3.7 � 16 < 0.001

Jacobs et al.,

Eur Heart J 2006

Mixed

patients
50 0-14 � 17 < 0.05 -6.5 � 16 < 0.05 -1 � 6.4 0.27 0.-23 � 29 < 0.050 -15 � 24 < 0.050 0.8 � 8.5 0.57

Greupner et al.,

JACC 2012

Mixed

patients
36 -18.3 � 0.7 0.004 -13 � 13.5 0.005 2.7 � 1.2 ns -25.8 � 60 < 0.001 -14.3 � 18.2 < 0.002 0.7 � 1.3 ns

CMR, cardiac magnetic resonance; EDV, end-diastolic volume; EF, ejection fraction; ESV, end-systolic volume; ns, not significant; 2D, two-dimensional;

2DE, two-dimensional echocardiography; 3D, three-dimensional; 3DE, three-dimensional echocardiography.

* Mean difference between 3DE or 2DE, and MRI.



where border delineation is still difficult owing to tra-

beculae or poorly defined with 3DE imaging, contrast

agents maybe infused to enhance LV opacification. The

3DE eliminates geometric assumption or circumvents

foreshortened views that are the common source of er-

rors in 2DE. In addition, several studies have shown that

LV mass determined by 3DE also correlated better with

CMR compared to 2DE with CMR (Table 2).
9-14

More accurate LV mass measurement correlated

better with prognostic data and was shown to be a sur-

rogate marker in anti-hypertensive medication outcome

trials.
15

For serial follow-up of LV volumes and EF, stud-

ies also showed more consistent results when assessed

by 3DE than 2DE. In the evaluation of coronary artery

disease, 3DE provides an improved likelihood of detect-

ing regional wall motion abnormality.
16

Traditional 2DE

has pre-specified imaging planes that show limited in-

formation from the whole LV myocardium. To the con-

trary, 3DE has the ability to display all myocardial seg-

ments simultaneously in multi-level slices, offering a

comprehensive assessment of the entire LV myocardial

performance.

Left atrium

Recent advances in 3DE has extended chamber

quantifications to the left atrial (LA) volume (Figure 2).
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Figure 2. Representative case of LA quantification using Philips QLab. From the full-volume datasets, 2 orthogonal long-axis and 1 short-axis views

of the LA at end-diastole and end-systole were selected. The software automatically determined the LA wall in 3D space using the deformable shell

model and made time domain LA volume curve, from which maximal and minimal LA volumes. Manual adjustment when inadequate tracking of the

LA wall was observed. LA, left atrial.

Table 2. Comparison of left ventricular mass between 2D/3D echocardiography and cardiac magnetic resonance

3DE vs. CMR* 2DE vs. CMR*
Studies Subjects n

Bias LOA r Bias LOA r

Qin et al., Echocardiogr 2000 Mixed 19 -9 66 0.97

Jenkins et al., JACC 2004 Mixed 50 0 76 0.87 16 114 0.85

Mor-Avi et al., Circulation 2004 Mixed 21 -4 34 0.90 -39 58 0.79

Oe et al., Am J Cardiol 2005 LV hypertrophy 20 -14.1 58.2 0.94 -10.7 167.4 0.70

Caiani et al., Heart 2006 Mixed 46 -2.1 23 0.96 -34.9 49.6 0.79

Takeuchi et al., JASE 2008 Mixed 55 -1 6 0.95

Mizukoshi et al., JASE 2016 Mixed 57 -4.8 27.7 0.96

LOA, limits of agreement. * Bias and LOA are given in grams. Abbreviations are in Table 1.



Remodeling of the left atrium is caused by LV volume or

pressure overload; therefore, the LA volume reflects the

severity and chronicity of underlying pathophysiologic

conditions rather than instantaneous elevation of LV fill-

ing pressure. Thus, the degree of LA dilatation is closely

coupled with cardiac disease severity.
17

Compared to

2DE, 3DE determined LA volumes more closely approxi-

mate CMR-derived LA counterparts.
18

In a recently pub-

lished study, 3DE determined LA volumes were powerful

predictors of future cardiac events, and minimal LA vol-

umes tended to carry a stronger prognostic value over

maximal LA volumes.
19

Right ventricle

The right ventricle (RV) has an irregular border and

complex 3D shape, and therefore it is impossible to

quantify RV volumes using 2D imaging planes. 3DE holds

good promise to RV volumetric analysis. The advantages

of 3DE are fast acquisition, independent of geometric

assumptions, semi-automated border detection, and dy-

namic RV cast visualization using dedicated software

(Figure 3). Studies have shown that 3DE determined RV

volumes and function correlated well with CMR, with

good reproducibility (Table 3).
20-25

Recently, normal

range of RV volumes and ejection fraction have been es-

tablished (Table 4).
21,26,27

However, their prognostic val-

ues for different diseases remain to be clarified.
28

There

exists certain limitation for RV quantification since RV

outflow wall is in close proximity to the sternum or

chest wall, and occasionally dropout of the wall pre-

cludes accurate estimation of RV volumes. In addition,

3DE cannot image the entire right ventricle in patients

with severely dilated RV.

VOLUMETRIC COLOR DOPPLER IMAGING

Color Doppler imaging has been integral to valve

disease severity evaluation since the dawn of 2DE. How-

ever, the size of the vena contracta width (VCW) often

varies greatly depending on the views used to obtain

the regurgitant jet. In the age of 3DE, a more precise
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Figure 3. Representative case of RV quantification step-by-step using TomTec 4D RV Analysis software. View adjustment (A), Beutel revision (B),

Tracking revision (C), Analysis (D). RV, right ventricular.

A B

C D



assessment of the valvular lesion uses en face view to

directly visualize the vena contracta area (VCA). Accu-

rate and reproducible assessment of valvular heart dis-

ease severity is important for clinical decision, manage-

ment strategies, and prognostication. Previous studies

comparing 3DE VCA and 2DE VCW to reference stan-

dards such as CMR or cardiac catheterization grading

have uniformly demonstrated higher accuracy by 3DE.
29

The presence of complex noncircular or multiple ori-

fices, or both, has implications for 2DE limitations in the

assessment of the VCW and proximal isovelocity surface

area (PISA), when 3DE color Doppler imaging is capable

of visualizing non-circumferential VCA, non-spherical

PISA, or multiple orifices simultaneously.

SPECKLE-TRACKING ECHOCARDIOGRAPHY

Although 2D speckle-tracking echocardiography (STE)

has established its role in the assessment of chamber

mechanics, there are limitations such as inaccurate

quantification of myocardial deformation when a fore-

shortened view is used. In addition, LV contracts by

complex 3D movement with simultaneous twisting

motion and descent of the base towards the apex. Fixed

2D cutting planes lose speckles during frame-by-frame

speckle-tracking analysis during through-plane motion

of the heart. In 3D STE, speckles of the entire myo-

cardium are tracked omnidirectionally in 3D space and

therefore out-of-plane motion speckle-tracking errors

are theoretically eliminated.
30

3D STE can simultane-

ously provide the three orthogonal strain values, radial

strain, longitudinal strain (LS), circumferential strain

(CS), with additional 3D area strain and area change ra-

tio (ACR), which measure area tracking-based deforma-

tion (Figure 4).
31

The utility of 3D area strain and ACR to

track myocardial motion is gaining popularity alongside

with its components of CS and LS. ACR has been shown

to be a sensitive parameter for patients with early stage

heart failure, in detecting subtle LV systolic dysfunction

in patients with hypertension, aortic valve disease, and

patients undergoing chemotherapy. In the study to eval-

uate which strain parameter by 2DE and 3DE could

prognosticate adverse cardiovascular events in patients

with asymptomatic aortic stenosis, 3D global LS em-

erged as the most robust index for predicting future

events.
32

Twist and torsion

The helical nature of LV myocardial fibers consist of

right-handed obliquely oriented endocardium, circum-

ferentially orientated mid-myocardium, and left-handed
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Table 3. Comparison of right ventricular volume between 3D echocardiography and cardiac magnetic resonance

Studies Subjects n EDV (ml)* ESV (ml) EF (%) Feasibility (%)

Jenkins et al., Chest 2007 AMI 50 -3 � 10 -4 � 7 2 � 4 100

Grapsa et al., Eur J Echocardiogr 2010 PAH 60 0-4 (-11, 4) 0 (-6, 6). -1 (-3, 0) 100

Sugeng et al., JACC Imaging 2010 Mixed 28 -14 (-28, 0) -9 (-19, 1) -2 (-4, 0) 93

van der Zwaan et al., JASE 2010 CHD 50 0.-34 (-43, -25) -11 (-19, 3)0 --4 (-6, -2) 81

Leibundgut et al., JASE 2010 Mixed 88 .-10 (-15, -6) -5 (-8, -1)- -0 (-2, 1) 88

Medvedofsky et al., JASE 2015 Mixed 147 -11 � 200 -0.3 � 15 -3 � 8 89

AMI, acute myocardial infarction; CHD, congenital heart disease; EDV, end-diastolic volume; EF, ejection fraction; ESV, end-systolic

volume; PAH, pulmonary arterial hypertension.

* Mean difference between 3DE and MRI, with mean � SD, with 95% confidence interval.

Table 4. Determination of normal values of right ventricular volume

Studies Subjects n EDV (ml)* ESV (ml)* EF (%)* Feasibility (%)

Graspa et al., Eur J Echocardiogr 2010 Normal 20 88 � 17 37 � 8 61 � 4 100

Tamborini et al., JASE 2010 Normal 245 86 � 21 029 � 11 67 � 8 94

Maffessanti et al., Circ Imaging 2013 Normal 507 91 (61, 150) 35 (16, 72) 62 (47, 77) 94

EDV, end-diastolic volume; EF, ejection fraction; ESV, end-systolic volume.

* Mean � SD, or with 95% confidence interval.



obliquely oriented epicardium. Viewing from the cardiac

apex, the LV contraction is described as the spiral squeeze

by concurrent apical counter-clockwise rotation and

basal clockwise rotation.
33

The LV twist is the summa-

tion of the apical rotated degree added to the basal ro-

tated degree, and the LV torsion is the twist in degrees

normalized by the long-axis distance between the apex

and the base.
34

LV twist and torsion have been well-

studied by 2D STE for the wringing motion of the heart.

However, the results are tampered by the inherent limi-

tations of tracking speckles in 2D planes. In the era of

3D STE, more accurate LV torsion can be calculated

through the simultaneous measurement of rotations in

the basal and apical short-axis planes, and the distance

between the planes.
35

And the 3D STE determined va-

lues allow the accurate understanding of age-depend-

ency change of LV systolic twist, LV diastolic untwisting,

and age-dependency change of LV mechanics.

Wall motion abnormalities

There are potential errors in the assessment of re-

gional hypokinesia when evaluating patients with coro-

nary artery disease using fixed cutting planes by 2DE to

assess ischemic territory. In addition, visual evaluation of

wall motion is subjective and poorly reproducible, and

study has shown that myocardial deformation index using

strain and strain rate maybe superior to wall motion

analysis.
36

Accordingly, 2D strain remains inherently lim-

ited as earlier mentioned. In 3DE, since all LV walls are

encompassed in the full-volume datasets, there are un-

limited planes to analyze wall motion defect. Using multi-

planes to simultaneously display of a number of short-

axis tomographic slices in 3DE, subtle wall motion abnor-

mality of LV segments might be visualized. Furthermore,

3D STE provides reproducible quantification of wall mo-

tion and allows the analysis of new myocardial deforma-

tion markers with 3D area strain that closely correlates

with LVEF.
37

The LV deformation parameters can be as-

sessed by single-beat full-volume 3DE datasets with 3D

STE software, irrespective of whether the heart rhythm is

regular in sinus rhythm or irregular in atrial fibrillation.

Volumetric 3D STE therefore offers a simple, feasible, and

reproducible method to measure and analyze both re-

gional and global longitudinal, circumferential, radial, and

area strains for patients with ischemic heart disease.

LV mechanical dyssynchrony

Intraventricular conduction defect, predominantly

in the form of complete left bundle branch block, exists

in one-fourth of heart failure patients.
38

The prolonged

interventricular and intraventricular conduction causes

regional mechanical delay and dyssynchronized LV con-

traction, exacerbates LV function, decreases LV ejection

fraction, and results in ventricular remodeling and in-

creased mortality. An important criteria to select pa-

tients for cardiac resynchronization therapy (CRT) is

measuring the LV septal-to-posterior wall motion dys-

synchrony by 2DE. The widely accepted criteria how-

ever, was associated with a 20-30% non-responder rate,

and was confirmed not to be a robust parameter in ran-

domized trial.
39

Efforts have been made to identify more

accurately the potential responders to CRT in these pa-

tients. 3DE has been proposed as a better modality to

potentially more accurately quantify LV mechanical dys-

synchrony (LVMD). A new dyssynchrony index, by calcu-

lating the time taken to reach minimum regional volume
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Figure 4. After region of interests are marked manually, software automatically traced on the endocardial border. Manual adjustments are re-

quired when software border detection are suboptimal. Next, epicardial border are manually determined for region of interest. The computer then

analyzes 3D speckle-tracking in frame-by-frame analysis with a final 17-segment bull’s eye map of strain values displayed. Longitudinal strain (A), cir-

cumferential strain (B), and area strain (C).

A B C



for each segment as a percentage of the cardiac cycle

was proposed and systolic dyssynchrony index (SDI), is

defined as the standard deviation of these timings ex-

pressed as a percentage of the duration of cardiac cycle

rather than in milliseconds.
40

The LVMD quantification

by 3DE was shown to be reproducible between centers,

and SDI was an excellent predictor of response to CRT in

the target population irrespective of QRS morphology

and duration,
41

albeit with lower temporal and spatial

resolution compared to 2DE.
42

VALVULAR HEART DISEASE

Mitral valve disease

Since mitral valve apparatus is a complex saddle-

shaped structure, it has been shown to be better visu-

alized by 3DE than 2DE imaging.
43

The mitral valve area

by planimetry is more accurate through 3DE compared

to 2DE when quantifying stenosis, and has good agree-

ment with mitral orifice area calculations by the Gorlin

formula from cardiac catheterization, and lower intra-

observer and interobserver variability.
44

The simple-

acquisition and on-line review of 3D images allows for

immediate post percutaneous balloon mitral valvulo-

plasty assessment of mitral valve commissural split-

ting, tearing, stretching, and severity of mitral valve re-

gurgitation. To determine the severity of mitral regurgi-

tation (MR), some inconsistencies in the traditional as-

sessment of VCW using different 2D images were

found. Using 3DE, the severity of MR is quantified by

size of VCA. Since VCA is often not circular, and in fact

ellipsoidal when viewed en face by 3DE (Figure 5), di-

rect visualization of VCA is more accurate to calculate

effective regurgitant orifice area (EROA) and to grade

MR severity.

Aortic valve disease

Appreciation of aortic valve cusps as trileaflets or

bileaflets is important as part of routine echocardio-

graphy and evaluation of aortic stenosis in patients

planning for surgical or transcatheter aortic valve re-

placement. Using 3DE on-screen X-plane and 3D data-

set, the smallest valve opening at the valve tip can be
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Figure 5. Mitral valve regurgitation visualized as vena contracta width (VCW) along the long axis of mitral regurgitation jet in anterior-posterior

(AP) and commissure-commissure (CC) views and as vena contracta area (VCA) along short-axis (SAX) view in transesophageal 3DE. The VCA is seen

not circular but ellipsoidal inen face SAX view.



obtained by optimal alignment, then traced by plani-

metry for the true aortic stenosis area, and correlated

better compared to the area derived by 2DE with inva-

sive Gorlin formula.
45

Instead of geometric assumption

for left ventricular outflow tract (LVOT) shape in 2DE,

3DE data showed that cross-sections of LVOT and aortic

annulus often are not circular but ellipsoidal (Figure

6).
46,47

In addition, while LVOT flow relies on non-simul-

taneous measurement with stenotic aortic valve flow in

2DE, 3DE concurrently calculates both parameters there-

fore should be more accurate when applied to continu-

ity equation. In fact, 3DE is more accurate than 2DE to

grade severity of aortic stenosis compared to the stan-

dard by cardiac catheterization. Using the function to

subtract tissue signal in 3DE, en face view of aortic re-

gurgitation (AR) VCA was frequently shown to be non-

circular. Moreover, aortography graded AR correlated

well with 2DE measurements of VCW, but correlated

better with 3DE measurements of VCA. With eccentric

AR jet, a 3D dataset can be frozen in diastole to perform

an offline multiplane reconstruction and optimally ori-

ent to the transverse view to obtain the optimal EROA.

Further study has also demonstrated that 3DE derived

PISA and AR jet velocity for the calculation of AR vol-

umes are more accurate than conventional 2DE method

with hemispheric PISA assumption.
48

3D TRANSESOPHAGEAL ECHOCARDIOGRAPHY

Transesophageal echocardiography is capable of su-

perior quality of cardiac imaging owing to the close

proximity of the probe to the heart, and without the in-

tervening bones and lung tissues. Using 3D dataset,

transesophageal 3DE offers unlimited perspective over

previous standard cutting planes by transesophageal

2DE. Due to its invasive nature, it is indicated in certain

clinical assessments such as en face views of aortic and

mitral valve leaflet lesions, that complements the as-

sessment by transthoracic 3DE (Table 5). MV has a com-

plex anatomy that includes 3 subunits: the annulus, the

leaflets, and the subvalvular apparatus. The MV annulus

is a saddle-shaped semi-circular fibrous ring that alters

its shape continuously during the cardiac cycle. The MV

leaflets consist of 3 anterior and 3 posterior scallops,

and medial and lateral commissures. Failure of any of

the MV leaflet component to coapt properly can result

in MR. Accurate knowledge of the MV scallop or com-

missure pathology gives the physicians and surgeons the

opportunity to plan ahead. Transesophageal 3DE offers
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Figure 6. Assessment of aortic root by transesophageal 3D echo-

cardiography. As seen in the last row of panel (D), the en face cross-sec-

tional view of aortic annulus is oval rather than circular.

A B

C D

Table 5. Comparison of transesophageal and transthoracic 3D echocardiography

Modalities Advantages
Chamber

assessment
Valvular lesions Special considerations

Interventional

guidance

Transesophageal 3DE Unobstructed views,

close to structures

LA, LV, RV MV, AV, TV 3D STE TAVR, MV clip,

LAA occlusion

Transthoracic 3DE Convenient, noninvasive,

repeat study as needed

LA, LA, RV MV, AV, TV Contrast 3DE, 3D STE,

Stress 3DE

AV, aortic valve; LA, left atrium; LAA, left atrial appendage; LV, left ventricle; MV, mitral valve; RV, right ventricle; TAVR,

transcatheter aortic valve replacement; TV, tricuspid valve; 3DE, 3D echocardiography; 3D STE, three-dimensional speckle-tracking

echocardiography.



the so-called surgical view which is exactly what sur-

geons see when opening the heart.

The aortic root complex is composed of the sinuses

of Valsalva, the fibrous intercusp triangles, and the AV

cusps. Assessment of AS comprises a description of cusp

morphology, calcification, fusion of cusps, AV function,

and quantification of AS severity. The normal AV func-

tion requires aortic and mitral valves coupled to func-

tion in a reciprocal, interdependent fashion. With ad-

vances in 3DE and the use of specialized software, this

valvular coupling has been examined in normal human

hearts. Transthoracic 3DE often has suboptimal image

quality of the AV, therefore accurate cusp information

and aortic root height prerequisite to interventions of-

ten are acquired via transesophageal 3DE (Figure 6).

These transesophageal 3D images are especially suited

for studying the restricted cusp motion, thus an effec-

tive tool for the assessment of AS whether it be of bicus-

pid or tricuspid origin.

The left atrial appendage (LAA) is a tubular, blind-

ended pouch attached to the left atrium. It is the source

of cerebral thromboembolism in approximately 90% of

patients with nonvalvular atrial fibrillation.
49

Transeso-

phageal 2DE is currently the main imaging modality to

assess LAA anatomy, but studies have shown transeso-

phageal 3DE is helpful in differentiating a thrombus

from LAA pectinate muscle. Pre-procedure transeso-

phageal echo is used to exclude other sources of embo-

lism, and transesophageal 3DE has shown to be more

accurate compared to 2DE in characterizing diameter,

types, surface features, mobility, sites of intracardiac

masses, and spatial relationship to surrounding struc-

tures.

Guidance of interventional procedures

Recent advances in the applications of transeso-

phageal 3DE flourish in the areas of interventional pro-

cedures. Repair of MR in selected patients with mitral

valve prolapse at A2 or P2 scallop was recently per-

formed in the catheterization lab using transcatheter

mitral valve clip edge-to-edge repair.
50

3D transesopha-

geal echocardiography approach provides the most

comprehensive information about MV morphology, as

well as lesion location, mitral valve clip orientation, and

enhances the confidence of interpretation of mitral

valve pathology and catheter-clip location. Transcathe-

ter aortic valve replacement (TAVR) has recently be-

come a valid alternative to surgical aortic valve replace-

ment in selected high-risk patients with aortic stenosis.
51

Compared to 2DE for pre-procedural aortic annulus

evaluation, 3DE has shown to be closely approximate

and has high correlation to prosthesis size indication by

the reference standard multidetector computed tomo-

graphy (MDCT). After TAVR, it was common to observe

paravalvular AR by intraoperative transesophageal echo,

and a mismatch index can be defined as annulus area –

prosthesis area. The occurrence of significant AR was as-

sociated significantly with mismatch index obtained by

transesophageal 3DE, but not by transesophageal 2DE.

For LAA exclusion, transesophageal 3DE provides a more

detailed assessment and quantitative analysis of LAA

orifice area compared to transesophageal 2DE. In addi-

tion, real-time transesophageal 3DE is more accurate at

sizing true LAA orifice area that closely related to CT

measurements, whereas transesophageal 2DE frequently

underestimates compared to CT.

3D STRESS ECHOCARDIOGRAPHY

Stress echocardiography is an important modality

for detecting significant coronary stenosis in patients

with chest pain. Compared with previously reported val-

ues for conventional stress 2DE, stress 3DE showed im-

proved interobserver agreement was observed for seg-

ment-wise classification of normal/abnormal wall mo-

tion. Overall, a higher percentage of abnormal myocar-

dial segments were correctly identified with stress 3DE

compared to stress 2DE. Since 3DE is capable of simulta-

neously displaying 2 or 3 2D cut-planes (multiplane

mode) (Figure 7) or multi-slice 2D short-axis images

from LV base to apex (multislice mode) (Figure 8) with

each axis divided into 6 regions, both modalities are

useful to detect stress induced transient wall motion ab-

normalities. Study has shown that multi-slice dobut-

amine stress echocardiography had a high specificity

and better accuracy for diagnosing wall motion abnor-

malities at the basal part of the myocardium compared

with the multiplane mode.
52

In addition, stress 3DE

showed a higher sensitivity to identify wall motion ab-

normality in the difficult-to-detect ischemia at apical re-

gion compared to stress 2DE.
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CURRENT LIMITATIONS OF 3D ECHOCARDIOGRAPHY

As with image acquisition in 2DE, the quality of

echo image in 3DE is limited by the availability of acous-

tic windows. The spatial and temporal resolution of cur-

rent 3DE technology are still inferior to 2DE. At present,

two modes of full-volume 3D data acquisition, multi-

beat and real-time 3D mode, are available. Multi-beat

acquisition allows faster acquisition of a thin section of

3D pyramidal volume but requires four cardiac cycles

and gated capture to reconstruct the 3D image. There-

fore, it is prone to stitch artifacts in patients with rhy-

thm disturbance and respiratory motion. Real-time im-

aging captures entire heart movement in a single beat

that overcomes limitations in multi-beat mode but suf-

fers deteriorations in spatiotemporal resolution. While

new development in hardware technology will over-

come the aforementioned limitations, advanced soft-

ware algorithm can improve existing semi-automated to

fully automated border detection for quantifying cham-

ber volumes and mechanics.

A GLIMPSE INTO THE FUTURE

Moving beyond volumetric and functional LV quan-

tification, 3DE has great potential in the evaluation of LV

twist and torsion, wall motion analysis, and dyssyn-

chrony analysis. New automated quantification of out-

flow stroke volumes by 3D real-time color flow Doppler

echocardiography compared favorably with CMR. One

new aspect in 3DE is simultaneous evaluation of both

the right heart and left heart chambers to better under-

stand cardiac mechanics. Application of 3DE in peri-

procedural evaluation of LAA closure also awaits further

studies. In the near future, non-invasive multi-modality

fusion imaging with MDCT, stress 3DE may demonstrate

its clinical utility for the assessment of coronary artery

disease.
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