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In patients with systolic chronic heart failure (CHF), sys-
temic arterial hypertension (HT), aortic stenosis (AS) or 

idiopathic hypertrophic cardiomyopathy (HCMP), left atrial 
(LA) size and function increase to counterbalance the impair-
ment of left ventricular (LV) diastolic function (1-8). Thus, 
LA size and function change in all conditions of increased LV 
hemodynamic load and/or LV mass, irrespective of aortic 
valve gradient, LV outflow tract obstruction, degree of HT 
and distribution of hypertrophy, with differences among vari-
ous etiologies related to LA preload and/or intrinsic LA con-
tractility (9,10).

We demonstrated that in patients with AS and HT, concen-
tric LV geometry increased LA size and function more than 
eccentric geometry (1,4). The spectrum of LA modifications 
may be different when systolic CHF coexists. Indeed, patients 
with systolic CHF have an eccentric LV geometry resulting 
from the myocardial remodelling process and the need for 
recruiting the maximal LA work for maintaining LV filling 
pressures near to normal values (6,7).

In the present study, we measured LA size and force in a 
group of patients with systolic CHF, and compared these vari-
ables with those measured in controls and in patients with HT, 

AS and HCMP (typically pressure or combined pressure- 
volume overload states). The aims of the present study were to 
assess the magnitude of changes in LA size and force in systolic 
CHF and in the other cardiac diseases, and to assess whether 
the left atrium remodels differently and works in response to 
specific conditions affecting diastolic function and to individ-
ual factors associated with LA alterations.

Methods
Patients were referred to the echocardiography laboratory at 
Villa Bianca Hospital in Trento, Italy, by their general practi-
tioner. Patients who were older than 50 years of age and in 
sinus rhythm were selected for the study. Patients were con-
secutively enrolled from December 2005 to May 2007. They 
underwent a clinical and echocardiographic examination per-
formed on the same day between 08:00 and 12:00.

Patients with HT (n=181) (defined as receiving pharmaco-
logical treatment for high blood pressure), AS (n=85) (defined 
as aortic valve thickening accompanied by a Doppler-measured 
aortic peak flow velocity of 2.5 m/s or greater) (11), HCMP 
(n=40) (identified according to Maron’s criteria [12]) and sys-
tolic CHF (n=94) were included in the study. Among the 
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BaCkGround: Left atrial (LA) systolic force (LASF) is significantly 
increased in chronic heart failure (CHF), arterial hypertension (HT) and 
aortic stenosis (AS). The increase is proportional to the degree of left 
ventricular hypertrophy and diastolic dysfunction. 
oBjeCtives: To assess the magnitude of changes in maximal LA vol-
ume (LAVmax) and LASF in systolic CHF compared with other cardiac 
diseases, and to assess whether the left atrium remodels differently and 
works in response to specific conditions affecting diastolic function and to 
individual factors associated with LA alterations.
Methods: LAVmax and LASF were measured and evaluated by 
two-dimensional Doppler echocardiography in 94 patients with systolic 
CHF and normal left ventricular filling pressure, 100 control patients, 
181 patients with HT, 40 patients with idiopathic hypertrophic cardiomyo-
pathy (HCMP) and 85 patients with AS. The prevalence of LA dilation 
and supernormal LASF (defined as values of LAVmax and LASF exceeding 
two SDs of the mean of controls) was measured in all groups. 

resuLts: LAVmax and LASF were 7.1±2 mL/m3 and 7.8±4 kdynes in con-
trols, and 11.0±4 mL/m3 and 19.7±11 kdynes in systolic CHF patients, respec-
tively (both P<0.001). These values were significantly higher than in patients 
with HT, but similar to those with AS and HCMP. LA dilation and supernor-
mal LASF were detected in 13% and 11% of patients with HT, 32% and 59% 
of patients with AS, 26% and 43% of patients with HCMP, and 41% and 56% 
of patients with systolic CHF, respectively (all P<0.01). In multiple logistic 
analysis, systolic CHF represented the strongest predictor of supernormal 
LASF. It was not independently associated with LA dilation, which was mainly 
related to indexes of volume load. 
ConCLusions: LAVmax and LASF were markedly increased in 
patients with systolic CHF, with a magnitude that was significantly higher 
than that of HT patients, but similar to that measured in HCMP and AS 
patients. In the present community population with various cardiac dis-
eases, systolic CHF represented the most powerful stimulus for increasing 
LASF and was not related to LA dilation.
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systolic CHF patients, subjects were selected if they were in 
stable clinical condition (New York Heart Association [NYHA] 
class II or III) and had experienced at least one episode of con-
gestive heart failure requiring hospitalization, and were receiv-
ing tailored pharmacological treatment for heart failure (13), 
with an LV end-diastolic volume of greater than 28 mL/m3 
(corresponding to 78 mL/m2) and an LV ejection fraction of 
50% or less (14). For entry into the study, subjects needed to be 
classified as group I or II according to Redfield’s classification of 
LV diastolic function (see below) (15).

For all study groups, the exclusion criteria were the recogni-
tion of signs of heart failure at clinical evaluation, any grade of 
mitral stenosis, any grade of atrioventricular block, moderate-
severe mitral regurgitation, any procedure involving coronary 
artery revascularization and/or documented episodes of sus-
tained atrial arrhythmias occurring within three months from 
the echocardiogram. Patients taking medications to prevent 
atrial arrhythmias were also not eligible to participate. Patients 
with systolic CHF were excluded if their pulmonary artery 
wedge pressure (PAWP) measured by echo-Doppler technique 
exceeded 12 mmHg. One hundred healthy subjects who under-
went echocardiography for a check-up and whose echocardio-
graphic features were interpreted as normal formed the control 
group. These subjects did not take any medication, and did not 
have HT, diabetes mellitus, or previous atrial arrhythmias or 
cardiovascular events.

echocardiography
Echocardiographic studies were performed by an experienced 
sonographer (GC) using commercially available equipment 
(Megas machine, Esaote Biomedica, Italy). LV chamber dimen-
sions (normalized for high), septum and posterior wall thickness, 
and mass were measured by M-mode tracings according to the 
American Society of Echocardiography recommendations 
(16,17). LV mass was normalized for height to the 2.7 power (18), 
and LV hypertrophy was defined as an LV mass of 49.2 g/m2.7 or 
greater for men and 46.7 g/m2.7 or greater for women (19). 
Relative wall thickness was calculated as two times the poster-
ior wall thickness/LV diastolic diameter ratio and used as an 
index of LV geometry (values of 0.44 or greater were considered 
to be indicative of concentric geometry) (19). Wall LV mech-
anics were assessed by computation of midwall fractional short-
ening according to previously reported methods (20). LV 
volumes were calculated by two-dimensional mode apical four-
chamber view using the area-length method, which were then 
normalized for height to the third power. In patients with AS, 
aortic valve area was measured by the continuity equation 
method. Mitral regurgitation was diagnosed by colour Doppler 
and quantified using a 1 to 4+ grading system (21).

Mitral flow velocities (in all patients) and pulmonary ven-
ous flow velocities (measured only in systolic CHF patients for 
estimating PAWP according to the equations proposed by 
Pozzoli et al [22]) were assessed by pulsed-wave Doppler as 
previously described. Tissue Doppler was also used for measur-
ing peak systolic mitral annular velocity (E′ wave) obtained 
from the septal site of the mitral annulus to confirm the pres-
ence of normal PAWP (defined as an E/E′ ratio of less than 8) 
(23). Patients were categorized into four classes according to 
the progression of diastolic dysfunction as follows: class I, nor-
mal; class II, mild dysfunction (impaired relaxation without 

evidence of increased PAWP; class III, moderate dysfunction 
(impaired relaxation associated with mild to moderate eleva-
tion of PAWP); and class IV, severe dysfunction (restrictive 
filling with increased PAWP) (15). Cardiac output was deter-
mined by pulsed Doppler echocardiography as previously 
reported (24).

LA size was evaluated as maximal LA volume (LAVmax) 
from two-dimensional apical four-chamber view using the area-
length method (25). LA systolic force (LASF) – an index of 
LA systolic function – was determined using a formula previ-
ously validated by Manning et al (26), with calculation of the 
mitral valve area from the mitral diameter assuming a circular 
annular geometry:

LASF = 0.5 × 1.06 × MOA × (peak A velocity)2

where MOA is the mitral orifice area and A is the velocity of 
the late diastolic wave of mitral flow (atrial systole). MOA was 
calculated from the mitral annulus diameter measured from the 
apical four-chamber view during the LA mechanical contrac-
tion (LV end-diastolic period, at the beginning of the R wave 
of electrocardiography); transmitral peak A velocity was meas-
ured as detailed above.

The reproducibility of M-mode, two-dimensional mode and 
pulsed-wave Doppler echocardiographic measurements has 
been previously reported (1,4).

statistical analysis
Statistical analysis was performed using SPSS software (ver-
sion 11.0, SPSS Inc, USA). Data are reported as mean values 
± one SD. Between-group comparisons of categorical and con-
tinuous variables were performed by c2 test and ANOVA, with 
post hoc comparison between each group by Scheffé’s test and 
Tukey’s honestly significant difference test (Spjotvoll-Stoline) 
for unequal sample sizes, as appropriate. Age and height were 
also considered to be covariates in the analyses for their influ-
ence on LASF and LAVmax. Patients were categorized accord-
ing to the presence of LA dilation and supernormal LASF 
using the cut-off values of 11.3 mL/m3 and 15.4 kdynes, cor-
responding to the mean LAVmax and LASF plus two SDs of the 
mean in controls, respectively.

The associations of LAVmax and LASF with clinical and 
echocardiographic variables were assessed using least squares 
linear regression. Multiple linear regression analysis was used to 
evaluate independent relations of LAVmax and LASF with vari-
ables that were significantly associated (P<0.05) in the univari-
ate analysis. In-model tolerance was calculated to evaluate 
multicollinearity. Pretest minimal accepted tolerance was 0.80 
or greater. These analyses were initially performed to include the 
total population, then in patients with systolic CHF, controls 
and in the remaining patients belonging to the HT, AS and 
HCMP groups (they had similar LV geometry and were con-
sidered collectively). Multivariate logistic regression analyses 
were performed to assess the factors associated with LA dilation 
and supernormal LASF. A two-tailed P<0.05 was considered to 
be statistically significant.

resuLts
During the recruitment period, 500 subjects fulfilled the enroll-
ment criteria (mean age was 72±10 years, 56% women). 
Patients with AS had a mean transaortic peak gradient of 
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39±17 mmHg, a mean gradient of 27±14 mmHg and a valve 
area of 1.15±0.3 cm2. The prevalence of LV hypertrophy was 
60% and 36% in patients with AS and HT, respectively. LV 
diameters and mass were progressively greater in patients with 
HT (n=181), AS (n=85), HCMP (n=40) and systolic CHF 
(n=94). The main characteristics of the study groups are 
reported in Table 1.

In systolic CHF patients, the mean PAWP was 
9.9±1.9 mmHg and cardiac output was 2.25±0.71 L/min/m2. 
The etiology of systolic CHF was ischemic in 54 patients (57%) 
and idiopathic in 40 patients (43%). Considering these two 
subgroups, LAVmax was greater in those with idiopathic rather 
than ischemic systolic CHF (13.5±5.0 mL/m3 versus 
10.2±4.0 mL/m3; P=0.003). LASF was similar between the two 
subgroups (20.1±11.5 kdynes versus 19.5±10.2 kdynes, respect-
ively; P not significant), which did not differ for any other 
clinical or echocardiographic variable, with the exception of 
LV end-diastolic and end-systolic volume (40±18 mL/m3 ver-
sus 31±12 mL/m3 [P=0.004], and 28±19 mL/m3 versus 
20±9 mL/m3 [P=0.009], respectively) greater in the idiopathic 
than ischemic systolic CHF.

La size and force in the total population
The mean LAVmax and LASF of the study population were 
8.9±3.3 mL/m3 and 13.5±9.4 kdynes/cm2, respectively. Multiple 
linear regression analyses were performed to assess the covari-
ates of these two variables in the total study population. The 

following variables were introduced in the models: age, body 
weight, body mass index, heart rate, systolic blood pressure, 
diastolic blood pressure, LV mass index, cardiac output, stroke 
volume, NYHA functional class, LV ejection fraction, end-
diastolic volume, systolic CHF, AS, HCMP, midwall shortening 
and relative wall thickness. The independent predictors of 
LAVmax were LV end-diastolic volume, body mass index and age 
(Table 2). LASF was related to systolic CHF, AS, age, LV mass, 
HCMP, heart rate and stroke volume (Table 3).

La dilation and supernormal LasF
Patients without either LA dilation or supernormal LASF com-
prised 67% of the study sample; LA dilation without super-
normal LASF was found in 8% of patients; supernormal LASF 
without LA dilation was found in 14%; and LA dilation associ-
ated with supernormal LASF was present in 11% of patients. 
The main characteristics of the study patients according to the 
presence of LA dilation and/or supernormal LASF, and the 
prevalence of these two conditions in the study subgroups, are 
shown in Table 4.

Multiple logistic regression analysis showed that the phe-
nomenon of LA dilation was associated with higher LV mass 
(Exponent [Exp] β 1.07, 95% CI 1.05 to 1.09; P< 0.001), older 

TabLe 1
Main characteristics of the study patients
Variable Systolic CHF (n=94) arterial hypertension (n=181) HCMP (n=40) aortic stenosis (n=85)
Age, years 73±11 72±8 73±10 75±8
Body mass index, kg/m2 24±5 26±4 25±4 26±4
Heart rate, beats/min 67±11 68±10 58±5 66±11
Systolic blood pressure, mmHg 126±11 150±19 138±11 134±10
Relative wall thickness 0.32±0.07 0.43±0.07 0.47±0.07 0.49±0.08
LV mass, g/m2.7 77±27 55±14 77±20 67±19
LV end-diastolic volume, mL/m3 35±15 20±5 22±7 22±7
LV ejection fraction, % 37±13 64±7 60±6 61±6
LV stroke volume, mL/beat 58±17 60±18 59±21 70±25
Peak E wave velocity MF, cm/s 62±20 56±16 64±15 61±18
Peak A wave velocity MF, cm/s 74±21 70±16 78±23 83±19
E/A ratio 0.84±0.28 0.80±0.21 0.82±0.26 0.73±0.20
Deceleration time of MF, ms 232±86 185±53 315±113 243±93
Data presented as mean ± SD. CHF Chronic heart failure; HCMP Hypertrophic cardiomyopathy; LV left ventricular; MF Mitral flow

TabLe 2
Variables independently related to maximal left atrial 
volume in the study population (n=500): Multivariate linear 
regression model

Variable
Standardized 

beta coefficients P

Collinearity  
statistics 

(tolerance/VIF)
Left ventricular end-diastolic 

volume, mL/m3
0.50 <0.001 0.997/1.003

Body mass index, kg/m2 0.30 <0.001 0.992/1.008
Age, years 0.21 <0.001 0.995/1.005
Final results for multivariate 

regression model 
(SEE 2.6, R2=0.35)

0.60 <0.001

SEE Standard error of estimation; VIF Variance inflation factor

TabLe 3
Variables independently related to left atrial systolic force in 
the study population (n=500): Multivariate linear regression 
model

Variable

Standardized 
beta 

coefficients P

Collinearity 
statistics 

(tolerance/VIF)
Dilated cardiomyopathy 

(n=94)
0.45 <0.001 0.80/1.41

Aortic stenosis (n=85) 0.32 <0.001 0 88/1.13
Age, years 0.26 <0.001 0 83/1.21
Left ventricular mass, g/m2 0.17 <0.001 0.80/1.40
Hypertrophic 

cardiomyopathy (n=40)
0.14 <0.001 0.83/1.20

Heart rate, beats/min 0.14 <0.001 0.97/1.03
Stroke volume, mL 0.12 0.002 0.93/1.08
Final results for multivariate 

regression model 
(SEE 6.8, R2=0.44)

0.66 <0.001

SEE Standard error of estimation; VIF Variance inflation factor
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age (Exp β 1.06, 95% CI 1.05 to 1.09; P<0.001), greater stroke 
volume (Exp β 1.02, 95% CI 1.01 to 1.04; P=0.006) and 
greater LV end-diastolic volume (Exp β 1.02, 95% CI 1.01 to 
1.03; P=0.01).

The status of supernormal LASF was associated with AS 
(Exp β 6.21, 95% CI 3.11 to 12.39; P<0.001), systolic CHF 
(Exp β 5.52, 95% CI 2.56 to 11.92; P<0.001), higher LV mass 
(Exp β 1.06, 95% CI 1.03 to 1.08; P<0.001), older age 

(Exp β 1.06, 95% CI 1.03 to 1.10; P<0.001) and higher NYHA 
functional class (Exp β 2.20, 95% CI 1.30 to 3.70; P<0.001). 
The same variables predicted the condition of LA dilation 
associated with supernormal LASF (data not shown).

Comparison of the study groups
All study subgroups had significantly greater LAVmax and 
higher LASF than controls (Figures 1 and 2, respectively). The 

Figure 2) Values of left atrial systolic force (kdynes) in the different 
subgroups of the study population. Mean ± SD and the statistical 
significance between the groups are shown. AH Arterial hyperten-
sion; AS Aortic stenosis; CHF Chronic heart failure; HCMP 
Hypertrophic cardiomyopathy; ns Not significant; vs Versus 

Figure 1) Values of maximal left atrial volume (mL/m3) in the differ-
ent subgroups of the study population. Mean ± SD and the statistical 
significance between the groups are shown. AH Arterial hyperten-
sion; AS Aortic stenosis; CHF Chronic heart failure; HCMP 
Hypertrophic cardiomyopathy; ns Not significant; vs Versus

TabLe 4
Main characteristics of the study patients according to the presence of left atrial (La) dilation and/or supernormal systolic force

No La dilation and no 
supernormal LaSF La dilation ‘alone’

Supernormal LaSF 
‘alone’

La dilation and 
supernormal LaSF P

Prevalence of patients, %
Controls (n=100) 95 2 2 1
Hypertension (n=181) 80 9 7 4
Aortic stenosis (n=85) 46 8 27 19
Hypertrophic CMP (n=40) 53 11 20 15
Dilated CMP (n=94) 30 13 29 28
Total (n=500) 67 8 14 11

Age, years 71±9 74±8 74±8 76±10 *†‡

Male sex, % 43 49 45 51
Body mass index, kg/m2 25±4 27±4 26±4 27±4 *†‡

Heart rate, beats/min 68±11 66±10 69±10 68±9
Systolic blood pressure, mmHg 144±18 145±20 144±21 143±26
NYHA functional class (I–IV scale) 1.1±0.4 1.5±0.8 1.7±0.7 1.9±0.8 *†‡

Relative wall thickness 0.40±0.07 0.41±0.08 0.41±0.1 0.38±0.1
LV mass, g/m2.7 43±12 59±12 56±13 67±19 *†‡

Midwall fractional shortening, % 16.5±3.0 15.2±3.3 15.3±3.4 13.8±3.3 *†‡

CESS, mmHg/mm 135±41 145±60 130±44 138±38
Peak LV end-systolic pressure, mmHg 146±22 153±29 154±30 155±37 *†‡

LV end-diastolic volume, mL/m3 20.5±4.8 29.4±8.1 26.7±7.9 34.4±12.2 *†‡

LV ejection fraction, % 62±9 55±17 53±14 50±15 *†‡

LV stroke volume, mL/beat 70±17 80±20 79±22 80±20 *†‡

Peak E wave velocity mitral flow, cm/s 58±15 63±14 60±15 66±21
Peak A wave velocity mitral flow, cm/s 69±14 59±14 92±12 93±19 †‡

Deceleration time of mitral flow, ms 239±70 243±95 270±90 245±62 †

Normal diastolic function, % 76 32 21 15 *†‡

Mild diastolic dysfunction, % 24 68 79 85 *†‡

Data presented as mean ± SD unless otherwise indicated. *P<0.05 when comparing normal LA size/LA systolic force (LASF) with LA dilation ‘alone’; †P<0.05 when 
comparing normal LA size/LASF with LASF ‘alone’; ‡P<0.05 when comparing normal LA size/LASF with LA dilation and supernormal LASF. CESS Circumferential 
end-systolic stress; CMP Cardiomyopathy; LV Left ventricular; NYHA New York Heart Association
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values of these two variables were markedly high in patients 
with systolic CHF. The differences among systolic CHF, AS 
and HCMP were not significant.

The prevalence of LA dilation and supernormal LASF was 
10-fold and 19-fold higher in systolic CHF patients than in 
controls, respectively (Figure 3). The magnitude of these two 
phenomena was similar in systolic CHF, AS and HCMP 
patients, while it was significantly lower in HT patients.

Correlates of La size in systolic ChF 
Variables related to LAVmax in controls, patients with systolic 
CHF and subjects with HT, AS and HCMP (considered 
together in the present analysis) are listed in Table 5. Higher 
LV mass and LV end-diastolic volume emerged as independent 
factors associated with higher LA volume in all groups. In 
patients with systolic CHF, even older age and higher PAWP 
were independent markers of higher LA volume.

Correlates of La systolic force in systolic ChF 
In patients with systolic CHF, as well in those belonging to the 
other groups, LASF increased with age. LV geometry was 
independently associated with LASF in both systolic CHF 
patients and controls. Interestingly, concentric LV geometry 
was associated with higher LASF in controls, while eccentric 
LV geometry and cardiac output were associated with higher 
LASF in systolic CHF patients (Table 6). Fifty-three of 
94 patients (56%) with systolic CHF had supernormal LASF. 
The variables associated with this condition were older age 
(Exp β 1.13, 95% CI 1.05 to 1.23; P=0.001) and higher systolic 
blood pressure (Exp β 1.07, 95% CI 1.02 to 1.13; P=0.01).

disCussion
With augmented stiffness or reduced compliance of the left 
ventricle, LA pressure increases to preserve LV filling (27). As 
a result, the Frank-Starling mechanism begins to operate in the 
left atrium, leading to chamber dilation and increased con-
tractility, systolic force and work (1,5,28-30). In chronic 
pathological conditions, all of these changes progress according 
to the severity of LV diastolic function (1,3,31-34). From this 
perspective, it is not surprising that increased LA size and 
LASF have been proven to be strong predictors of adverse 
cardiovascular events in several recent publications including 
population-based cohort studies (35,36), clinical trials in CHF 
(37-39) and in HT patients (40,41).

relationships between systolic ChF and La size
The present study demonstrated that in patients with systolic 
CHF and stable hemodynamic conditions, the Frank-Starling 
mechanism in the left atrium is maximally used. Our analyses 
showed that the significant increase in LAVmax detected in 
systolic CHF patients was not due to the ‘systolic CHF entity’ 
per se, but mostly due to systolic CHF-related factors such as 
older age, higher body mass index and greater LV end-diastolic 
volume. Together with these conditions, many other factors 
such as higher LV mass, mitral regurgitation, LV diastolic 
dysfunction, reduction of LA compliance, LA myocardial 
fibrosis and/or ischemia, angiotensin II activation, atrial 
fibrillation and HT have been described as markers of LA 
remodelling and performance in humans coexisting with LV 
dilation (1,5,34,39,41). Excluding atrial fibrillation and 

mitral regurgitation, all other factors could be operating in our 
systolic CHF patients. Statistical analysis revealed that in our 
patients, LAVmax was mostly determined by LV end-diastolic 
volume and mass, PAWP and age. These results are consistent 
with those recently reported by Rossi et al (38) who identified 
the degree of LV dilation, diastolic dysfunction and the extent 
of mitral regurgitation as the variables independently related 
to LA volume in a large group of patients with systolic CHF. 
Our findings confirm that in these patients, LV wall stress and 
stiffness (identified through increased LV size and mass) 
mainly impact LA geometry. Differing from the results of Rossi 
et al (38), mitral regurgitation in our patients did not emerge 
as a factor associated with LA volume. This was clearly due to 
the exclusion of subjects with moderate-severe mitral regurgi-
tation and those with high PAWP who may consequently 
experience a greater extension of LA volume.

Despite stable hemodynamic conditions, PAWP was posi-
tively related to LA volume in our patients. It is well known 
that increased LA volume usually reflects elevated PAWP in 
subjects without primary LA pathologies, or congenital heart 
or mitral valve disease. This result may indicate that among 
systolic CHF patients with normal PAWP (which is a mean 
value of LV filling pressure), some individuals have significant 
alterations to the active or passive phase of LV diastolic func-
tion, leading to a higher degree of LA deformation.

systolic ChF and La systolic force 
Because of its thin wall, the main response of the left atrium to 
increased PAWP is dilation. However, under this condition, sig-
nificant increase in systolic function has been documented in 
patients with HT (5,41), AS (1) and also with systolic CHF 
(7,8). In systolic CHF patients, it has been demonstrated that 
increased LA systolic function is closely associated with exercise 
performance (42,43). In our patients with normal PAWP, we 
found that LASF was markedly increased (with a magnitude 
similar to that measured in AS and HCMP). Etiology did not 
influence LASF, which was comparable in our patients with 
ischemic or idiopathic systolic CHF. This is an unexpected find-
ing, considering that one decade ago Triposkiadis et al (44) 
demonstrated that LA systolic function is depressed in idiopathic 
and preserved in ischemic dilated cardiomyopathy, despite simi-
lar LA loading conditions. The authors, however, commented 

Figure 3) Distribution of the phenomena of left atrial dilation and 
supernormal left atrial systolic force (LASF) in the healthy controls 
and subgroups of patients with cardiac diseases. CHF Chronic heart 
failure
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that such an index of LA myopathy may be related to the differ-
ences in the response to medical treatment and clinical outcome, 
which have changed considerably in the past few years. More 
recently, and in line with our results, the same investigators 
found that LA systolic function measured at rest in patients with 
systolic CHF receiving optimized pharmacological treatment for 
systolic CHF was similar in patients with idiopathic and ischemic 
etiology of cardiac disease, while a reduced LA systolic reserve 
could be documented in the former during dobutamine infusion 
(45). Improvement in the clinical and pharmacological manage-
ment of patients with systolic CHF resulting in improvements in 
LA function (46) may explain these discrepancies.

In our study, we also documented that LASF was strongly 
influenced by systolic CHF, which represents its most import-
ant determinant. The probability of supernormal LASF was 
5.5-fold higher in patients with systolic CHF than in those 
without systolic CHF. The increase in LASF in these patients 
is independent of significant contributions from age, cardiac 
output and LV eccentric geometry (expressed as relative wall 
thickness). The direct relationship between LASF and age has 
been previously described in patients with HT (5,41) and AS 
(1). Our results add to their findings by also demonstrating the 
same relationship in patients with systolic CHF. Furthermore, 
we documented a positive relationship between cardiac output 
and LV eccentric geometry (two raw indexes of volume over-
load) and LASF. Interestingly, in controls, concentric rather 
than eccentric LV geometry was associated with higher LA 
systolic function. We recently reported similar findings in 
patients with AS (1) and HT (4). In these three conditions, to 
avoid unfavourable changes in PAWP secondary to LV diastolic 
impairment, the Frank-Starling mechanism mainly operates by 
increasing LV and LA myocardial contractility. In systolic CHF 
patients with an inadequate LV systolic reserve, the failing 
hearts primarily increase chamber volumes in response to 
increased PAWP.

Limitations
We must call attention to some limitations of the present 
study. Our data do not allow accurate assessment of LA and LV 
filling pressures due to the noninvasive (echocardiographic) 
technique used. The mitral annulus excursion velocity meas-
urements using tissue Doppler could have been useful for 
evaluating LA contractility; however, this parameter was not 
routinely measured in our patients. Finally, the estimation of 
mitral area (mandatory for the calculation of LASF) was not 
precise in some patients (particularly in those with systolic 
CHF) because the geometry of the mitral annulus was not 
circular.

ConCLusions
Patients with systolic CHF and stable hemodynamic condi-
tions have a marked increase in LA size and systolic force. The 
magnitude of these LA structural and functional changes is 
significantly higher than in patients with HT and similar to 
values observed in patients with HCMP and AS. Older age, 
higher PAWP and greater LV volumes largely explain the LA 
remodelling in systolic CHF patients. In our setting of com-
munity patients with different cardiac diseases, systolic CHF 
represented the most powerful stimulus for the left atrium in 
increasing LASF. The increase in LA volume was mainly 
related to indexes of volume load, not to systolic CHF per se.
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