ISSN (O):2395-2822; ISSN (P):2395-2814

Prevalence of Diastolic Dysfunction in an Asymptomatic
Young and Middle Aged Individuals Attending a Tertiary
Care Hospital.
Sankar Kalairajan1
1Associate

Professor, Department of Medicine, ESIC Medical College & PGIMSR, K. K Nagar, Chennai.

Received: May 2019
Accepted: May 2019
Copyright: © the author(s), publisher. It is an open-access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use, distribution, and
reproduction in any medium, provided the original work is properly cited.
ABSTRACT
Background: Left ventricular (LV) diastolic dysfunction is increasingly recognized as an important cause of heart failure,
providing prognostic information that is incremental to systolic function. Symptomatic DD can occur in association to left
ventricular (LV) systolic dysfunction or be a determinant of heart failure with preserved systolic function (ejection fraction
>50%), which is responsible for 51% of the heart failure cases. We sought to examine the relationship between atrial
volume indexed to body surface area (LAVi) and clinical and Doppler echocardiographic parameters in randomly selected
participants. Methods: The Present study included 1021 subjects of both gender. Two-dimensional and color Doppler
imaging were performed to screen for valvular stenosis or regurgitation. Diastolic function was graded as normal, abnormal
relaxation (Grade I), pseudonormal (Grade II), and restrictive (Grade III). Results: Mean LAVi and the prevalence of LA
enlargement increase with worsening diastolic function grade. Distribution of diastolic function and the associated mean
LAVi. Atrial size, as measured by LAVi, increases progressively with increasing DD (r <0.20; p<0.01). The prevalence of LA
enlargement also increases with increasing severity of DD. After controlling for age, gender, EF, and LAVi, diastolic
function grade was associated with all-cause mortality. Adjusting for age, gender, EF, and diastolic function grade, LAVi
was not associated with all-cause mortality. Conclusion: This study in Indian population suggests that DD contributes to
left atrial remodeling and LAVI increase is an expression of DD severity. LAVI increase determinants in this sample with
preserved or slightly reduced mean ejection fraction and no significant valvular heart disease are partly related to age, left
ventricular hypertrophy, increased filling pressure and decreased LV systolic function.
Keywords: Diastolic dysfunction, Arterial function, Arterial volume.

INTRODUCTION
Left ventricular (LV) diastolic dysfunction is
increasingly recognized as an important cause of
heart failure, providing prognostic information that
is incremental to systolic function.[1] Diastolic
dysfunction (DD) is very common, especially in the
elderly, and is considered an important prognostic
indicator of various cardiac diseases.[2] It is a major
cause of heart failure and has been associated to
atrial fibrillation development.[3] The prevalence of
asymptomatic DD is approximately 25% to 30% of
the individuals older than 45 years in the general
population.[4] Symptomatic DD can occur in
association to left ventricular (LV) systolic
dysfunction or be a determinant of heart failure with
preserved systolic function (ejection fraction >50%),
which is responsible for 51% of the heart failure
cases.[5,6]
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Hypertension, ventricular hypertrophy, and other
cardiovascular (CV) diseases could potentially lead
to diastolic dysfunction (DD), elevation of filling
pressures, and atrial remodeling from chronic
pressure overload. Indeed, LA volume has been
suggested as a marker of the severity and duration of
DD, perhaps obviating the need for more complex
characterization of diastolic function and filling
pressures with Doppler echocardiography.[7,8]
During diastole, the LA is directly exposed to LV
pressure that increases with worsening LV diastolic
dysfunction. Consequently, LA pressure increases in
order to maintain adequate LV filling.[9] This results
in increased LA wall tension and dilatation of the
LA. Previous study has shown a strong association
of LA volume with LV diastolic function grade.[10]
We sought to examine the relationship between atrial
volume indexed to body surface area (LAVi) and
clinical and Doppler echocardiographic parameters
in randomly selected participants. Further, we
examined the predictive characteristics for use of
LAVi to detect DD as defined by Doppler. Lastly,
we examined the relative prognostic implications of
DD and LA remodeling in the population.
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This cross sectional type of study was conducted in
the departments of General Medicine, ESIC medical
college and PGIMSR, Chennai, from April 2018 to
September 2018. Present study included 1021
subjects of both gender. The study population
included 18 to 60 years subjects of both gender.
Each subject’s medical record was reviewed by
trained nurse abstractors using established criteria
for hypertension,[11] myocardial infarction and
congestive heart failure.[12,13] In addition, a clinical
diagnosis of coronary artery disease, diabetes
mellitus, and history of atrial dysrhythmias were
recorded. All six of these diagnoses are combined
and used as a single variable: CV disease.
Two-dimensional and color Doppler imaging were
performed to screen for valvular stenosis or
regurgitation. Participants were labeled as having
valve disease if they had more than moderate
regurgitation or stenosis. Left ventricular (LV) mass
(M-mode) was calculated according to the American
Society of Echocardiography guidelines.[14] The LA
dimension was measured by two-dimensional guided
M-mode echocardiography obtained in the
parasternal short-axis view at the base of the heart
according to American Society of Echocardiography
recommendations.[15]
Mitral inflow was assessed from the apical 4chamber view with pulsed wave Doppler by placing
a 1–2 mm sample volume between the tips of the
mitral leaflets during diastole. From the mitral
inflow profile, the E- and A-wave velocity, Edeceleration time (DT), A-wave duration, and E/A
velocity ratio were measured. Pulmonary venous
velocities were obtained from the same window with
the sample volume placed 1 cm into the right upper
PV. The flow velocities were recorded, the ratio of
systolic to diastolic flow (S/D ratio) was calculated
and duration of atrial reversal flow was measured.
Doppler tissue imaging was used to measure E0 and
A0 velocities by placing a 1–2 mm sample volume
in the septal and lateral mitral annulus. LV diastolic
function
was
determined
using
standard
echocardiographic parameters including E/A
velocity ratio, E-DT, PV atrial reversal velocity and
duration, PV S/D ratio, and mitral E/E0 ratio.
Diastolic function was graded as normal, abnormal
relaxation (Grade I), pseudonormal (Grade II), and
restrictive (Grade III). Pseudonormal (Grade II) is
differentiated from normal by having (i) PV atrial
reversal duration longer than mitral A duration by 30
ms; or (ii) peak PV atrial reversal velocity .35 cm/s;
or (iii) mitral E/E0.[10] (lateral annulus) or.[15] (septal
annulus).
This study was approved by the ethical committee of
medical college and hospital, All the participants
gave written informed consent.

Statistical methods.
Continuous variables are summarized as mean
values ± SD and categorical data as a percent of the
group total. The association of natural log LAVi
with clinical and echocardiographic variables was
examined in stages using linear regression. The log
transformation of LAVi was used to satisfy the
assumptions necessary for the modelling. All the
Statistical analysis was done by SPSS software
(version 13.0).

RESULTS
From the overall populations of 1021, LA volume
could not be measured in 72 subjects, and in 131
subjects the diastolic assessment was inconclusive.
This left a total of 828 subjects with data for LAVi
and in whom diastolic function was able to be
graded.
Table 1: Predictive Characteristics of LAVi in diastolic
dysfunction patients within the Study Population

Any DD
(gr I-IV)
Moderate
to severe
DD (gr II,
III or IV)
Severe
DD (gr III
or IV)

AUC
(CI)

Partition
LAV i
(ml/m2)

Sensitivity

Specificity

0.66
(0.590.68)
0.85
(0.790.88)

23.6

0.53

0.65

26.4

0.7

0.79

0.99
(0.921.03)

34.7

0.94

0.95

Table 2: Predictive Characteristics of LAVi in diastolic
dysfunction patients with normal diastolic dysfunction
subjects

Mild
(gr I)
Moderate
(gr II)
Severe
(gr III or
IV)

AUC
(CI)

Partition
LAV i
(ml/m2)

Sensitivity

Specificity

0.59
(0.540.61)
0.87
(0.820.89)
1.02
(0.971.05)

22.2

0.62

0.54

24.5

0.76

0.71

31.6

1.04

0.96

Participant demographics. The characteristics of
these 828 participants are presented in
Table 3: Basic characteristics of the participants
Male gender
Age (Yrs) (mean ± SD)
Height (m) (mean ± SD)
Weight (Kg) (mean ± SD)
BSA m2 (mean ± SD)
LV mass (mean ± SD)
Ejection fraction (%)
Hypertension (%)
CAD (%)
Diabetes (%)
MI (%)
H/O arterial fibrillation (%)
Arterial fibrillation (%)
CHF (%)
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54 ± 17
164 ± 10
77 ± 16
1.93 ± 0.35
99 ± 35
66 ± 8
231 (28%)
83 (10%)
58 (7%)
34 (4%)
24 (3%)
2 (0.2%)
8 (1%)
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Table 4: LAVi according to diastolic function grade
Diastolic
grade

N

% of
population

LAV i
(ml/m2)

% Meeting
criteria for
LAE

Normal
Grade I
Grade II
Grade III
to IV

612
157
59
6

73
19
7
1

25 ± 7
28 ± 9
32 ± 8
50 ± 11

7
9
48
100

We defined the strength of the association between
LAVi and DD before and after controlling for
pertinent covariates [Table 4].
Age, LV mass index (LVMi), and grades I, II, and
III to IV DD all had a positive association with
LAVi, whereas female gender and higher EF were
inversely related to LAVi. In multivariate models,
age, gender, LVMi, and DD grade were
independently associated with LAVi. We
constructed specific models to examine the additive
contribution of variables to a model predicting atrial
size.
Table 5: Determinants of LAVi

Age
Female
Ejection
fraction (%)
LV mass index
(g/m2)
Gr I DD
Gr II DD
Gr III to IV
DD

Bivariate nalysis
Effect
p
value

Adjusted Analysis
Effect
p value

+9%
-7%
-4%

<0.01
<0.01
<0.01

+6%
-5%
-2%

<0.01
<0.01
>0.05

+12%

<0.01

+8%

<0.01

+8%
+39%
+99%

<0.01
<0.01
<0.01

+2%
+23%
+73%

>0.05
<0.01
<0.01

After controlling for age, gender, EF, and LAVi,
diastolic function grade was associated with allcause mortality. Adjusting for age, gender, EF, and
diastolic function grade, LAVi was not associated
with all-cause mortality.
Table 6: Multivariate Analysis of Predictors of AllCause Mortality
Age (per yr)
Female gender
Ejection fraction (per 1%)
Mild DD (grade I DD vs.
normal diastolic function)
Moderate DD (grade II DD
vs. normal diastolic function)
Severe DD (grade III or IV

Chi
Square

Hazard
ratio

p value

22.5
0.09
9.76
10.31

1.08
1.09
0.96
3.74

<0.01
>0.05
<0.01
<0.01

9.06

4.32

<0.01

8.15

7.39

<0.01

DD vs. normal diastolic
function)
LAVi (quartile 2 vs. quartile
1)
LAVi (quartile 3 vs. quartile
1)
LAVi (quartile 4 vs. quartile
1)

1.03

0.58

>0.05

0.03

1.08

>0.05

0.02

0.93

>0.05

DISCUSSION
This was one of the first studies based on the Indian
population to demonstrate progressive increase in
left atrial volume with worsening diastolic
dysfunction in adults with relatively preserved
systolic function and representative occurrence of
cardiovascular disease risk factors. Additionally, we
were able to verify in this series the independent
predictors of LAVI increase, related to known risk
factors such as age and LV hypertrophy and systolic
dysfunction.
LA volume as an index of atrial remodeling. Studies
using LA dimension measured by M-mode
echocardiography to assess LA remodeling have
demonstrated that LA enlargement occurs in persons
with CV disease and that LA remodeling predicts
CV events.[16-18] Because the LA may become less
spherical as it remodels, LA volume is proposed as a
better index of LA remodeling, and indeed we have
previously reported that LA volume displays a
somewhat stronger association with the presence of
CV disease in the general population.[19] Tsang et al
20 reported that LA volume was more predictive of
future atrial fibrillation and other CV events than LA
dimension in variable clinical populations. Thus, LA
volume may be a more sensitive index of LA
remodeling than LA dimension and may provide
superior prognostic information.
Our main finding was the demonstration of the direct
influence DD exerts on left atrial remodeling, as
previously observed.[10] These results reinforce the
concept of the prognostic role of left atrial dilation as
cardiovascular event marker (as exemplified by atrial
fibrillation and heart failure), associated to other risk
factors traditionally linked to bad prognosis.[10,11]
Various methods of LA volume measurement have
been described: the biplane or single plane arealength method,[14] the biplane or single plane
Simpson’s disc method,[15,16] the prolate-ellipsoid
method,[17] and the elliptical model.[13] We used the
elliptical method that does not require endocardial
tracing. Instead, this method incorporates two shortaxis and one long-axis measurement and has been
previously validated.[13]
Left atrial remodeling can be seen in various cardiac
diseases, resulting from volumetric or pressoric
hemodynamic overload. DD represents an additional
component to left atrial remodeling. In DD,
abnormal LV relaxation and reduced LV compliance
occur as a consequence of modifications in the
interaction between actin and myosin, increased
collagen deposition and cardiac viscoelastic
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Mean LAVi and the prevalence of LA enlargement
increase with worsening diastolic function grade.
[Table 3] demonstrates the distribution of diastolic
function and the associated mean LAVi. Atrial size,
as measured by LAVi, increases progressively with
increasing DD (r <0.20; p<0.01). The prevalence of
LA enlargement also increases with increasing
severity of DD.
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provide a superior and more easily measured index
of CV risk.[26] although LAVi is highly sensitive and
specific for the detection of severe (grade III or IV)
DD, it is not a robust marker of mild or moderate
DD. Mild, moderate, and severe DD all have
prognostic importance within the population as a
whole, whereas LAVi adds no incremental
prognostic value beyond that provided by DD. These
findings suggest that, at least in a population-based
setting, LAVi is not an adequate surrogate for
comprehensive Doppler assessment of DD. We
speculate that chronic and severe elevation of filling
pressures is needed to induce significant atrial
remodeling and that the minimal or milder degree of
atrial pressure elevation likely associated with grade
I or II DD is insufficient to induce clearly abnormal
LA volume. In contrast, severe elevation of atrial
pressures indicated by advanced (grade III or IV)
DD is more likely to have induced significant atrial
remodeling making LA volume relatively sensitive
for the detection of advanced DD.

CONCLUSION
This study in Indian population suggests that DD
contributes to left atrial remodeling and LAVI
increase is an expression of DD severity. LAVI
increase determinants in this sample with preserved
or slightly reduced mean ejection fraction and no
significant valvular heart disease are partly related to
age, left ventricular hypertrophy, increased filling
pressure and decreased LV systolic function.
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