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Relation of Left Atrial Dysfunction to Pulmonary Artery
Hypertension in Patients With Aortic Stenosis and Left Ventricular

Systolic Dysfunction

Roberto M. Saraiva, MD, PhDa, Yoshiki Matsumura, MDa, Tetsuhiro Yamano, MDa,
Neil Greenberg, PhDa, James D. Thomas, MDa, and Takahiro Shiota, MD, PhDb,*

Pulmonary artery hypertension (PAH) increases mortality in patients with severe aortic
stenosis. We hypothesized that left atrial (LA) dysfunction would be related to PAH in
patients with severe aortic stenosis complicated by left ventricular (LV) systolic dysfunc-
tion. The data from 70 patients with severe aortic stenosis and LV systolic dysfunction were
analyzed. From the transmitral flow, the peak early (E) and late (A) diastolic velocities were
obtained. From the pulmonary vein flow, the peak S-wave, D-wave, and reversed atrial
wave velocities were determined. The right ventricular systolic pressure was measured in
50 patients and averaged 38 � 13 mm Hg. Patients with PAH (n � 19) presented with
greater LV diameters, E/A ratio, E-wave velocity, LV mass index, reversed atrial wave
velocity, and LA volume (p <0.05) and lower S/D ratio and total and active LA emptying
fractions (p <0.05). Simple linear regression analysis revealed that the LA volumes and
total and active LA emptying fractions displayed the strongest correlations with the right
ventricular systolic pressure. Multiple regression analysis revealed that the minimum LA
volume (r � 0.61, p � 0.0001) independently correlated with the right ventricular systolic
pressure, irrespective of the aortic valve (AV) area or gradient. In patients who underwent
an echocardiographic examination >1 month after AV replacement, LA function had
improved significantly. The degree of improvement was related to the degree of recovery of
the LV diastolic function and diameter. In conclusion, in patients with severe aortic
stenosis and concomitant LV systolic dysfunction, the LA function parameters displayed
the strongest correlations with the right ventricular systolic pressure, irrespective of the AV
area or gradient and were impaired in patients with PAH. LA function recovered after AV
replacement. Additional studies are warranted to determine the prognostic significance of
LA function in this setting. © 2010 Elsevier Inc. All rights reserved. (Am J Cardiol 2010;

106:409–416)
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The left atrial (LA) size is a recognized marker of in-
reased left ventricular (LV) filling pressure and is in-
reased in patients with severe aortic stenosis.1,2 LA func-
ion, expressed as the total LA emptying fraction, is also
elated to pulmonary artery hypertension (PAH) in patients
ith heart failure3 or mitral regurgitation.4 In patients with
eart failure, the maximum LA volume has also been linked
o PAH3,5 and was shown to be an independent predictor of
ulmonary artery systolic pressure (PASP).5 In the presence
f mitral regurgitation, the active LA emptying fraction
orrelated independently with the PASP.4 Therefore, we
ypothesized that the LA volume and function could be
otential markers of PAH in patients with aortic stenosis

aDepartment of Cardiovascular Medicine, Cleveland Clinic, Cleveland,
hio; and bDepartment of Cardiology, Cedars-Sinai Medical Center and
niversity of California, Los Angeles, David Geffen School of Medicine,
os Angeles, California. Manuscript received December 24, 2009; manu-
cript received and accepted March 15, 2010.

This study was supported in part by the National Space Biomedical
esearch Institute through the National Aeronautics and Space Adminis-

ration NCC 9-58, Houston, Texas.
*Corresponding author: Tel: (310) 423-6889; fax: (310) 423-8571.
eE-mail address: ShiotaT@cshs.org (T. Shiota).

002-9149/10/$ – see front matter © 2010 Elsevier Inc. All rights reserved.
oi:10.1016/j.amjcard.2010.03.043
nd concomitant heart failure. To test this hypothesis, we
nalyzed the LA function and its relation to PASP in
atients with isolated aortic stenosis who were scheduled
o undergo aortic valve (AV) replacement. We also ana-
yzed LA function long term after surgery to assess the
eversibility of LA dysfunction. Furthermore, under-
tanding the mechanisms responsible for PAH in patients
ith aortic stenosis could have physiopathologic and

herapeutic relevance.

ethods

The study population was selected from 1,508 consecu-
ive patients who had undergone isolated AV replacement
rom January 2002 to June 2006 at Cleveland Clinic (Cleve-
and, Ohio). The selected patients met the following inclu-
ion criteria: (1) severe aortic stenosis, defined as an AV
rea of �1.0 cm2 using the continuity equation; and (2) LV
ystolic dysfunction, defined as a LV ejection fraction of
50%. Of the 1,508 patients, 132 were selected. Patients
ith significant aortic regurgitation (greater than grade 2;
� 14), more than moderate mitral regurgitation (n � 6),

evere tricuspid regurgitation (n � 1), known coronary
rtery disease (n � 7), pacing rhythm at the preoperative

xamination (n � 4), permanent or paroxysmal atrial fibril-
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ation (n � 20), and inadequate imaging quality (n � 10)
ere excluded. The data presented were abstracted from our

chocardiography and surgical databases, which have been
pproved by the Institutional Review Board for Clinical
esearch at Cleveland Clinic. The final population of the

tudy consisted of 70 patients. Of the 70 patients, we iden-
ified 28 who had undergone an echocardiographic exami-
ation at our institution �1 month after AV replacement.
ollow-up echocardiograms were performed according to

he recommendation by the patients’ physicians.
Studies were performed through several commercially

vailable, ultrasound systems. Cardiac dimensions were
easured in accordance with the American Society of
chocardiography recommendations.6 M-mode echocardi-
graphy was used to measure the LA diameter and LV
nd-diastolic and end-systolic diameters. The LV mass in-
ex was calculated according to previously published for-
ulas.7 The LV and LA volumes were determined using the
odified Simpson rule with images obtained from apical 4-

nd 2-chamber views. Pulsed wave Doppler was obtained in
he apical 4-chamber view, positioned at the mitral leaflet
ips. From the transmitral recordings, the peak early (E) and
ate (A) diastolic filling velocities, E/A ratio, and E-wave
eceleration time were obtained. The peak and mean
ransaortic valve gradients were calculated using the sim-
lified Bernoulli equation. The AV area was calculated by

able 3
wo-dimensional echocardiographic characteristics of study patients

haracteristic Normal PASP
(n � 31)

High PASP
(n � 19)

eft ventricle
End-diastolic diameter (cm) 5.3 � 0.7 5.9 � 0.7*
End-systolic diameter (cm) 4.0 � 0.8 4.6 � 0.9†

End-diastolic volume (ml/m2) 74 � 28 89 � 30
End-systolic volume (ml/m2) 47 � 25 59 � 27
Ejection fraction (%) 39 � 10 35 � 11
Mass (g/m2) 147 � 36 182 � 39†

eft atrium
Diameter (cm) 4.2 � 0.6 4.7 � 0.7†

Area (cm2) 22 � 6 27 � 5*
Maximum volume (ml/m2) 36 � 13 51 � 20†

Minimum volume (ml/m2) 16 � 9 29 � 14*
Precontraction volume (ml/m2) 26 � 11 37 � 14*
Total emptying fraction (%) 57 � 13 44 � 11*
Active emptying fraction (%) 39 � 18 24 � 15†

Passive emptying fraction (%) 30 � 11 25 � 10
ortic valve
Valve area (cm2) 0.71 � 0.19 0.60 � 0.19
Peak gradient (mm Hg) 75 � 24 83 � 26
Mean gradient (mm Hg) 44 � 15 51 � 16
ransmitral inflow
E-wave velocity (cm/s) 78 � 27 108 � 41*
A-wave velocity (cm/s) 88 � 28 82 � 47
E/A ratio 1.0 � 0.5 1.7 � 1.2*
E-wave deceleration time (ms) 224 � 98 177 � 79
ulmonary vein flow
Peak reversed A-wave velocity (cm/s) 31 � 6 37 � 9*
Peak S-wave/peak D-wave velocities

ratio
1.15 � 0.43 0.66 � 0.50*

* p �0.001; † p �0.05 versus normal PASP.
able 1
linical characteristics and surgical procedure

ariable Subjects
(n � 70)

linical characteristic
Age (years) 69 � 12
Men/women 50/20
Body surface area (m2) 2.0 � 0.3
Coronary angiography

Normal 35 (50%)
Mild stenosis (�25%) 27 (39%)
Moderate stenosis (26–50%) 8 (11%)

urgical procedure
Prosthesis valve

Bioprosthesis valve 62 (89%)
Carpentier-Edwards 61
3F 1

Mechanical valve 5 (7%)
St. Jude 1
Carbomedics 4
Homograft 3 (4%)

Prosthesis valve size (mm) 23 � 2
19 8 (11%)
21 13 (19%)
23 19 (27%)
25 22 (31%)
27 7 (10%)
29 1 (1%)
able 2
wo-dimensional echocardiographic characteristics of study patients

ariable Subjects
(n � 70)

eft ventricle
End-diastolic diameter (cm) 5.6 � 0.7
End-systolic diameter (cm) 4.3 � 0.8
End-diastolic volume (ml/m2) 79 � 27
End-systolic volume (ml/m2) 51 � 24
Ejection fraction (%) 38 � 10
Mass (g/m2) 158 � 41
eft atrium
Diameter (cm) 4.4 � 0.7
Area (cm2) 24 � 6
Maximum volume (ml/m2) 40 � 17
Minimum volume (ml/m2) 21 � 12
Precontraction volume (ml/m2) 30 � 12
Total emptying fraction (%) 51 � 15
Active emptying fraction (%) 33 � 19
Passive emptying fraction (%) 26 � 12
ortic valve
Valve area (cm2) 0.70 � 0.19
Peak gradient (mm Hg) 74 � 25
Mean gradient (mm Hg) 44 � 16
ransmitral inflow
E-wave velocity (cm/s) 89 � 33
A-wave velocity (cm/s) 82 � 32
E/A ratio 1.3 � 0.8
E-wave deceleration time (ms) 208 � 93
ulmonary vein flow
Peak reversed A-wave velocity (cm/s) 32 � 7.0
ontinuity equation using the velocity-time integral of the
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411Valvular Heart Disease/Left Atrial Function in Aortic Stenosis
ortic and LV outflow tract flows. Pulmonary venous flow
ecordings were obtained from the 4-chamber view with the
-mm sample volume positioned 1 to 2 cm into the right
pper pulmonary vein, and the following measurements
ere taken: peak S-wave inflow velocity during ventricular

ystole, peak D-wave inflow velocity during the early phase
f ventricular diastole and the corresponding S/D ratio, and
he peak reversed atrial wave (Ar) velocity during LA con-
raction. PASP was derived from continuous wave Doppler
nterrogation of tricuspid regurgitation. The right atrial pres-
ure was estimated from the inferior vena cava size and
nspiratory collapse, in accordance with the American So-
iety of Echocardiography recommendations6 and previ-
usly published reports.8

The following indexes of LA function were calculated
ccording to a previous study.9 The total LA stroke volume

igure 1. PASP correlated with LA function and LV diastolic function in
iastolic function, with greater E/A ratio, and worse LA function, depicted
ncreased significantly with greater E-wave velocity and greater minimum L
A � left atrial; LV � left ventricular; PAH � pulmonary artery hyperte
as calculated as the maximum LA volume minus the J
inimum LA volume. The active LA stroke volume was
alculated as the precontraction LA volume minus the min-
mum LA volume. The passive LA stroke volume was
alculated as the maximum LA volume minus the precon-
raction LA volume. The total LA emptying fraction was
alculated as (total LA stroke volume/maximum LA vol-
me) � 100. The active LA emptying fraction was calcu-
ated as (active LA stroke volume/precontraction LA vol-
me) � 100. The passive LA emptying fraction was
alculated as (passive LA stroke volume/maximum LA vol-
me) � 100.

The echocardiograms were stored digitally and reviewed
ff-line with software (Prosolv Cardiovascular Analyzer,
roblem Solving Concepts, Indianapolis, Indiana).

The calculations were done using commercially avail-
ble statistical software (GraphPad Prism, version 3.02, La

stenosis. (A) Patient with PAH displayed more restrictive pattern of LV
all change in LA area across different phases of cardiac cycle. (B) PASP

me. A � maximum late wave velocity; E � maximal early wave velocity;
PASP � pulmonary artery systolic pressure.
aortic
by a sm
A volu
olla, California, and MedCalc, version 9.2.0.2, Mariakerke,
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elgium). Continuous variables are expressed as the mean �
D and discrete variables as percentages. Comparisons
etween patients with and without PAH were performed
sing the unpaired Student t test. Each variable was tested
or correlation with PASP using simple linear regression
nalysis (Pearson’s correlation). All variables with a signif-
cant univariate association with PASP were entered in a
ultivariate stepwise regression analysis, with PASP as the

ependent variable. The pre- and postoperative LA function
arameters were compared using the paired Student t test.
he null hypothesis was rejected at p �0.05.

esults

The clinical characteristics and surgical procedures of
he studied patients are listed in Table 1. All patients un-
erwent isolated AV replacement without serious compli-
ations.

The echocardiographic characteristics are listed in Table
. Of the 70 patients, 24 (34.3%) had mild LV systolic
ysfunction, 24 (34.3%) had moderate, and 22 (31.4%) had
evere LV systolic dysfunction. Of the 70 patients, 38
54%) had a mean AV gradient �40 mm Hg, 27 (39%) had
mean AV gradient of 20 to 40 mm Hg, and 5 (7%) had a
ean AV gradient of �20 mm Hg. Finally, 32 patients

46%) had bicuspid valves, 37 (53%) had tricuspid valves,
nd 1 (1%) had a unicuspid valve. The LA volumes were
ncreased. The PASP was measured in 50 patients and

able 4
nivariate regression analysis of echocardiographic parameters and
ulmonary artery systolic pressure (PASP)

ariable r p Value

eft ventricle
End-diastolic diameter 0.37 0.009
End-systolic diameter 0.35 0.01
End-diastolic volume index 0.22 NS
End-systolic volume index 0.25 NS
Ejection fraction �0.29 0.04
Mass index 0.37 0.01
eft atrium
Diameter 0.29 0.04
Area 0.48 0.0004
Maximum volume index 0.51 0.0002
Minimum volume index 0.63 �0.0001
Precontraction volume index 0.52 0.0002
Total emptying fraction �0.59 �0.0001
Active emptying fraction �0.50 0.0003
Passive emptying fraction �0.19 NS
ortic valve
Valve area �0.14 NS
Peak gradient 0.07 NS
Mean gradient 0.09 NS
ransmitral inflow
E-wave velocity 0.44 0.002
A-wave velocity 0.04 NS
E/A ratio 0.34 0.03
E-wave deceleration time �0.22 NS
ulmonary vein flow
Peak reversed A-wave velocity 0.33 0.03
Peak S-wave/peak D-wave velocities ratio �0.36 0.02
veraged 38 � 13 mm Hg; 19 patients had elevated PASP f
�40 mm Hg; 51 � 11 mm Hg). No significant difference
as found in the gender proportion between patients with
AH (13 men and 6 women) or without PAH (20 men and
1 women; p � NS). Also, no significant difference was
ound in age (71 � 12 vs 69 � 13 years, respectively)
etween patients with and without PAH. Patients with PAH
ad a larger LA size, LV diameters, LV mass index, E/A
atio, E-wave velocity, and Ar velocity and lower S/D ratio
han patients without PAH. The lower LV ejection fraction
nd AV area in patients with PAH did not reach statistical
ignificance (Table 3).

All LA volumes evaluated were larger in the patients
ith PAH than in those without PAH. The total and active
A emptying fractions were lower in patients with PAH

han in those without PAH, but the passive LA emptying
raction was similar between the 2 groups (Figure 1 and
able 3). Therefore, the LA contractile and reservoir func-

ions were depressed in patients with PAH.
Simple linear regression analysis revealed significant

ositive correlations between PASP and the LA diameter
nd area, LV diameters, E-wave velocity, E/A ratio, LV
ass index, Ar velocity and negative correlations between
ASP and LV ejection fraction and S/D ratio. No significant
elation to age was found. The correlations between PASP
nd the LA volume and function parameters were stronger
han with the previously described echocardiographic pa-
ameters. PASP correlated positively with the maximum,
inimum, and precontraction LA volumes and negatively
ith the total and active LA emptying fractions (Figure 1

nd Table 4).
Multiple stepwise regression analysis, including all vari-

bles with a significant univariate association with PASP,
evealed that only the minimum LA volume (p � 0.0001)
ndependently correlated with the PASP.

A subgroup of 28 patients underwent follow-up echocar-
iography at our institution �1 month after AV replacement
22 � 15 months). A significant reduction in the minimum
nd precontraction LA volumes was seen, with improve-
ent of the total, passive, and active LA emptying fractions

fter AV replacement (Figure 2). The reduction in the max-
mum LA volume was not significant. Also, a significant
eduction was seen in the LV diameters, volumes, and mass,
ith improvement in the LV ejection fraction, after AV

eplacement. The mean and peak AV gradients decreased
ignificantly after AV replacement. The E/A ratio did not
hange significantly, but an increase occurred in the E-wave
eceleration time after AV replacement. The Ar velocity
ecreased significantly after AV replacement (Table 5).

From those 28 patients, we found significant correlations
etween an improvement in LA function and a change in
V size or LV diastolic function (Figure 3). The improve-
ent in the total LA emptying fraction correlated with

ecreases in LV end-diastolic (r � 0.63, p � 0.0007) and
nd-systolic (r � 0.61, p � 0.001) diameters, E-wave ve-
ocity (r � 0.67, p � 0.0003), E/A ratio (r � 0.56, p �
.007), LV end-diastolic volume (r � 0.40, p � 0.05), and
-wave velocity (r � 0.47, p � 0.04) and with increases in
-wave velocity (r � �0.42, p � 0.05), E-wave decelera-

ion time (r � �0.54, p � 0.005), and S/D ratio (r � �0.52,
� 0.02). The improvement in the active LA emptying
raction correlated with decreases in LV end-diastolic (r �
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.54, p � 0.01) and end-systolic (r � 0.63, p � 0.001)
iameters, E-wave velocity (r � 0.59, p � 0.004), and E/A
atio (r � 0.52, p � 0.02) and with increases in E-wave
eceleration time (r � �0.44, p � 0.04) and S/D ratio (r �
0.55, p � 0.02). The improvement in the passive LA

mptying fraction correlated with decreases in the LV end-
iastolic diameter (r � 0.45, p � 0.04) and volume (r �
.52, p � 0.01) and with increases in the E-wave deceler-
tion time (r � �0.47, p � 0.03). Also, a trend was seen for
significant correlation between improvement in the pas-

ive LA emptying fraction and a decrease in LV mass (r �
.39, p � 0.08).

Few patients had the PASP measured both before and
fter AV replacement, precluding an adequate analysis of
he factors involved in the changes in PASP after AV
eplacement. Even so, a significant relation was seen be-
ween a change in the PASP and a change in the active LA
mptying fraction (r � 0.82, p � 0.007).

iscussion

In the present study, the presence of PAH in patients with
ortic stenosis and concomitant LV dysfunction correlated
ith LV diastolic function, LV mass, and LA function

nderwent follow-up echocardiography �1 month after AV replacement.
ion and (C) minimum LA volumes decreased significantly. Thus, the (D)
ter AV replacement. AV � aortic valve; EF � emptying fraction; LA �
able 5
wo-dimensional echocardiographic characteristics before and late after
urgery

ariable Preoperative
(n � 28)

Postoperative
(n � 28)

eft ventricle
End-diastolic diameter (cm) 5.6 � 0.5 5.3 � 0.9*
End-systolic diameter (cm) 4.4 � 0.7 3.7 � 0.9†

End-diastolic volume (ml/m2) 79 � 23 62 � 23†

End-systolic volume (ml/m2) 52 � 21 24 � 15‡

Ejection fraction (%) 37 � 10 62 � 12‡

Mass (g/m2) 160 � 54 120 � 26‡

ortic valve
Peak gradient (mm Hg) 71 � 28 28 � 16‡

Mean gradient (mm Hg) 42 � 18 28 � 16*
ransmitral inflow
E-wave velocity (cm/s) 95 � 22 96 � 29
A-wave velocity (cm/s) 80 � 31 90 � 27
E/A ratio 1.4 � 0.7 1.1 � 0.5
E-wave deceleration time (ms) 179 � 65 220 � 65*
ulmonary vein flow
Peak reversed A-wave velocity (cm/s) 34 � 7 26 � 6†

Peak S-wave/peak D-wave velocities
ratio

0.77 � 0.36 0.89 � 0.51
igure 2. LA function recovery after AV replacement. Subgroup of 28 patients u
lthough maximum LA volume (A) did not change significantly, (B) precontract

otal, (E) passive, and (F) active LA emptying fractions recovered significantly af
arameters. Furthermore, multiple regression analysis



s
P
L
w
s

n
w
w
p
n
c
a

c
r
t
b
d

t
i
c
p
r
s
s
h
s
fi
e
s

a
d
o
a
a

F
b
a
f
L
o
L

414 The American Journal of Cardiology (www.ajconline.org)
howed that the minimum LA volume correlated with the
ASP, irrespective of the AV area. After AV replacement,
A function improved, and the degree of its improvement
as directly related to the degree of improvement in LV

ize and mass and in LV diastolic function.
PAH is not uncommon among patients with aortic ste-

osis. Severe PAH was found in 11% to 19% of the patients
ith severe aortic stenosis,10–12 and mild to moderate PAH
as found in 28% to 50% of the patients.11,12 Moreover,
atients with aortic stenosis and PAH have a dismal prog-
osis.13–15 Therefore, PAH is one of the most important
linical questions we encounter with patients with severe
ortic stenosis.

In our study, the LV diastolic parameters and LV mass
orrelated significantly with the PASP. Others studies have
eported a greater E/A ratio and shorter E-wave deceleration
ime in patients with PAH10 and significant associations
etween PASP and LV mass, E-wave velocity, and early

igure 3. Correlations between LA function recovery and LV geometry imp
etween (A) recovery of total LA emptying fraction and regression of LV
ctive LA emptying fraction and regression of LV end-diastolic and end-sy
raction and regression of LV end-diastolic volume and LV mass after AV r
A function parameter after AV replacement was subtracted from values be
btained when LV parameter before AV replacement was subtracted from v
A � left atrial; LV � left ventricular.
iastolic mitral annular velocity (E=).16 In the latter study, t
he E/E= ratio was the only echocardiographic parameter
ndependently associated with PASP.16 In studies that in-
luded hemodynamic data, the increase in LV end-diastolic
ressure11,17,18 and pulmonary artery wedge pressure11 cor-
elated significantly with PASP. Other studies also de-
cribed a high incidence of elevated LV end-diastolic pres-
ure in patients with severe PAH.12,19 Therefore, LV
ypertrophy and diastolic dysfunction triggered by the pres-
ure overload must contribute to the increase in the LV
lling pressures that ultimately lead to reactive PAH. How-
ver, the role of the LA function in patients with aortic
tenosis with PAH was not clear from these studies.

The relation between the AV area and PASP was also
ddressed by us and others. Although a lower AV area was
escribed as an independent predictor of PAH,10 we, and
thers, found a poor correlation between PASP and the AV
rea11,16 or gradients.16 Moreover, in other studies, the AV
rea and gradients did not significantly differ between pa-

nt after AV replacement Univariate analysis depicted positive correlations
astolic and end-systolic diameters after AV replacement, (B) recovery of
iameters after AV replacement, and (C) recovery of passive LA emptying
ent. Recovery of LA function calculated as absolute values obtained when
replacement. Improvement in LV geometry calculated as absolute values

tained after AV replacement. AV � aortic valve; EF � emptying fraction;
roveme
end-di

stolic d
eplacem
fore AV
alues ob
ients with and without PAH.17,19
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The LA volume is a hallmark of longstanding increased
V end-diastolic pressure and is increased in the presence
f severe aortic stenosis.1,2 The maximum LA volume has
een linked to PAH3,5 and was described as an independent
redictor of PASP in patients with heart failure.5 The LA
olume increase in those with aortic stenosis is related not
nly to the AV area, but also to the LV mass, concomitant
itral regurgitation, a history of hypertension, LV end-

iastolic volume, and a restrictive filling pattern.1,2 How-
ver, the correlation coefficients published have varied. Al-
hough the correlation between the maximal LA volume and
V mass was described as 0.77,1 the correlation of the same
arameter with AV area was only �0.102 and �0.18.20 In
ur study, the LA volume was greater in patients with PAH
han in those without PAH and had a better correlation with
he PASP than the LV diastolic parameters. Considering the
irect connection of LA and pulmonary vasculatures, this
reater association was expected.

We also found a direct association between PASP, not
nly with the LA volume, but also with LA function. LA
ontractile function might contribute to keeping LV filling
n patients with aortic stenosis. The passive LA emptying
raction is decreased, and the active LA emptying volume is
ncreased.1 The A-wave velocity is also greater in those
ith aortic stenosis than in age- and LV systolic function-
atched controls.21,22 Therefore, most patients with aortic

tenosis have an increased atrial contribution to LV filling.22

n our study, the total and active LA emptying fractions
ere reduced in patients with PAH. In addition, the mini-
um LA volume was independently related to the PASP.
herefore, we speculated that LA dysfunction makes LA
mptying worse and contributes to further increases in LA
ressure and consequent reactive PAH in those with aortic
tenosis. The importance of LA function was highlighted,
ecause the peak late diastolic mitral annulus velocity was
predictor of cardiac death and the need for AV replace-
ent in patients with aortic stenosis and a normal LV

jection fraction.20

Most patients in our studied population presented with
ild or moderate LV systolic dysfunction, but 1/3 presented
ith severe LV systolic dysfunction. Therefore, most pa-

ients still presented with a mean AV gradient of �40 mm
g, and 46% of patients presented with a mean AV gradient
f �40 mm Hg. Thus, although it was often difficult to
ecide to perform AV replacement in patients with a low
V gradient and severe LV systolic dysfunction, this group
as also represented in our population. AV replacement in

uch risky patients is beneficial, under specific recommen-
ations.23,24

AV replacement improves survival in patients with aortic
tenosis associated with severe PAH25 and reduces the
ASP in the early postoperative period.18 In our study, AV
eplacement was also associated with improvement in all
omponents of LA function, indicating that the concomitant
emodynamic burden of severe aortic stenosis and LV sys-
olic dysfunction contributed to LA dysfunction. We ob-
erved a significant decrease in the minimum and precon-
raction LA volumes, with improvement in the total,
assive, and active LA emptying fractions after AV replace-
ent. This suggested a reversibility of LA size and function
n patients with aortic stenosis, even in the presence of
AH. However, it is unknown whether LA function recov-
ry after AV replacement or whether preoperative LA dys-
unction will have an effect on the long-term prognosis of
he patients.

The retrospective nature and the selection criteria used
imited the conclusions of our study to patients with severe
ortic stenosis and concomitant LV dysfunction in sinus
hythm. The extrapolation of these results to other popula-
ions remains to be explored. It is also possible that other
arameters could emerge as independently related to PASP
f the number of patients included in the study had been
reater.

It is possible that the LA dysfunction described in the
resent study was solely the consequence of an increase in
A afterload due to diastolic LV dysfunction and that the
ame LV diastolic dysfunction was the primary contributor
o PAH. However, the statistically independent correlation
f the minimum LA volume to PASP points in the direction
f an independent contribution of LA dysfunction to the
evelopment of PAH in these patients.
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