ORIG]NAL RESEARCH PAPER Volume-7 | Issue-2 | February-2018 | PRINT ISSN No 2277 - 8179

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH

LEFT ATRIAL VOLUME AS AN INDEPENDENT PREDICTOR OF HEART FAILURE
WITH NORMAL EJECTION FRACTION

[ Cardiology J

Associate Professor, Department of Cardiology, Bharati Vidyapeeth and research center,

o
Dr. Mulay Anuja Pune, Maharashtra, India. * Corresponding Author
Dr. Parkar Matin  D.M. Cardiology Resident, Department of Cardiology, Bharati Vidyapeeth and research
A. center, Pune, Maharashtra, India
Pawar Intern, Department of Cardiology, Bharati Vidyapeeth and research center, Pune,

Shubhadarshini G. Maharashtra, India.

Dr. Lumb Raghav D.M. Cardiology Resident, Ds:partment of Cardiology, Bharati Vidyapeeth and research
center, Pune, Maharashtra, India.
Dr. A. D. Katdare

Department of Cardiology, N M Wadia Institute of Cardiology, Pune, Maharashtra, India
ABSTRACT

Introduction- In approximately 30-50% of the individuals who develop congestive cardiac failure the systolic function as assessed by left
ventricular (LV) ejection fraction is either normal or relatively normal.

Aim- Study the relationship between left atrial (LA) volume and LV diastolic dysfunction and LV hypertrophy. Correlate LA volume with
cardiovascular risk factors.

Methodology- A total of 60 patients was included in the study. These patients underwent a screening echocardiography to diagnose left ventricular
hypertrophy and diastolic dysfunction.

Result- There is a significant correlation between left ventricular hypertrophy and diastolic dysfunction. 79% patients with evidence of diastolic
dysfunction by tissue Doppler had a higher left atrial volume.

Conclusion- Increased left ventricular mass is associated with increasing severity of diastolic dysfunction. Increased left ventricular mass is also
associated with increased left atrial volume indexed to body surface area. Left atrial volume correlates with the duration of diabetes mellitus.
Increasing severity of left ventricular diastolic dysfunction correlates significantly with left atrial volume indexed to body surface area. Atmilder
degrees of diastolic dysfunction, left atrial enlargement may not be the best predictor of severity. But with increasing severity of diastolic
dysfunction in left ventricular hypertrophy, left atrial volume indexed to body surface area may be a sensitive and easy marker for assessment of
severity and thus the long-term prognosis in terms of atrial fibrillation, stroke and mortality.
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INTRODUCTION

In approximately 30-50% of the individuals who develop congestive
cardiac failure the systolic function as assessed by left ventricular (LV)
ejection fraction is either normal or relatively normal™. Diastolic
dysfunction is an important cause of morbidity in patients with heart
disease.” Diastolic dysfunction may be caused by abnormalities of
ventriCLll(l‘ar relaxation, increased ventricular stiffness or a combination
of both.

The gold standard for evaluation of diastolic dysfunction has been the
direct measurement of left ventricular pressure with simultaneous left
ventricular volume estimation." This allows us to construct pressure-
volume curves and determine the exact relationship between these
parameters. Unfortunately, this requires an invasive procedure of
placing of intraventricular catheters with sophisticated micro
manometers, which makes this method unsuitable for routine use.'*"

Echocardiography is now the most commonly used method for
assessment of diastolic function."'* In addition to high-resolution 2-D
images; Doppler flow velocity offers important information about the
dynamics of ventricular filling. Pulsed wave Doppler of the mitral
valve and of the pulmonary veins is used for routine assessment of left
ventricular diastolic function. Similarly, Doppler investigation of the
tricuspid valve and hepatic veins is used to evaluate right ventricular
diastolic function. An important limitation of the spectral Doppler
assessment of diastolic function is its dependence on loading
conditions." " Two new technologies, color M-mode™ and Doppler
Tissue echocardiography'’, have emerged as investigations in
complementing the information provided by Doppler
echocardiography and may allow us a more complete evaluation of
diastolic function. Increased left atrial volume (LAV), which is an
indicator of chronic diastolic dysfunction, is an independent marker of
cardiovascular risk. Epidemiological studies have observed that in
healthy subjects, LAV indexed for body size does not increase with
age.” " Increased LAV is a morphological expression of chronic
diastolic dysfunction™ and a measure of cardiovascular risk burden.

Increased left atrial size has been shown to be highly predictive of
atrial fibrillation (AF) and stroke in the community, and superior to
ejection fration (EF) in the prediction of mortality in patients with
myocardial infarction (MI) and dilated cardiomyopathy.*"’

Aim of this study to determine LA volume by 2D Echo and to correlate
LA volume with LV diastolic dysfunction. Study the relationship
between LA volume LV diastolic dysfunction and LV hypertrophy and
to correlate LA volume with cardiovascular risk factors.

MATERIALSAND METHODS

The study was conducted at the N M WADIA INSTITUTE OF
CARDIOLOGY, PUNE. Permission from ethical committee was
taken. A total of 60 patients were included in the study. These patients
had undergone a screening echocardiography to diagnose left
ventricular hypertrophy and diastolic dysfunction.

The echo was performed on Agilant Sonus 4500 2D Echo machine
department of cardiology. Left atrial volume was measured using
biplane area — length method. The area of the LA was measured by
planimetry in the apical two & four chamber views. Then a linear
dimension or length was measured from the center of the mitral
annulus to the superior border of the chamber. LA volume was
calculated as: LAV = (0.85%A1*A2)/L. This left atrial volume will be
indexed to body surface area (LAVi). The body surface area (BSA) was
calculated from the height and weight of the patient as follows: BSA =
square root of {(height in cm X weight in kg)/3600}. LAVi =
LAV/BSA. LV mass (M mode) was calculated according to American
Society of Echocardiography guidelines by computerized methods.

Pulse wave Doppler examination of mitral inflow was studied for
measurement of the early (E) and late (A) diastolic filling velocities.
The ratio of E/A was calculated from these values. The deceleration
time and the isovolumic relaxation time were also be measured using
the same pulse wave Doppler examination. Tissue Doppler imaging of
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the mitral annulus on the septal leaflet was performed for measurement
of the early (E') and late (A') diastolic wall motion. The parameters
used were as follows: E wave, A wave, E', A', E/A ratio, E'/A' ratio,
Isovolumic relaxation time (IVRT), Deceleration time (DT), Mitral
inflow velocity profile. The statistical tests like ANOVA test, Pearson's
correlation with SPSS software were applied for correlation between
LAVi, LV mass and diastolic dysfunction.

RESULT

The study included 60 patients. The mean age of these patients was 59
years. The maximum number of patients was in the age groups of 50 to
59 years and 60 to 69 years which was 19 in each of the groups. These
60 patients included 49 males and 11 female patients. The patients
were categorized according to their duration and presence or absence
of hypertension.

33 patients were not hypertensive. 19 patients had hypertension for the
duration of less than 5 years. 6 patients had hypertension for more than
6 and less than 10 years. 2 patients had hypertension for more than 10
years. 54 out of the 60 patients did not have diabetes and 6 patients
were diabetic. The patients 'electrocardiograms were also evaluated
for left ventricular hypertrophy. 39 out of 60 patients had evidence of
left ventricular hypertrophy on their electrocardiogram. 21 patients did
not show evidence of left ventricular hypertrophy on their
electrocardiogram.

The left atrial volumes of these patients were calculated by
echocardiographic assessment and the patients were divided into four
groups based on their left atrial volumes. 16 patients had a left atrial
volume of less than 28 ml/ m’. The maximum number of patients was in
the group with left atrial volume index more than 40 ml/m”. This group
included 38 patients.The geometric mean of the group was
146.94+1.30. The geometric mean was used instead of the arithmetic
mean so as to include outliers in giving the group mean. The ratio of E
and A velocities was calculated. These were then divided into four
groups witharatio oflessthan 1, 1 to 1.5, 1.6 to 2.5 and more than 2.5.
The maximum number of patients had E' velocity of less than 8. 35
patients were included in this group. 3 patients had an E' of more than
10. 20 patients had an E' between 8 and 10. 2 patients had an E' of less
than 5 indicating diastolic dysfunction.The ratio of E/E' was
calculated. On the basis of this ratio patients were divided into 4 groups
with a ratio of less than 15, 16 to 19, 20 to 25 and more than 25
respectively.Patients were divided into 3 groups based on their
deceleration times (DT). The groups were based on a DT of less than
160 msec, 160 to 240 msec and more than 240 msec. The patients were
also divided into three groups according to their isovolumic relaxation
times (IVRT). These three groups were based on an IVRT of less than
70(39 subjects), 70 to 90(10 subjects) and more than 90 msec
(11subjects).

50 out of 60 patients had a left ventricular mass index of more than 125
gm/m’. 10 patients had a left ventricular mass index of less than 125
gm/m’. The geometric mean of LV mass index was 42.14+1.60. 76% of
patients with a left ventricular mass of more than 125 gm/ m’ had a left
atrial volume index of more than 28 ml/m’ whereas only 24% patients
with a left ventricular mass index of more than 125 gm/m’ had a left
atrial volume of less than28 ml/m’. 96% patients with a left ventricular
mass index more than 125 gm/m’ had an E/E' of more than 15
indicating diastolic dysfunction, whereas only 50% patients with LV
mass index of less than 125 mg/m’ had diastolic dysfunction. 42
patients with an E/E' more than 15 had a left atrial volume of more than
28 ml/m’, i.e 79% patients with diastolic dysfunction had an elevated
left atrial volume.Patients with more severe diastolic dysfunction have
a higher LA volume as compared to those with a milder diastolic
dysfunction. No patient with severe diastolic dysfunction had a normal
LAvolume.

Table 1: Distribution of left atrial volume index according to
severity of diastolic dysfunction

SEVERITY Mean LAVi | No. of subjects | Std. Deviation
Mild 25.02 11 4.87
Moderate 48.03 34 15.68
Severe 59.44 15 26.41
Total 46.67 60 20.90

As observed in table 1, it shows that severe diastolic dysfunction has
most mean LAVi and standard deviation than moderate and mild

dysfunction.

Table 2: Multiple Parameters according to severity of diastolic

dysfunction.
Normal Mild Moderate Severe Severe
(Grade 1) | (Grade?2) | (Grade3) | (Grade 4)
DT (ms)* | 160-240 >240 160-240 <160
E/A* 0.9-1.5 <0.9 0.9-1.5 >2.0
E' (cm/s) 10 <10 <8 <5
E/E' (septal) 1-14 15 15 20
LAVi (ml/m2)| 22+6 >28 >28 >35
IRVT (ms) 70-90 >90 <90 <70
Table 3: ANOVA OF MEAN LAVI
Variable N Mean LAVI ? NOV[;
, 15 9 23.52 "
E/E 15 51 50.75 7.097 10.010
125 11 37.36
LVMI 125 29 2375 1.895 | 0.174

As observed from table 3, the ANOVA of mean LAVi correlates
significantly with E/E' which is the best marker for diastolic
dysfunction. It did not correlate significantly with LV mass index.

Table 4: DISTRIBUTION OF PATIENTS ACCORDING TO
SEVERITY OF DIASTOLIC DYSFUNCTION

SEVERITY Mean N Std. Deviation
Mild 25.02 11 4.87
Moderate 48.03 34 15.68
Severe 59.44 15 26.41
Total 46.67 60 20.90

Table 4 shows standard deviation of patients with mild, moderate,
severe diastolic dysfunction. According to table severe diastolic
dysfunction had most standard deviation.

Table 5: MULTIPLE ANALYSES BETWEEN VARIOUS
GRADES OF DIASTOLIC DYSFUNCTION

Mean | Std 95%
. " |Significance|Confidence
Difference|Error
Interval
SEVERI|SEVERI Lower |Upper
TY TY Bound |Bound
MODER
MILD ATE -23.02 |6.18| 0.001 -38.27 |-7.76
SEVERE| -34.42 |7.08| 0.000 -51.87 |[-16.96
MODER
ATE MILD 23.02 |6.18| 0.001 7.76 38.27
SEVERE| -11.40 |5.53| 0.131 -25.03 | 2.23

* The mean difference is significant at the 0.05 level.

Table 6: CORELATION OF LAViTO OTHER VARIABLES

Pearson's correlation p value
AGE -0.192 0.141
HT 0.018 0.889
DM 0.436** <0.001
LVMASS index 0.349** 0.006
E/A 0.557** <0.001
E/E' 0.379** 0.003

** Correlation is significant at the 0.01 level (2-tailed).

DISCUSSION

The study included 60 patients who were selected on the basis of their
echocardiographic parameters. These patients were subjected to a
detailed echocardiographic examination. Tissue Doppler studies and
left atrial volumes were assessed for all these patients. Barnes et al”
studied a population of elderly individuals and demonstrated the
importance of LAV as an independent predictor of the first ischaemic
stroke or AF.

As seen in the table 6, the left atrial volume indexed to body surface
area was correlated with various patient factors, i.e. age, duration of
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hypertension, duration of diabetes, left ventricular mass indexed to
body surface area, E/A and E/E'.The left atrial volume indexed to body
surface area was found to correlate significantly with the duration of
diabetes mellitus, left ventricular mass indexed to body surface area,
E/A and E/E'. 76% of patients with LV mass index more than 125
mg/m’had a higher LAVi.

In this study, the left atrial volume indexed to body surface area is
increased in patients with left ventricular hypertrophy, although the
association was not found to be significant. Cioffi et al” studied the
connection between left ventricular geometry and LA dimension in
patients with systemic arterial hypertension and verified that the
concentric left ventricular hypertrophy is associated with a higher left
atrial volume, thus indicating a higher degree of diastolic dysfunction.
This study shows that 96% of patients with a higher left ventricular
mass index had diastolic dysfunction. The mean LV Mass index in the
group with E/E' <15 is 123.94 and that in the group with E/E'> 15 is
157.79. The correlation co-efficient for LV Mass index with E/E' > 15
is 0.431, and p value is 0.001 which means that there is a significant
correlation between left ventricular hypertrophy and diastolic
dysfunction. Coucolo et al** studied that the severity of left ventricular
hypertrophy is a factor which contributes to severity of diastolic
dysfunction. Left ventricular mass index correlates significantly with
indices of diastolic filling at rest.

This study shows that 79% patients with evidence of diastolic
dysfunction by tissue Doppler had a higher left atrial volume. Various
tests of significance were applied to left atrial volume indexed to body
surface area and E/E'. The correlation coefficient was 0.379 with a p
value 0f 0.003, showing a significant correlation.

As observed in table 2, it was found that LAVi was significantly
increased in case of deteriorating diastolic function. E/A and E/E' were
found to be strong predictors of diastolic dysfunction and also to
correlate with LAVi. Lee et al” studied the relation between left atrial
volume and diastolic function and found that left atrial volume is a
useful and easy diagnostic tool for evaluating left ventricular diastolic
function.

As showed in table 5, using multiple analysis it was found that there is a
significant difference in the mean LAVI between groups with mild
versus moderate severity and groups with mild versus severe diastolic
dysfunction. Thus in this study it was found that at milder degrees of
diastolic dysfunction, left atrial enlargement may not be the best
predictor of severity. But with increasing severity of diastolic
dysfunction in left ventricular hypertrophy, left atrial volume indexed
to body surface area may be a sensitive and easy marker for assessment
of severity and thus the long term prognosis in terms of atrial
fibrillation, stroke and mortality. It was also found that increasing left
ventricular mass index correlates significantly with increasing severity
of diastolic dysfunction. Since this was a cross sectional study, long
term follow up of these patients for future cardiac events was not done.

The Doppler echocardiographic assessment of diastolic function
reflects the combined influence of impairment in LV relaxation (grade I
or mild DD) and impairment in LV relaxation with elevation in filling
pressures (grade II or moderate DD). When filling pressures are very
high, restrictive physiology (grades III and IV or severe DD) is present
either because of a decrease in operant compliance (upward shift on the
same LV end diastolic pressure-volume relationship) or as a result of a
true decrease in LV compliance (upward and leftward shift of the LV
end-diastolic pressure-volume relationship). Although these Doppler
patterns have been validated with invasive hemodynamic
measurements and have been demonstrated to have prognostic value,
like any diagnostic test, sensitivity and specificity are imperfect.
Further, the comprehensive assessment needed to optimally define
diastolic function and filling pressures is technician dependent,
requires informed interpretation, and is not routinely performed in all
laboratories. Finally, such an assessment provides information about a
single point in time and may not reflect the severity of DD over time.
Thus, it has been suggested that LAVi may provide a superior and more
easily measured index of CV risk.” However, it was found that
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. 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.”

Tsang et al™* 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 any other LA dimension and may provide
superior prognostic information.

REFERENCES

1. ZileMR, Gaasch WH. Load-dependent left ventricular relaxation in conscious dogs. Am
JPhysiol. 1991:261:H669-H699.

2. Zile MR. Hemodynamic determinants of echocardiography derived indices of left
ventricular filling. Echocardiography. 1992;9:289-300.

3. Nishimura RA, Tajik J. Evaluation of diastolic filling of left ventricle in health and
disease: Doppler echocardiography is the clinician’s rosetta stone. J Am Coll Cardiol.
1997;30:8-18.

4. GarciaMJ, Thomas JD, Klein AL. New Doppler echocardiographic applications for the
study of diastolic dysfunction. J Am Coll Cardiol. 1998;32:865-875.

5. Appleton CP, Firsterbreg MS, Garcia MJ, et al. The echo-Doppler evaluation of left
ventricular diastolic function: a current perspective. Cardiol Clin. 2000;18:513-546.

6. Ommen SR, Nishimura RA, Appleton CP, et al. Clinical utility of Doppler
echocardiography and tissue Doppler imaging in the estimation of left ventricular filling
pressures: a comparative simultaneous Doppler-catheterization study. Circulation.
2000;102:1788-1794.

7. Garcia MJ, Smedira NG, Greenberg NL, et al. Color M-mode Doppler flow propagation
velocity is a preload insensitive index of left ventricular relaxation: animal and human
validation. J Am Coll Cardiol. 2000;35: 201-208.

8. Nagueh SF, Zoghbi WA. Clinical assessment of LV diastolic filling by Doppler
echocardiography. ACC CurrJ Rev. 2001;Jul/Aug:45-49.

9. European Study Group on Diastolic Heart Failure. How to diagnose diastolic heart
failure. Eur HeartJ. 1998;19:990-1003.

10.  Judge KW, Pawitan Y, Caldwell J, et al. Congestive heart failure in patients with
preserved left ventricular systolic function: analysis of the CASS registry. J Am Coll
Cardiol. 1991;18:377-382.

11. Vandenberg BF, Weiss RM, Kinzey J, et al. Comparison of left atrial volume by two-
dimensional echocardiography and cine computed tomography. Am J Cardiol
1995;75:7547.

12. Triposkiadis F, Tentolouris K, Androulakis A, et al. Left atrial mechanical function in the
healthy elderly: new insights from a combined assessment of changes in atrial volume
and transmitral flow velocity. J Am Soc Echocardiogr 1995;8:801-9.

13.  Brand FN, Abbott RD, Kannel WB, Wolf PA. Characteristics and prognosis of lone atrial
fibrillation. 30-year follow-up in the Framingham Study. JAMA
1985;254:3449-3453 [ Abstract]

14.  Tani T, Tanabe K, Ono M, et al. Left atrial volume and the risk of paroxysmal atrial
fibrillation in patients with hypertrophic cardiomyopathy. J Am Soc Echocardiogr
2004;17:644-8.

15.  American Heart Association. Heart Disease and Stroke Statistics—2005 Update. Dallas,
TX: American Heart Association, 2003.

16. Takemoto Y, Barnes ME, Seward JB, et al. Usefulness of left atrial volume in predicting
first congestive heart failure in patients _65 years of age with well-preserved left
ventricular systolic function. Am J Cardiol 2005;96:832—6.

17.  Gardin JM, McClelland R, Kitzman D, et al. M-mode echocardiographic predictors of
six- to seven-year incidence of coronary heart disease, stroke, congestive heart failure,
and mortality in an elderly cohort (the Cardiovascular Health Study). Am J Cardiol
2001;87:1051-7.

18.  Vasan RS, Levy D. Defining diastolic heart failure: a call for standardized diagnostic
criteria. Circulation. 2000;101:2118-2121.

19.  Gandi SK, Powers JC, Nomeir A, et al. The pathogenesis of acute pulmonary edema
associated with hypertension. N Engl J Med. 2001; 344:17-60.

20. Zile MR, Gaasch WH, Carroll JD, et al. Heart failure with a normal ejection fraction: is
measurement of diastolic function necessary to make the diagnosis of diastolic heart
failure? Circulation. 2001;104:779-782.

21.  AlpertNR, LeWinter M, Mulieri LA, etal. Chemomechanical energy transduction in the
failing heart. Heart Fail Rev. 1999;4:281-295.

22. Tsang TS, Barnes ME, Bailey KR, et al. Left atrial volume: important risk marker of
incident atrial fibrillation in 1655 older men and women. Mayo Clinic Proc
2001;76:467-75.

23. Cioffi et al. Relationship between left ventricular geometry and left atrial size and
function in patients with systemic hypertension. I hyperten 2004; 22:1589.

24.  Cuocolo et al. Left ventricular hypertrophy and impaired diastolic filling in essential
hypertension. Circulation 1990; 81:978-986.

25.  Leeetal. Therelationship of left atrial volume and left ventricular diastolic dysfunction.
JKorean Soc Echo. 2002 Jun; 10(1): 31-39.

26. Diastolic dysfunction and left atrial volume: A population based study Allison M.
Pritchett, Douglas W. Mahoney, Steven J. Jacobsen, Richard J. Rodeheffer, et al. J. Am
Coll Cardiol 2005;45;87-92.

27. Douglas PS. The left atrium: a biomarker of chronic diastolic dysfunction and
cardiovascular disease risk. J Am Coll Cardiol 2003;42:1206-7.

28. Tsang TS, Barnes ME, Gersh BJ, et al. Prediction of risk for first age-related
cardiovascular events in an eclderly population: the incremental value of
echocardiography. JAm Coll Cardiol 2003;42:1199-205.

I International Journal of Scientific Research |—| 57 |



