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Background: Three-dimensional echocardiography provides a volumetric measurement of global and
regional left ventricular (LV) function. It avoids the subjectivity of 2D echocardiography in the assessment
of regional wall motion abnormalities (RWMA).
Purpose: Evaluate the feasibility and practicality of 3D echocardiography in the evaluation of ischemic
patients with abnormal regional LV contractility.
Methods: The study included 40 patients with ischemic heart disease and RWMA as well as 30 control
subjects. They underwent routine clinical examination and conventional 2D echocardiographic assess-
ment. Segments were categorized as; normal, hypokinetic; akinetic or dyskinetic. Three-dimensional
echocardiographic images were acquired and later on analyzed offline. Global LV function was semi-
automatically calculated by the machine using volumetric measurements. Regional LV function was cal-
culated manually for the 17 LV segments by detecting the end-diastolic (EDD) and end-systolic (ESD)
points on the specific segment volume curve and the regional ejection fraction (EF) was calculated by
the following formula {(EDDx-ESDx)/EDDx}, where x represents the specific segment. Regional EF was
compared between patients and control subjects.
Results: The mean age was 55.0 ± 8.0 and 32.6 ± 8.5 years (P < 0.001) in patients and control groups,
respectively. No statistically significant difference in EF between 2D and 3D images (47.3 ± 10.5 vs 48.
0 ± 8.0, p = 0.6). There was a good correlation between the 2D-RWMA and 3D-regional EF, and this cor-
relation was consistent in the whole 17 segments.
Conclusion: Three-dimensional echocardiography is an easy, non-invasive and objective tool to detect
regional wall motion abnormalities in ischemic patients. It shows comparable results with conventional
2D images with the advantage of quantitative assessment of regional myocardial function.

� 2018 Egyptian Society of Cardiology. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction geometry.5–8 The recent introduction of real-time 3D data acquisi-
Three-dimensional echocardiography offers important advan-
tages over conventional two-dimensional echocardiography
(2DE) for the determination of global and regional LV function.
Assessment of LV volumes and ejection fraction can be accom-
plished independently of geometrical assumptions which are
inherently needed for 2D echocardiography.1–4

A number of studies have demonstrated that three-dimensional
echocardiography (3DE) is more accurate, more reproducible, and
more reliable than 2D echocardiography for the quantitation of
LV volumes and ejection fraction in LVs with distorted
tion as well as semiautomatic border detection algorithms, have
allowed fast, easy, and a more observer-independent quantitation
of LV function, requiring only minimal interaction by the
investigator.9

The aim of this study is to compare between conventional 2DE
and 3DE in the detection of RWMA and evaluation of LV regional
and global function.

2. Subjects and methods

2.1. Subjects

This study is an Observational prospective study that enrolled
40 patients with coronary artery disease and 30 healthy control
subjects.
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2.1.1. Inclusion criteria
Patients presenting with coronary artery disease and their 2D

echocardiography shows segmental wall motion abnormalities.

2.1.2. Exclusion criteria

1. Patients with unsatisfactory echocardiographic images.
2. Patients with acute pulmonary edema or cardiogenic shock.
3. Patients with atrial fibrillation.
4. Patients with significant valvular heart disease.
5. Patients with hypertrophic cardiomyopathy (HCM).
6. Patients with congenital heart disease.
7. Patients refusing to be enrolled in the study.

2.2. Methods

On presentation, all included subjects were subjected to the
following:
Table 1
Assessment of LV wall motion score index.12

Visual/subjective
normal, hypokinetic, akinetic, dyskinetic

Semiquantiative
WMS or WMSI
1. = normal
2. = hypokinetic, i.e. reduced endocardial excursion and wall thickening
3. = akinetic, absent endocardial excursion and thickening
4. = dyskinetic, systolic bulging with no thickening

WMSI = Total score of segments/Total number of segments.
WMS, wall motion score; WMSI, wall motion score index

Fig. 1. Segmental analysis and volume curves of the LV using RT3DE. (A) The apical 4C
view and the anterior and inferior mitral annulus points are marked. (C) The short axis v
curves. (The image is from one of our patients.)
� A consent was taken from recruited subjects.
� Risk factors assessment: prior history of diabetes mellitus
(DM), hypertension (HTN), smoking, dyslipidemia or positive
family history of premature coronary artery disease.

� Clinical examination: Weight, height, body mass index (BMI).
� Two-dimensional echocardiography: Based on the recent
American and European guidelines of echocardiography,10 a
2D, M-Mode and Doppler measures were used to obtain the
following:
1. Chambers dimensions: (LV end diastolic and end systolic

dimensions and left atrium).
2. Left ventricular ejection fraction (LVEF).
3. RWMA assessment based on the 16–Segments model of the

LV. Through this model, the culprit coronary artery could
be identified.11

4. Mitral inflow Doppler pattern: mitral E and A velocities and
E/A ratio.

5. Tissue Doppler of the lateral mitral annulus E0, A0, S0, E/E0, E0/
A0 ratio.

6. Regional wall motion score (WMS): assessed for the LV 16-
segments as in Table 1. Regional wall motion score index
(WMSI) is obtained by diving the regional wall motion
score by the number of segments.

2.2.1. Three-dimensional echocardiography
Real-time three-dimensional echocardiography (RT3D) was

performed using Philips machine (Epiq-7) equipped with an xMA-
TRIX transducer and data were recorded on CDs and analyzed off-
line using QLAB, version 10.0.
view and the septal and lateral mitral annulus points are marked. (B) The apical 2C
iew. (D) The automatically created LV volume model. (E) The regional time-volume
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2.2.1.1. Image acquisition. After having a good image quality and a
stable ECG recording, RT3DE images were acquired within a single
breath-hold, 4 wedge-shaped sub-volumes were acquired from an
Table 3
Two-D echocardiographic parameters in patients and control groups.

Variable Patients (mean ± SD) Controls (mean ± SD) P value

LVEDD (cm) 5.6 ± 0.6 4.6 ± 0.5 <0.001
LVESD (cm) 4.4 ± 0.7 3.3 ± 0.5 <0.001
SWT (cm) 0.92 ± 0.1 0.9 ± 0.1 0.020
PWT (cm) 0.95 ± 0.1 0.86 ± 0.9 0.020
LA (cm) 3.5 ± 0.5 2.8 ± 0.4 <0.001
AO (cm) 2.8 ± 0.4 2.6 ± 0.3 0.032
EF 47.3 ± 10.5 63 ± 5.9 <0.001
LA VOLUME 41.4 ± 11.3 33.1 ± 9 0.002
LA AREA 18.2 ± 3 19.7 ± 27.5 0.730
E 68 ± 21 68 ± 19 0.987
A 59.2 ± 16.4 49.8 ± 13.6 0.014
E/A 1.3 ± 0.8 1.4 ± 0.23 0.488
E0 8.4 ± 2.9 14.9 ± 4.1 <0.001
A0 8.9 ± 2.9 10.3 ± 2.7 0.039
S0 7.0 ± 2.0 8.6 ± 2.4 0.007
E/E0 9.0 ± 4.2 4.7 ± 1.5 <0.001
E0/A0 1.0 ± 0.4 1.5 ± 0.4 <0.001
WMSI 1.53 ± 0.4 1.0 ± 0.0 <0.001

LVEDD: left ventricular end diastolic dimension, LVESD: left ventricular end systolic
dimension SWT: septal wall thickness, PWT: posterior wall thickness, EF: left
ventricular ejection fraction, AO: aortic root dimension, LA: left atrium dimension,
WMSI: wall motion score index. Significant p values are marked in bold letters.

Table 2
Baseline clinical characteristics.

Variable Group 1 (mean ± SD) Group 2 (mean ± SD) P-
value

Age (yrs) 55.0 ± 8.0 32.6 ± 8.5 <0.001
Male gender, no (%) 33 (82.5) 24 (80.0) 0.8
Weight (kg) 76.2 ± 9.4 68.3 ± 9.5 0.001
Height (cm) 169.2 ± 3.6 167.3 ± 28.6 0.677
BMI (kg/m2) 26.6 ± 2.8 23 ± 2.8 <0.001
BSA (m2) 1.9 ± 0.13 1.8 ± 0.26 0.010

BMI: body mass index.
BSA: body surface area.

Table 4
Three-dimensional echocardiographic data in patients and control groups.

Variable Patients (mean ±

EDV 101.8 ± 28.3
ESV 54 ± 19
SV 48.1 ± 14.5
EF 0.48 ± 0.08

Segmental EF
Anterior BASAL 0.50 ± 0.15

MID 0.50 ± 0.18
APICAL 0.48 ± 0.17

Anteroseptal BASAL 0.47 ± 0.15
MID 0.44 ± 0.15

Inferoseptal BASAL 0.45 ± 0.15
MID 0.42 ± 0.17

Apical septal 0.44 ± 0.18
Inferior BASAL 0.42 ± 0.13

MID 0.41 ± 0.16
APICAL 0.46 ± 0.15

Inferolateral BASAL 0.45 ± 0.14
MID 0.47 ± 0.15

Anterolateral BASAL 0.50 ± 0.18
MID 0.47 ± 0.14

Apical lateral 0.50 ± 0.18
APEX 0.41 ± 0.14

EDV; end-diastolic volume, ESV; end-systolic volume, SV; stroke volume, EF; ejection fr
apical view to create full-volume data sets. Care was taken to
include the entire LV within the 3D scan volume by decreasing
the depth and sector width as much as possible to improve the
temporal and spatial resolution of the images.13

2.2.1.2. Quantitative analysis by QLAB. Using QLAB version 10.0,
3DQ Advanced software (Philips), a semi-automated border detec-
tion biplane LV analysis was performed. For the quantification of
LV volumes and function, the longitudinal axes were aligned in
the first frame of the loop which corresponds to LV end-diastole,
in both the apical four-chamber and two-chamber views. Care
was taken in the proper definition of both apical views and orthog-
onal views to avoid foreshortening. Then, tracing was performed
by marking five points: septal, lateral, anterior and inferior on
the mitral annulus and the fifth point on the LV apex in either
view.13–15

A semi-automated blood–endocardial interface detection algo-
rithm then automatically identified the endocardial border and cal-
culated the LV end-diastolic volume (EDV). Unsatisfactory
delineation of the endocardial border was manually adjusted. The
end-systole was selected by visually identifying the frame with
the smallest LV cavity size just before mitral valve opening where
tracing was repeated in the same manner as for the end-diastole to
obtain the LV end-systolic volume (ESV). The software automati-
cally detects the endocardial borders in three dimensions, through-
out the cardiac cycle and calculates LV volumes and EF13–15 (Fig. 1).
The software automatically draws volume curves for each myocar-
dial segment.

2.2.1.3. Assessment of regional function. Each regional time-volume
curve was analyzed separately. EDV and ESV were detected as
the highest and lowest points on the volume curve and regional
EF was manually calculated as follows: EDVx � ESVx/EDVx (where
x represents the particular myocardial region).

2.2.2. Statistical analysis
The statistical analysis was done using SPSS-17 package. Cate-

gorical data were presented as frequency and percentages. Contin-
uous data were presented as a mean and standard deviation.
Statistical significance was considered when the P value is < 0.05.
Independent sample t-test was used to compare continuous
SD) Controls (mean ± SD) P value

74.8 ± 16.8 <0.001
27.6 ± 6.4 <0.001
46.6 ± 11.8 0.632
0.62 ± 0.06 <0.001

0.61 ± 0.06 <0.001
0.64 ± 0.10 <0.001
0.69 ± 0.09 <0.001
0.60 ± 0.07 <0.001
0.60 ± 0.09 <0.001
0.60 ± 0.07 <0.001
0.63 ± 0.08 <0.001

0.6 0 ± 0.10 <0.001
0.63 ± 0.09 <0.001
0.66 ± 0.07 <0.001
0.63 ± 0.09 <0.001
0.62 ± 0.08 <0.001
0.64 ± 0.09 <0.001
0.62 ± 0.08 <0.001
0.63 ± 0.09 <0.001

0.65 ± 0.08 <0.001
0.58 ± 0.11 <0.001

action. Significant p values are marked in bold letters.
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Fig. 2. Percentage of abnormal regional wall motion in different myocardial segments, as detected by 2DE.

Table 5
Comparison between 2DE (RWMA, judged by the operator) and 3DE (segmental EF; mean ± SD).

Segment Normal segments
EF (m ± SD)

Hypokinetic segments EF (m ± SD) Akinetic segments
EF (m ± SD)

Dyskinetic segments EF (m ± SD) p-Value Post hoc analysis

Apex 0.51 ± 0.08 0.40 ± 0.12 0.28 ± 0.10 – <0.001 1 and 2 = 0.062
1 and 3 � 0.001
2 and 3 = 0.61

Anterior Basal 0.60 ± 0.10 0.37 ± 0.13 0.11 ± 0.10 – <0.001 1 and 2 � 0.001
1 and 3 � 0.001
2 and 3 = 0.125

Mid 0.60 ± 0.09 0.47 ± 0.14 0.25 ± 0.19 – <0.001 1 and 2 = 0.176
1 and 3 � 0.001
2 and 3 = 0.007

Apical 0.58 ± 0.93 0.36 ± 0.12 0.24 ± 0.11 – <0.001 1 and 2 � 0.001
1 and 3 = 0.756
2 and 3 = 1.000

Septum Basal 0.49 ± 0.11 0.38 ± 0.12 0.42 ± 0.19 – 0.099 1 and 2 = 0.126
1 and 3 = 0.756
2 and 3 = 1.000

Mid 0.48 ± 0.14 0.41 ± 0.14 0.32 ± 0.13 – 0.004 1 and 2 = 0.602
1 and 3 = 0.003
2 and 3 = 0.678

Apical 0.51 ± 0.18 0.34 ± 0.10 0.30 ± 0.15 – 0.004 1 and 2 = 1.000
1 and 3 = 0.003
2 and 3 = 0.217

Inferior Basal 0.49 ± 0.06 0.35 ± 0.11 0.25 ± 0.11 – <0.001 1 and 2 = 0.001
1 and 3 � 0.001
2 and 3 = 0.083

Mid 0.49 ± 0.11 0.34 ± 0.12 0.27 ± 0.18 <0.001 1 and 2 = 0.037
1 and 3 � 0.001
2 and 3 = 0.930

Apical 0.52 ± 0.10 0.50 ± 0.20 0.28 ± 0.08 EF = 0.22 <0.001 NAa

Posterior Basal 0.49 ± 0.11 0.40 ± 0.13 0.26 ± 0.18 – 0.001 1 and 2 = 0.615
1 and 3 = 0.001
2 and 3 = 0.211

Mid 0.50 ± 0.13 0.45 ± 0.11 0.27 ± 0.13 – 0.003 1 and 2 = 1.000
1 and 3 = 0.002
2 and 3 = 0.128

Lateral Basal 0.58 ± 0.13 0.37 ± 0.13 0.27 ± 0.08 – <0.001 1 and 2 = 0.015
1 and 3 � 0.001
2 and 3 = 0.557

Mid 0.51 ± 0.11 0.43 ± 0.09 0.33 ± 0.18 – 0.002 1 and 2 = 0.696
1 and 3 = 0.002
2 and 3 = 0.516

Apical 0.55 ± 0.16 0.53 ± 0.25 0.33 ± 0.13 – 0.002 1 and 2 = 1.000
1 and 3 = 0.002
2 and 3 = 0.359

a NA; not available.
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variable measurements taken by 2D and 3D echocardiography in
patients and control groups. ANOVA test was used to compare
RWMA assessment by 2D and regional EF by 3D echocardiography.
3. Results

The baseline clinical characteristics of the studied subjects are
shown in Table 2. The most prevalent risk factors among our
patients were smoking (52.5%) followed equally by HTN and DM
(47.5%).

The data obtained by 2DE was compared between patients and
control groups, as shown in Table 3.

Left ventricular volumes and regional EF data taken by RT3DE,
are shown in Table 4.

The distribution of abnormal regional wall motion among dif-
ferent myocardial segments is shown in Fig. 2.

Table 5 shows the regional EF as detected by RT3DE as com-
pared to regional wall motion abnormalities detected by 2DE. Data
could not be computed for the apical inferior dyskinetic region, as
there was only one segment with dyskinesia. As we could see from
the table, regional EF of the hypokinetic areas was comparable to
that of the akinetic areas. This means that RT3DE could not differ-
entiate between hypokinesia and akinesia.
4. Discussion

Real-Time 3-DE has many advantages over visual 2-DE assess-
ment of RWMA. It is quantitative and it provides rapid image
acquisition, requires a lower level of operator skills, and avoids
LV foreshortening by correct alignment of imaging planes.16

For each of the LV segments, a time-volume curve is displayed,
demonstrating maximum and minimum volumes of that specific
segment during the cardiac cycle. Hypo- or non-contractile (aki-
netic) segments can easily be identified based on the pattern of
the curve, while diseased segments have a flattened curve. This
approach has been validated using MRI as the standard of Ref. 17.

This study identified a good agreement between RT3DE and
conventional 2DE in the assessment of RWMA of most segments.
Cainai et al.,18 reported an agreement with the expert visual inter-
pretation of 2DE associated with 91% sensitivity, 80% specificity,
and 84% accuracy. The results of previous studies19,20 evaluating
images generated from 3D echocardiography have also demon-
strated its ability to identify myocardial ischemia correctly with
good agreement to black and white 2DE images.

The results of this study are also consistent with the ones that
were found by Corsi et al.17 who studied RT3DE images in 30
patients for detection of LV endocardial surface throughout the
cardiac cycle, from which global and regional LV volume (LVV)–
time and wall motion (WM)–time curves were obtained. They
tested the feasibility of automated detection of RWM abnormali-
ties in each segment; abnormality was detected when regional
shortening fraction was below a threshold obtained in normal sub-
jects. The automated detection agreed with the expert interpreta-
tion of 2D RWMA in 86% of segments.

Collins21 assessed the feasibility of using RT3D echocardiogra-
phy to detect RWMA in patients with abnormal LV function. A
higher percentage of segments were visualized with 2DE versus
RT3D echocardiography (97% vs 83%, respectively, P < 0.001). With
the use of the 2-dimensional echocardiographic results as the stan-
dard, RT3D echocardiography detected 55 (96%) of 57 regional wall
motion abnormalities. An excellent correlation was found between
the 2 techniques for assessment of the regional wall motion score
index (r = 0.89, P < 0.001). This is consistent with our study that
demonstrates the feasibility and potential advantages of RT3D
echocardiography for the assessment of regional LV function.
Unlike the previously reported non-real-time three-
dimensional methods,22 RT3DE provides a comprehensive evalua-
tion of LV wall motion by completing the entire imaging sequence
in a single heartbeat.23,24

Real-time three-dimensional echocardiography technique is
relatively easy to learn and can be mastered quickly by sonogra-
phers trained on routine 2DE. The ability to obtain multiple views
from a single acquisition makes the technique less demanding.
Real-time three-dimensional echocardiography is an evolving
technology, which has some limitations in its current form.

5. Conclusion

This study demonstrates that RT3DE is feasible and offers a
number of advantages including rapid acquisition and simultane-
ous visualization of the same segments in different planes. It offers
an entirely new approach to the evaluation of patients with coro-
nary artery disease (CAD) and regional wall motion abnormalities.

Evaluation of regional EF generated from RT3DE full volume
dataset may correctly identify abnormal regional motion in
patients with CAD and it shows non-inferiority to visual assess-
ment by conventional 2DE. Yet, RT3DE could not differentiate
between the hypokinetic and the akinetic areas.
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