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Background: Left atrial dilatation is a response to pressure overload in aortic stenosis (AS).

Objective: To study the correlation between left atrium volume index (LAVI) and the pulmonary hypertension in patients with

moderate to severe AS.

Materials and Methods: The authors retrospectively studied patients with moderate to severe AS (either one or all
echocardiographic criteria of aortic valve area [AVA]) smaller than 1.5 cm?, AV Vmax of more than 3 m/s, AV mean PG of more than
30 mmHg who underwent transthoracic echocardiography at Pranangklao Hospital between January 2015 and December 2019.

Results: One hundred thirty-four patients (age 72.31+12.32 years, 46.3% male) were enrolled. In pulmonary hypertension group,
proportion of atrial fibrillation (75%) were significantly higher Sinus Rhythm (26.3%). Right ventricular systolic pressure (RVSP)
tended to increase when LAVI increased (r=0.695, p<0.001). The mean RVSP in four groups of LAVI (less than 35 ml/m?, 35 to 41
ml/m?, 42 to 48 ml/m? and more than 48 ml/m?) were 35.11+8.97,38.22+11.71,39.0+8.57, and 60.05+31 mmHg, respectively.
RVSP in patients with LAVI of more than 48 ml/m? was significantly higher than those of the other group (p<0.001). LAVI in
patients with RVSP of less than 50 and more than 50 mmHg were 35.13+6.86 and 65.22+11.55 ml/m?, respectively (p<0.001).

Conclusion: Moderate to severe AS, RVSP increase when LAVI increases.
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Calcific aortic stenosis (AS) is the most prevalent
valvular heart disease in high-income countries, and
the burden of the disease is expected to increase
dramatically in the next 20 years with the aging of
the population®.
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Left atrial (LA) enlargement is common in
patients with AS® and is an established marker of
increased left ventricular (LV) filling pressures®.
LA enlargement reflects the effect of increased LA
pressure over time and is a morphological indicator
of chronically increased hemodynamic burden™?.
LA enlargement has been reported as a predictor of
death®®, incident heart failure®, atrial fibrillation
(AF)!"9_and stroke” in the general population.

Recently, Généreux et al'” proposed a new
staging classification characterizing the extent of
extra-aortic valve cardiac damage and reported that
this staging system has strong prognostic implications
in patients with severe symptomatic AS undergoing
aortic valve replacement (AVR).

The presence of pulmonary hypertension, a
frequent consequence after AS, has prognostic
implication pre- and post-operatively'?. The authors
do not know the association between the left atrium
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volume index (LAVI) and the pulmonary artery
pressure in patients with moderate to severe AS in
Thai patients.

Materials and Methods

Between 2015 and 2019, patient 18 years or
older diagnosed as having moderate to severe AS
(aortic leaflet calcification or peak aortic jet velocity
(Vmax) of 3 m/s or greater, mean PG AV of 30 mmHg
or greater, or aortic valve area (AVA) of less than
1.5 cm?) were included in this study. The following
patients were excluded 1) those with more than mild
aortic regurgitation, 2) those with prosthetic valves,
congenital heart disease, supravalvular or subvalvular
AS, or dynamic LV outflow tract obstruction, 3) those
with more than mild mitral stenosis or mitral
regurgitation.

Echocardiography

The echocardiographic data from the transthoracic
echocardiography (TTE) including LV dimension,
wall thickness, and ejection fraction (LVEF), LA
diameter (M-mode, parasternal short axis view),
LAV and LAVI by biplane area-length method, right
ventricular systolic pressure (RVSP), and the severity
of AS were collected. Pulmonary hypertension in
patients with chronic moderate to severe AS was
defined as RVSP of more than 50 mmHg. LAV was
measured by the biplane area-length method as
previously described*'Y. LA area (A) and length (L)
were measured from apical 4-chamber (Al and L1)
and apical 2-chamber view (A2 and L2). LAV was
calculated by the formula (0.85xA1xA2)/L when L
was LA length as the average of L1 and L2. LAVI was
equal to LAV divided by body surface area.

Statistical analysis

Descriptive statistics, including frequency and
percentage, were used for categorical variables.
Continuous variables were reported as mean =+
standard deviation (SD). The normality of the
distribution of variables was examined by the
Kolmogorov-Smirnov test. The comparison of
normally distributed continuous variables between
two groups used the Independent t-test and chi-square
test for categorical data. The comparison between
more than two groups used the one-way ANOVA and
post hoc multiple comparisons by Bonferroni test.
Pearson’s correlation between LAV index and RVSP.
For all tests performed, a two-tailed p-value of less
than 0.05 was considered statistically significant. IBM
SPSS Statistics, version 22 (IBM Corp., Armonk, NY,
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USA) was used to perform all statistical analyses.

Results

According to Pranangklao Hospital echo-
cardiographic database, 134 patients were diagnosed
with moderate to severe AS between January 2015
and December 2019.

Baseline characteristics

Baseline clinical characteristics are shown in
Table 1. The mean age was 72.31+12.32 years and
46.3% were male. Patients had hypertension (82.8%),
diabetes mellitus (30.6%), and coronary artery
disease (22.4%). There was a statistically significant
difference in echocardiographic between patients
with more pulmonary hypertension AF in the RVSP
of more than 50 mmHg group.

Echocardiographic data

Echocardiographic data is shown in Table 2.
Moderate to severe AS was quantitatively assessed by
continuous equation method with at AVA 0.99+0.29
cm?, AV Vmax at 4.28 m/s, and AV mean PG at 41.02
mmHg. Mean LVEF by modified Simpson’s method
was 68.84+10.92%. LAV and LAVI were 75.38+34.85
mland 47.61+21.65 ml/m?, respectively. There was no
statistically significant difference in AVA, AV Vmax,
AV mean PG, and LVEF LV mass, LV mass index, and
E deceleration time between patients with pulmonary
hypertension. Patients with pulmonary hypertension
had higher E/A ratio, E/e’, LAV, and LAVI than non-
pulmonary hypertension patients.

Correlations between LAVI size and right ventricu-
lar systolic pressure

Correlations between LA size and RVSP are
demonstrated in Figure 1. There was a positive
correlation between LAVI and RVSP. RVSP tends to
increase when LAVI increases (Pearson’s correlation
coefficient 0.695, p<0.001).

Correlation between the four groups"® of LAVI
and RVSP is demonstrated in Table 3 and Figure 2.
Furthermore, LAVI was divided into four groups and
mean RVSP:

LAVI of less than 35 ml/m? (n=40), mean RVSP
35.11£8.97 mmHg

LAVI of 35 to 41 ml/m? (n=25), mean RVSP
38.22+11.71 mmHg

LAVI of 42 to 48 ml/m? (n=21), mean RVSP
39+£8.57 mmHg

LAVI of more than 48 ml/m? (n=48), mean RVSP
60.05+16.31 mmHg
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Table 1. Baseline clinical characteristics of the entire patient population and groups

Variables Total (n=134) RVSP <50 (n=89) RVSP >50 (n=45) p-value
n (%) n (%) n (%)
Age (year); mean+SD 72.31+12.32 72.78+12.67 71.4+11.68 0.544
275 63 (47.0) 42 (47.2) 21 (46.7)
Sex
Male 62 (46.3) 41 (46.1) 21 (46.7) 0.948
BSA (m?); mean+SD 1.58+0.17 1.59+0.17 1.58+0.15 0.770
SBP (mmHg); mean+SD 130.97+19.77 131.84+19.68 129.29+20.05 0.484
EKG
AF 20 (14.9) 5(5.6) 15 (33.3) <0.001*

Underling disease

Hypertension 111 (82.8) 75 (84.3) 36 (80) 0.355
DM 41 (30.6) 27 (30.3) 14 (31.1) 0.993
CAD 30 (22.4) 18 (20.2) 12 (26.7) 0.437

RVSP=right ventricular systolic pressure; SD=standard deviation; BSA=body surface area; SBP=systolic blood pressure; EKG=echocardiographic;
AF=atrial fibrillation; DM=diabetes mellitus; CAD=coronary artery disease

* p<0.05 is statistically significant

Table 2. Echocardiographic parameters of all patients with moderate to severe aortic stenosis and the comparisons between
patients with and without pulmonary hypertension

Variables Total (n=134) RVSP <50 (n=89) RVSP >50 (n=45) p-value
Mean+SD Mean+SD Mean+SD
AVA (cm?) 0.99+0.29 1.00£0.30 0.97+0.28 0.483
Index AVA (cm?/m?) 0.41+0.15 0.41+0.16 0.40+0.14 0.657
Peak AV (m/s) 4.28+2.48 4.02+0.90 4.80+4.07 0.086
meanAV (mmHg) 41.02+19.20 40.09+20.38 42.88+16.66 0.428
LVOT VTI (cm) 24.39+5.85 24.45+5.85 24.28+5.89 0.872
SV (ml) 85.90+19.74 86.32+19.91 85.08+19.61 0.732
HR (bpm) 73.27+12.25 72.84+10.30 74.11+15.51 0.622
LV mass index (g/m?) 128.70+45.48 124.30+45.56 137.41+44.56 0.115
E/Aratio 0.89+0.38 0.79+0.26 1.17£0.52 0.001*
E DT (ms) 271.29+84.95 274.10+81.55 263.45+94.88 0.558
E/e’ ratio 22.83+11.73 19.72+7.88 31.54+15.89 <0.001*
LAV (ml) 75.38+34.85 58.95+16.13 107.89+39.05 <0.001*
LAV index (ml/m?) 47.61+£21.65 37.21+10.69 68.19+23.17 <0.001*
RVSP (mmHg) 45.23+£16.70 35.13+6.86 65.22+11.55 <0.001*

RVSP=right ventricular systolic pressure; SD=standard deviation; AVA=aortic valve area; AV=aortic valve; LVOT VTI=left ventricular outflow
tract velocity time integral; SV=stroke volume; HR=heart rate; LV=left ventricular; E DT=E deceleration time; LAV=left atrium volume

* p<0.05 is statistically significant

Multiple comparisons between each quartile of  and LAVI size is shown in Figure 3. LAVI in patients
LAVI demonstrated that RVSP of LAVI size greater ~ with and without pulmonary hypertension were
than 48 ml/m? was significantly higher than that of = 37.214+10.69 and 68.19+23.17 ml/m?, respectively.
other groups (p<0.001). LAVI was significantly different between the two

Correlation between pulmonary hypertension  groups of RVSP (p<0.001).

J Med Assoc Thai | Vol.103 | No.8 | August 2020 826



Table 3. The Compare between 4 groups of LAVI level for RVSP

LAVI (ml/m?); mean+SD p-value
<35 (n=40) 35 to 41 (n=25) 42 to 48 (n=21) >48 (n=48)
RVSP (mmHg) 35.11+8.97¢ 38.22+11.71° 39+8.57¢ 60.05+16.3120¢ <0.001*
LAVI=left atrium volume index; RVSP=right ventricular systolic pressure; SD=standard deviation
*p<0.05 is statistically significant
ANOVA test and post hoc multiple comparisons by Bonferroni test
1207
120 r=0.695, p<0.001 p<0.001
100 °

RVSP(mmHg)

0 20 40 60 80 100 120 140
LAV index(ml/m2)

Figure 1. Correlations between LAVI and RVSP.

Looking at the proportion of pulmonary
hypertension and cardiac rhythm, in the pulmonary
hypertension group, the proportion of AF (75%) was
significantly higher sinus rhythm (26.3%).

Discussion

Most common patients with moderate to severe
AS were elderly. The study showed that LAVI was
correlated with RVSP. Patients with higher LAVI
(especially, those with LAVI greater than 48 ml/
m? group) had significantly higher RVSP than those
with LAVI of less than 48 ml/m? group. Patients with
pulmonary hypertension had higher LAVI than those
without pulmonary hypertension.

In patients with AS, LA enlargement is the
reflection of chronically elevated LV filling pressures
necessary to maintain adequate LV filling and cardiac
output. In patients with moderate AS, indexed LAV
is significantly correlated with AVA, significant
mitral regurgitation, hypertension, LV end-diastolic
volume, LV hypertrophy, and restrictive LV filling
pattern®. Christensen et al suggested that patients
with asymptomatic severe AS with greater LAV have
a high hemodynamic burden and pulmonary pressure,
especially in the presence of an increased E/e’ ratio®.
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Figure 2. Correlation between 4 groups of LAVI size and
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Figure 3. Correlation between pulmonary hypertension
and LAV size.

At present, the authors do not have a cut-off
value for LAVI to indicate the optimal timing for AV
surgery in patients with moderate to severe AS. The
additional prognostic roles of LAVI in patients with
moderate to severe AS will be further determined by
larger prospective studies.
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Limitations of the present study are the
retrospective design and a small number of the study
population and the questionable accuracy and validity
of the echocardiographic measurement.

Conclusion
In moderate to severe AS, RVSP increase when
LAVI increases.

What is already known on this topic?

There is a positive correlation between LAVI and
RVSP. RVSP tends to increase when LAVI increases
(Pearson’s correlation coefficient 0.695, p<0.001).

What this study adds?

In Thai patients, LAVI in patients with and
without pulmonary hypertension were 37.21+10.69
and 68.19+£23.17 ml/m?, respectively.
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