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Three-Dimensional Echocardiographic Assessment of Left
Atrial Size and Function and the Normal Range of Asynchrony

in Healthy Individuals
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Left atrial size and function are very important
prognostic factors. Our aim was to evaluate left atrial
size, function, and mechanical synchrony using three-
dimensional echocardiography in order to establish
normal reference values. The study involved 63 healthy
individuals enrolled at 2 hospitals. All underwent two-
dimensional and three-dimensional echocardiography.
Mechanical asynchrony was assessed by determining
the standard deviation of the time each left atrial
segment took to reach the minimum volume during
atrial systole, normalized by the RR interval. The mean
value for this normalized standard deviation was 15.4
(10.9). In conclusion, it is possible to analyze left atrial
asynchrony, size and function using three-dimensional
echocardiography.

Key words: Left atrium. Asynchrony. Three-dimensional
echocardiography.

Evaluacion de tamano, funcién y rangos de
normalidad de la asincronia de la auricula
izquierda en sujetos sanos mediante
ecocardiografia tridimensional

El tamafio y la funcién de la auricula izquierda tienen
implicaciones prondsticas muy importantes. Nuestro ob-
jetivo fue evaluar el tamafo, la funcion y la sincronia me-
canica de la Al mediante ecocardiografia tridimensional
(eco-3D), para establecer los valores de referencia nor-
males. Sesenta y tres sujetos sanos fueron estudiados en
2 hospitales. Todos ellos fueron sometidos a una ecocar-
diografia bidimensional (eco-2D) y eco-3D. Para la valora-
cion de la asincronia, se obtuvo la desviacion estandar del
tiempo que cada segmento auricular emplea en alcanzar
el minimo volumen regional durante la sistole auricular,
normalizado por el intervalo RR (IDS 16). El valor medio
del IDS 16 fue 15,4 + 10,9. En conclusién, la asincronia,
el tamano y la funcién de la Al pueden ser analizados me-
diante eco-3D.

Palabras clave: Auricula izquierda. Asincronia. Ecocar-
diografia tridimensional.

INTRODUCTION

Quantification of heart cavity parameters is an
essential part of the echocardiographic examination.
An enlarged left atrium (LA) is associated with
various cardiovascular diseases'* and the incidence
of atrial fibrillation, cerebral ischemic events, and an
increased risk of death. LA size is usually assessed
with 2-dimensional echocardiography (2D-echo) and
M-mode echocardiography.>¢ Recently, 3-dimensional
echocardiography (3D-echo) has been included
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in the clinical routine of many echocardiography
laboratories, offering numerous advantages in the
assessment and analysis of the heart cavities.

Our objective was to use 3D-echo to assess LA
size, general function, and asynchrony in healthy
individuals, in order to establish the normal refer-
ence values.

METHODS
Study Population

The study included 63 patients with no known
cardiovascular disease or cardiovascular risk
factors at 2 hospitals. The participants were
hospital employees and patients who had no
cardiac conditions or had been referred to rule out
heart disease. All subjects were informed of the
diagnostic techniques to be used and gave consent
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Figure 1. Analysis of left atrial volumes and overall function.

to participate. The studies were carried out by 4
observers, 2 at each participating site.

2D and 3D Echocardiographic Study

All patients underwent a 2D-echo study with
a Philips TE-33 unit and S5-1 and X3-1 probes
(Philips, Bothell, Washington, United States). 2D
images of the LA were obtained using a parasternal
long-axis and 4-chamber apical window.

The 3D-echo study was performed immediately
after the conventional study. LA size, function, and
synchrony were analyzed using the same computer
application as that normally used to study the left
ventricle (LV), applying delayed image acquisition
to study atrial systole and diastole. A Philips X3-1
ultrasound probe (Philips, Bothell, Washington,
United States) was used for the study. The system
allows “full-volume” imaging. The 3D images were
acquired from the apical window, stored on a main
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server, and analyzed off-line using the QLAB 6.0
software (Philips, Bothell, Washington), and LA
systolic and diastolic volume and the ejection fraction
were measured (Figures 1 and 2). This computer
application automatically divides LA volume into
17 segments and obtains the end-diastolic and end-
systolic volumes and the ejection fraction for each
segment. The application also obtains the R-R
interval normalized standard deviation of time to
minimum volume for 16 segments (Tmsv-16 SD).
The theoretical “apex” of the atrium was located in
the LA roof and the reference point for automatic
segmentation was left by default in the place
predefined by the software. The field that represents
the atrial roof was excluded from this analysis. The
left atrial appendage was always excluded, and the
orifices of the pulmonary vein were not taken into
account. The imaging parameters were adjusted
to obtain the best time resolution possible in each
patient.
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Statistical Methods

The statistical program used was SPSS version
11.0 (SPSS Inc., Chicago, Illinois, United States).
Quantitative data are expressed as the mean (SD),
corrected by the R-R, and qualitative data as
the absolute number (percentage). The Tmsv-16
SD measurements were repeated in the first 20
patients by a second observer and by the first
observer in a second step to perform the inter-
observer reproducibility analysis and in 1 observer
using the intraclass correlation coefficient. The
Kolmogorov-Smirnov test was used to confirm
normal distribution of the data.

RESULTS

The 63 participants had an average age of 50.53
(21.1) years (median, 48 years; interquartile range,
33.25 years) and 35 were men (55.6%). No subjects
were excluded due to a poor acoustic window. The
mean duration of acquisition and analysis was 12.3
(5.1) minutes per patient in the first 20 patients
included.

The average LA diameter obtained by 2D-echo
was 42.4 (11.6) mm; the mean left atrial end-diastolic
volume assessed by 3D-echo was 48.9 (25.1) mL and
the mean left atrial end-systolic volume obtained by
3D-echo was 62.3 (17.2) mL. The M-mode diameters
and the mean LA end-diastolic and end-systolic
volumes indexed by body surface area assessed by
3D-echo were 21.6 (6.4) mm/m?, 23.9 (6.1) mL/m?,
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Figure 2. Analysis of regional function
and assessment of left atrial asynchrony.

and 9.7 (4.2) mL/m?, respectively. The mean LA
ejection fraction was 62.3% (17.2%) (Table).

Tmsv 16-SD was the last variable studied, with a
mean value of 15.4 (10.9) (Table). The inter-observer
and intra-observer agreement study for Tmsv 16-SD
determination yielded an intraclass correlation
coefficient of 0.82 and 0.79, respectively. Analysis
of the linear association between the indexed LA
volume and the Tmsv 16-SD gave a simple linear
regression coefficient of only 0.3.

DISCUSSION

Left atrial enlargement is a risk predictor of
cardiovascular events, and various studies have
shown that 3D-echo is superior to 2D-echo in the
assessment of LV function.” Nevertheless, little is
known about the role that atrial asynchrony may
have on the assessment of healthy subjects and
patients with heart disease. In this context, our
study may be relevant because knowledge of the
reference values in healthy patients could later be
applied to the different pathologies.

Few studies have analyzed atrial asynchrony®’;
the majority focus on interatrial asynchrony.
Among the small number that analyze intra-atrial
asynchrony, a trial by van Beeumen et al’° showed
that patients with heart failure assessed by color
Doppler have considerable right interatrial and
intra-atrial asynchrony, which is related to elevated
natriuretic peptide concentration.
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Normal Left Atrial Reference Values Determined by With Three-Dimensional Echocardiography

Variable Mean (SD) Median Interquartile Range
LA, mm 42.4(11.6) 40 13
LA EDV, mL 48.9 (25.1) 43 20
LAEDV, mL 20.3(18.4) 13.8 19.9
LA ESV, 2D-echo (Simpson) 51.2 (26.4) 44 21
LA EDV, 2D-echo (Simpson) 21.8(19.3) 12 20
LAEF, % 62.3(17.2) 61 21
Tmsv 16-SD, % 15.4(10.9) 12 9

LA indicates left atrial diameters obtained in a parasternal long-axis view; LA EDV, left atrial end-diastolic volume; LA ESV, left atrial end-systolic volume; LAEF, left atrial
ejection fraction; SD, standard deviation; Tmsv 16-SD, R-R interval normalized standard deviation of time to minimum volume for 16 LA segments.

The results of the present study are an initial
approach to the use of 3D-echo for studying atrial
asynchrony.

Limitations

The main limitation of this study was that the
3D-echo analysis of the LA was performed using a
computer application designed for the LV. Another
limitation is the limited frame-rate used by this
system. Moreover, due to the relatively small number
of patients, no analysis stratified by age and sex was
carried out.

Nevertheless, we should highlight the fact that
no technique is currently considered a reference
method to study atrial asynchrony.

In conclusion, LA asynchrony, size, and function
can be studied by 3D-echo. Our results provide, for
the first time, atrial synchrony reference values for
healthy subjects.
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