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ABSTRACT
In this paper we discuss the definition and application of reproducibility in echocardiography. Therefore,
reproducibility of the most used echocardiographical parameters is discussed, and thereafter their value
is compared with the reproducibility of the same parameters by other imaging methods. In order to
improve reproducibility, echocardiographical measurements and interpretations have to be performed by
standardized methods, as the ones stated in the current guidelines.
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1. CLINICAL SIGNIFICANCE

T

he clinical significance of reproducibility in
medicine, and particularly in echocardiography, can be outlined by the following
example. The PREAMI trial (1) proved that
perindopril 8 mg, given after an acute myocardial infarction with preserved ejection fraction
(>40%), significantly reduced (by 22%) the
combined endpoint of death, hospitalization for
heart failure, and ventricular remodeling at 1
year. In this study the ventricular remodeling
process was assessed by 2D echocardiographical estimation of the left ventricular (LV)
volumes. Perindopril was shown to reduce the
end-diastolic volume of the left ventricle
(LVEDV) by 8% at 1 year, a statistically significant
result. However, the reproducibility of the LV
volume estimation in 2D echo is about 15%
for both intraobserver and interobserver evaluation (see below), that is the double of the result
in the PREAMI trial. In order to interpret the
clinical significance of these “statistically
significant” reductions of the LVEDV, the value

of the reproducibility of the method is essential
to be discussed and taken into account. 

2. DEFINITIONS AND ASSESSMENT

R

eproducibility is defined as the closeness of
agreement between independent results,
obtained with the same method, on identical
test materials, but under different condition (2).
These conditions might be: different human
operators, or different time intervals of measurements.
From a practical and also clinical point of
view, reproducibility can be divided in three
types. In medicine, and particularly in echocardiography, these types are:
1. Inter-observer reproducibility. In this type
of reproducibility, each of two blinded
echocardiographers will do the same
echocardiographic measurements in one
patient, under identical conditions. These
measurements are then compared.
2. Intra-observer reproducibility. In this
type, one experienced investigator will

Mædica A Journal of Clinical Medicine, Volume1 No.2 2006

29

REPRODUCIBILITY

IN

ECHOCARDIOGRAPHY: CLINICAL SIGNIFICANCE, ASSESSMENT,

AND

COMPARISON

perform echocardiographical measurements in one patient, and then repeat
them several minutes apart, under identical examination conditions. The two
measurements are then compared.
3. Test-retest reproducibility. In this type,
one experienced investigator will perform
echocardiographical measurements in
one patient, but several days apart. This
type of reproducibility assumes that no
important clinical changes have emerged
in the time interval between the two examinations. This might not be true, and
thus, this type of reproducibility is seldom
used in practice. The test-retest reproductibility is also called “repeatability”.
In order to measure accurately the reproducibility of a method, a minimum number of
subjects should be included. The sample size
depends on the number of observers (usually
two), and can be calculated using the following
formula (3):
SS = [number of observers – 1] x [number of patients – 1] > 60
Therefore, for two observers, the minimum
number of subjects needed for the correct calculation of reproducibility is 61. Unfortunately,
this requirement is rather rare fulfilled by the
reproducibility studies. Real reproducibility
means acquiring and measuring all the data by
one investigator during a particular echocardiographic study. However, there are many
papers reporting only the variability of the
measurements of the already acquired echocardiographical studies on different recording
media. This can not be labeled as reproductibility, and should be referred as “measurement
variability”.
Data analysis of the reproducibility may be
assessed by three statistical tests, each with its
own advantages and drawbacks, and differing
with the number of the observers:
1. The Pearson correlation coefficient (r),
which is the most simple to use, but the
less accurate;
2. The Bland Altman analysis (when two
observers exist);
3. The coefficient of variations (when more
than 2 observers exist).
30
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In order to use reproducibility data in clinical
practice, three levels of acceptance of the measurements have been defined. A satisfactory limit
of reproducibility is defined below 10%. A value
of the reproducibility between 10% and 30%
may be satisfactory only in some conditions,
depending on the magnitude of the use in
practice, the cost of the method, and the availability of alternative methods. A variation of
the reproducibility level over 30% is unsatisfactory; the method of measurement with such
a reproducibility needs corrective actions (Figure
1) (4). 

FIGURE 1. The levels of acceptance of
reproducibility. Adapted from reference 4.

3. REPRODUCIBILITY IN
ECHOCARDIOGRAPHY

W

e will discuss briefly the reproducibility
of some of the echocardiographic techniques used frequently in routine clinical practice: 2D echocardiography, Doppler parameters, valvular assessment, 3D echocardiography,
and tissue Doppler imaging.

3.1. 2D echocardiography
The measurements of LV dimensions by Mmode or 2D echocardiography have an excellent intra- and inter- observer reproducibility
(5% and 10%, respectively) (5). The test-retest
reproducibility is lower (at 15%), and it may
represent the variations that are occurring
naturally within the heart (preload, afterload,
etc), during different examination conditions
between the two measurements (5).
By contrast, LV volume assessment by 2D
echocardiography has only moderate intra-,
inter, and test-retest reproducibility (15%, 15%,
and 18%, respectively) (Figure 2) (6-8). As a
consequence, the estimation of LV ejection
fraction by 2D echocardiography, which may
eliminate bias by dividing the values of the
volumes, has a better reproducibility than LV
volumes (intraobserver 10%, interobserver
14%) (8-11).
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FIGURE 2. The reproducibility of
the assessment of left ventricular
volumes by 2D echocardiography.
Data from references 6-8

It is important to stress meanwhile that 2D
echocardiography underestimates true LV
volumes (as compared with the gold standard,
magnetic resonance imaging or contrast
ventriculography). The LV end-diastolic volume
is underestimated by 11 to 98 ml, and the LV
end-systolic volume is underestimated by 10
to 59 ml. However, because both volumes are
underestimated, the LV ejection fraction (which
is a ratio of the two) is not much affected.
Indeed, LVEF estimated by 2D echocardiography has a good correlation with LVEF
assessed by MRI or ventriculography (r = 0.80
– 0.90) (6,8,9,12).
Currently, there are three ways of improving
estimation of LV volumes and its reproducibility
by echocardiography:
1. Using the harmonic acoustic quantification technique (r increased to 0.91 vs.
ventriculography for the estimation of the
LV volumes, and the intra- and interobserver reproducibility decreased to less
than 10%) (7);
2. Using contrast echocardiography (r increased to 0.87 vs. angiographic computed tomography) (8);
3. Using 3D echocardiography (r increased
up to 0.99 vs. ventriculography, with a
very high reproducibility, of less than 5%)
(13).
Diastolic function of the LV, assessed from
the transmitral flow pattern, has good
reproducibility when the velocities of the E and
A waves and their ratio are measured (intra-

observer 10%, interobserver 12%). However,
assessment of either the deceleration time of
the E wave (TdE) or the pressure half time (PHT)
has a poor reproducibility (up to 40%) (14,15).
The assessment of myocardial viability by
dobutamine stress echocardiography has moderate reproducibility. For viability, dobutamine
stress echocardiography has an intraobserver
reproducibility of 8%, and an interobserver reproducibility of 16%. For ischemia, the corresponding values are 15% and 18%, respectively
(16).

3.2. VALVULAR ASSESSMENT
Overall, echocardiography has only moderate reproducibility for the assessment of the
severity of valvular disease.
Thus, for the assessment of the severity of
mitral regurgitation, PISA method has a reproducibility of only 12% (17). Meanwhile, the area
of the regurgitant jet method has an overall
reproducibility of 15% (18,19). The vena contracta method for assessing mitral regurgitation
by color Doppler echocardiography overestimates true mitral regurgitant orifice, it is
markedly influenced by flow rate and the ultrasound system that is used. However, a diameter
of a vena contracta over 8 mm has good sensitivity and specificity for discriminating severe
from non-severe mitral regurgitation (20). The
estimation of the diameter of the vena contracta
has a reproducibility of 10-15% (21).
For mitral stenosis, both the PHT method
of estimation of the mitral valve effective area
and the planimetric estimation of the mitral
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FIGURE 3. Overall reproducibility of
the assessment of the severity of
aortic stenosis by Doppler
ecocardiography. Data from
reference 23.
Notes: TTE: transthoracic echocardiography;
TEE: transesophageal echocardiography

valve area have only moderate to low reproducibility (intraobserver 20%, interobserver
25%) (22).
The reproducibility of the assessment of the
severity of aortic stenosis by Doppler echocardiography is very low, both in transthoracic and
transoesophagial echocardiography (28% to
41% for transthoracic echocardiography, 25%
to 43% for transoesophagial echocardiography)
(Figure 3) (23). This is because the best indicator
of the severity of the aortic stenosis is the Doppler flow acceleration trough the valve. In
order to obtain the maximal velocity, careful
alignment of the ultrasonic Doppler signal with
the direction of flow is essential. This is often
very difficult in clinical practice.
The reproducibility of the assessment of the
severity of aortic regurgitation is better than for
aortic stenosis if the severity is assessed by measuring the jet height or the vena contracta of

the regurgitant jet. A vena contracta over 6 mm
accurately differentiate between severe and
non-severe aortic regurgitation. This measurement has a good interobserver and intraobserver
reproducibility (10-15%) (24).
The measurement of the systolic pulmonary
arterial pressure by the maximal velocity of the
tricuspid regurgitant jet has excellent reproducibility (in the range of 5%). Moreover, the
correlation of the echocardiographical estimate
of the pulmonary arterial systolic pressure almost completely overlaps the invasive measurements (r = 0.99) (25).
These values of reproducibility are very important when important decisions are based on
individual echocardiographic examinations. This
is especially true in cardiac surgery, where the
indication for valve replacement is based on the
echocardiographical assessment of the severity
of the valvular lesion and of the function of the

FIGURE 4. The reproducibility of
different assessments of myocardial
velocities by tissue Doppler
echocardiography. Data from references
26,27,29.
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left ventricle. Thus, it is important to assess the
severity of the valvular lesions and the function
of the left ventricle by using only the echocardiographic measurements that have the best
reproducibility together with the best sensitivity
and specificity for that assessment.

3.3. TISSUE DOPPLER IMAGING
Measurement of myocardial velocities by tissue Doppler imaging has only moderate
reproducibility. For the LV, the intra- and interobserver reproducibility for the assessment of
the longitudinal and short axis systolic functions
oscillate between 10% and 20% (26-29). For
the right ventricle, the values are about the
same. The assessment of the diastolic velocities
(E’, A’, and their ratio) has good to moderate
reproducibility (10-28%), depending on the wall
segment that was analyzed (Figure 4) (29).
Measuring of the diastolic velocities of the posterior basal segments, which are the more difficult to visualize, has the best reproducibility
(15%), while the basal anterior segments have
the worst reproducibility (30%) (29). 

4. COMPARISON BETWEEN
ECHOCARDIOGRAPHY AND
OTHER IMAGISTING
TECHNIQUES

A

s we have shown before, 2D echocardio
graphy has usually a moderate reproducibility. By comparison, the reproducibility
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of the other imaging methods (MRI, and
angiography) for the assessment of valvular
lesions, LV volumes, and LV systolic function is
very good, in the range of 5% (6,9,12,13,23).
However, these methods are either invasive
(angiography) or much more complex (MRI),
and they also have limited availability. Thus,
echocardiography still serves as the method of
first choice for these assessments. 

5. CLINICAL IMPLICATIONS

T

he mathematical formula that is used to
calculate the sample size of a study that is
needed in order to affirm that the observed
differences are not due to the reproducibility
of the method, is the following one (3):

N = f(a,P) x SD2 x 2/d2
Where:
f(a,P) = 10.5 (for a power P of 90% and an a error of 0.05)
SD = interobserver standard deviation (interobserver
reproducibility)
d = difference to be detected

Coming back to the example that was
provided at the beginning of this article from
the PREAMI study (1), we can now calculate
which is the sample size required in order to
affirm that the reported difference in the LV
volumes are not due to the reproducibility of
the measurements. Thus, 2D echocardiography

FIGURE 5. Reproducibility in
echocardiography. The majority of
the echocardiographical techniques
have only moderate reproducibility
Notes: MRI, magnetic resonance imaging;
EBCT, electron beam computed
tomography; TDI, tissue Doppler imaging.
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has a reproducibility of around 15% (15% intraobserver, 15% interobserver, and 18% test-retest
reproducibility, respectively) (6-8). By introducing in the above formula the reproductibility
of the method, at a difference detected of 8%
of the LV volumes, the calculated sample size
required for the PREAMI study is 74 patients in

WITH OTHER IMAGING

each subgroup analyzed. This was clearly
accomplished, since PREAMI included 1252
patients (randomized 1:1 in each treatment
group). Thus, we can conclude that the echocardiographical results of the PREAMI study can
be attributed indeed to the treatment itself. 

CONCLUSION
Reproducibility has a major impact in clinical studies and in the real life
evaluation of echocardiographical parameters.
Overall, the echocardiographical evaluation has only moderate
(acceptable) reproducibility (10-20%). Major exceptions from this moderate
reproducibility are: 1) on the good side, high reproducibility (<10%) for
3D echo (only when good images are available); 2) on the bad side, low
reproducibility (over 30%) for valvular assessment, particularly for aortic
stenosis. TDI assessment, particularly for diastolic function, has only moderate
reproducibility.
The clinical implication is that any echocardiographical study has to be
performed using only the recommendations mentioned in the available
guidelines (30). The measurements outlined in these guidelines might not
be perfect, but they are the only one used in clinical studies, and they are
the only ones validated against gold standards. Any other non-validated
method of measurement in echocardiography has a lower reproducibility
than the validated equivalents. 
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