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Two-dimensional (2D) echocardiographic estimation of
infarcted mass is limited by having only a few selected
nonparallel views for data analysis. Volume-rendered
three-dimensional (3D) echocardiography may be able
to overcome the above limitations, because it uses mul-
tiple, parallel 2D images to derive quantitative data.
Previous experimental studies demonstrated that 3D
echocardiography is an accurate and reproducible
method to assess dysfunctional mass. To estimate the
accuracy of 3D echocardiography in humans, we eval-
vated 10 patients who had a single myocardial infarc-
tion. All patients underwent 2D and 3D echocardiogra-
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phy using the transesophageal approach, and contrast
(gadolinium) magnetic resonance imaging (MRI), consid-
ered a reference standard for infarcted tissue detection.
The mean extent of dysfunctional mass by MRI was
28 + 13 g and by 3D echocardiography was 30 + 12
g; the mean difference was 1.9 = 2.3 g (p = not signif-
icant). Linear regression analysis between the 2 mea-
surements was y = 0.97x — 1.12, r = 0.98. Dysfunc-
tional mass derived from 3D echocardiography reflects
the real site and extension of damaged myocar-
dium. ©1998 by Excerpta Medicq, Inc.
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Echocardiography has evolved over the last 3 deent of regional dysfunction mass in patients with
cades from single beam imaging to sophisticategchemic heart disease.
two-dimensional (2D) and Doppler techniques, which
allow the study of cardiac structure, function, anbAETHODS
hemodynamics in detail. However, an inherent limiThe study group consisted of 10 selected patients (all
tation of conventional echocardiography is its abilitynen; mean age 56 7 years) who had a previous and
to depict complex three-dimensional (3D) structuresingle episode of myocardial infarction. All patients
such as the heart and great vessels, in only 2 dimegere asymptomatic, without complex cardiac arrhyth-
sions. This implies an incomplete appreciation of thenias. After a diagnostic examination by conventional
spatial relations between cardiac structures and the @ echocardiography, all patients underwent 3D
of geometric assumptions to extrapolate quantitatiezhocardiographic examination and MRI with a gado-
data, particularly when the cardiac chambers are diium contrast agent for infarcted tissue detection.
formed. MRI and 3D echocardiographic studies were per-
The extent of myocardial damage during acut®rmed within 1 week. Informed consent was obtained
myocardial infarction is the most important determifrom each patient.
nant of prognosi$:2 The 2D echocardiographic esti-  Instrumentation and 3D echocardiographic data ac-
mation of infarcted mass is limited by the use of fewjuisition: A 64-element phased-array echocardio-
selected nonparallel views extrapolated from thgraphic system (Sonos 2500; Hewlett Packard, An-
whole left ventricle. Dynamic volume-rendered 3CHover MA, USA), with integrated software able to
echocardiography has become a practical reality, abtstate the ultrasound beam in a predetermined manner
to overcome the above limitations, since it utilizegyas used. The multiplane transesophageal probe was
multiple, parallel 2D images to produce quantitativentroduced into the esophagus with the patient in the
datas# Previous studies demonstrated that 3D echfeft decubitus position after local anesthetic spray
cardiography is an accurate and reproducible methglifiocaine 2%) to the hypopharynx, and general seda-
to assess left ventricular mass and dysfunctional mags (intravenous diazepam 2.5-10 mg). The probe
in experimentally created infarcted ventrickeS.In  was positioned at the mid-esophageal portion for im-
this study, we report the preliminary results of age acquisition and was kept stationary during the
comparative analysis between 3D echocardiograpbsudy. The rotation of the transducer was controlled by
and magnetic resonance imaging (MRI) in the asseshe software every 3° through a 0-180° arc, with the
reference position corresponding to the 4-chamber
view. Electrocardiographic and respiratory gating, au-
tomatically provided by the integrated software, were
used for spatial and temporal registration of acquired
images. A total of 60 sequential cross-sections during
a complete cardiac cycle were acquired and trans-
ferred onto a laser disk for subsequent postprocessing
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FIGURE 1. Three-dimensional reconstruction of the left ventricle in a 5-chamber projection in
a patient with akinesis of the interventricular septum: the endocardium at the level of the
lateral wall and apex is well delineated.

and data analysis. For measurement of total left ve(t.05 g/mL) provided myocardial mass (weight in
tricular mass and for calculation of dysfunctionajrams). For measurement of dysfunctional myocar-
mass, multiple short-axis cross-sectional views weddum mass, the following steps were performed:
electronically segmented into 12—15 equidistant slicesich short-axis 2D slice extracted from the 3D data set
(5 mm in slice distance) from the apex to the mitravas viewed in a dynamic fashion. In these images,
annular level (Figure 1). For determining left ventricregional wall motion abnormalities were clearly evi-
ular mass, the myocardium of the left ventricle odent. The segments that exhibited discrete hypokine-
each transverse slice was countered and labeled. 8y, akinesis, or dyskinesis were demarcated. These
integrating the slice thickness with the slice area, tleegments were countered and labeled. The volume of
volume of each slice and the total volume of allhe dysfunctional myocardial segments (the labeled
myocardial slices were computed in an automatedgions) was provided automatically by the computer
manner by a new quantification algorithm. Myocardisds mentioned above. Using the specific gravity of the
mass volume multiplied by assumed specific gravityyocardium, the mass of the dysfunctional myocar-

<LI> AP (1 cm)

FIGURE 2. Quantitation of total left ventricular mass and regional dysfunctional mass by 3D
echocardiographr. Delineation and computation of regional dysfunctional mass (leff) and

total left ventricular mass (right) by 3D echocardiography. In this example, the total extent
of interventricular septum was akinetic.
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TABLE | Assessment of Dysfunctional Versus Total Ventricular Mass

Patient MRI DM 3DE DM MRI LVM 3DE LVM DM 3DE DM MRI

Number (gr.) (gr.) (gr.) (gr.) % %

1 12 15 160 145 10 8

2 41 40 170 165 24 25

3 15 18 150 155 12 10

4 28 31 155 175 18 16

5 22 25 155 147 17 15

6 10 11 130 127 9 8

7 37 40 139 137 29 27

8 43 40 122 129 31 33

9 54 60 164 170 35 32

10 21 22 123 140 16 15

Media 28 30 147 149 20 19

DS 13 12 16 17 9 10
3DE DM = extent of dysfunctional mass by three-dimensional echocardiography; 3DE LVM = left ventricular mass by three-dimensional echocardiography; MRI

DM = extent of dysfunctional mass by magnetic resonance imaging; MRl LVM = left ventricular mass by magnetic resonance imaging; %DM = percentage of

dysfunctional mass defected as a ratio between dysfunctional mass and total left ventricular mass.

dium was generated. From these data, the percentagaphic results; measurements were repeated by 1
of the total left ventricular myocardium involved inobserver, 1 month after the first evaluation to assess
regional myocardial dysfunction was calculated aatraobserver variability.
well (Figure 2). The results of quantitative functional analysis were
Instrumentation and MRI acquisition: Images were transferred to the baseline images, summing at each
obtained from a commercially available 1-Tesla stslice level the segmental areas @mwith significant
perconducting magnet (Magnetom Impact; Siemerdysfunction (absolute systolic wall thickenirg?2),10
Erlangen, Germany) with body-array coil. Thenthen multiplying the obtained value by slice thickness
10-20 minutes after intravenous injection of paramagt cm) and standard myocardial density (1.05 gjgm
netic contrast agent (Gd-DTPA Magnevist; Scheringhus obtaining the dysfunctional left ventricular mass
0.2 mm/kg), a double-oblique orientation fast GREgrams).
(FLASH) single-slice—multiphase technique (TR 5 Statistical analysis: 3D measurements were com-
msec, TE 2.2 msec, flip angle 25°, 128 FOV 350 pared with MRI data using simple linear regression
mm, 10-mm slice thickness) was employed, encomanalysis and Student’s pairedtest. Difference be-
passing the entire left ventricle along its long axis withween 3D echocardiographic and magnetic resonance
repeated breath-hold acquisitions (18 sec) of 5 elemeasurements was evaluated with Bland-Altman anal-
trocardiographically gated short-axis images for eagfsis1! Inter- and intraobserver variability was calcu-
slice level without interslice gap. lated as the difference between 2 observations divided
Visual assessment of infarct location was based dwy the mean values.
the (1) presence of areas with significantly increased
signal intensity (intensity ratic>1.4)8° and (2) evi- RESULTS
dence of wall motion abnormalities on the cineloofood quality 3D reconstructions were obtained in all
view of single-phase, multi-slice, short-axis imagegatients. The extent of dysfunctional mass by MRI
In the presence of apical left ventricle involvementyas 10-54 g (mean 28 13 g), and by 3D echocar-
additional multi-phase long-axis acquisitions werdiography was 11-60 g (mean 3012 g); the mean
employed to obtain a better definition of apical leftlifference was 1.9 2.3 g (p= not significant). Lin-
ventricle dysfunction. All sets of images were theear regression analysis between the 2 measurements
subjected to quantitative functional analysis by meamgs y= 0.97x— 1.12; (r= 0.98; p<0.0001). Mean
of a dedicated software package for short-axis MR&ft ventricular mass by MRI was 14¥% 16 g (range,
(ARGUS; Siemens, Erlangen, Germany). After marit22—-170 g), and by 3D echocardiography, 1497 g
ual boundary delineation on end-diastolic and endrange, 127-175 g); the mean difference between the
systolic short-axis magnified images of each leve?, techniques was 2.2 1.1 g (p= not significant).
leaving out the papillary muscles, a center of madsnear regression analysis was:=y0.8Ix + 25.3
(epicardial centroid floating) was determined by thg = 0.80, p<<0.001). The mean percent dysfunctional
image processing software, and the left ventriculamass by MRI was 1% 10% and by 3D echocardiog-
myocardium was divided clockwise into 12 equallyaphy was 20 9% (p= not significant). Interob-
spaced segments by radii generated from the censerver variability for dysfunctional mass by 3D echo-
of the mass, with computerized assessment of sagrdiography was 5 2%.
mental end-diastolic wall thickness and absolute sys-
tolic wall thickening. To assess interobserver variabiDISCUSSION
ity with respect to manual boundary tracing, MRAccording to our preliminary results, we can affirm
were independently evaluated by 2 experienced othvat 3D echocardiography is a feasible and a repro-
servers without knowledge of previous echocardiaucible method for quantitation of dysfunctional mass
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in patients with ischemic heart disease. In fact, weall motion abnormalities in patients with previous
found an excellent correlation between the extent afyocardial infarction. The percentage of dysfunc-
dysfunctional mass obtained by 3D echocardiographipnal myocardium can also be assessed, giving
and MRI without significant under- or overestimationimportant physiologic and clinical information for
In addition, a high correlation was found between thighe treatment of patients with ischemic heart dis-
percentage of left ventricular dysfunctional myocarease.

dium calculated by MRI and by 3D echocardiography.
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