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Abstract

Reliable automatic border detection algorithms are
the critical point for an effective routine application of
ultrasound left ventricular function (LVF) assessment.

Aim of this study was to assess the reproducibility of
the LVF parameters obtained using an automated
commercially available system ( HP SONOS 5500B).

The residual error of the regression analysis of two
repeated measures of each parameter was computed and
compared with the mean differences observed between
patients with and without myocardial infarction or
clinical evidence of heart failure.

The reproducibility ranges from good to inadequate
depending on the considered parameter and on the
affecting disease form. In particular, indexes of systolic
performance have a better reproducibility than diastolic
one.

1. Introduction

The clinical relevance of left ventricular function
assessment by means of echocardiography is well
recognized and gives account for the widespread
diffusion of this procedure.

However, objective and easy to perform procedure
requires the implementation of reliable automatic
algorithms for endocardial border detection.

The critical relevance of this step has been well
recognized as revealed by the great amount of effort that
has been spent in the past years developing an algorithm
able to accurately quantify left ventricular function by
echocardiography. (1-5).

However, so far, several limitation have restricted the
widespread use of these techniques in the clinical
settings. The major of these limitations being related to
the required extensive and time consuming off-line
computations.

Aim of the present work was to assess the
reproducibility of LVF parameters computed in real time
on a beat to beat basis with an automatic border
detection algorithm based on acoustic quantification (6).
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2. Method

Between January and March 2001, after written
informed consent was obtained, 143 unselected in-
hospital patients scheduled for two-dimensional
echocardiography were enrolled in the study. Patients
were affected by coronary artery disease, valvular disease
or cardiomyopathy.

Patients with atrial fibrillation were excluded from the
study.

Images were obtained with the patients in the left
lateral decubitus position, using a Hewlett Packard Sonos
5500 model M2425A, equipped with an S4 transducer.

Acoustic quantification (AQ) was performed as
described by Perez et al. (6), being careful to obtain
images with good visual tracking of endocardial borders.

Images from apical 4-chamber window were obtained
and values for end diastolic volume (EDV), end systolic
volume (ESV), ejection fraction (EF), peak of ejection
rate (PER), peak of rapid filling rate (PRFR) and atrial
filling fraction (AFF) were averaged over 5 cardiac
cycles. Images were excluded from analysis if less then
75% of the endocardial border was visualized.

In 97 (68%) patients out of 143 the study quality was
considered adequate and the examination was repeated by
another operator after 2.9+2.3 days.

Linear regression analysis between the pairs of values
of each parameter was performed and the residual error
around the regression line (RE) was used as measure of
the reproducibility.

LVF parameters were assessed in 103 patients
affected by coronary artery disease, 45 of them had
evidence of an old myocardial infarction (MI) while 12
had dilated cardiomyopathy (DCM).

Absolute difference between coronary artery disease
patients with and without myocardial infarction or dilated
cardiomyopathy compared to the RE are used to assess
the relevance of the difference itself.

3. Results

The meantSD of the LVF parameters of each
subgroup of the CAD patients are reported in table 1.
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Table 1. MeantSD of the LVF parameters in patients
with coronary artery disease (CAD), coronary artery
disease and previous myocardial infarction (MI) and
dilated cardiomyopathy. (sv=stroke volume. For others

abbreviation see text).

Param. CAD IM DCM
EDV (ml.) 114£34 12536  212+57
ESV (ml.) 5622 69+22 156+57
EF (%) 517 467 28+8
PER (edv/s) 3.2+0.8 3.1+0.7  1.5+03
PRFR (edv/s) 3.3+09 2.8+0.8  1.8+0.5
AFF (%) 28+13 31+13 27+14
PRFR (sv/s) 6.5+1.8 6.1x1.8  6.9+3.6

RE values and the absolute differences between
coronary artery disease patients with and without
myocardial infarction or dilated cardiomyopathy are

reported in table 2.

Table 2. RE and absolute differences between CAD

subgroups.
Param. RE CAD-IM CAD-DCM

EDV (ml.) 24.5 11 98
ESV (ml.) 142 13 100
EF (%) 35 5 33
PER (edv/s) 0.6 0.1 1.7
PRFR (edv/s) 0.9 0.5 1.5
AFF (%) 9.1 3 1

PRFR (sv/s) 1.6 0.4 0.4

In order to show the different reproducibility behavior
between systolic and diastolic indexes the scatter plot of
the EF and the PRFR (edv/s) are plotted in figure 1 and 2.

4. Discussion and conclusion

Reproducibility assessment of LVF parameters should
be performed in each echocardiographic laboratory in
order to assure the consistency with the report of other
laboratories .

Our results are in agreement with data reported by
others (7) and evidence a marked difference in the
reproducibility quality between the single indexes
considered.

In fact , volume measurements (EDV and ESV) and
the derived EF show a better reproducibility then the
remaining parameters. This can be obtained by

comparing the RE value with the absolute differences
between CAD subgroups. Greater the value of the inter-
group difference compared to the corresponding RE,
greater the chances that  the observed difference is
related to factors inherent to the group more then to the
variability of the parameter itself and viceversa.
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Figure 1. Scatterplot of the EF.

The same inference can be derived visually
comparing the dispersion around the regression lines of
figure 1 and 2.
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Figure 2. Scatterplot of the PRFR.

422



The derivative nature of PER and PRFR gives
account of these results given the greater sensitivity to
errors in the derivative calculations, while in the case of
the AFF the greater variability of the end-diastolic
portion of the left ventricular volume curve may be
involved.

In summary , when left ventricular function indexes
are divided in “systolic” and “diastolic” the first show a
better reproducibility behavior then the second.

Data reported in table 1 lead to another observation,
not directly related to the reproducibility, but that is
worth to be mentioned.

Peak of rapid filling rate is normalized to end-diastolic
volume or to stroke volume. The meaning of this diastolic
parameter as a consequence become dependent upon the
particular normalization parameter. In addition,
normalization of PRFR by end-diastolic volume creates a
“diastolic” index that is heavily influenced by ejection
fraction. This aspect is evident in table 1 were PRFR
normalized by end-diastolic volume shows a marked
reduction in the patients with dilated cardiomyopathy.
The erroneous conclusion that these patients evidence
diastolic abnormalities can be avoided observing that the
PRFR normalized by stroke volume , taking into account
the concomitant reduction of the EF, show similar values
in all groups.

In practice, it is helpful in interpreting results to use
more than a single normalization parameter for PRFR (8).
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