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Background: Quantitative information on regional left ventricular volumes from real-time three-dimensional
echocardiographic (RT3DE) images has significant clinical potential but needs validation.
Aim: To validate these measurements against cardiac magnetic resonance (CMR) and test the feasibility of
automated detection of regional wall motion (RWM) abnormalities from RT3DE data.
Methods: RT3DE (Philips) and CMR (Siemens) images were obtained from 31 patients and analysed by using
prototype software to semiautomatically calculate indices of regional left ventricular function, which were
compared between RT3DE and CMR (linear regression, Bland–Altman). Additionally, CMR images were
reviewed by an expert, whose RWM grades were used as a reference for automated classification of
segments as normal or abnormal from RT3DE and from CMR images. For each modality, normal regional
ejection fraction (REF) values were obtained from 15 patients with normal wall motion. In the remaining 16
patients, REFs were compared with thresholds that were derived from patients with normal wall motion and
optimised using receiver operating characteristic analysis.
Results: RT3DE measurements resulted in good agreement with CMR. Regional indices calculated in patients
with normal wall motion varied between segments, but overall were similar between modalities. In patients
with abnormal wall motion, RWM was graded as abnormal in 74% segments. CMR and RT3DE thresholds
were similar (16-segment average 55 (10)% and 56 (7)%, respectively). Automated interpretation resulted in
good agreement with expert interpretation, similar for CMR and RT3DE (sensitivity 0.85, 0.84; specificity
0.81, 0.78; accuracy 0.84, 0.84, respectively).
Conclusion: Analysis of RT3DE data provides accurate quantification of regional left ventricular function and
allows semiautomated detection of RWM abnormalities, which is as accurate as the same algorithm applied
to CMR images.

T
he limitations of conventional echocardiographic evalua-
tion of left ventricular function have been long recognised
and partially attributed to its two-dimensional nature,

which gives only partial information about cardiac anatomy
and function contained in specific cross-sectional planes.
Alternative techniques based on three-dimensional reconstruc-
tion of the left ventricle from multiple planes, albeit time-
consuming and prone to artefacts, have shown promise for
more accurate assessment of left ventricular function.1–3 More
recently, transthoracic real-time three-dimensional echocardio-
graphic (RT3DE) technology, which allows fast acquisition of
dynamic pyramidal data structures that encompass the entire
left ventricle, has become widely available. Several studies have
since shown potential improvements in the evaluation of the
global left ventricular function by using RT3DE data,4–6 despite
the reliance on endocardial boundary identification on selected
planes.7 Furthermore, information on regional wall motion
(RWM) contained in RT3DE datasets has been studied only
using visual interpretation of selected planes8 9 or by measure-
ments performed on model-based, interpolated endocardial
surfaces.10

To circumvent these limitations, we recently developed and
tested a novel approach for objective evaluation of regional left
ventricular wall motion from RT3DE datasets, based on the
detection of dynamic endocardial surface in three-dimensional
space11 and direct quantification of regional surface displace-
ment throughout the cardiac cycle. In a recent study, we

hypothesised that by fully exploiting the volumetric informa-
tion contained in RT3DE datasets, without the need for either
plane selection or geometric modelling, this technique promises
to allow objective evaluation of the magnitude and temporal
aspects of left ventricular function.12 However, in this study,
RT3DE measurements of regional left ventricular function were
validated against cardiac magnetic resonance (CMR) values
obtained from stacks of short-axis slices. This CMR method is
increasingly recognised as a less than ideal reference because of
several limitations that include poor endocardial definition near
the apex owing to partial-volume artefacts and the use of
spatially fixed slices that disregards left ventricular systolic
shortening. Analysis of radial long-axis CMR images can
potentially overcome these limiting factors and thus provide a
better reference. Indeed, such analysis was recently shown to
provide more accurate and reproducible measurements.13

In view of these findings, volumetric quantification of RWM
was recently implemented in prototype software for analysis of
both radial long-axis CMR images and pyramidal RT3DE
datasets. This method is based on tracking changes in
segmental left ventricular volume throughout the cardiac cycle
and calculating regional ejection fraction (REF) from both

Abbreviations: CMR, cardiac magnetic resonance; REDV, regional end-
diastolic volume; REF, regional ejection fraction; RESV, regional end-
systolic volume; ROC, receiver operating characteristic; RT3DE, real-time
three-dimensional echocardiographic; RWM, regional wall motion
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modalities, and thus allows direct intermodality comparisons
while eliminating analysis-related differences as a source of
error. Although REF is readily available from the volumetric
RT3DE data and seems like the natural choice for a quantitative
index of regional left ventricular function, it has not been
validated against CMR reference because commercial software
for multi-plane two-dimensional analysis of CMR images does
not report this parameter. The prototype software used in this
study offers an opportunity for such validation, which is
essential for clinical use of REF.

In the same recent study,12 we also tested the feasibility of
objective automated interpretation of RWM from RT3DE data
by comparing regional shortening fractions with reference
values obtained in normal subjects. If found accurate and
reliable, this method could constitute an important clinical
application of RT3DE imaging. Indeed, wall motion abnormal-
ities were correctly identified in a small group of patients, as
confirmed by visual interpretation of two-dimensional echo-
cardiographic images by an expert reader. However, the
accuracy of the automated interpretation using REF values
calculated from RT3DE data was neither tested nor compared
with other imaging modalities such as CMR, which is
important in view of the relatively low resolution of the
RT3DE data.

Accordingly, the primary goal of this study was to validate
the RT3DE-derived indices of magnitude and timing of regional
left ventricular function, including REF, against radial long-
axis CMR reference values obtained with the same analysis
software. Our secondary goal was to test the feasibility and
determine the accuracy of the semiautomated interpretation of
RWM based on RT3DE-derived REF values and compare it with
the accuracy of the same algorithm when applied to CMR
images. Accordingly, this study included two separate protocols
designed to achieve these goals.

METHODS
Population
In all, 31 patients (17 men, 14 women, age 60 (15) years) were
studied. These 31 patients were selected from 33 who were
scanned for transthoracic two-dimensional acoustic windows
that allowed adequate endocardial visualisation. Exclusion
criteria were dyspnoea precluding a 10–15-s breath-hold, atrial
fibrillation or other cardiac arrhythmias, pacemaker or defi-
brillator implantation, claustrophobia and other known contra-
indications to CMR imaging. Of these 31 patients, 9 had normal
hearts, 14 had suspected coronary artery disease, 7 dilated and
1 apical hypertrophic cardiomyopathy. RT3DE and CMR
imaging were performed on the same day. Written informed
consent was obtained from all the patients.

RT3DE imaging
RT3DE imaging was performed from the apical window with
the patient in the left lateral decubitus position using a
commercial scanner (SONOS 7500, Philips Medical Systems,
Andover, Massachusetts, USA) equipped with a fully sampled
matrix array transducer (64) in the harmonic mode. To include
the entire left ventricular cavity within the pyramidal scan
volume, datasets were acquired using the wide-angled acquisi-
tion mode, wherein four wedge-shaped subvolumes (93 6̊21 )̊
were acquired over eight consecutive cardiac cycles during a
breath-hold. Acquisition of each sub-volume (total of 4) was
triggered to the ECG R-wave of every other heartbeat (total of 8
heartbeats) to allow sufficient time for the probe to be
recalibrated and each subvolume stored.5 RT3DE datasets were
stored digitally for off-line analysis.

CMR imaging
CMR images were obtained using a 1.5-T scanner (Sonata,
Siemens, Forchheim, Germany) with a phased-array cardiac
coil. Electrocardiogram-gated localising spin-echo sequences
were used to identify the long axis of the heart. Steady-state
free precession (true FISP) dynamic gradient-echo mode was
then used to acquire images during 10–15-s breath-holds.
Imaging was performed at a temporal resolution of 20 frames
per cardiac cycle in six planes, rotated around the long axis of
the left ventricle at 30˚steps, resulting in dynamic cine loops of
radial long-axis views of the ventricle. Images were stored
digitally for off-line analysis.

Image analysis
Both pyramidal RT3DE datasets and radial long-axis CMR
images were analysed using prototype 4D-LV Analysis software
(TomTec Imaging Systems, Unterschleisheim, Germany). In
every CMR slice and in six long-axis planes automatically
selected from the RT3DE dataset (30˚ apart), left ventricular
endocardial contours were traced semiautomatically frame-by-
frame, with the papillary muscles included in the left
ventricular cavity, and manually corrected when necessary to
optimise the boundary position. All measurements were
performed by an investigator experienced in the interpretation
of cardiac images, who was blinded to results of all prior
measurements. After segmentation (16-segment model14),
regional volumes were calculated throughout the cardiac cycle.
Each volume curve was analysed (Microsoft Excel) to obtain
regional end-diastolic and end-systolic volumes (REDV, RESV)
that were identified as the maximum and minimum values.
REF was then computed as the difference between REDV and
RESV in percentage of REDV, as well as regional volumes at
half-ejection and half-filling times (RV(Ket), RV(Kft)).

Protocol 1: validation
All RT3DE-derived indices of regional left ventricular function
were compared with the CMR reference values. The compar-
isons included linear regression with Pearson’s correlation
coefficients and Bland–Altman analyses. To avoid clustering by
patients as a result of multiple measurements in each patient,
these analyses were performed separately for each of the 16
endocardial surface segments (one measurement per patient).
The calculated correlation coefficients, biases and limits of
agreements were then averaged over the 16 segments.
Subsequently, these indices were averaged separately for the
basal, mid and apical segments to elucidate possible depen-
dency on the left ventricular level.

Protocol 2: semiautomated interpretation of wall motion
Initially, dynamic CMR images were reviewed by an expert,
who classified RWM in each left ventricular segment (16-
segment model14) as normal or abnormal. Based on this
interpretation, study patients were divided into two groups:
16 patients with RWM abnormalities (10 men, 6 women, mean
(standard deviation (SD)) age 62 (13) years) and 15 patients
whose RWM was classified as normal in all segments (7 men, 8
women, age 59 (14) years). RT3DE and CMR data were used
separately for automated detection of RWM abnormalities,
which was performed as follows: data obtained from the 15
patients with normal RWM were averaged to obtain normal
values for each segment. In the remaining 16 patients, RWM
was evaluated in each segment by comparing the calculated
REF against a predetermined threshold value, which was
initially set arbitrarily as the mean REF 21 SD of the normal
group. Assuming that REF value below the threshold could be
used to classify wall motion in a segment as abnormal, these
automated classifications were compared with the expert
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interpretations. Receiver operating characteristic (ROC)
analysis15 was then used to optimise the REF thresholds for
the automated detection of RWM abnormalities, as described
below.

Statistical analysis
In protocol 1, for each calculated index of magnitude and
timing of RWM, the significance of the biases between the
RT3DE and CMR measurements was tested using paired t tests.
p Values ,0.05 were considered significant. In protocol 2, for
each patient, the level of agreement between the semiauto-
mated technique and the expert interpretation was assessed by
counting concordant grades (true positive and true negative) as
well as discordant grades (false positive and false negative)
assigned by the automated technique. The counts of concordant
and discordant grades were used to calculate the sensitivity,
specificity, positive and negative predictive values and the
overall accuracy, which were used for optimisation of REF
thresholds.

ROC analysis
REF thresholds for automated detection of RWM abnormalities
varied in each segment on varying the number of standard
deviation below the mean REF of the normal group from 0 to 2
in 0.1 increments. For each increment, the sensitivity,
specificity, positive and negative predictive values and overall
accuracy of the semi-automated interpretation were calculated
against the expert interpretation. The ROC curve was then
constructed as a plot of sensitivity versus (12specificity) and
used to determine the optimal REF thresholds.15

RESULTS
RT3DE imaging and analysis were feasible in all study subjects,
including the cardiomyopathic patients despite their enlarged
ventricles (CMR-derived end-diastolic volume ranged from 90

to 526 ml and end-systolic volume ranged from 25 to 441 ml).
The time required for image analysis, including data retrieval,
surface detection and segmentation, and the computation of all
indices of RWM, was approximately 30 min on a Pentium 4
personal computer. Manual corrections were necessary to
optimise the position of the endocardial boundaries in 19 of
31 study subjects.

Figure 1B shows an example of a radial long-axis CMR image
obtained at end diastole in a patient with apical hypertrophic
cardiomyopathy. The detected endocardial surface (A) shows in
three dimensions the typical left ventricular morphology for
this condition, in close correspondence with the two-dimen-
sional image (B). Regional left ventricular volume curves (D)
show the expected ejection and filling phases of the cardiac
cycle. Figure 2 shows, in the same format, the RT3DE data
obtained in the same patient. The RT3DE-derived regional
volume curves (D) had similar shape, despite the less detailed
endocardial delineation, compared with the CMR images
(fig 1B).

Table 1 shows the results of the comparisons between the
RT3DE-derived indices of regional left ventricular function and
CMR reference values in protocol 1. The intertechnique
agreement was reflected by the high correlation coefficients,
essentially zero biases and relatively wide limits of agreement.
Figure 3 shows the break-up of these data by left ventricular
level, obtained by separating basal, mid and apical segments. Of
note, there was a clear trend towards lower correlation with
CMR (fig 3A) in more distal segments for all measured indices,
with the exception of REF. The calculated biases were near zero
in all segments, with no significant differences between the
three left ventricular levels (not presented in a graphic format).
Interestingly, the limits of agreement were tighter for the apical
than for the non-apical segments (fig 3B).

In protocol 2, in the 15 patients with normal wall motion,
REF values averaged over the 16 segments were not different
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cardiac magnetic resonance image of the left
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between imaging modalities (CMR 65% (11)% vs RT3DE 62%
(13)%; NS). Nevertheless, significant differences were found on
a regional basis. Figure 4 shows CMR-derived and RT3DE-
derived mean REF values in each of the 16 segments. RT3DE-
derived REF values were lower in the basal anterior, lateral and
posterior segments (2, 3 and 4), the mid lateral and posterior
segments (9 and 10), and the apical posterolateral segment
(14). Conversely, the CMR-derived values were lower in the
mid anteroseptal and apical anterior segments (7, 13 and 16).
In the other segments, REF values were not significantly
different between the two imaging modalities.

In the remaining 16 patients, RWM abnormalities were noted
in 206 of 256 (80%) segments based on expert interpretation of
CMR images. In 7 of 16 patients, left ventricular dysfunction
was global (abnormal wall motion in all segments), whereas in
the remaining 9 patients left ventricular dysfunction had more
localised character (a total of 94/144 (65%) abnormal
segments). Computer analysis resulted in automated classifica-
tion of these abnormalities that reached maximum accuracy

with thresholds at 0.9 SD below the mean value for the CMR
images and 0.5 SD below the mean for the RT3DE images.
These values corresponded to a 16-segment mean threshold of
56% (7)% for CMR images and 55% (10)% for RT3DE images.
Figure 4 also shows the optimal segment-by-segment thresh-
olds for the automated classification as abnormal (downward
error bars). These threshold REF values allowed correct
automated classification of 215 of 256 (84%) segments as
normal or abnormal in the remaining 16 patients by analysis of
either RT3DE or CMR images, in agreement with the expert
wall motion scores based on visual interpretation of the CMR
images. Importantly, the semiautomated interpretation of wall
motion from RT3DE data was as accurate as it was from the
CMR data (table 2). This finding was not affected by isolating
patients with global left ventricular dysfunction from those
with localised wall motion abnormalities, despite the reduction
in the accuracy. Figure 5 shows the rates of agreement of both
imaging modalities with the expert grades for each individual
endocardial surface segment. Of note, for both imaging

Ant sept

Sept Ant

LatInf

Post

1

7

14

1316

15

10

4

5
11 9

3

2
812

6

(ml)

10
9
8
7
6
5
4
3
2
1

200 400 600 800 1000

Regional volume

17 of 18

Time (ms)

A B

DC

Figure 2 Example of cross-sectional view of
the left ventricle extracted from the real-time
three-dimensional echocardiographic
dataset obtained in the same patient. Data
are presented in the same format as in fig 1.
Ant, anterior; ant sept, antero-septal; inf,
inferior; lat, lateral; post, posterior; sept,
septal.

Table 1 Comparison of real-time three-dimensional echocardiographic derived indices of
regional left ventricular function against cardiac magnetic resonance reference values

RESV REDV REF RV(Ket) RV(Kft)

r 0.82 (0.08) 0.85 (0.04) 0.71 (0.05) 0.82 (0.09) 0.79 (0.10)
Bias 0.2 (2.3) ml 0 (2.3) ml 21.3 (9.5)% 20.3 (2.7) ml 0.5 (2.7) ml
Limits of agreement 6 (2) ml 7 (3) ml 23 (6)% 9 (3) ml 8 (2) ml

r, Pearson’s correlation coefficient obtained by linear regression analysis for each index; REDV, regional end-diastolic
volumes; REF, regional ejection fraction; RESV, regional end-systolic volumes; RV(Ket), regional volume at half ejection
times; RV(Kft), regional volume at half filling times.
Bias and limits of agreement obtained by Bland–Altman analysis.
Each index was calculated from measurements obtained in the 31 patients in each of the 16 endocardial surface
segments.
Values are mean (SD) of the 16 segments.
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modalities, the highest rates of agreement were noted in the
posterior wall segments, whereas the lowest rates of agreement
were noted in the septal and inferior walls.

DISCUSSION
The recent development of three-dimensional echocardio-
graphic imaging has resolved many of the limitations asso-
ciated with the evaluation of global left ventricular function
from two-dimensional images and considerably improved the
accuracy of these measurements. However, clinical assessment
of regional left ventricular function remains subjective as, even
for two-dimensional images, there is no widely accepted
technique for quantitative analysis of RWM. The new software
we used in this study for volumetric quantification of regional
left ventricular function from RT3DE data provides frame-
by-frame values of regional left ventricular volumes, which
have not been validated against a reliable independent
reference technique. This study is the first to validate these

measurements against those obtained from radial long-axis
CMR images that offer significant advantages over the
conventional short-axis images, including more uniform
endocardial definition from base to apex and optimal visualisa-
tion of left ventricular systolic shortening within the imaging
plane. The use of the same software to analyse both the RT3DE
and the CMR images allowed us to eliminate the possible
analysis-related intermodality differences as a source of error.
In addition to validating volumetric indices of regional left
ventricular function against these improved CMR reference
values, we successfully tested the feasibility of using regional
ejection fraction values as a basis for objective semiautomated
interpretation of regional left ventricular wall motion.

In protocol 1, despite the use of improved CMR reference
values, not surprisingly, the levels of agreement between
RT3DE-derived and CMR-derived regional volumes were lower
than those previously reported for global left ventricular
volumes and related indices.6 7 9 12 This finding could be
explained by volume subdivision as a result of potential
segmentation differences between imaging modalities. In
particular, one may notice that the limits of agreement shown
in table 1 are of the same order of magnitude as the measured
volumes. However, it is important to remember that 95% limits
of agreement are nothing but ¡2SD of the differences between
the RT3DE measurements and the reference technique. Thus,
wide limits of agreement could be caused by wide variability in
these differences, which would render the RT3DE technique
inaccurate. On the other hand, a large SD could also be caused
even by a single outlier whereas the rest of the measurements
could be in perfect agreement. Thus, using the limits of
agreement as an isolated factor by which the level of agreement
is judged would be a mistake. That is why it is customary to use
several indices, including the correlation coefficient r that
measures to what extent the two techniques are related to each
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Figure 3 Comparisons between the real-time three-dimensional
echocardiography derived indices of regional left ventricular function
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Figure 4 Cardiac magnetic resonance (CMR) derived and real-time three-
dimensional echocardiography (RT3DE) derived mean regional ejection
fraction (REF) values in 16 segments obtained in 15 patients with normal
wall motion. The upward error bars represent the SD, whereas the tips of
the downward error bars point at the optimised REF threshold values for
each imaging modality (*p,0.05 vs CMR).

Table 2 Performance of the algorithm for semiautomated detection of wall motion
abnormalities from cardiomagnetic resonance (CMR) and real-time three-dimensional
echocardiography images assessed against conventional visual interpretation of regional wall
motion by an expert reader of CMR images

Sensitivity Specificity PPV NPV Accuracy

RT3DE 0.84 (0.72) 0.78 (0.86) 0.95 (0.95) 0.47 (0.47) 0.84 (0.78)
CMR 0.85 (0.73) 0.81 (0.85) 0.96 (0.94) 0.52 (0.52) 0.84 (0.75)

NPV, negative predictive values; PPV, positive predictive values.
Numbers in brackets show results obtained in nine patients with localised wall motion abnormalities.

576 Nesser, Sugeng, Corsi, et al

www.heartjnl.com



other in a linear manner, and the combination of the two
Bland–Altman parameters (bias and limits of agreement) that
gives quantitative expression to the level of agreement.
Therefore, the accuracy of our technique should be judged by
the values of all three parameters: (1) r values between 0.71
and 0.85 for all measured volumes, which is good, (2)
essentially zero biases, which is excellent, and (3) the relatively
wide limits of agreement, which is not ideal. Keeping this
difficulty with the interpretation in mind, one might under-
stand why it was important to test the value of the volumetric
analysis of RWM in the context of a specific clinical application,
such as semiautomated interpretation of wall motion in
protocol 2.

Interestingly, the results of the separate measurements
performed for segments grouped by left ventricular level
(figure 3) showed that the limits of agreement were tighter
for the apical than for the non-apical segments, although this
finding is not surprising as regional volumes in the former
segments are typically smaller than in the latter segments.
Nevertheless, it shows that the previously reported poor
agreement with CMR in the apical segments12 was improved
by the use of long-axis radial CMR images. This finding
therefore indicates that short-axis CMR is a less than perfectly
accurate reference for left ventricular function measurements
near the apex.

The intermodality differences in regional ejection fractions
(figure 4) could also be caused by the semiautomated
endocardial border identification, which depends for each
modality on its ability to visualise boundary details and include
or exclude trabeculae from the left ventricular cavity. Another
reason for these differences in REF could be potential
segmentation differences, as for both modalities, the segmenta-
tion requires the knowledge of the position of the junction
between the right ventricular free wall and the interventricular
septum.8 12 16 This anatomical landmark may shift at different
levels of the ventricle and may also be difficult to identify
accurately on radial CMR images, as it may be located between
imaging planes. The intersegmental differences in the level of
agreement with the CMR reference (fig 5) may also be
explained by the differences between the physics underlying
the two imaging modalities, and how different factors, such as
fibre orientation, affect the endocardial definition in different
regions of the ventricle.

Protocol 2 was designed as a step for clinical testing of
the volumetric echocardiographic assessment of regional
left ventricular function. The feasibility of semiautomated

identification of RWM abnormalities was tested to establish
the clinical usefulness of segmental analysis of RT3DE data in
patients with CAD who are the ultimate target population of
this methodology. Compared with our previous study,12 this
protocol tested the clinical feasibility of this approach in a
relatively large group of patients. Also, in this study, CMR
images that offer better endocardial border definition than
ultrasound images were used for expert visual interpretation of
RWM that served as a standard for comparisons against the
quantitative analysis of both CMR and RT3DE. Importantly, the
goal of this protocol was achieved as reflected by the high levels
of agreement with the reference technique.

One of the limitations of the technique we tested in this
study is the relatively significant time commitment it requires.
However, time requirements of this procedure are likely to
decrease as computational power continues to grow. Another
limitation of this methodology is the relatively low temporal
resolution of the RT3DE imaging, currently 40–50 ms, which
may impede more accurate determination of the timing of
events within the cardiac cycle. In an attempt to address this
issue, the analysis software uses interpolated volume data at
1000 time points per cardiac cycle. Yet another limitation is the
use of a relatively small number of imaging planes (6 planes
every 30 )̊, which might have limited the accuracy of regional
volume measurements. Although using a larger number of
planes might result in even better agreement with the CMR
reference, this hypothesis was not tested in this study, because
the number of CMR planes was predetermined.

Additionally, one might suggest that larger patient groups
should have been used in protocol 2, to obtain more reliable
normal REF values, assuming that this parameter may be age-
dependent. However, previous studies have shown using two-
dimensional echocardiography that, unlike growth-related
changes in myocardial contractile function in children,17 18 left
ventricular contractile function remains essentially unchanged
throughout adulthood.19 Therefore, in the context of the
feasibility study in protocol 2, age did not seem to be a major
factor that would require establishing normal values over a
wide age range in a large group of subjects.

Moreover, for both CMR and RT3DE techniques, the thresh-
olds for automated detection of wall motion abnormalities were
obtained from REF values averaged in the normal group.
Obtaining these values required tracing and correcting the
endocardial boundaries, which is inevitably associated with
intraobserver and interobserver variabilities. As the levels of
variability in the evaluation of RWM were studied previously
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for both RT3DE20 and CMR21–23 techniques, we did not perform
repeated measurements for variability analysis, which could be
viewed as an additional limitation of this study.

Also, subjective visual interpretation of wall motion in
protocol 2 may not be the ideal standard for comparison, and
other quantitative measurements of regional left ventricular
function could have been used. Indeed, in protocol 1, our
quantitative measurements were validated against CMR refer-
ence values. Having these measurements validated, we
designed protocol 2 to test the feasibility of using our technique
in the clinical setting. In particular, we compared this technique
with the results of visual interpretation of two-dimensional
images by a single expert reader, despite the subjective nature
of this method. Indeed, one might suggest that using consensus
interpretation by a number of readers24 25 or an independent
expert panel decision based on a variety of clinical data23 could
have provided a more reliable reference for comparison.
Nevertheless, it is important to remember that, despite this
limitation, visual interpretation by a single experienced reader
represents the most widely used clinical standard for the
assessment of ventricular wall motion.

Despite these limitations, our results have shown that in
patients with adequate transthoracic two-dimensional acoustic
windows, RT3DE-derived volumetric indices of regional left
ventricular function are relatively accurate, including the
readily available but not previously validated regional ejection
fraction. Our results have also shown that this quantitative
index can be used as a basis for semiautomated interpretation
of RWM, which was found to be as accurate as that based on
analysis of CMR images, despite the inferior resolution of
ultrasound images. These findings may have important
implications regarding the use of volumetric analysis of
RT3DE data for various clinical applications, even beyond
objective diagnosis of RWM abnormalities. Such potential
application may include echocardiographic guidance of resyn-
chronisation treatment,10 26 27 as accurate measurement of
regional left ventricular volume over time may also allow the
diagnosis of asynchrony in the temporal patterns of left
ventricular contraction. Witnessing how the RT3DE technology
and software for volumetric analysis of RWM are gaining
widespread use, we believe that this new methodology will
soon become routine in clinical practice.
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