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Summary

To obtain accurate interpretation of two-dimensional echograms, post-mortem hog and human
hearts were studied. For calibration of the measurement, the distances between cotton threads and
copper wires arranged in parallel inside of an empty box made of acrylic resin were measured by me-
chanical two-dimensional echograms. The distances between the upper-center points of the reflected
echograms correlated well with that obtained by direct measurement both in hog hearts (r=0.991) and
in human hearts (r=0.989). However, major axis dimensions (L) of the left ventricle were underes-
timated by two-dimensional echocardiography in post-mortem human hearts (r=0.917, corrected L
(Lc)=1.80L—4.0).

Left ventricular volume (LVV) of post-mortem human hearts was estimated by the 8 different
formulas using echocardiographic data obtained (abbreviated as LVE). Thereafter, cast of the hearts
was made using 382 Medical Grade Elastomer (Dow Corning Inc.) and the true LVV was determined
by the weight and the specific gravity of the casts. The true LVV correlated well with the LVV calculated
by the 6 formulas using sizes measured directly (r=0.970 to 0.975) and LVE (r=0.967 to 0.987). The
LVV of the casts were also determined by radiographic methods (abbreviated as LVA). The LVA were
correlated well with the true LVV (r=0.972 to 0.985) and LVE (r=0.921 to 0.972). In vivo, excellent
linear correlations were obtained when 3 echocardiographic and single plane cineangiographic methods
were compared (r=0.943 to 0.954).

It was concluded that (1) for two-dimensional echocardiographic measurements, the distance
between the upper-center points of the reflected echograms should be used and (2) the left ventricular
volumes obtained by two-dimensional echocardiography is recommended than that by M-mode
echocardiography.
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Mechanical two-dimensional echogram of the empty box made of acrylic resin in

which the cotton threads and copper wires are arranged in parallel.

Upper left: Photograph of the box. Upper right: Echogram obtained from the box in the olive oil.
Lower: schematic drawings of the box and echogram. The closed circles and open squares represent
the threads and the wires, respectively. The distance of the stars represents 1.0 cm.
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Fig.2. Hog heart preparation and the two-dimensional echocardiograms.

Upper: Anatomic section of the hog heart obtained in the presumed plane of the long axis. Trans-
ducer is positioned on 1 and 2 for obtaining the long axis view and on 3 for obtaining the short axis
view. Lower: Photographs of 1 and 2 show the long axis view of the left ventricle and photograph
of 3 shows the short axis view of the left ventricle.
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Table 1. Formulas for echocardiographic esti-
mation of left ventricular volume

Method Formula

1. Cube®® vV=D3

2. Gibson’s EDV” V=0.16zD%+0.98zD*

3. Gibson’s ESV? V=0.19zD%+0.69zD*

4. Meyer’s method® V=0.62D*+14.6D—19.1

5. Teichholz’s method!?  V=7.0D%D+2.4

6. Ellipse®® V=xr/6DL

7. Corredtec ellipse®® V=z[6D?Lc

8. Area length method®®  V=8A%3zL

D =minor axis of the left ventricle; L =major axis of
the left ventricle; Lc=major axis corrected by formula
(Lc=1.80L.—4.0); A=area determined by planimetry.

A by —%HvT Dodge &0 arealength gk
B2 h Fh DR % single plane &t
U0 L ofladbEic k 54 % biplane
KftL L.
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Fig. 3. Relationship between true dimensions and echographically measured dimensions.

Left: Relation between the distances of the upper-center points of the reflected echograms from
Section 1 and 3 illustrated in Fig. 2 and those obtained by direct measurements. Right: Relation be-
tween the echocardiographic dimensions obtained from Section 2 illustrated in Fig. 2 and those

obtained by direct measurements.
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Fig.5. Relation between the echocardiographic
dimensions and those measured directly the
left ventricular wall thickness of the post-mor-
tem human hearts and the size of the casts.

The open circles show the major axes. The solid
line shows the regression line of whole values and the
dotted line shows the regression line of values exclud-
ing major axes.

Table 2. Correlation between left ventricular volumes determined by cast and by
six echocardiographic formulas using cast dimensions

2. Gibson’s EDV

3. Gibson’s ESV

4. Meyer’s method

5. Teichholz’s method
6. Ellipse

Correlation coefficient SEE Regression equation
0.970 7.02 V’'=0.637 V+11.29
0.973 6.61 V/=0.613 V4 3.96
0.973 6.68 V’=0.657 V+ 5.70
0.973 6.57 V’=0.673 V4 2.00
0.973 6.57 V/'=0.730 V+ 4.19
0.975
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6.39

V/=0.736 V+ 6.08

SEE=standard error of the estimate; V=calculated volume; V/=cast volume.
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of Table 2.

Solid line represents regression equation of cast
volumes versus calculating volumes by ellipse.
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Fig. 7. Graphic representation of the formulas
of Table 3.

Solid line represents regression equation of cast
volumes versus echocardiographic volumes calculated
by area length method.

Table 3. Correlation between left ventricular volumes determined by cast and by
eight echocardiographic formulas using two-dimensional echocardiographic

dimensions
Method Correlation coefficient SEE Regression equation
1. Cube 0.967 7.33 V/=0.678 V+9.93"
2. Gibson’s EDV 0.967 7.29 V’'=0.644 V+2.42
3. Gibson’s ESV 0.967 7.26 V’=0.694 V+4.16
4. Meyer’s method 0.967 7.36 V’=0.706 V+0.38
5. Teichholz’s method 0.967 7.35 V/=0.765 V+2.73
6. Ellipse 0.970 7.01 V/=0.982 V+2.22
7. Corrected ellipse 0.969 7.11 V’=0,765 V+5.24
8. Area length method 0.987 4,68 V/=1.242 V+0.45
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Fig. 8. Relationship between true volumes and angiographically obtained volumes.
Left: Relation between true volumes and cineangiographic volume determined from single plane

0, 30, 60, 90, 120 and 150 degree radiographs of casts.

There is the highest correlation between

true volume and single plane cineangiographic volume in 150 degree.

Right: Relation between true volumes and cineangiographic volumes determined from biplane
0-90, 30-120 and 60-150 degree radiographs of casts. There is the highest correlation between true
volumes and biplane cineangiographic volumes in 60-150 degree.
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Table 4. Correlation between left ventricular volumes determined by single plane cine-
angiography and by eight echocardiographic formulas using two-dimensional
echocardiographic dimensions (A) and correlation between left ventricular
volumes determined by biplane cineangiography and by eight echocardiographic

V =echocardiographically determined volume; V’=angiographically determined volume.

~100;

Angio Volume(Single-plane method

(ml)

formulas (B)

Method Correlation coefficient SEE Regression equation

A) 1. Cube 0.921 13.09 V’=0.755 V+18.54
2. Gibson’s EDV 0.923 12.89 V/=0,719 V+10.10

3. Gibson’s ESV 0.923 12.89 V’'=0.774 V+12.05

4. Meyer’s method 0.923 12.93 V/'=0.787 V+ 7.82

5. Teichholz’s method 0.922 12.94 V’=0.853 V+10.45

6. Ellipse 0.935 11.86 V/'=1.107 V4 9.49

7. Corrected ellipse 0.938 11.65 V/=0.865 V+12.78

8. Area length method 0.972 7.86 V/=1.431 V4 6.67

~ B) 1. Cube 0.932 12.45 V/=0.786 V+15.10
2. Gibson’s EDV 0.936 12.17 V/'=0.749 V4 6.29

3. Gibson’s ESV 0.935 12.22 V’/=0.806 V+ 8.33

4. Meyer’s method 0.935 12,21 V’=0.820 V+ 3.90

5. Teichholz’s method 0.935 12.19 V/=0.889 V4 6.63

6. Ellipse 0.936 12.09 V/'=1.139 V4 6.11

7. Corrected ellipse 0.934 12.31 V’'=0.886 V+ 9.67

8. Area length method 0.950 10.75 4.17

V'=1437V+

50

N 3 “":15 IWr
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y = 1327x413 7
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Fig. 9. Graphic representation of the formulas of Table 4.
There is a highest correlation between echocardiographic volumes calculated by area length

method and cineangiographic volumes.
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Fig. 10. Comparison between echocardiographically measured left ventricular volumes
and those obtained by angiography.

Left: Echocardiographic volumes calculated using Teichholz’s method from a minor axis dimension
of M-mode echocardiograms versus the cineangiographic volumes determined from single plane ra-
diographs in 30 degree right anterior oblique projection.

Right: Echocardiographic volumes calculated using Teichholz’s method from a minor axis dimen-
sion of two-dimensional echocardiograms (B-mode) versus cineangiographic volumes determined from
single plane radiographs in 30 degree right anterior oblique projection.
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Left: Two-dimensional echocardiographic volumes calculated using ellipse versus cineangio-
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Right: Two-dimensional echocardiographic volumes calculated using area length method versus
cineangiographic volumes.
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