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Abstract
The purpose of this investigation was to evaluate the influence of hypertension on left atrial (LA) function in patients with
moderate and severe AS. This cross-sectional study included 121 patients with moderate and severe AS and preserved left
ventricular (LV) ejection fraction ( > 50%) and 79 age-matched controls who underwent a comprehensive echocardiographic
examination. LA phasic function was determined by both volumetric and strain methods. Our findings showed that the LV
ejection fraction was similar between hypertensive and normotensive AS patients. Maximal, minimal, and pre-A LA volume
indexes gradually increased from controls to moderate-to-severe AS patients. The total, passive and active LA emptying
fraction (EF) gradually decreased in the same direction. LA phasic function estimated with strain analysis showed that
reservoir, conduit, and pump LA phasic functions were lower in all AS patients than in normotensive controls. However,
there was no significant difference between moderate and severe AS except in LA pump function, which was lower in severe
AS. Differences in LA phasic function were more prominent in volumetric than in strain analyses. Blood pressure, LV mass
index, and AS severity were independent of other clinical and echocardiographic parameters associated with LA phasic
function in patients with AS. In conclusion, hypertension has an additive impact on LA phasic function in patients with
moderate and severe AS. Blood pressure and AS severity were independently associated with LA phasic function parameters
in AS patients. Volumetric assessment of LA phasic function should not be completely replaced with strain analysis.
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Introduction

The importance of left atrial (LA) function was first shown
in patients with atrial fibrillation and patients with mitral
valve disease (both stenosis and regurgitation) [1]. Only

recently was LA phasic function demonstrated in other
cardiovascular diseases and even in the global population
[2, 3]. Although the significance of LA remodeling is highly
appreciated, the only parameter that is validated and widely
accepted is maximal LA volume (LAVmax) and its value
indexed for body surface area.

Previous studies have shown the importance of LA
remodeling in patients with aortic stenosis (AS) and espe-
cially its significance in the occurrence of atrial fibrillation
[4, 5] and the development of heart failure symptoms in
these patients [6]. The reverse remodeling of the LA after
transcatheter aortic valve implantation or surgical replace-
ment has received special attention in the last several years
[7, 8].

The importance of LA remodeling in arterial hyperten-
sion has also been addressed in the last decade. Our study
group showed the presence of LA dysfunction in hyper-
tensive patients with different 24-hour blood pressure and
LV geometry patterns [9, 10]. Other groups showed that LA
volumes have predictive value in the occurrence of atrial
fibrillation in the hypertensive population [11].
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To our knowledge, no previous study has investigated
the influence of hypertension on LA remodeling in patients
with moderate and severe AS. The rationales for this study
are the fact that hypertension is highly prevalent among AS
patients and the finding that it represents a very important
comorbidity that could additionally deteriorate LA function
in AS patients and provoke the occurrence of atrial fibril-
lation or earlier heart failure symptom development. This is
especially important in patients with moderate AS because
the guidelines for the surgical or interventional approach in
these patients are still not established, but symptoms in
these patients represent an important criterion that favors
intervention.

The primary aim of the present study was to investigate
LA phasic function using volumetric and strain analyses in
patients with moderate and severe AS with and without
arterial hypertension. The secondary aim of this investiga-
tion was to assess which clinical and echocardiographic
parameters were independently associated with LA phasic
function in patients with AS.

Methodology

This cross-sectional study included 200 patients: 79 con-
trols without AS, 54 patients with moderate AS and
67 subjects with severe AS and preserved LV ejection
fraction ( > 50%).

Exclusion criteria were symptoms or signs of heart
failure, coronary artery disease, permanent atrial fibrillation,
congenital heart disease, more than mild valvular heart
disease (other than aortic stenosis), previous operation of
cardiac valves or myocardial revascularization, liver or
kidney failure, and poor echocardiographic window.
Diabetes was an exclusion criterion only in the normoten-
sive control group.

Arterial pressure was measured in the morning hours as
the average value of two consecutive measurements
obtained within an interval of 5–10 min. Measurements
were obtained with the patient in the sitting position after
the subject had rested for at least 5minutes in that position.
Blood pressure was obtained by a conventional sphygmo-
manometer. As stated in the guidelines, arterial hyperten-
sion was defined as increased systolic and/or diastolic BP.
Anthropometric measures (height, weight) and laboratory
analyses (levels of fasting glucose, creatinine, and total
cholesterol) were obtained in all the study participants.
Data regarding medications were obtained from all the
study participants. Body mass index (BMI) and body sur-
face area (BSA) were calculated for each patient. Not all
hypertensive patients were treated with antihypertensive
therapy because in some, hypertension had been recently
discovered and they had not yet started the therapy or they

started therapy only a few days or weeks before the
echocardiographic examination. Some of the patients were
not aware of arterial hypertension and were therefore not
treated. The local Ethics Committee approved this study,
and informed consent was obtained from all the
participants.

Echocardiography

Echocardiographic examinations were performed using a
commercially available Vivid 7 (GE Vingmed, Horten,
Norway) ultrasound machine.

LV diameters, posterior wall, and septum thickness were
measured according to the current recommendations [12].
The LV ejection fraction (EF) was calculated using the
biplane Simpson’s method. LV mass was computed using
the American Society for Echocardiography formula [12]
and indexed for body surface area.

Pulsed-wave Doppler evaluation of transmitral LV flow
was obtained in the apical four-chamber view [13]. Tissue
Doppler imaging was used to obtain LV myocardial velo-
cities in the apical four-chamber view, with a sample
volume placed at the septal and lateral segments of the
mitral annulus during early diastole (e´). The average of
the peak early diastolic relaxation velocity (e´) of the septal
and lateral mitral annulus was calculated, and the E/e´ ratio
was analyzed.

A continuous-wave Doppler was used to evaluate the
peak aortic velocity and the peak and mean transaortic
pressure gradients, which were calculated using the sim-
plified Bernoulli equation [14]. Peak aortic velocity and
peak and mean gradients were evaluated in the apical
five-chamber or right parasternal view depending on where
the highest velocity signal and gradients were obtained. The
aortic valve area was computed from the continuity
equation according to previously published guidelines [14].
Moderate AS was defined when 1.0 ≤AVA < 1.5 cm2 and
severe AS when AVA < 1 cm2 [14].

2DE assessment of LA volumes and function

LA phasic function was determined by volumetric and
strain analyses. LA volumes were obtained in three different
parts of the cardiac cycle: maximal LA volume was calcu-
lated just before mitral valve opening, pre-A (pre-atrial
contraction) LA volume was evaluated at the beginning of
atrial systole (peak of the P wave on ECG), and minimal LA
volume was assessed at mitral valve closure [15, 16]. All
LA volumes were determined according to the biplane
method in four- and two-chamber views, and all the values
were indexed for BSA. The total emptying volume (an LA
reservoir function parameter) was calculated as the differ-
ence between the maximum and minimum LA volume;
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passive emptying volume (an LA conduit function para-
meter) was computed as the difference between maximum
and pre-A LA volume; and active emptying volume (an LA
booster function parameter) was calculated as the difference
between pre-A and minimum LA volume [16]. The total
emptying fraction (EF) was calculated as the ratio between
total emptying volume and maximum LA volumes, passive
EF was computed as the ratio between passive and max-
imum, and active EF was evaluated as the proportion
between active and pre-A LA volumes.

2DE strain imaging was performed in the apical four-
and two-chamber views [16] using Echo PAC 201 (GE-
Healthcare, Horten, Norway) in the 2DE strain analysis. LA
strain was measured from the peak of a P wave to the peak
of the P wave in the next cardiac cycle. It was not feasible to
perform an LA strain evaluation in seven subjects because
> 2 segments were not adequately traced. These subjects
were equally distributed among the controls (3) and the AS
patients (4). The feasibility in the control group was 96%,
whereas that in the AS group was 97%. The LA endo-
cardium was manually traced, and the average longitudinal
strain curve was automatically provided by software. This
curve included a negative deflection (LASct, a parameter of
LA active contraction) and a positive deflection during LA
filling (LAScd, a parameter of LA conduit function). Their
summation represented LASr, a parameter of the LA
reservoir function. LA strains were computed by averaging
the values obtained in four- and two-chamber apical views.
The software provided six strain curves for six different LA
segments in each view (four- and two-chamber views), so
that 12 LA segments were explored in each subject. How-
ever, to facilitate the calculation of longitudinal strain, the
software provided one curve that represented the average
longitudinal strain of six segments in the four- and two-
chamber views. Figure 1 shows the methodology used for
LA longitudinal strain evaluation in the present study. The
feasibility of LA strain evaluation was 96% in the control
group and 97% in the AS group.

Statistical analysis

All the parameters were tested for normal distribution using
the Kolmogorov–Smirnov test. Continuous variables are
presented as the mean ± standard deviation and were com-
pared by analysis of variance if they showed a normal
distribution. Tukey’s HSD post hoc analysis was used for
comparisons between different groups. Differences in pro-
portions were compared using the χ² or the Fischer’s exact
test, where appropriate. Univariate and multivariate
regression analyses were used to determine the relationships
between different clinical and echocardiographic parameters
and LA phasic function parameters (volumes and strain).
The variable entry into the multivariate analyses required a

p value ≤ 0.10 in the univariate analyses. A p value < 0.05
was considered statistically significant.

Results

There were no differences in age, BMI, or gender dis-
tribution between the observed groups (Table 1). Plasma
glucose, total cholesterol, and creatinine levels were similar
between the groups (Table 1). All hypertensive patients
(with and without AS) had significantly higher blood
pressure values than were found in the normotensive sub-
jects (Table 1). Diabetes was equally distributed in all the
groups except the normotensive control group, in which
diabetes was excluded by definition. Antihypertensive
groups and statins were equally presented in all hyperten-
sive subjects (Table 1).

Echocardiography

There was no difference in LV diameter between the study
groups (Table 2). The LV mass index gradually and sig-
nificantly increased from the controls to moderate AS
patients to severe AS patients (Table 2). LV EF was lower
in the hypertensive patients with severe AS than in the
normotensive controls (Table 2). The parameters related to
LV diastolic function (E/A and E/e’) were significantly
worse in the hypertensive patients with severe AS than in
the controls (normotensive and hypertensive).

By definition, AV gradients significantly increased and
AV area significantly decreased from the controls to mod-
erate AS patients to severe AS patients (Table 2). AV
gradients and AV area were similar between the normo-
tensive and hypertensive patients with moderate and severe
AS (Table 2). Stroke volume was lower in the patients with
moderate and severe AS than in the controls. PAP was
somewhat higher in the patients with AS than in the control
subjects.

LA phasic function

Table 3 summarizes the data on normotensive and hyper-
tensive controls and normotensive and hypertensive patients
with moderate and severe AS. Maximal and minimal LA
volume indexes were significantly higher in the normoten-
sive and hypertensive patients with AS (moderate and
severe) than in the controls (normotensive and hyperten-
sive) (Table 3). The hypertensive AS patients had sig-
nificantly higher maximal and minimal LA volume indexes
than those found in the normotensive AS patients. The pre-
A LA volume index and total, passive and active LAEF
were significantly lower in all AS patients than in the
controls (Table 3). LASr and LAScd were significantly
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Fig. 1 Methodology used to determine left atrial phasic function using longitudinal strain. LASr= strain during reservoir phase; LAScd= strain
during conduit phase; LASct= strain during contraction phase
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lower in the AS patients than in the controls (Table 3).
LASct was lower than in the controls only in the hyper-
tensive AS patients.

Maximal, minimal, and pre-A LA volume indexes gra-
dually increased from the controls, through the moderate
AS patients, and then in the severe AS patients (Table 4).
Interestingly, the indexed LA volumes in the hypertensive

patients with severe AS were significantly higher than those
in the other study groups (Table 4). However, among the
patients with moderate AS, there was no significant differ-
ence between the hypertensive and the normotensive
patients (Table 4).

Total, passive and active LAEF gradually decreased
from the control group through the moderate AS patients

Table 2 Echocardiographic parameters of the LV and parameters of AS severity in the study population

No AS Moderate AS Severe AS

Controls
(n= 35)

Hypertension
(n= 44)

No hypertension
(n= 24)

Hypertension
(n= 30)

No hypertension
(n= 31)

Hypertension
(n= 36)

LVEDD (mm) 48.4 ± 4.8 49.0 ± 5.0 48.6 ± 5.4 49.2 ± 5.2 49.4 ± 5.3 49.6 ± 5.5

LVMI (g/m2) 75.8 ± 9.8 85.7 ± 10.5f 95.8 ± 12.7a 105.1 ± 14.2a,b 108.7 ± 16.6a,b c 120.6 ± 19.8a,b,d,e,h

EF (%) 60 ± 3 61 ± 4 60 ± 3 59 ± 3 59 ± 4 58 ± 3b

(E/A)m ratio 1.02 ± 0.22 0.92 ± 0.21 0.90 ± 0.20 0.82 ± 0.24a 0.84 ± 0.22f 0.73 ± 0.26a,b

(E/e´)m 8.8 ± 2.1 10.3 ± 2.8 11.7 ± 3.2f 12.8 ± 3.4a,g 13.6 ± 4.0a,b 14.5 ± 4.6a,b,f

Mean AV gradient (mmHg) 3 ± 2 3 ± 2 29 ± 9a,b 28 ± 10a,b 46 ± 12a,b,d,e 49 ± 14a,b,d,e

Peak AV gradient (mmHg) 5 ± 3 5 ± 4 44 ± 14a,b 45 ± 13a,b 76 ± 17a,b,d,e 80 ± 19a,b,d,e

AVA (cm2) 2.60 ± 0.35 2.55 ± 0.33 1.24 ± 0.21a,b 1.20 ± 0.18a,b 0.77 ± 0.20a,b,d,e 0.70 ± 0.23a,b,d,e

SVi (ml/m2) 46 ± 5 47 ± 5 44 ± 4a 40 ± 4a,b 41 ± 4a,b 39 ± 5a,b,d

PAP (mmHg) 26 ± 5 28 ± 5 32 ± 6a 30 ± 5f 30 ± 6f 32 ± 7a,g

Am late diastolic mitral flow (pulse Doppler), AS aortic stenosis, AV aortic valve, AVA aortic valve area, Em early diastolic mitral flow (pulse
Doppler), e´ early diastolic flow velocity across the septal segment of mitral (e´m) annulus (tissue Doppler), EF ejection fraction, LVMI left
ventricular mass index, LVEDD left ventricle end-diastolic diameter, PAP pulmonary arterial pressure, SVi stroke volume index
ap < 0.01 for comparison with controls; bp < 0.01 for comparison with hypertensive patients without AS, cp < 0.05 for comparison with moderate
AS without hypertension, dp < 0.01 for comparison with moderate AS without hypertension, ep < 0.01 for comparison with moderate AS with
hypertension, fp < 0.05 for comparison with controls, gp < 0.05 for comparison with hypertensive patients without AS, hp < 0.05 for comparison
with severe AS without hypertension

Table 1 Demographic characteristics and clinical parameters of study population

No AS Moderate AS Severe AS

Controls
(n= 35)

Hypertension
(n= 44)

No hypertension
(n= 24)

Hypertension
(n= 30)

No hypertension
(n= 31)

Hypertension
(n= 36)

Age (years) 67 ± 9 69 ± 10 67 ± 8 69 ± 9 71 ± 9 72 ± 8

Sex (% male) 20 (57) 24 (55) 13 (55) 18 (60) 18 (58) 20 (56)

BMI (kg/m2) 26.0 ± 3.4 26.7 ± 3.8 26.5 ± 3.9 26.8 ± 3.6 26.6 ± 3.3 27.0 ± 3.8

Plasma glucose (mmol/l) 5.2 ± 0.9 5.5 ± 1.0 5.7 ± 1.1 5.9 ± 1.2 5.8 ± 1.2 6.1 ± 1.3c

Total cholesterol (mmol/l) 5.4 ± 1.0 5.6 ± 0.9 6.0 ± 1.2 6.2 ± 1.2c 5.6 ± 1.1 6.0 ± 1.3

Serum creatinine (μmol/l) 87 ± 17 92 ± 18 90 ± 17 94 ± 20 92 ± 21 90 ± 22

SBP (mmHg) 131 ± 8 145 ± 13a 129 ± 9b 143 ± 11a,d,e 125 ± 8b 142 ± 13a,d,e

DBP (mmHg) 74 ± 9 86 ± 9a 73 ± 9b 85 ± 9a,d,e 76 ± 9b 88 ± 10a,d,e

Heart rate (beat/min) 67 ± 7 70 ± 8 68 ± 8 71 ± 7 67 ± 8 69 ± 8

Diabetes (%) – 11 (25) 6 (25) 7 (23) 8 (26) 9 (25)

Antihypertensive therapy (%) – 38 (86) – 24 (81) – 30 (83)

Statins (%) – 25 (57) 4 (17) 20 (67)d,e 7 (23) 23 (64)d,e

AS aortic stenosis, BMI body mass index, BP blood pressure, DBP diastolic blood pressure, SBP systolic blood pressure
ap < 0.01 for comparison with controls; bp < 0.01 for comparison with hypertensive patients without AS, cp < 0.05 for comparison with controls, dp
< 0.01 for comparison with moderate AS without hypertension, ep < 0.01 for comparison with severe AS without hypertension
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and then to the severe AS patients (Table 4). In hyper-
tensive moderate AS and all severe AS patients, all LA
phasic functions (reservoir, conduit and active) were sig-
nificantly lower than those found in the controls. Active

LA function was significantly lower in the hypertensive
patients with severe AS than in the controls and moderate
AS patients, regardless of their blood pressure status
(Table 4).

Table 4 LA phasic function determined by volumetric and strain method in the study population

No AS Moderate AS Severe AS

Controls
(n= 35)

Hypertension
(n= 44)

No hypertension
(n= 24)

Hypertension
(n= 30)

No hypertension
(n= 31)

Hypertension
(n= 36)

LA volume analysis

LAVmax/BSA (ml/m2) 30.5 ± 4.1 33.0 ± 5.0 36.7 ± 5.5a 39.0 ± 6.2a,b 40.5 ± 6.6a,b 44.0 ± 7.5a,b,d,e

LAVmin/BSA (ml/m2) 11.4 ± 2.9 13.2 ± 3.1 15.8 ± 3.6a 17.9 ± 4.5a,b 19.0 ± 5.3a,b 22.2 ± 6.4a,b,d,e,f

LAVpre-a/BSA (ml/m2) 20.4 ± 3.1 22.3 ± 3.9 25.9 ± 4.8a 28.5 ± 6.4a,b 29.3 ± 6.9a,b 32.0 ± 7.5a,b,d

LA TotEF (%) 63 ± 9 60 ± 9 57 ± 8 54 ± 8a,h 53 ± 8a,b 50 ± 7a,b,c

LA PassEF (%) 33 ± 7 32 ± 7 29 ± 7 27 ± 6a,h 28 ± 6 g 27 ± 6a,h

LA ActEF (%) 44 ± 8 41 ± 8 39 ± 8 37 ± 7a 35 ± 8a,h 31 ± 7a,b,d,e

LA mechanics

LASr (%) 34 ± 9 30 ± 8 27 ± 8a 24 ± 7a,h 21 ± 7a,b,c 19 ± 6a,b,d

LAScd (%) 18 ± 8 16 ± 7 13 ± 6 g 11 ± 5a,h 10 ± 5a,b 9 ± 5a,b

LASct (%) −16 ± 7 −14 ± 7 −14 ± 6 −13 ± 6 −11 ± 6a −10 ± 5a

ActEF active emptying fraction, AS aortic stenosis, BSA body surface area, EF emptying fraction, LA left atrium, LASr train during reservoir phase;
LAScd strain during conduit phase; LASct strain during contraction phase, LAV left atrial volume, LAVmaxmaximal left atrial volume,
LAVminminimal left atrial volume, LAVpre-aleft atrial volume before atrial contraction, PassEF passive emptying fraction, PassEV passive emptying
volume
ap < 0.01 for comparison with controls; bp < 0.01 for comparison with hypertensive patients without AS, cp < 0.05 for comparison with moderate
AS without hypertension, dp < 0.01 for comparison with moderate AS without hypertension, ep < 0.01 for comparison with moderate AS with
hypertension, fp < 0.05 for comparison with severe AS without hypertension, gp < 0.05 for comparison with controls, hp < 0.05 for comparison with
hypertensive patients without AS

Table 3 LA phasic function
determined by volumetric and
strain method in the study
population

No AS AS

Controls
(n= 35)

Hypertension
(n= 44)

No hypertension
(n= 55)

Hypertension
(n= 66)

LA volume analysis

LAVmax/BSA (ml/m2) 30.5 ± 4.1 33.0 ± 5.0 38.8 ± 6.2a,b 41.7 ± 6.8a,b,c

LAVmin/BSA (ml/m2) 11.4 ± 2.9 13.2 ± 3.1 17.6 ± 4.6a,b 20.2 ± 5.4a,b,d

LAVpre-a/BSA (ml/m2) 20.4 ± 3.1 22.3 ± 3.9 27.8 ± 6.0a,b 30.4 ± 6.9a,b

LA TotEF (%) 63 ± 9 60 ± 9 55 ± 8a,b 52 ± 8a,b

LA PassEF (%) 33 ± 7 32 ± 7 28 ± 7a,e 27 ± 6a,b

LA ActEF (%) 44 ± 8 41 ± 8 37 ± 8a,c 34 ± 7a,b

LA mechanics

LASr (%) 34 ± 9 30 ± 8 24 ± 8a,b 21 ± 7a,b

LAScd (%) 18 ± 8 16 ± 7 11 ± 5a,b 10 ± 4a,b

LASct (%) −16 ± 7 −14 ± 7 −13 ± 6 −11 ± 5a

ActEF active emptying fraction, AS aortic stenosis, BSA body surface area, EF emptying fraction, LA left
atrium, LASr strain during reservoir phase, LAScd strain during conduit phase, LASct strain during
contraction phase, LAV left atrial volume, LAVmax maximal left atrial volume, LAVmin minimal left atrial
volume, LAVpre-a left atrial volume before atrial contraction, PassEF passive emptying fraction, PassEV
passive emptying volume
ap < 0.01 for comparison with controls; bp < 0.01 for comparison with hypertensive patients without AS, cp <
0.05 for comparison with normotensive AS; dp < 0.01 for comparison with normotensive AS; ep < 0.05 for
comparison with hypertensive patients without AS
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LA phasic function estimated with strain analysis
showed that all three types of LA strains (LASr, LASr, and
LASct), which represent the reservoir, conduit and active
LA phasic functions, respectively, were lower in all AS
patients than in the normotensive controls (Table 3).
Reservoir and conduit LA functions were significantly
lower in the patients with severe AS than in the controls
(normotensive and hypertensive); reservoir LA function
was also lower in patients with severe AS than in the nor-
motensive patients with moderate AS (Table 4).

Univariate and multivariate regression analysis

Systolic blood pressure, E/e’, LV mass index, and the mean
AV gradient were associated with LA phasic functions
(reservoir, conduit, and active) as assessed by the volu-
metric method (Table 5). The same parameters were related
to global LA longitudinal strain. However, for most of the
parameters, systolic blood pressure, LV mass index and the
mean AV gradient were independently associated with the
parameters related to LA phasic function (Table 5).

Discussion

In the following discussion, several important findings from
the present investigation will be addressed: (i) all LA
volumes that represent LA reservoir and conduit and pump
functions gradually increased from the controls across
moderate AS subjects to severe AS patients; (ii) the LA EFs
that determine LA phasic function gradually decreased in
relation to the increases in LA volumes; (iii) volume-
derived analysis revealed that there were more pronounced
differences than the strain-derived evaluation of LA phasic
function; (iv) although there was a trend toward a reduction

in LA volume and strain parameters in hypertensive AS
patients, there was no statistically significant difference
between normotensive and hypertensive AS patients; (v)
blood pressure, the LV mass index, and AS severity were
independently associated with LA phasic function in
patients with moderate and severe AS.

The majority of investigations that have studied LA
function in AS have included exclusively severe AS
patients or only patients with AS without dividing them into
subgroups according to AS severity [5, 6, 17–20]. There is a
lack of investigations that have compared LA phasic func-
tion between patients with moderate and severe AS, and the
data regarding the influence of hypertension on LA phasic
function in AS patients are still missing.

There is agreement among different authors that LA
phasic function, when determined by volumes and strain
(strain rates), is deteriorated in AS patients [5, 6, 17, 18,
20]. Interestingly, Salas-Pacheco et al. [19] did not find a
difference in LA volumes and strains resembling the LA
reservoir, conduit and pump function between patients with
AS and those with aortic regurgitation. Imanishi et al. [6]
divided patients with severe AS into symptomatic and
asymptomatic groups and demonstrated that all three LA
phasic functions determined based on LA strain and strain
rates were significantly lower in symptomatic AS patients.
O’Connor et al. [17] used LA strain rates to perform their
evaluation and found that LA reservoir dysfunction was
associated with LV filling pressure, LA conduit dysfunction
was related to LV relaxation, and booster pump LA dys-
function was correlated with the severity of AS and late LV
diastolic function.

Our findings also confirm that there is a gradual and
significant reduction in LA reservoir, conduit, and pump
functions from the controls across moderate AS patients and
to severe AS patients, indicating the importance of AS

Table 5 Influence of different
demographic, clinical, and
echocardiographic parameters
on LA phasic function and
global longitudinal strain in
patients with moderate and
severe aortic stenosis

LA TotEF (%) LA PassEF (%) LA ActEF (%) LASr (%) (%)

β β* β *β β β* β β*

Age (years) −0.11 −0.07 −0.10 −0.08 −0.18† −0.09 −0.10 −0.08

SBP (mmHg) −0.36‡ −0.27† −0.18† −0.12 −0.38‡ −0.31‡ −0.28† −0.11

BMI (kg/m2) −0.12 −0.10 −0.11 −0.09 −0.11 −0.08 −0.11 −0.09

LV EF (%) 0.11 0.13 0.13 0.12 0.14† 0.10 −0.12 −0.10

LV mass index (g/m2) −0.35‡ −0.32‡ −0.32‡ −0.17† −0.35‡ −0.28† −0.32‡ −0.26‡

E/e’ −0.19† −0.17† −0.27† −0.11 −0.30‡ −0.21 −0.23† −0.10

Mean AV gradient (mmHg) −0.32‡ −0.28† −0.29‡ −0.20‡ −0.36‡ −0.32‡ −0.30‡ −0.26†

r2 0.54 0.48 0.58 0.50

ActEF active emptying fraction, AV aortic valve, BMI body mass index, E early diastolic mitral flow (pulse
Doppler), e´ early diastolic flow velocity across the septal segment of mitral annulus (tissue Doppler), EF
ejection fraction, LA left atrium, LASR strain during reservoir phase, PassEF passive emptying fraction, LV
left ventricle, SBP systolic blood pressure, TotEF – total emptying fraction. †p < 0.05, ‡p < 0.01, βcoefficient
of univariate regression analysis, β*coefficient of multivariate regression analysis
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severity in LA remodeling. Despite a trend toward LA
function to deteriorate more in hypertensive AS patients
than in their normotensive counterparts, we did not find any
statistically significant difference in LA function between
the normotensive and hypertensive AS patients. The only
significant difference was detected in LA booster pump
function in the group of patients with severe AS. In this
group of patients, the minimal LA volume was significantly
higher in hypertensive than in normotensive subjects.
However, there was no difference in active LAEF or LASct
between these groups. Imanishi et al. [5] found that LA
booster pump function was the only independent predictor
of postoperative atrial fibrillation in AS patients, and Russo
et al. [21] previously demonstrated that minimal LAV was a
better predictor than maximal LAV of LV diastolic func-
tion. Interestingly, in our previous studies regarding LA
function in arterial hypertension, we demonstrated that
LA conduit and reservoir functions were lower, whereas LA
booster pump function was compensatorily higher in the
untreated hypertensive population [9, 10]. This was the
rational for conducting the current study. It seems that AS
additionally deteriorates LA function and weakens the
compensatory mechanism of arterial hypertension, thus, at
least at the beginning, improving LA booster function.

The strain evaluation of the LA phasic function is easier
and faster to perform than volumetric assessment. This is
the reason that researchers usually prefer strain over volu-
metric LA phasic function assessment. However, observing
consistency between volumetric and strain findings is
always beneficial. Our study shows that there is a more
prominent difference in LA phasic function when it is
evaluated with the volumetric method than when the strain
method is used, a result that emphasizes the importance of
the notion that volumetric assessment should obviously not
be completely replaced with the strain approach. Cameli
et al. [22] showed that LA longitudinal strain has better
sensitivity and specificity for the prediction of adverse
cardiovascular outcomes than were achieved by LAVI and
LAEF. However, there was no statistically significant dif-
ference between the results obtained by LA strain and
LAVI. In addition, the authors used population-specific
cutoff values for LA parameters, and these could not be
interpolated in our investigation.

The effect of arterial hypertension on LA function in AS
has not been investigated thus far. Most investigators have
not even included blood pressure as a possible predictor in
correlation and regression studies [18–20], and O’Connor
et al. [17] reported that they found no correlation between
LA strain rates and blood pressure. The results of our study
show that systolic blood pressure was independent of other
clinical and echocardiographic parameters associated with
LA reservoir and pump function estimated by the volu-
metric method. However, the correlation between LA

phasic function and LV mass index and AS severity were
shown in previous studies [17, 18, 20].

The most relevant clinical implication of this study is that
LA phasic function showed a trend toward increasing
deterioration with increasing AS severity and in the pre-
sence of arterial hypertension, and these effects had
an additive negative effect on LA remodeling in AS
patients. Symptomatic patients with moderate AS could
possibly benefit from the evaluation of LA function because
their symptoms might be related to arterial hypertension
and consequent LA impairment and LV diastolic
dysfunction.

Limitations

There are several limitations to the current study. The
investigation included a limited number of AS patients, and
this could be the main reason for the lack of a statistically
significant difference between normotensive and hyperten-
sive AS subjects regardless of the significant trend for LA
phasic function to deteriorate in hypertensive participants.
The results of echocardiographic evaluation of LA function
could be significantly influenced by the acquisition quality,
but this is a common limitation for all echocardiographic
studies and could not be avoided. The influence of coronary
artery disease could not be completely eliminated because
coronary angiography was not performed in all patients.
The causal relationships among AS, hypertension, and LA
phasic function could not be determined due to the cross-
sectional nature of this research.

Conclusion

LA phasic function reflects an important set of parameters
that are associated with cardiovascular morbidity in AS
patients. Our study shows that AS severity and hypertension
are related to a worsening of LA function and that hyper-
tension is a relevant factor that could additionally deterio-
rate LA remodeling in AS patients. The patients with severe
AS had significantly more impaired LA phasic function
than was found in the subjects with moderate AS. There
was also a significant trend for deterioration in LA phasic
function to be higher in the hypertensive patients than in the
normotensive individuals with both moderate and severe
AS. However, this relationship was not significant, probably
owing to the small sample size. Future studies should be
directed toward determining the influence of arterial
hypertension on LA remodeling and particularly the effects
of hypertension in patients with moderate AS, in whom
there are still many uncertainties regarding the necessity and
timing of intervention.
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