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Abstract

Background: Echocardiography, though non-invasive and having relatively low-cost, presents issues of variability which 
can limit its use in epidemiological studies.

Objectives: To evaluate left ventricular mass reproducibility when assessed at acquisition (online) compared to when 
assessed at a reading center after electronic transmission (offline) and also when assessed by different readers at the 
reading center.

Method: Echocardiographers from the 6 ELSA-Brasil study investigation centers measured the left ventricular mass 
online during the acquisition from 124 studies before transmitting to the reading center, where studies were read 
according to the study protocol. Half of these studies were blindly read by a second reader in the reading center.

Results: From the 124 echocardiograms, 5 (4%) were considered not measurable. Among the remaining 119, 72 (61%) were 
women, mean age was 50.2 ± 7.0 years and 2 had structural myocardial abnormalities. Images were considered to be optimal/
good by the reading center for 110 (92.4%) cases. No significant difference existed between online and offline measurements 
(1,29 g, CI 95% −3.60-6.19), and the intraclass correlation coefficient between them was 0.79 (CI 95% 0.71-0.85). For images 
read by two readers, the intraclass correlation coefficient was 0.86 (CI 95% 0.78-0.91).

Conclusion: There were no significant drifts between online and offline left ventricular mass measurements, and 
reproducibility was similar to that described in previous studies. Central quantitative assessment of echocardiographic 
studies in reading centers, as performed in the ELSA-Brasil study, is feasible and useful in clinical and epidemiological 
studies performed in our setting. (Arq Bras Cardiol. 2015; 104(2):104-111)

Keywords: Hypertrophy Left Ventricular; Echocardiography; Dimensional Measurement Accuracy;  Multicenter Studies; 
Reproducibiity of Results.

Introduction
Echocardiography is the most used noninvasive imaging 

method in clinical cardiology for functional and structural 
evaluation, and it is also employed in clinical and 
epidemiological research1-4. Left ventricular hypertrophy is 
a condition that can be measured by echocardiography and 
is used in clinical practice as a predictor of cardiovascular 
events2. Although echocardiography is the cheapest and 
most accessible cardiovascular imaging method, its use in 
epidemiological studies is limited owing to the difficulty in 

obtaining good-quality images for all individuals and the 
variability among repeated measurements5-7.

The assessment of the variability of the left ventricular mass (LVM) 
is important to ensure the quality control of echocardiographic 
measurements. In addition, it can be performed in the clinical 
setting and integrates several measurements acquired during 
examination. Notably, its calculation method may potentially cause 
errors in the LVM estimate with a magnitude of 10E3.

To ensure more precise and accurate measurements, the 
American Society of Echocardiography defends a centralized 
reading of echocardiography exams in multicenter trials8. 
This is recommended because it has been shown that 
echocardiography exams performed locally have a lower 
prognostic impact than those performed in a central 
laboratory9. These recommendations were implemented in the 
Brazilian Longitudinal Study of Adult Health (ELSA-Brasil)10, 
which generated an imaging protocol and digital videos 
corresponding to three cardiac cycles that were stored and 
transmitted to the reading center.

104



Original Article

Tognon et al.
Reproducibility of echocardiography in ELSA-Brasil

Arq Bras Cardiol. 2015; 104(2):104-111

Digital technology has revolutionized the acquisition, 
transmission, and storage of exams and aids in the processing 
and use of images. However, even if these technological 
advances are incorporated into clinical practice, their impact in 
measurement reading variability in the research environment 
remains unknown. Therefore, the objective of this study 
was to assess the reproducibility of echocardiographic 
measurements that allow the estimation of LVM by comparing 
values obtained locally (online, in the acquisition centers) 
with those obtained in the reading centers (offline) and with 
duplicate measurements performed by different readers at 
the reading center. Furthermore, the study aimed to assess 
the reproducibility of the measurements of the left atrium 
and aorta and those obtained by transmitral flow Doppler 
and mitral annular tissue Doppler imaging.

Methods
ELSA-Brasil is a prospective multicenter trial involving 

15,105 voluntary participants aged between 35 and 
74 years and consisting of the staff of public universities and 
research institutes. The goal of ELSA-Brasil was to investigate 
the epidemiological, clinical, and molecular aspects of 
nontransmissible chronic diseases, particularly cardiovascular 
diseases and diabetes10. Data were collected between 
August 2008 and December 2010, and approximately 
10,000 participants were subjected to an echocardiographic 
exam as the standard procedure. The ELSA-Brasil protocol 
was approved by the Research Ethics Committees of all 
institutions involved, and all the participants signed an 
informed consent form.

All the tests were performed at the investigation centers 
using the same model equipment (Toshiba Aplio XG) and by 
well-trained echocardiographists who were later certified 
by the reading center involved in the study. The ELSA‑Brasil 
protocol followed the methods recommended by the 
European and North American Echocardiography Societies8,11. 
We selected the sequences of three consecutive heartbeats in 
each echocardiographic window that best represented existing 
findings and recorded them in a standard digital format for 
medical imaging (DICOM).

For analysis of reproducibility, in addition to image 
acquisition according to the established protocol, the 
echocardiographists of the investigation center performed 
echocardiographic measurements during image acquisition, 
according to current practice (online measurements).

Subsequently, the data files were sent to the reading 
center, together with a completed form with an evaluation 
of image quality and online measurements. At the reading 
center, the images were analyzed in a ComPACS 10.5 
workstation (Medimatic SrL, Italy). The offline measurements 
were performed at the reading center by another skilled 
echocardiographist (reader) blinded to previous readings. 
The offline readings involved a second qualitative assessment 
as well as all echocardiographic measurements using 
procedures similar to those adopted in the investigation 
center. A few exams (n = 68) were read again by a second 
reader at the reading center blinded to the initial online 
assessment and to the initial offline assessment.

LVM was calculated by making linear measurements of 
the final diastolic diameter and the LV parietal thickness on 
the two-dimensional mode and M-mode. For this purpose, 
the formula and the definition criteria of the leading 
edge technique proposed by the American Society of 
Echocardiography were used, as follows12:

LVM = 0.8 × [1.04 (LVIDD + PWTD + IVSTD)³ − 
(LVIDD)³] + 0.6 g,

where LVM: left ventricular mass; LVIDD: left ventricular 
internal diameter in diastole; PWTD: posterior wall thickness in 
diastole; and IVSTD: interventricular septum thickness in diastole.

For other measurements and Doppler studies, we used the 
parameters defined in the ELSA-Brasil protocol10.

Statistical Analysis
Statistical analysis was performed with SPSS 17.0 software 

for Windows. The categorical variables were expressed as the 
absolute and relative frequency and the numeric variables as 
means ± standard deviations.

The differences between echocardiographic measurements 
were represented using Bland–Altman plots13 and tested by 
variance analysis. Measurement variability was described 
using the intraclass correlation coefficient (ICC), also known 
as the reliability coefficient. ICC was calculated from the 
estimated variance components in models that considered 
the following to determine the reproducibility among the 
readers of the reading center: 1) the effect of the reading 
center versus the acquisition center as the fixed variable and 
the effect of individuals on which these measurements were 
performed as the random variable and 2) the effect of the 
first read at the reading center in relation to the second read 
at the reading center as the fixed variable and the effect of 
individuals on which these measurements were performed 
as the random variable.

The mean differences and ICCs were calculated using 95% 
confidence intervals (CIs).

A sample size of 100 exams was estimated to obtain 90% 
potency and identify a mean difference of 10 g in LVM among 
acquisition measurements and reading center measurements, 
with a significance level of 0.055. For convenience purposes 
and to compensate for losses, 124 individuals were selected for 
the reproducibility study, representing at least 20 individuals of 
each of the six investigation centers of the ELSA-Brasil study. 
Between July and November 2009, each center consecutively 
included its participants until the local target was reached, 
following the visit schedule of ELSA.

Results
Among the selected participants, five exams were considered 

to be nonmeasurable (4%). Of the 119 participants, 72 (61%) 
were female, with a mean age of 50.2 ± 7.0 years (minimum 
and maximum of 35 and 68 years, respectively), mean height of 
1.64 ± 0.09 m (minimum and maximum of 1.44 and 1.83 m, 
respectively), and mean body mass index of 26.6 ± 4.0 kg/m² 
(minimum and maximum of 19.2 and 36.9 kg/m², respectively). 
Of the participating individuals, 54 (45.3%) were of Caucasian 
ethnicity, 32 (26.9%) were of Middle Eastern/South Asian 
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Table 1 – Echocardiographic measurements obtained at the acquisition and reading centers and respective reproducibility measurements

Measurement
Values Reproducibility measurement

n Acquisition center Reading center Mean difference (95% CI) ICC (95% CI)

Two-dimensional mode

Aortic root diameter (cm) 117 3.00 ± 0.45 2.98 ± 0.38 0.02 (−0.03-0.08) 0.75 (0.66-0.82)

LA diameter (cm) 118 3.40 ± 0.54 3.50 ± 0.46 −0.10 (−0.18-0.02) 0.63 (0.51-0.73)

Septal thickness(cm) 119 0.88 ± 0.17 0.87 ± 0.17 0.00 (−0.03-0.03) 0.56 (0.42-0.67)

LV posterior wall thickness (cm) 119 0.84 ± 0.16 0.86 ± 0.15 −0.02 (−0.05-0.01) 0.56 (0.43-0.68)

Diastolic LV diameter (cm) 119 4.58 ± 0.50 4.52 ± 0.47 0.06 (0.00-0.11) 0.79 (0.71-0.85)

Systolic LV diameter (cm) 118 2.92 ± 0.46 2.82 ± 0.43 0.10 (0.03-0.17) 0.67 (0.55-0.76)

LV mass 119 131.29 ± 42.98 129.99 ± 40.79 1.29 (−3.60-6.19) 0.79 (0.72-0.86)

LA area (cm²) 101 16.33 ± 3.85 16.63 ± 3.68 −0.30 (−0.97-0.37) 0.59 (0.45-0.71)

LV ejection fraction 118 65.08 ± 10.87 67.31 ± 8.95 −2.22 (−4.29-0.16) 0.35 (0.19-0.50)

M-mode

Aortic root diameter (cm) 100 2.99 ± 0.40 2.98 ± 0.42 0.01 (−0.03-0.05) 0.89 (0.84-0.92)

LA diameter (cm) 100 3.55 ± 0.46 3.68 ± 0.46 −0.13 (−0.18-0.08) 0.86 (0.80-0.90)

Septal thickness(cm) 86 0.88 ± 0.18 0.87 ± 0.19 0.01 (−0.02-0.04) 0.67 (0.53-0.77)

LV posterior wall thickness (cm) 86 0.84 ± 0.16 0.85 ± 0.17 −0.01 (−0.04-0.02) 0.60 (0.44-0.72)

Diastolic LV diameter (cm) 86 4.72 ± 0.57 4.71 ± 0.56 0.01 (−0.04-0.06) 0.92 (0.88-0.95)

Systolic LV diameter (cm) 86 2.85 ± 0.54 2.82 ± 0.58 0.03 (−0.02-0.08) 0.92 (0.88-0.95)

LV mass 86 139.52 ± 55.18 138.87 ± 53.05 0.66 (−4.89-6.20) 0.89 (0.83-0.92)

LV ejection fraction 86 69.98 ± 7.62 70.33 ± 9.18 −0.35 (−1.59-0.89) 0.77 (0.66-0.84)

Mitral Doppler

E wave 119 0.72 ± 0.17 0.72 ± 0.15 0.01 (−0.01-0.02) 0.88 (0.83-0.92)

Deceleration time 117 217.50 ± 45.55 226.35 ± 42.31 −8.86 (−16.22-1.49) 0.58 (0.45-0.69)

A wave 119 0.59 ± 0.16 0.60 ± 0.15 −0.01 (−0.02-0.01) 0.90 (0.86-0.93)

E/A ratio 119 1.30 ± 0.45 1.26 ± 0.41 0.04 (0.01-0.07) 0.93 (0.90-0.95)

Medial mitral annular TDI

s’ velocity 111 7.56 ± 1.34 7.49 ± 1.14 0.07 (−0.13-0.26) 0.65 (0.52-0.74)

e’ velocity 112 9.86 ± 2.74 9.92 ± 2.61 −0.06 (−0.34-0.23) 0.84 (0.78-0.89)

a’ velocity 113 9.71 ± 2.36 9.63 ± 1.74 0.07 (−0.28-0.43) 0.57 (0.43-0.68)

Lateral mitral annular TDI

s’ velocity 111 8.38 ± 2.06 8.35 ± 1.82 0.03 (−0.31-0.37) 0.57 (0.43-0.68)

e’ velocity 113 11.98 ± 2.63 11.97 ± 2.55 0.01 (−0.23-0.26) 0.87 (0.82-0.91)

a’ velocity 113 9.14 ± 2.57 9.23 ± 2.51 −0.09 (−0.25-0.06) 0.95 (0.92-0.96)

ICC: intraclass correlation coefficient; difference: value obtained at the reading center − value obtained at the acquisition center; LV: left ventricle; LA: left atrium; 
TDI: tissue Doppler imaging.
The values obtained at the acquisition and reading centers are expressed as the mean ± standard deviation.

ethnicity, 31 (26.1%) were of African ethnicity, and two (1.7%) 
were of Eastern/Southeast Asian ethnicity. Only two individuals 
were diagnosed with cardiomyopathy.

The quality of parasternal longitudinal images of 115 (96.6%) 
tests and 106 (92.4%) tests was considered to be excellent/
good by the acquisition center and reading center, respectively. 
Agreement was found for 106 (89.1%) quality evaluations.

No clinically significant differences were found among the 
means of measurements obtained at the investigation center 
(online) and those obtained at the reading center (offline) for 
most measurements (Table 1).

Figure 1 shows the differences between values obtained 
at the acquisition centers and those obtained at the reading 
center on the basis of the mean LVM readings, estimated 
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using two-dimensional measurements (Bland–Altman plots). 
There was no notable tendency among online and offline 
measurements. In 95% samples, the differences were less 
than 0.7 cm, 0.3 cm, and 0.4 cm for the LV diastolic diameter, 
septum thickness, and posterior wall thickness, respectively. 
LVM was calculated from these three variables and showed a 
discrepancy of 54 g or lower in 95% of samples. There were 
no association trends between magnitude and amplitude 
differences in these variables.

The exclusion of the images that the reading center 
considered to be of regular quality (n = 9) did not change 
the mean differences of the following parameters measured 
online and offline: LV diameter (0.07 cm, 95% CI: 0.01 to 
0.13), posterior LV wall thickness (−0.02 cm, 95% CI: −0.05 to 
0.01), interventricular septum thickness (0 cm, 95% CI: −0.03 
to 0.04), and LVM estimate (2.27 g, 95% CI: −2.77 to 7.31). 
Moreover, the results were quite similar after the exclusion in 
relation to ICC (0.80 for LV diameter, 0.48 for posterior LV wall 
thickness, 0.52 for interventricular septum thickness, and 0.80 
for LVM estimate).

For the remaining assessments, the distribution of the 
differences was of the same magnitude, as well as the 
distribution of the ICC values (Table 1).

Table 2 shows the measurements obtained by different 
readers at the reading center. Although significant differences 
were observed between measurements, their magnitude was 
relatively low from a clinical point of view.

Figure 2 shows the measurement differences obtained in both 
readings, according to the mean LV values. The LVM difference 
did not surpass 58 g in 95% samples. There were no association 
trends between magnitude and amplitude differences in these 
variables. After the exclusion of regular-quality exams (n = 8), 
the results were quite similar in terms of the mean differences 
between both offline readings of LV diameter (0.04  cm, 
95% CI: −0.02 to 0.10), posterior LV wall thickness (−0.08 cm, 
95% CI: −0.11 to −0.04), interventricular septum thickness 
(−0.07 cm, 95% CI: −0.10 to −0.04), and LVM estimate 
(−13.2 g, 95% CI: −18.5 to −7.96) and the respective ICC values 
(0.89 for LV diameter, 0.57 for posterior LV wall thickness, 0.79 
for interventricular septum thickness, and 0.90 for LVM estimate).

Figure 1 – Differences between the measurements from which LVM was estimated, performed from images obtained on the two-dimensional mode in the acquisition 
and reading centers (y axis) and the mean of both measurements (x axis). A: Left ventricular diameter; B: left ventricular posterior wall thickness; C: septal thickness; 
D: left ventricular mass. The solid line indicates the mean difference between both measurements, and the dashed line indicates the mean ± two standard deviations.
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Table 2 – Echocardiographic measurements obtained at the reading center, repeated in different moments by different readers

Measurement
Values Reproducibility measurement

n First reading at the 
reading center

Second reading at the 
reading center Mean difference (95% CI) ICC (95% CI)

Measurement

Aortic root diameter (cm) 63 3.02 ± 0.37 3.02 ± 0.37 0.00 (−0.07-0.07) 0.74 (0.61-0.84)

LA diameter (cm) 66 3.58 ± 0.43 3.63 ± 0.43 −0.05 (-0.11-0.01) 0.84 (0.75-0.90)

Septal thickness(cm) 66 0.87 ± 0.19 0.94 ± 0.18 -0.07 (−0.09-0.04) 0.84 (0.75-0.90)

LV posterior wall thickness (cm) 66 0.87 ± 0.17 0.93 ± 0.15 −0.06 (−0.10-0.02) 0.53 (0.33-0.68)

Diastolic LV diameter (cm) 66 4.60 ± 0.47 4.55 ± 0.50 0.05 (−0.01-0.11) 0.88 (0.82-0.93)

Systolic LV diameter (cm) 66 2.85 ± 0.50 2.90 ± 0.52 −0.05 (−0.10-0.00) 0.92 (0.86-0.95)

LV mass 66 134.80 ± 46.22 145.30 ± 43.66 −10.50 (−16.40-4.60) 0.86 (0.78-0.91)

LA area (cm²) 59 16.80 ± 4.03 18.07 ± 3.19 −1.27 (−1.94-0.60) 0.75 (0.61-0.84)

LV ejection fraction 66 68.04 ± 8.97 65.79 ± 9.44 2.25 (0.76-3.75) 0.78 (0.67-0.86)

M-mode

Aortic root diameter (cm) 57 3.00 ± 0.40 2.98 ± 0.40 0.02 (−0.03-0.07) 0.88 (0.80-0.93)

LA diameter (cm) 57 3.73 ± 0.47 3.77 ± 0.47 −0.04 (−0.10-0.01) 0.89 (0.83-0.94)

Septal thickness(cm) 35 0.86 ± 0.14 1.04 ± 0.18 −0.18 (−0.24-0.13) 0.54 (0.26-0.74)

LV posterior wall thickness (cm) 35 0.83 ± 0.16 1.01 ± 0.19 −0.18 (−0.22-0.13) 0.74 (0.55-0.70)

Diastolic LV diameter (cm) 35 4.90 ± 0.60 4.79 ± 0.63 0.11 (0.03-0.18) 0.93 (0.87-0.97)

Systolic LV diameter (cm) 35 2.99 ± 0.77 3.12 ± 0.65 −0.13 (−0.22-0.04) 0.88 (0.88-0.97)

LV mass 35 143.42 ± 41.58 178.04 ± 47.58 −34.61 (-42.89-26.34) 0.86 (0.73-0.92)

LV ejection fraction 35 68.81 ± 11.93 63.92 ± 9.26 4.89 (2.20-7.58) 0.73 (0.53-0.86)

Mitral Doppler

E wave 66 0.72 ± 0.15 0.72 ± 0.16 0.00 (−0.02-0.02) 0.91 (0.86-0.94)

Deceleration time 66 222.59 ± 44.18 214.03 ± 35.73 8.56 (0.42-16.69) 0.66 (0.50-0.78)

A wave 66 0.58 ± 0.15 0.58 ± 0.15 0.01 (−0.01-0.02) 0.92 (0.87-0.95)

E/A ration 66 1.31 ± 0.41 1.32 ± 0.42 −0.02 (−0.03-0.00) 0.99 (0.98-0.99)

Medial mitral annular TDI

s’ velocity 64 7.69 ± 1.13 7.74 ± 1.18 −0.06 (−0.31-0.19) 0.62 (0.45-0.75)

e’ velocity 64 10.09 ± 2.49 9.70 ± 2.54 0.39 (0.03-0.76) 0.83 (0.74-0.89)

a’ velocity 64 9.49 ± 1.61 9.33 ± 1.55 0.16 (0.00-0.31) 0.92 (0.88-0.95)

Lateral mitral annular TDI

s’ velocity 64 8.50 ± 1.74 9.11 ± 1.83 −0.61 (−1.01-0.20) 0.59 (0.40-0.73)

e’ velocity 64 12.41 ± 2.36 12.36 ± 2.36 0.05 (−0.16-0.27) 0.93 (0.89-0.96)

a’ velocity 63 9.42 ± 2.37 9.22 ± 2.18 0.20 (0.00-0.40) 0.94 (0.90-0.96)

ICC: intraclass correlation coefficient; difference: value obtained at the reading center − value obtained at the acquisition center; LV: left ventricle; LA: left atrium; 
TDI: tissue Doppler imaging.
The values obtained at the acquisition and reading centers are expressed as the mean ± standard deviation.

In addition to LV measurements using the two-dimensional 
mode, we investigated the reproducibility of other 
measurements performed as part of the echocardiography 
protocol of ELSA-Brasil. We observed CCI values in the same 
range for measurements obtained using the M-Mode and 
transmitral flow Doppler and mitral annular tissue Doppler 
imaging. This was true not only for offline and online 

measurements but also for measurements performed by 
distinct readers of the reading center (Tables 1 and 2).

Discussion
In this study, the differences observed between online 

and offline measurements were practically null. The intraclass 
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Figure 2 – Differences between the measurements from which LVM was estimated, performed by different readers at the reading center (y axis) from images obtained 
on the two-dimensional mode, and the mean of both measurements (x axis). A: Left ventricular diameter; B: left ventricular posterior wall thickness; C: septal thickness; 
D: left ventricular mass. The solid line indicates the mean difference between both measurements, and the dashed line indicates the mean ± two standard deviations.
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correlation coefficient, used for reproducibility assessment, was 
considered to be satisfactory for the LVM estimates obtained in the 
acquisition and reading centers (ICC = 0.79). For most tests, the 
online and offline LVM estimates did not surpass 50 g. In a similar 
comparative study involving 274 hypertensive individuals14, ICC 
was not reported for the comparison of measurements performed 
in the acquisition centers and the reading center; however, the 
Pearson correlation was 0.76 and the mean difference was 
8 ± 20 g (p < 0.001), and this discrepancy was similar to that 
obtained in the present study for most individuals.

With regard to reproducibility of measurements performed 
at the reading center by different readers, despite the existence 
of differences between the mean LVM estimates (−10.50 g, 
CI 95%: −16.40 to −4.60), the magnitude of this difference 
was relatively small from the clinical point of view, and ICC 
of both estimates was quite satisfactory (ICC = 0.86). In a 
previous report,14 the agreement between the readers of 
the reading center was only calculated for 10 high-quality 
echocardiography exams after repeated measurements, and 
it was considered to be very satisfactory (ICC = 0.96 to 0.99, 
depending on the reader).

With regard to other assessed echocardiographic 
measurements, we also observed small differences among 
the readers, and the reproducibility estimates were better 
when both the assessments were performed at the reading 
center. In general, these values were similar and had the same 
result patterns for the LVM findings. A similar performance 
was observed in other studies assessing the reproducibility of 
echocardiographic measurements5,6,15.

Although the reading center was apparently more 
demanding in the assessment of image quality than the 
investigation center (92% versus 97% for images considered 
to have excellent/good quality), the proportion of exams 
considered to be nonmeasureable was much lower than that 
observed in other population studies. In the Framingham Heart 
Study, only 28% of the echocardiography exams performed 
during the first 5 months were considered to be acceptable, 
reaching an acceptability of 74% to 81% in 2 years16. In the 
Atherosclerosis Risk in Communities (ARIC) study, despite the 
fact that the echocardiogram was acquired in one study center, 
only 70% of the exams were considered to be appropriate for 
estimating LVM1,7. This phenomenon may explain the variability 
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in our study, and we can assume that the echocardiographist 
of the investigation center caused more interference in the 
measurements owing to the larger sample size when performing 
the exams. In contrast, it is possible that the image quality 
assessment was too permissive. Considering the increased 
number of images whose measurement was difficult in 
comparison with that in other studies, the technological benefits 
may have not been sufficient to compensate for the inadequate 
image quality. 

Study Limitations
Among the limitations of the study, the first noteworthy 

aspect is that the reproducibility was not evaluated in 
all investigation centers; therefore, it is not possible to 
infer whether the measurements repeated at the reading 
center are more reproducible than those repeated at each 
acquisition center. Potential difficulties in the standardization 
of acquisition readings in different centers are one of the 
main reasons to perform all measurements in a single 
center. The reproducibility of offline measurements was 
only determined in 50% of the samples. This percentage is 
significant in comparison with that observed previously14, and 
it seems to be appropriate because there are fewer sources 
of variability in these comparisons.

Another limitation of the study is that data collected for 
the evaluation of reproducibility were from the initial phases, 
during the learning curve, as observed in the Framingham 
Heart Study16. This may have caused systematic temporal 
drifts, consequently influencing the results, corroborating the 
need for permanent quality control protocols in ELSA-Brasil 
and subsequent studies, and it may help implement additional 
reading control measures that are effective for most exams that 
were included and read in the present study.

ICC of the LVM measurement obtained on the M-mode 
(86 exams, 69.4%) was higher than that obtained on the 
two‑dimensional mode (119 exams, 96.0%). These findings 
suggest that exams using poor-quality images are less 
reproducible; however, when these were excluded, there was 
no significant improvement in reproducibility. We focused 
our conclusions on the two-dimensional measurements 
because they best reflect current practices. Moreover, higher 
reproducibility does not necessarily imply increased accuracy 
because of the systematic errors inherent to the M-mode17.

Conclusion
There were no relevant systematic differences in the 

offline and online LVM echocardiographic measurements. 
The reproducibility measurements were similar to those 
found in previous studies, despite the fact that these studies 
avoided the exclusion of a high percentage of images. 

Several variability sources persisted in the present study, 
even in the exams performed with current technology and 
guided by a research protocol. This may indicate the need 
for an increased sample size to identify LVM differences 
among population and/or therapeutic interventions.  
The strategy of performing echocardiography measurements 
in reading centers (offline), as used in ELSA-Brasil, is feasible 
and can be important in clinical and epidemiological studies.  
This is also true for institutes where exams are analyzed by 
the echocardiographist during image acquisition (online).
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