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Echocardiographic Reference Values an a Sample of Asymptomatic
Adult Brazilian Population
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Summary
Objective: To determine echocardiographic reference values for cardiac chambers, left ventricular mass, and left
ventricular (LV) mass indexes in an asymptomatic adult population sample.

Methods: This was an observational study based on a randomly selected population sample from the city of Vitéria,
Brazil. Two hundred and ninety-five volunteers (61.7% women) with no past history of cardiovascular disease underwent
transthoracic echocardiography. The following M-mode echocardiographic parameters were measured: ventricular
diameters, interventricular septal thickness, LV posterior wall thickness, LV mass, left ventricular mass indexes, plus
aortic and left atrial diameters. Values were expressed as mean and standard deviation and percentiles, with a 95%
confidence interval.

Results: Echocardiographic values were slightly influenced by gender and age. Overall, cardiac measurements were
higher in the male gender. LV posterior wall thickness, mass indexes corrected for height and diastolic diameter were
influenced by age. The 95% percentiles of interventricular septum and LV posterior wall were 9.9 mm and 9.6 mm for
men, respectively, and 9.3 mm for septum and posterior wall for women.

Conclusion: The 95% percentile values of interventricular septum and posterior wall and, therefore, of both absolute
and indexed left ventricular mass found in our study conducted in the Vitéria population are lower than those reported
in previous studies. In this framework, our results will be useful as a reference, since they are consistent with the new
limits suggested in the literature for the echocardiographic diagnosis of left ventricular hypertrophy. (Arq Bras Cardiol

2007;89(3):168-173)
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Introduction

Echocardiography is a very important diagnostic imaging
modality in the clinical practice of cardiology. Although it has
been extensively used as a diagnostic tool, few studies are
available in the literature that establish echocardiographic
reference values for the normal population. Thus, the
echocardiographic measurements currently used are often based
on values derived from small, non-randomized samples'~.

Over the last few years, studies have been published
evaluating echocardiographic reference values in population
samples exhibiting ethnic characteristics different from those
of the Brazilian population®*. In our country, only two studies
are available on this topic. The first involved a sample of 32
volunteers (mean age 30), with normal cardiac auscultation
and no history of heart disease or hypertension, recruited
from the staff of the study hospital®. In the second study,
conducted in the city of Porto Alegre, one hundred subjects
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were selected by random sampling of the population. Study
subjects were assessed according to gender, and those with
cardiovascular disease, hypertension, or taking cardiovascular
medication were excluded’. In most studies reported in the
literature, sample sizes ranged from 120 to 200 subjects,
which are less than ideal for establishing reference values
for the population®. In the present study, echocardiographic
reference values for cardiac chambers, left ventricular mass,
and left ventricular mass indexes were determined in 295
asymptomatic adults with no cardiovascular disease living in
the urban area of Vitéria.

Methods

This study was conducted in Vitéria, state of Espirito
Santo, Brazil, according to the guidelines established by the
WHO MONICA Project (The World Health Organization
MONICA Project: monitoring trends and determinants in
cardiovascular diseases)?. The study sample was chosen
after a random selection of households in 1999, when
2068 subjects were invited to participate in the study, out
of a population of 142,913 people of both genders with
ages ranging from 25 to 64 years. According to the IBGE
2000 census, Vitéria had 298,000 inhabitants that year,
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142,913 of whom fell into the age group targeted by the
study (45.9% men and 54.1% women). Census tracts, and
households within them, were randomly selected. In each
household, the person whose birthday was coming up
next was selected. Of the selected subjects, 1661 agreed
to participate in the study and went to the Hospital das
Clinicas of the Universidade Federal do Espirito Santo for
clinical and laboratory examination so that the prevalence
of cardiovascular risk factors could be determined.

In 2004 and 2005, these subjects were recruited again
for the continuation phase of the WHO MONICA Project
in Vitoria and underwent repeat clinical and laboratory
evaluation, in addition to echocardiographic examination.
Of the initial sample, 652 agreed to participate in the second
phase of the study. To create a subsample of normal subjects,
those who were hypertensive, using anti-hypertensive
medication, or obese (body mass index equal to or greater
than 30) were excluded from the study, as were those
with any sign of abnormality on the clinical cardiovascular
examination. Based on these criteria, a subsample of 295
subjects was selected.

Subjects were enrolled in the study after signing an
Informed Consent previously approved by the Research
Ethics Committee of the Centro de Ciéncias da Satde of the
Universidade Federal do Espirito Santo (UFES). Each subject’s
blood pressure was measured three times in the sitting
position after a five-minute rest by trained examiners using
mercury sphygmomanometers. Arterial hypertension was
defined as systolic pressure =140 mm Hg and/or diastolic
pressure =90 mm Hg. Subjects who reported taking any
antihypertensive medication within two weeks prior to the
study, even irregularly, were also considered hypertensive and
excluded from the study.

Echocardiographic examinations were performed using
commercially available equipment, the Acuson-Sequoia™
Ultrasound System (Acuson, Mountain View, CA, USA),
equipped with a 2 to 3.5 MHz multifrequency transducer, of
the echocardiography department of the Hospital das Clinicas
of UFES. Transthoracic echocardiograms were obtained by
a single, trained observer, with ten years of experience in
echocardiography, blind to all clinical and laboratory data.

Echocardiographic images were acquired with subjects
lying in the left lateral decubitus after a 10-minute rest.
Examinations provided adequate visualization of interfaces,
with simultaneous visualization of the septum, LV internal
diameter, and LV posterior wall. Left ventricular, right
ventricular, aortic and left atrial diameters were all measured
according to the American Society of Echocardiography
(ASE) recommendations' using the M-mode technique. In
all patients, left ventricular diastolic diameter, interventricular
septal thickness, and left ventricular posterior wall thickness
were measured at end-diastole, defined as the peak of the
R-wave on simultaneous ECG. Systolic diameter was measured
at the time the LV posterior wall was closest to the septum (first
frame just after the end of the T-wave), which also corresponds
to the minimal internal dimension. The mean value of three
consecutive measurements was considered.

Left ventricular mass was calculated using the modified ASE
formula proposed by Devereux etal'": mass = 0.8 {1.4 [(IVS +

LVDD + PW)? —LVDD?]} + 0.6 g; where VS is interventricular
septal thickness, LVDD is LV diastolic diameter, and PW is LV
posterior wall thickness. Left ventricular mass was indexed
for body surface area, according to the DuBois formula'?,
and also for height, height*'* and height*, as proposed by
Simone et al™.

Relative wall thickness (RWT) was calculated as twice the
LV posterior wall thickness divided by LV diastolic diameter.
Left ventricular systolic function was assessed by the ejection
fraction, derived from the Teichholz formula, and by LV
fractional shortening. Even though this study was based on
a sample of the general population, the Teichholz method
was chosen in case hearts exhibiting enlarged diameters
were found.

Study results were expressed as means and standard
deviation. The following statistical tests were used: the
Kolmogorov-Smirnov test for normal distribution of data;
Student’s t-test for variables with normal distribution; Mann-
Whitney U test for variables with a non-normal distribution;
chi-square test for dichotomous variables, when appropriate;
and Analysis of variance (ANOVA) to compare values between
age groups and races. The significance level was set at p <
0.05. All data were analyzed using SPSS version 11.0, Surrey,
United Kingdom.

Results

Demographic and laboratory data stratified by gender are
shown in Table 1. Blood pressure, serum creatinine, urea,
HDL-cholesterol, and waist circumference were higher (p
< 0.05) in males, whereas no difference was found in age,
blood glucose, total cholesterol and body mass index (p >
0.05) between genders.

The Kolmogorov-Smirnov test was applied, and all
echocardiographic variables analyzed in this study are
normally distributed. Therefore, the upper limit of normal for
each variable was defined as the 95% percentile.

As expected, several echocardiographic parameters
showed a slight increase in male subjects (Table 2).
Measurements of cavity sizes and cardiac thickness and mass,
as well as the different mass indexes and aortic and left atrial
diameters, were significantly higher in male subjects (p <
0.05), while LV fractional shortening was higher in female
subjects (p < 0.05). Maximal septal and posterior wall
thickness was found to be normal in both men (9.9 mm and
9.6 mm, respectively) and women (9.3 mm and 9.3 mm).
M-mode echocardiographic measurements are described in
Table 2. Table 3 shows the 5% and 95% percentiles of the
echocardiographic parameters analyzed.

Table 4 summarizes the echocardiographic parameters
of the study sample stratified by age group. Statistically
significant differences were found in left ventricular posterior
wall thickness, relative wall thickness, and mass indexed
for height*" and height*”. Table 5 depicts the 5% and 95%
percentiles for each age group.

No association was found between race and the several
echocardiographic parameters analyzed (dada not shown).

Thirty-five examinations were selected at random and
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Table 1 — Demographic and laboratory characteristics of the study population

Male

(n=113)
Age (years) 47.1 (9.8)
SBP* (mm Hg) 119.8 (8.2)
DBPt (mm Hg) 79,5 (5,7)
Blood glucose (mg/dl) 92,9 (19)
Creatinine (mg/dl) 1.1 (0.2)
Urea (mg/dl) 29.7 (7.7)
Total cholesterol (mg/dl) 196.8 (70)
HDL-cholesterol (mg/dl) 43 9.9
BMI # (kg/height?) 24.5 (2.6)
Waist circumference (cm) 86.3 (7.7)

Female

(n = 182) P
48.1 (12.6) 0.5
115.9 (11.3) 0.001
75,7 (6,9) < 0.001
89.3 (20.4) 0.14

0.9 (0.2) < 0.001
26.4 (6.6) < 0.001
198.5 (37) 0.79
50.7 (10.9) < 0.001
24.1 (3.1) 0.32
78.2 (8.6) <0.001

Data expressed as means and standard deviation: *systolic blood pressure, tdiastolic blood pressure, # body mass index and p - statistical significance.

Table 2 — Echocardiographic parameters according to gender: mean (standard deviation)

Parameters I\;tale Fe_male p
(n=113) (n = 182)

LV* diastolic diameter (mm) 49.9 (3.8) 45.5 (3.9) < 0.001
LV systolic diameter (mm) 29,9 (3,4) 26,8 (3,3) < 0,001
IVS thickness + (mm) 8,8 (0.6) 8.1 (0.7) < 0.001
PW thickness+ (mm) 8.7 (0.6) 8(0.7) < 0.001
Relative wall thickness 0.35 0.35 0.32
LV mass (g) 154.2 (27.7) 119 (25.1) < 0.001
Mass/body surface (g/m?) 85.1 (13.4) 74.6 (13) < 0.001
Mass/height (g/m) 90.7 (15.2) 75.7 (15.1) < 0.001
Mass/height*'* (g/m?>13) 50 (8.6) 45.5 (9) < 0.001
Mass/height*7 (g/m?>17) 37 (6.7) 35.2(7.1) < 0.001
LV fractional shortening (%) 40.3 (3.6) 40.7 (2.6) 0.03
LV ejection fraction (%) 70.5 (4.8) 71.5(3.1) 0.27
RV** diastolic diameter (mm) 18.2 (5.3) 16.3 (3.9) 0.052
LAS diameter (mm) 34.7 (2.5) 31.6 (2.6) 0.001
Aortic diameter (mm) 33.7 (2.3) 30.1 (2.5) <0.001

* Left ventricle, 1 interventricular septum, # posterior wall, § left atrium, ** right ventricle and p - statistical significance.

reviewed by a second observer, and the results showed
Pearson correlation coefficients of 0.94 for interventricular
septal thickness and LV diastolic diameter; 0.92 for posterior
wall thickness, and 0.89 for LV systolic diameter.

Discussion

In this study, based on a sample of 295 inhabitants of
Vitéria, all asymptomatic and with no cardiovascular disease,
we have described mean cardiac dimensions and determined

Arq Bras Cardiol 2007; 89(3) : 168-173

their 5% and 95% percentiles, which may be used in routine
echocardiographic assessments of the Brazilian population.
In spite of remarkable advances in ultrasound technology,
M-mode is still routinely used in all echocardiography
laboratories in Brazil.

This study, performed with 295 normal subjects, sought to
establish reference values for the Brazilian population, since
few studies in our country have addressed this important and
very useful aspect in the clinical practice of cardiology.
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Table 3 — The 5% and 95% percentiles of echocardiographic parameters according to gender

Total sample Male (n = 113) (nFe=m1afIiez)
LV* diastolic diameter (mm) 40.3-54.3 43-55.3 40-52
LV systolic diameter (mm) 23.8-33.4 25.4-35.3 23.2-31.5
IVS thickness + (mm) 7-9.4 7.7-9.9 7-9.3
PW thicknesst (mm) 7-9.3 7.6-9.6 7-9.3
Relative wall thickness 0.3-0.41 0.3-0.4 0.3-0.41
LV mass (g) 85.3-186.1 105.7-197.2 81.5-162.9
Mass/body surface (g/m?) 56.3-100.1 63.2-105.3 53.7-96
Mass/height (g/m) 55.6-108.2 64.8-113.4 52-101.5
Mass/height*™ (g/m 21%) 33.3-61.1 36.1-63.3 31.1-59.9
Mass/height?” (g/m 1) 25-46.6 26.9-47.7 24.1-46.4
LV fractional shortening (%) 36-45 34.9-45.3 37-45
LV ejection fraction (%) 65.6-76 63.9-76.6 67-76
RV** diastolic diameter (mm) 10.7-26 10.8-27 10-24
LA§ diameter (mm) 28-38 30-38 28-36
Aortic diameter (mm) 27-36 30-37 26-35
* Left ventricle, t interventricular septum, # posterior wall, § left atrium and ** right ventricle.
Table 4 — Echocardiographic parameters according to age group: mean (standard deviation)
30-39 years 40-49 years 50-59 years =60 years
(n =57) (n=39) (n = 75) (n =37) P
LV* diastolic diameter (mm) 47.3 (4.9) 47.1 (4.2) 46.7 (3.8) 47.8 (5.3) 0.5
LV systolic diameter (mm) 27.9 (4.8) 28.1(3.2) 27.5(2.5) 28.6 (4.7) 0.6
IVS thicknesst (mm) 8.1(0.8) 8.4 (0.8) 8.5(0.8) 8.5 (0.6) 0.2
PW thicknesst (mm) 7.9(0.8) 8.2(0.7) 8.5(0.7) 8.5(0.7) 0.001
Relative wall thickness 0.34 (0.03) 0.35 (0.03) 0.36 (0.03) 0.36 (0.03) <0.001
LV mass (g) 128 (35) 130 (28) 133 (28) 139 (35) 0.35
Mass/body surface (g/m?) 75.1 (14.3) 77.9 (13.1) 80 (13) 83.9(17.2) 0.11
Mass/height (g/m) 77.1(18.5) 80.1 (15.3) 82.5 (15.6) 86.2 (19.4) 0.055
Mass/height?!* (g/m?>13) 43.7 (9.3) 46.4 (8.4) 48.4 (8.6) 50.6 (10.4) 0.002
Mass/height?” (g/m?*17) 32.8 (6.7) 35.3(6.6) 37 (6.7) 38.7 (7.8) <0.001
LV fractional shortening (%) 40.1 (2.5) 40.4 (3) 41 (2.7) 40.4 (4.3) 0.41
LV ejection fraction (%) 70.7 (3.2) 70.9 (3.8) 71.8 (3) 70.7 (1) 0.35
RV** diastolic diameter (mm) 18.7 (4.4) 16.5 (4.1) 16.6 (4.7) 16.2 (4.3) 0.04
LA§ diameter (mm) 32.2(3.3) 32.5(3.1) 32.8(2.6) 33.6 (2.8) 0.17
Aortic diameter (mm) 30.7 (3.1) 31.1 (3.1) 31.7 (2.6) 32.5(2.9) 0.046
* Left ventricle, 1 interventricular septum, # posterior wall, § left atrium, ** right ventricle and p - statistical significance.
Our results are close to those found in previous international  classically considered normal in textboloks'? and currently

studies™'. It should be noted that the 95% percentiles of the  followed by echocardiography labs for both genders. In this
septum and left ventricular posterior wall are lower than those  regard, our findings are consistent with those reported by
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Table 5 — The 5% and 95% percentiles of echocardiographic parameters according to age groups

30-39 years

(n=57)
LV* diastolic diameter (mm) 46-48.6
LV systolic diameter (mm) 26.7-29.2
IVS thickness 1+ (mm) 7.9-8.4
PW thicknesst (mm) 7.8-8.2
Relative wall thickness 0.33-0.35
LV mass (g) 119-138
Mass/body surface (g/m?) 71.3-78.9
Mass/height (g/m) 72.2-82
Mass/height2.13 (g/m?13) 41.2-46.2
Mass/height*7 (g/m?17) 31-34.7
LV fractional shortening (%) 39.5-40.8
LV ejection fraction (%) 69.8-71.5
RV** diastolic diameter (mm) 17.4-19.9
LAS diameter (mm) 31.3-33.1
Aortic diameter (mm) 29.9-31.6

40-49 years 50-59 years = 60 years
(n = 39) (n = 75) (n=37)
46.2-48 45.8-47.6 46-49.6

27.4-28.8 26.9-28.1 26.7-30.1
8.2-8.5 8.4-8.7 8.3-8.7
8.1-8.3 8.3-8.6 8.3-8.7
0.34-0.36 0.36-0.37 0.34-0.37
124-136 126-139 127-150
75.1-80.6 76.9-83 78.2-89.6
76.8-83.3 78.9-86.1 79.7-92.7
44.6-48.2 46.4-50.4 47.1-54
33.9-36.7 35.5-38.5 36.1-41.3
39.7-41.1 40.4-41.7 38.9-41.9
70-71.7 71-72.5 68.6-72.8
15.6-17.4 15.4-17.7 14.7-17.7
31.8-33.1 32.1-33.4 32.6-35.6
30.4-31.8 31.1-32.4 31.5-33.5

* Left ventricle, 1 interventricular septum, # posterior wall, § left atrium and ** right ventricle.

Schvartzman et al”’, who found lower septal and posterior
wall values, defined by the 95% percentile, in a random
sample of one hundred subjects from the urban population
of Porto Alegre.

Our values for left ventricular mass and left ventricular mass
indexes are similar to those reported by llercil et al'*, who,
in a population-based study with different races focused on
the American population, described reference limits for LV
mass index for the diagnosis of myocardial hypertrophy that
differed from those reported in earlier studies, suggesting a
change in these limits for the diagnosis of left myocardial
hypertrophy, considered an important risk factor for
cardiovascular disease'.

In our study, left ventricular mass values were significantly
higher in men than in women, even after indexation for body
surface area, which is consistent with Shub et al’s findings'®.
After indexation for height, height*?, and height?>?, LV mass
values were found to be higher in male subjects. This indicates
that left ventricular mass values are higher in men, regardless
of the indexation method used.

Mean left atrial diameters were statistically significantly
higher in male subjects. Mean aortic root diameters were
similar to those found by llercil et al** in the American
population, and these values were also significantly greater
in men than in women.

In our study, LV posterior wall thickness and LV mass
correlated with age only when LV mass was indexed for
height*'*and height*>”. When LV mass was indexed for height,
there was a trend for association. This weak association with
age corroborates the findings from previous studies'*°.

We concluded that the 95% percentiles for interventricular
septum and posterior wall and, thereby, for the absolute and
indexed left ventricular mass found in our study are lower
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than those reported in previous studies. In this regard, our
results are in keeping with the new limits suggested in the
medical literature for the echocardiographic diagnosis of left
ventricular hypertrophy.

We recognize that the M-mode echocardiographic
quantification of LV dimensions presents a drawback in
the event of changes in segmental contractility and dilated
ventricles. We used M-mode echocardiography because this
method remains the most widely used in clinical practice,
and also because our study sample consisted of normal
subjects with no history of coronary or valvular disease. To
minimize possible errors, we followed the measurement
standardization in accordance to the American Society of
Echocardiography, corroborated by the recommendations of
the latest international guidelines for LV quantification'.

Due to ongoing technological advances, further studies
might be able to use three-dimensional echocardiography
for quantitative analyses of cardiac chamber size, morphology
and function. This modality of echocardiographic study may
be very useful in clinical research? since it allows ventricular
geometry, mass, and volumes to be measured without using
mathematical formulas and equations that are not always well
adapted to the actual cardiac anatomy.
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