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Assessment of correction formula for echocardiographic
estimations of left ventricular volumes 1
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SUMMARY A number of assumptions are inherent in the echocardiographic estimation of left ventricular
volumes. Initial validation of the method compared echocardiographic and angiographic volume meas-

urements. Reasonable correlation was shown between groups in these studies but with major differences
in some individuals. Both methods assume an ellipsoid shape for the left ventricle but a standard echo-
cardiographic volume formula (volume = D3) also assumes a fixed 2:1 ratio between the major and
minor axes of the left ventricle. This ratio is only valid in normal sized hearts, and at extremes of heart
size it can vary from 3-2: 1 to 1-2: 1. This introduces a potential source of error into the echo method, but
it has been suggested that a correction formula can compensate for the variable ratio at different cardiac
sizes.
The validity of this formula has been assessed by using it to recalculate the results in four studies

comparing echocardiographic and angiographic volumes. The recalculated correlation coefficients and
their associated errors were compared with the original results and no consistent improvement was

evident. In addition it has previously been shown that the correction formula is unhelpful in the presence

of dyskinesia and it is, therefore, suggested that the general use of this formula in correcting echo
volume estimations is not helpful.

Echocardiography has been used increasingly in
recent years as a noninvasive method of estimating
left ventricular volumes, and other derived indices
of left ventricular function. An internal diameter
of the left ventricle is measured from septal to
posterior wall endocardium at both end-systole and
end-diastole in a standardised way (Popp and
Harrison, 1970). This measurement is used as a
basis for estimating left ventricular volumes.

Since the echocardiographic derivation of left
ventricular volume requires a number of assump-
tions to be made, the method was initially validated
by comparing it with standard volume estimations
from angiography (Fortuin et al., 1971; Pombo et al.,
1971; Feigenbaum et al., 1972; Murray et al., 1972).
These studies showed reasonable correlations be-
tween groups of patients using both methods, but
with occasional large individual variation in results.
Regression equations were derived to allow echo
volumes to be estimated from the measurement of
left ventricular internal diameter based on the
angiographic data. These equations varied and in
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spite of these studies the accuracy and validity of
echo volumes has been questioned (Linhart et al.,
1975).
There are a number of reasons why these studies

might have differed, and why there was sometimes
pronounced variation in individual measurements
between the two methods.

Differences between the two methods may occur
especially at the extremes of heart size. A major
potential source of error results from the assump-
tions echocardiography makes about the geometry
of the left ventricle and its relation to the internal
diameter as measured by echo. One of the earliest
formulae for echo ventricular volume, V=D3,
where D=echo internal diameter in cm is derived
from the formula for the volume of an ellipsoid of
revolution assuming that the major axis of the
ellipsoid has a fixed two-to-one relation to the
minor axes, aU of which are equal (Pombo et al.,
1971). Though this appears to be a reasonable
approximation in normal sized hearts, it is definitely
not true at the extremes of cardiac size (Popp
et al., 1973).

Variability in the ratio between major and minor
axes would introduce errors into the echo estima-
tions using this formula.
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Assessment of correction formula for echocardiographic volumes

Recently it has been suggested that a correction
can be made to this formula which makes allowance
for this variability, thus raising hopes of improving
the accuracy of the echo method (Teichholz et al.,

1974, 1976).

Methods

Teichholz and his co-workers showed in a retro-

spective analysis of 100 ventriculograms that the
major to minor axis ratio varied from 3-2:1 to

1-2:1. They showed a relation between the minor
axis, which was assumed to be equivalent to the
echo internal diameter, and the major to minor
axis ratio. This relation was used to derive a

correction formula which should compensate for
the variability of this ratio.

V= (24 D) x (D3), where D= echo internal

diameter in cm.
I have used this formula to recalculate the left

ventricular and stroke volumes of the patients in
the original comparative studies of echo with angio-
graphy (Fortuin et al., 1971; Pombo et al., 1971;
Feigenbaum et al., 1972; Murray et al., 1972).
From these data correlation coefficients and their
associated errors were calculated comparing cor-

rected echo volumes with the original angiographic
data, and these results were compared with the
original studies to assess the effect of the correction
formula.

Results

The use of the correction formula produced only
modest changes in correlation coefficients and the
associated errors from the original studies (Table).
There was deterioration as well as improvement
in the corrected correlations, but overall no con-
sistent improvement.

Discussion

The cavity of the left ventricle is at present con-

sidered to be an ellipsoid of revolution and there is
evidence that this is a reasonable approximation,
at least in normal hearts, and in the absence of
dyskinesia (Dodge et al., 1966; Greene et al.,
1967; Sandler and Dodge, 1968).
Angiographic volume estimation uses measure-

ment of both major and minor axes and will, there-
fore, correct at least in part for variability in the
ratio between axes.

Echocardiographic internal diameter approxi-
mates to the angiographic minor axis (Fortuin

Table Assessment of use of correction formula

V= (- + x (DI) applied to studies of ventricular

volumes

Source Echo versus angiography

End-diastolic volume Correlation Standard error of
coefficient estimate (ml)

Murray-original 0-81 47 0
Murray-corrected 0-81 47 8
Fortuin-original 0-83 47 0
Fortuin-corrected 0-83 47 0
Feigenbaum-original 0-89 55 0
Feigenbaum-corrected 0-89 57-1
Pombo-original 0 97 27-7
Pombo-corrected 0-96 30-1

End-systolic volume
Murray-original 0-66 33 0
Murray-corrected 0-66 32-7
Fortuin-original 0-80 42-0
Fortuin-corrected 0-81 37-0
Feigenbaum-original 0-81 43 0
Feigenbaum-corrected 0-91 43-6
Pombo-original 0-97 32-6
Pombo-corrected 097 24-6

Stroke volume
Murray-original 0-81 31-0
Murray-corrected 0-85 27-0
Fortuin-original 0-83 19-4
Fortuin-corrected 0 74 23-0
Feigenbaum-original 0 75 30 5
Feigenbaum-corrected 0 75 35 0
Pombo-original 0-83 294
Pombo-corrected 0-65 39-9

et al., 1971; Pombo et al., 1971). However, the cube
formula presumes a fixed ratio of 2:1 between major
and minor axes, and this is a potential source of
error. A correction formula which avoids this error
would be very useful. If such a formula were
generally applicable one would expect it to improve
the correlations and errors in the original com-
parative studies, especially as these included patients
with a wide range of ventricular diameters. How-
ever, this does not seem to be the case with the
formula under discussion in spite of the fact that
its validity appears to have been accepted (Feigen-
baum, 1976; Popp, 1976).

Another study (Sweet et al., 1975) showed no im-
provement using the formula in patients with
dyskinesia and this was also true in the study used
to validate the formula (Teichholz et al., 1976).
It, therefore, appears that the general use of this
formula is not helpful in correcting echo volume
estimations.
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