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de la auricula izquierda. Diferencias entre géneros
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ABSTRACT

Introduction: Left atrium (LA) enlargement is a predictor
of cardiovascular events. Objective: To inform clinical
an echocardiographic findings related to LA enlargement
in patients with normal left ventricle (LV) systolic
function without valvulopathy or cardiomyopathy, and
gender differences. Methods: Forty patients with LV
ejection fraction > 50% were evaluated with a complete
transthoracic echocardiogram. Results: In the sample,
55% were female (n = 22) and 45% men (n = 18); age of
68.5+36.7 years with range of 35 to 87; only hypertension
was a significant risk factor. LA volume in female was
56.8 £ 36.06 mL and 73.4 + 94.04 mL in male; the LA
indexed volume was 33.31 + 14.84 mL/m? BSA in women
and 39.22 + 56.56 mL/m? BSA in men (p = 0.05). LV
concentric remodeling was found in 52.5% (n=21) and it
was the most frequent structural change; on the other hand
concentric hypertrophy was more prevalent in women
(p = 0.05) and the diastolic diameter of the LV showed
significant difference between genders (p=0.05). No other
significant differences between genders were found in any
other parameter. Conclusions: Systemic hypertension
was the most prevalent risk factor, being more frequent in
men, as well as greater extent of LA volume and diastolic
diameter of LV; concentric remodeling was very frequent
in both genders and LV end diastolic pressures were
normal in both groups.

RESUMEN

Introduccion: La dilatacién de la auricula izquierda (A1)
es un predictor de eventos cardiovasculares. Objetivo:
Informar los hallazgos clinicos y ecocardiogrdficos
asociados con dilatacion de Al en pacientes con funcion
sistolica del VI normal, en ausencia de miocardiopatia y
valvulopatia, y las diferencias entre géneros. Métodos:
Cuarenta pacientes con fraccion de expulsion del VI >
50% se evaluaron con ecocardiograma transtordacico
completo. Resultados: En la muestra, 55% fueron mujeres
(n = 22) y 45% hombres (n = 18); la edad de 68.5 +
36.7 aiios con rango de 35 a 87; como factor clinico de
riesgo, solo la hipertension fue significativa. El volumen
de Al en mujeres fue 56.8 + 36.06 mL y 73.4 + 94.04
mL en hombres; el volumen indexado de Al fie 33.31 £
14.84 mL/m*SC en mujeres y 39.22 + 56.56 mL/m’SC en
hombres (p = 0.05). La remodelacion concéntrica del
VI se encontro en el 52.5% (n = 21) de los casos y fue
el cambio estructural mas frecuente; por otro lado la
hipertrofia concéntrica fue mds prevalente en mujeres (p
=0.05) y el diametro diastolico del VI mostro diferencia
significativa entre generos (p = 0.05). No se encontraron
diferencias significativas entre géneros en ninguno de
los otros pardametros. Conclusiones: En la muestra
estudiada la hipertension arterial fue el factor de riesgo
mas prevalente, siendo mas frecuente en hombres, al igual
que mayor grado de dilatacion auricular y del diametro
diastolico del VI; la remodelacion concéntrica resulto muy
frecuente en ambos géneros y las presiones de llenado
fueron normales en ambos grupos.
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INTRODUCTION

t is well recognized that left atrium (LA)

enlargement is a marker of LV diastolic
filling impediment and a potential predictor of
adverse cardiovascular outcomes such as atrial
fibrillation, stroke, congestive heart failure, and
cardiovascular death. It has been shown that
aging alone does not independently contribute
to LA enlargement, in fact, it is well known that
LA enlargement reflects diverse pathophysiologic
processes, and as previously stated, associated
with excess morbid cardiovascular outcomes.
Our focus is exclusively on left atrial structure
and function in non-valvular cardiomyopatic
disease and its potential as an additive risk factor,
and in the near future disclose if therapeutic
favorable modifications in LA structure and
function will translate in improved cardiovascular
outcomes.? LA mechanical function can be
described by three different phases of the
cardiac cycle: a) during ventricular systole and
isovolumetric relaxation, the LA functions as a
pool that receives blood from pulmonary venous
return and stores potential energy in pressure
form; b) during ventricular diastole, the LA
operates as a duct or canal transferring blood
into the left ventricle (LV) after mitral valve is
opening via a «suction» effect in early diastole
and pressure gradient later during «plateau» or
diastasis and through which blood flows from
the pulmonary veins into the left ventricle;
c) the LA contraction increases LV filling and
contributes to stroke volume by approximately
20 to 30%. LA enlargement carries important
clinical information.3* Left atrial volume is
superior to LA diameter as a measure of LA size,
and should be incorporated into routine clinical
echocardiographic evaluation because it does
have important prognostic implications and
helps guide therapy. Based on data stated above,
we conducted this study in 40 patients with LA
enlargement but normal LV systolic function
without valvular disease or cardiomyopathy in
order to inform clinical and echocardiographic
findings, and associated gender differences.

METHODS

We included in our study forty consecutive
patients with an enlarged LA in echocardiographic

study, 22 females and 18 males. All patients
with normal LV ejection fraction (= 50%) were
included and those with valvular heart disease
and/or cardiomyopathy were excluded. All
studies were performed by a cardiologist board
certified in echocardiography. Conventional
measurements in M-mode echocardiography,
two-dimensional, pulsed, continuous, color
and tissue Doppler reports were performed
using either a Phillips echocardiograph model
iE33 or a Phillips Sonos echocardiograph 5500,
using 1-3 MHZ multifrequency transducer, with
special emphasis on structure and size of left
atrium. The cutoff point to determine de LA as
enlarged was 29 mL/m? of body surface area.
Demographic profiles findings and measurement
were recorded. Variables obtained were: age,
sex, smoking, history of hypertension, diabetes
mellitus, dyslipidemia; left ventricle diastolic
diameter (LVDD), left ventricle systolic diameter
(LVSD), posterior wall thickness (PWT), LV ejection
fraction (LVEF). Specific measurements were: LV
end-diastole thickness/radius ratio (T/R), which
was obtained by M mode echo measurement:
posterior wall thickness x 2/diastolic diameter;
normal value was established in < 0.42. Left
ventricular mass, calculated by M-mode using
the following equation:* 1.04 X (0.8 X ((LVDD +
IVST + PWT] 3 - [LVDD] 3)) 4+ 0.6; normal value
was considered < 95 g/m? BSA in women and
< 115 g/m? BSA in men. According to this, four
different ventricular geometry were considered:
a) normal (normal mass and normal T/R ratio);
b) concentric remodeling (normal mass and
increased T/R ratio); c) concentric hypertrophy
(increased mass and increased T/R ratio) and
d) eccentric hypertrophy (increased mass and
normal T/R ratio).

Left atrial volume, which was obtained by
the biplane Simpson method in apical 2- and
4-chamber views using the built-in software of
the machine. For this purpose, LA areas were
manually traced at end-systole in apical four-
and two-chamber views, ensuring that there
was no foreshortening of the LA. Automatic
volume calculation was performed using the
software for the modified Simpson’s disc
summation method in the echo machine. LA
volume was indexed to body surface area and
expressed as LA volume index (mL/m? BSA).
Normal value of left atrium volume was < 29
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mL/m? BSA in the apical four chamber view,
using a 1-2 mm sample volume, pulse wave
(PW) Doppler cursor is placed between the
mitral leaflet tips during diastole. From the
mitral inflow profile the E wave was measured.
The average of early septal and lateral diastolic
velocities (e’) were measured by tissue Doppler
imaging from the apical four-chamber view.
The E/e’ ratio was calculated and a value = 15
was considered as indicative of high LV filling
pressures. Data analysis was done using SPSS
17, student t test and Fisher exact test were
applied whenever applicable.

RESULTS

Sample consisted of 40 patients (Table 1), 55%
were females (n = 22) and 45% males (n = 18);
the average (mean) age and standard deviation
(SD) for the first was 68.5 = 36.7 years with
range of 35 to 87 years; for the second one it
corresponded an mean and SD of 63 + 40.08
years and range of 20 to 88 years. A higher
average age (5 years) was found in the female
gender but the presence of left atrial enlargement
was observed in this sample at an earlier age in
the male with a difference of 15 years.
Systemic arterial hypertension was the most
prevalent risk factor for LA enlargement in our
study, present in 57.5% of the total cases (n
= 23); no statistically significant differences
were found in the other risk factors: smoking
occurring in 25% of cases, diabetes mellitus in
15%, and dyslipidemia in 27.5%. Hypertension

was more frequent in men compared to women
(72% vs 45%), (p = 0.05).

Regarding the echocardiographic findings
(Table 2), the LA volume in women showed a
X and SD of 56.8 + 36.06 mL; in men 73.4 +
94.04 mL; the indexed volume was 33.31 =
14.84 mL/m?2 BSA in women (mild dilation) and
39.22 = 56.56 mL/m? BSA in men (moderate
dilation), this was statistically significant. Also,
there was a statistically significant difference
in LV diastolic diameter between women and
men: 41.38 = 11.31 mm vs 47.38 = 8.45
mm, respectively (p = 0.05). No statistically
significant differences were found between
genders in any of the other parameters studied.

In the evaluation of the left ventricular filling
pattern, using the pulsed Doppler inflow and
mitral annular Doppler tissue velocity, it is worth
noting that the E/e’ ratio was less than 12 cm/s
which translates normal filling pressures, and
no gender differences were found in E wave
and e’ wave, as well as in E/e’ ratio.

Respect to LV structural changes,
hypertrophy was observed in 30% of the cases,
with statistically significant difference in favor of
the female gender with 8 cases (36.3%) against
4 in the male (22.2%) (p = 0.05).

Concentric remodeling was the most
common LV hypertrophic pattern observed in
the sample studied occurring in 52.5% of the
cases (n = 21), no difference was found between
genders; the pattern of normal ventricular
geometry was found in 17.5% of the total
patients studied. Presence of atrial fibrillation

Table 1: Demographic data and risk factors in 40 patients with left atrium enlargement.

Female 22 (55%) Male 18 (45%)
68.5+36.7 63 £40.08
R: 35-87 R:20-88
Age n (%) n (%) p Total 40 (100%)

Smoking 5 (22.7) 5 (27.7) NS 10 (25.0)
HBP 10 (45.4) 13 (72.2) 0.05 23 (57.5)
DM 3 (13.6) 3 (16.6) NS 6 (15.0)
Dyslipidemia 5 (22.7) 6 (33.3) NS 11 (27.5)

HBP = high blood pressure; DM= diabetes mellitus; R = range.
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Table 2: Ecahocardiographic findings in 40 patients with left atrium enlargement

and its distribution by gender.

Female 22 (55%) Male 18 (45%)
Mean + SD Mean = SD p Total 40 (100%)
LVDD 4138 £11.31 47.38 £ 8.45 0.05 —
R:33-49 R: 42-54
LVSD 24.13+13.43 2827+7.77 NS —
R: 16-35 R:22-33
IVS 11.31+£3.67 12.10 £ 6.50 NS —
R: 8.6-13 R:8.2-17.4
PW 9.94+2.33 10.81 £3.39 NS —
R:8.7-12 R:8.2-13
EF 71% +0.09 68% = 0.11 NS —
R: 63-77 R: 58-74
SF 44 £0.30 40£0.16 NS —
R:31-74 R: 30-53
LAV 56.8 +36.06 73.4+94.04 0.05 —
R: 42-93 R: 49-182
Indexed LAV 3331+ 14.84 39.22 +56.56 0.05 —
R:33-54 R:29-109
E wave 78.76 £41.71 72.46 £48.79 NS —
R: 55-114 R: 42-111
e’wave 791 +10.74 8.41+5.16 NS —
R:5.1-20.3 R:5.8-13.1
Ele’ 10.32 £9.68 8.01+7.07 NS —
R:4.3-18 R:5-15
Atrial fibrillation 1+£4.50 3+16.60 0.05 4 10
Concentric 8+36.30 442220 0.05 12 30
hypertrophy
Normal 3+13.60 442220 NS 7 175
Concentric 11 £50.00 10 +55.50 NS 21 525
remodeling

LVDD = left ventricle diastolic diameter; LVSD = left ventricle systolic diameter; IVS = interventricular septum; PW = posterior
wall; EF = ejection fraction; SF = shortening fraction; LAV = left atrial volume; SD = standard deviation; R = range.

(AF) was observed in one woman and in 3 men,
a finding with statistically significant difference.

DISCUSSION

Echocardiography is one of the most important
non-invasive methods that allow a simultaneous
and continuous recording of LA size and
volume.> There are three main volumetric
measurements: the maximum volume, which

occurs just before the mitral opening (max LA
vol.), the minimum volume, at the time of mitral
closure (min LA vol.), and the average volume,
before the P wave (average LA vol.). This
measurement is indexed by the body surface,
considering the maximum normal value of 28
mL/m? BSA.° In a previous report of a Mexican
population, cardiac chambers dilation was
identified in 371 (27.79%, from a total of 1,335
patients), from these LA enlargement was seen
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in 242 cases (65.13%).” In the current study
we assessed people with normal LV ejection
function, without valvular heart disease and/
or cardiomyopathy.

The size and function of the LA largely
reflects the global function of the circulatory
system, especially the diastolic function of the
left ventricle, being a true biomarker of the
latter and therefore its modifications turn out
to be a marker of risk of cardiovascular events.

Physiologically, the LA acts as a reservoir
for the volume of the pulmonary venous
return, maintains it during its contraction and
the LV isovolumetric relaxation period. When
the mitral valve opens, it transfers its contents
to the LV, due to pressure gradients initially,
later by means of its contraction it does so
actively immediately before the start of the LV
systole, determining the final diastolic volume.
Therefore, the LA acts as a reservoir (40%), as
a conduit (35%) and as a pump (25%), and
the transition between the almost continuous
flow of the pulmonary circulation and the
intermittent flow of the LV filling depends on
it.2 Different pathological conditions can alter
the normal physiology of LV filling and conduce
to structural alterations. Not infrequently the
volume status of the LA will be modified, since
during the proto-diastole, the relaxation failure
is associated with a decrease in the function
of the duct and an increase in the reservoir
and contraction phases due to a decrease in
the atrial-ventricular gradient. As the diastolic
dysfunction is accentuated, the contribution of
the conduit mechanism increases significantly
while those of the reservoir and contraction
decrease considerably.

Echocardiography is an excellent method
to study LV filling dynamics, and as such,
the magnitude of the first transmitral E wave
represents the ventricular filling in the early
diastole, which is a combined effect of
the passive function of LA and active LV
(suction), and is an index of LV relaxation.
The E wave is decreased early in the LV
relaxation failure. The deceleration time of
the E wave (from the maximum speed to the
velocity 0) is another element that assesses the
ventricular relaxation and that is prolonged if
the relaxation is abnormal. The transmitral A
wave magnitude is frequently used to evaluate

the contractile function of LA and is related
to ventricular distensibility.” Wave A becomes
more prominent as LV filling pressures increase.
The E/A ratio describes the atrial contribution
to filling the ventricle. On the other hand, the
correlation and similarity between waves of
tissue Doppler (TD) signals in the middle or
lateral mitral annulus to those of the atrial walls
make TD invaluable in the study of LV filling.
The e’ wave of the mitral annulus correlates
with the maximum velocity of the transmitral
flow, and the atrial fraction of the LV filling
is diminished during atrial dysfunction. The
relationship between the E waves of the mitral
filling and the e’wave of the mitral annulus (E/e’)
also reflects the filling pressures of LV and they
are codependents.

In our echocardiography laboratory, diastolic
dysfunction is the second most frequent finding
among 1,440 patients evaluated with 30.7%
of the cases.” Nevertheless in this current
study of patients with the LA enlargement that
excluded patients with valvular heart disease,
cardiomyopathy and/or LV systolic dysfunction,
there are other factors related to left atrial
enlargement, commonly systemic hypertension,
also a less compliant cardiovascular system,
and the gross structural and histological
changes associated with it such as fibrosis,
importantly mediated by neuro-adrenergic
system activation, including renin-angiotensin-
aldosterone and adrenergic system.'®

Currently, other technologies are available
to evaluate the repercussion in LA structure
and function." Tissue Doppler (TD) is one of
the echocardiographic methods for studying
atrial function. With the sample volume located
in one of the LA walls, a velocity versus atrial
myocardial time curve is generated, either in
real time or as a result of the post-processing of a
color TD image. "2 This has also been found with
Doppler, which shows an increase in the phase
of active emptying (atrial contraction), which
compensates for the decrease in the passive
emptying phase. The decrease in ventricular
compliance (for example associated with age
or hypertrophy) produces an increase in the left
atrial pressure in order to maintain the filling of
the LV. The secondary increase in wall tension of
LA results in atrial myocardial stretch, dilation,
and increased contractility according to the
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Frank-Starling law. This law has been confirmed
by studies carried out with tissue Doppler that
directly measures the maximum speed (Va) in
the various segments of the LA. In fact over
60 years of age, the speed of the walls of LA
are significantly higher than in younger people.
Based on the TD color image, other modalities
can be derived for both global atrial examination
(tissue tracking and tissue synchronization
imaging), for segmental atrial study (strain and
strain rate or velocity of the deformation). In the
strain and strain rate,'® which study myocardial
deformation, the contraction of the fibers shows
that the shortening and distension of the atrial
walls are discordant in terms of the direction
of the signal when it is compared to the same
signals in the ventricular walls during ventricular
contraction.™ Strain function is better indicator
of segmental function than tissue Doppler,
both in the ventricle and in the atrium, since
it is not influenced by the traction exerted by
the neighboring segments, which may affect
the TD."

LA function in atrial fibrillation has particular
importance due to its effect on morbidity and
mortality.’®17 It has been observed that the
onset of this arrhythmia is accompanied by
decreased atrial compliance and increased
pressure in LA.'® With the use of strain in
the atrial walls, it has been found that the
deformation is absent in this arrhythmia. This
may reflect decreased walls distensibility, which
is related to the depression findings of the
reservoir and duct phases, and the absence of
the contractile phase. Left atrial volume is a
more robust marker of cardiovascular events
than LA area or diameter in subjects with sinus
rhythm. The predictive utility of LA size for
cardiovascular events in AF is poor, irrespective
of the method of LA size quantitation.’
Auricular «stunning» after cardioversion is
known to last for weeks and is associated with
thromboembolic risk. In chronic cardioverted
patient with AF, the gradual recovery of the
contractile function on the first four weeks has
been demonstrated. In this study 4 patients,
which represents 10% of the sample had atrial
fibrillation.

When the present study is related with
other reports, Baekkevar et al' found that
when LA dimensions are compared between

11

genders, the only difference is a higher upper
normal level of max right atrium (RA) volume
index than max LA volume index among males.
Weihao et al?® reports that atrial dimensions
and volumes are generally larger in males in
healthy Chinese adults; but in the Katayama et
al report that, although the LA volume is similar
between males and females, the LA volume
index is significantly higher in females than in
males in study of 380 patients (205 females
and 175 males).!

In relation to the presence of hypertension
(the main clinical factor found in the sample of
this study), the Miyoshi et al report demonstrated
that alterations in LA structure and function are
mainly associated with LV diastolic and systolic
dysfunction respectively in preclinical patients
with hypertension, also when there are obesity
and hypertension is well known to result in
heart failure with preserved ejection fraction.?
Therefore, it is clinically important to clarify the
mechanisms of further deterioration of LA and
LV interaction in asymptomatic patients when
both problems coexist.??

Due to the above, and despite the fact
that the patient is asymptomatic, if systemic
hypertension is diagnosed for the first time, or
the patient is already receiving treatment for it,
echocardiographic control is essential to assess
the structure, volume and size of the LA, such
as possible regression of LA enlargement with
established treatment.?*

Current echocardiographic and Doppler
techniques allow to detect and classify the
degrees of diastolic left ventricular function.
The latter works better with symptomatic
patients and more advanced disease, so the
early diagnosis of clinical diastolic dysfunction
remains a problem not yet solved for current
cardiology. The study of the left atrium is
probably one of the links that allows us to
understand these mechanisms.

One of the limitations of this communication
is that it has a small number of cases, so the
findings should be replicated by studies with
greater amplitude to corroborate the findings.

CONCLUSIONS

In this studied sample of patients with left
atrium enlargement, systemic hypertension
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was the most frequent risk factor and was
more frequently observed in men. About the
echocardiographic findings, the left atrium
volume and the diastolic diameter of left
ventricle were more important in male gender,
and the concentric remodeling of the left
ventricle was the most frequent morphological
change. It was expected to find increased in
the left ventricle filling pressures, but the results
are the opposite, so it could be possible a light
or incipient diastolic dysfunction, perhaps
evident only during exercising or any other
stress situations, which would lead to transient
end LV diastolic pressures increasing. Other
possibility could be that left atrial enlargement
represents the initial stage of some kind of
cardiomyopathy. This is why cardiologists
should always pay attention when a patient is
reported with left atrial enlargement and other
imaging methods could be necessary in order
to enhance diagnostic accuracy.

REFERENCES

1. Tsang TS, Abhayaratna WP, Barnes ME, Miyasaka Y,
Gersh BJ, Bailey KR et al. Prediction of cardiovascular
outcomes with left atrial size: is volume superior to area
or diameter? ] Am Coll Cardiol. 2006; 47: 1018-1023.

2. Druzbacka L, Valocik G, Jakubova M, Stancak B,
Fojtikova L. Clinical implications of enlargement of
left atrium. Vnitr Lek. 2012; 58: 118-122.

3. Abhayaratna WP, Seward JB, Appleton CP, Douglas
PS, Oh JK, Tajik AJ et al. Left atrial size: physiologic
determinants and clinical applications. ] Am Coll
Cardiol Cardiol. 2006; 47: 2357-2363.

4. Devereux R, Alonso D, Lutas E, Gottlieb G, Campo
E, Sachs | et al. Echocardiographic assessment of left
ventricular hypertrophy: comparison to necropsy
findings. Am J Cardiol. 1986; 57: 450-458.

5. Bhatia SR, Dorian P. Screening for cardiovascular
disease risk with electrocardiography. JAMA Intern
Med. 2018. doi: 10.1001/jamainternmed. 2018.2773

6. Ancona R, Comenale-Pinto S, Caso P, D’Andrea
A, Di Salvo G, Arenga F et al. Left atrium by
echocardiography in clinical practice: from
conventional methods to new echocardiographic
techniques. Scientific World Journal. 2014; 2014:
451042. doi: 10.1155/2014/451042.

7. Séanchez LF, Harrison GC, Arceo NA, Arredondo
AV, Dominguez CL. Echocardiographic findings:
Experience in 1,468 cases. Rev Mex Cardiol. 2016;
27:71.

8. Kadappu KK, Abhayaratna K, Boyd A, French
JK, Xuan W, Abhayaratna W et al. Independent
echocardiographic markers of cardiovascular
involvement in chronic kidney disease: the value of
left atrial function and volume. ] Am Soc Echocardiog.
2016; 29: 359-367.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Sharifov OF, Schiros CG, Aban I, Denney TS, Gupta
H. Diagnostic accuracy of tissue doppler index E/e’ for
evaluating left ventricular filling pressure and diastolic
dysfunction/heart failure with preserved ejection
fraction: a systematic review and meta-analysis. ] Am
Heart Assoc. 2016; 5: pii: €002530. doi: 10.1161/
JAHA.115.002530.

Cuspidi C, Negri F, Zanchetti A. Angiotesin Il receptor
blockers and cardiovascular protection: focus on
left ventricular hypertrophy regression and atrial
fibrillatiron prevention. Vasc Health Risk Manag. 2008;
4 (1):67-73.

Cameli M, Lisi M, Mondillo S, Padeletti M, Ballo P
Tsioulpas C et al. Left atrial longitudinal strain by
speckle tracking echocardiography correlates well with
left ventricular filling pressures in patients with heart
failure. Cardiovasc Ultrasound. 2010; 8: 14-19.
Todaro MC, Choudhuri I, Belohlavek M, Jahangir
A, Carerj S, Oreto L et al. New echocardiographic
techniques for evaluation of left atrial mechanics. Eur
Heart ) Cardiovasc Imaging. 2012; 13: 973-984.
Cameli M, Mandoli GE, Loiacono F, Dini FL, Henein
M, Mondillo S. Left atrial strain: a new parameter for
assessment of left ventricular filling pressure. Heart Fail
Rev. 2016; 21: 65-76.

Miyoshi H, Oishi Y, Mizuguchi Y, luchi A, Nagase N,
Ara N et al. Association of left atrial reservoir function
with left atrial structural remodeling related to left
ventricular dysfunction in asymptomatic patients with
hypertension: evaluation by two-dimensional speckle-
tracking echocardiography. Clin Exp Hypertens. 2015;
37:155-165.

Cameli M, Sparla S, Losito M, Righini FM, Menci
D, Lisi M et al. Correlation of left atrial strain and
doppler measurements with invasive measurement
of left ventricular end-diastolic pressure in patients
stratified for different values of ejection fraction.
Echocardiography. 2016; 33: 398-405.

Omar AMS, Narula S, Abdel-Rahman MA, Pedrizzetti
G, Raslan H, Rifaie O et al. Precision phenotyping
in heart failure and pattern clustering of ultrasound
data for the assessment of diastolic dysfunction. JACC
Cardiovasc Imaging. 2017; 10: 1291-1303.
Katayama T, Fujiwara N, Tsuruya Y. Factors contributing
to left atrial enlargement in adults with normal left
ventricular systolic function. J Cardiology. 2010; 55:
196-204.

Yuda S, Muranaka A, Miura T. Clinical implications
of left atrial function assessed by speckle tracking
echocardiography. J Echocardiography. 2016; 14:
104-112.

Baekkevar M, Roislien J, Rodevand O, Otterstad JE.
Normal reference ranges for left and right atrial volume
indexes and ejection fractions obtained with real-time
three-dimensional echocardiography. European |
Echocardiography. 2009; 10: 738-744.

Li W, Wan K, Han Y, Liu H, Cheng W, Sun ] et al.
Reference value of left and right atrial size and phasic
function by SSFP CMR at 3.0T in healthy Chinese
adults. Scientific Reports. 2017; 7: 3196.

Katayama T, Fujiwara N, Tsusuya Y. Factors contributing
to left atrial enlargement in adults with normal left
ventricular systolic function. J Cardiology. 2010; 55:
196-204.

Cardiovasc Metab Sci 2019; 30 (1): 6-13

www.medigraphic.com/cms



Sanchez-Lezama F et al. Clinical and echocardiographic variables associated to left atrium enlargement 1 3

22. Miyoshi H, Oishi Y, Mizuguchi Y, luchi A, Nagase 24. Bhatia RS, Bouck Z, Ivers NM et al. Electrocardiograms

N, Ara N et al. Early predictors of alterations in in low-risk patients undergoing an annual health
left atrial structure and function related to left examination. JAMA Intern Med. 2017; 177: 1326-
ventricular dysfunction in asymptomatic patients with 1333.

hypertension. ] Am Soc Hypertens. 2013; 7: 206-215.
23. Miyoshi H, Oishi Y, Mizuguchi Y, luchi A, Nagase N,
Ara N et al. Contribution of obesity to left atrial and

left ventricular dysfunction in asymptomatic patients Correspondence to:

with hypertension: a two-dimensional speckle-tracking

echocardiographic study. ] Am Soc Hypertens. 2014; Dr. Francisco Sanchez Lezama

8: 54-63. E-mail: sanchezlezama@angelesleon.com

Cardiovasc Metab Sci 2019; 30 (1): 6-13 www.medigraphic.com/cms



