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Abstract: Hypertension affects approximately one billion individuals worldwide and this figure is predicted to 

increase to 1.5 billion by 2025.Hypertension remains the most common, readily identifiable, and reversible risk 

factor for myocardial infarction, stroke, heart failure, atrial fibrillation, aortic dissection and peripheral 

arterial disease. The cardiac effects of systemic hypertension include systolic as well as diastolic dysfunction 

whereas increase in Left Ventricular mass has been shown to be a predictor of cardiovascular events, Left 

Atrial size is associated with likely hood of developing AF, indicator of diastolic function and in addition it is a 

predictor of stroke. 

This was a Cross sectional analytical case control study comprising 119 hypertensive patient conducted in the 

Department of Medicine Pt. J.N.M. Medical College and Dr. B.R.A.M. Hospital Raipur from August 2014 to 

Sept 2016  with aims and objectives to asses Left Atrial size in subjects with systemic hypertension with or 

without LVH by echocardiography & correlate Left Atrial size, Left Atrial Volume with  Left Ventricular 

Hypertrophy LV mass & stages of systemic hypertension. 

Result and conclusions: Left Atrial size , mean Left Atrial  Volume & mean Left Atrial Volume Index  was found 

to be significantly higher in Left Ventricular Hypertrophy subjects compared to those without Left Ventricular 

Hypertrophy (p<0.0001). Study also suggests that there is significant positive correlation between Left 

Ventricular Hypertrophy and Left Ventricular mass. correlation was found to exist between Left Atrial Volume 

Index and Left Ventricular mass (r=0.244),which was statistically significant (p=0.007), Suggesting that 

increase in Left atrial volume occur even in the absence of Left Ventricular Hypertrophy which means that 

volume-based measurements are more sensitive and detect Left atrial enlargement at an earlier stage than 

diameter-based measurements.  
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I .Introduction 

 An elevated arterial pressure is probably the most important public health problem in developed and 

developing world. In Urban population of India prevalence in men 26.78%, women 27.65%. Framingham heart 

study published in 2002, suggests that individuals who are normotensive at age 55 have a 90% lifetime risk for 

developing hypertension. The cardiac effects of systemic hypertension include systolic as well as diastolic 

dysfunction whereas increase in LV mass has been shown to be a predictor of cardiovascular events, LA size is 

associated with likely hood of developing AF, indicator of diastolic function and in addition it is a predictor of 

stroke. 

 During ventricular diastole, LA is directly exposed to LV pressures through the open mitral valve. 

With worsening LV compliance, LA pressure increases to maintain adequate LV filling, which results in LA 

enlargement. Thus, LA size as a reflection of severity and chronicity of diastolic dysfunction provides 

prognostic information incremental to that of diastolic function.LA contributes for approximately 20% of LV 

stroke volume; several large population-based prospective studies have shown a strong association between M 

mode anteroposterior LA diameter and the risk of new onset AF. Evidences highlight the importance of enlarged 

left atrium (LA) as a barometer of diastolic burden. Left Atrial Volume Index (LAVI) is a good Predictor of 

cardiovascular outcomes – including heart failure, atrial fibrillation, stroke and mortality. The LA volume has 

been compared to the ―glycated hemoglobin of diabetes mellitus, as it is a reflection of long-standing 

hemodynamic condition. 

 

II. Materials and Methods 
It was a Cross sectional analytical case control study conducted in the Department of Medicine Pt. 

J.N.M. Medical College and Dr. B.R.A.M. Hospital Raipur from August 2014 to Sept 2016 after grant of 

Permission from ethical committee.  
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Inclusion criteria: Subjects with blood pressure >140/90 mm Hg 

Exclusion criteria: Age less than 20 or >80,Valvular heart disease,CHF, Arrhythmia's, History of Angina or 

MI, Dilated Cardiomyopathy, Anemia, Uremia, COPD,Pregnancy, Diabetes Mellitus 1 and 2,Morbid Obesity- 

BMI >35 Kg/meter square, Thyroid Disorders. 

Method Procedure was explained and informed consent was taken. Detailed clinical history, age, sex, duration 

of hypertension, other cardiac disease etc.detailed clinical examination, BP Recording: systolic and diastolic 

readings were measured in the right arm with mercury sphygmomanometer with subjects in sitting position, as 

per the first and fifth korotkoff phases.Height and weight was recorded, resting 12 ECG was done with Philips 

Page writer TC 20 &routine biochemical tests including RBS, blood urea, serum creatinine, lipid was done.  

Assessment of LA size by echocardiography The size of the LA is determined from the PLAX view at End 

systole The convention for M mode measurement is to measure from the leading edge of the Posterior Aortic 

wall to the leading age of the posterior LA wall ,However the trailing edge of posterior Aortic wall  is 

recommended.  

Biplane area- length method for measurement of LA volume: Orthogonal apical views, apical four and two–

chamber views are obtained for determination of LA area and length. The length is determined from the middle 

of the plane of mitral annulus to posterior wall. Left atrial volume is calculated on the basis of the algorithm 

0.85 × A1 × A2 ÷ L; where A1 and A2 are the areas of LA in four and two chamber views and L is the shortest 

of the lengths obtained from the orthogonal views and indexed to body surface area.  

Measurement of left ventricular diameter and LV mass by M-Mode echocardiography Distance between 

the left side of the IVS and the posterior left ventricular endocardium at the level of chordae tendinae. LVID 

was measured both in systole and diastole. Septal wall thickness of IVS: distance between the anterior right 

septal echo and the anterior left septal echo at end diastole. Posterior wall thickness: distance between the 

anterior endocardial echo and the anterior surface of the epicardial echo at the beginning of QRS.LV mass 

calculate as per Modified cubed formula: LV mass (g) = 1.04 [(LVID+ST+PWT)
3 

- LVID
3
]  0.8+0.6 Where 

1.04 is specific gravity of myocardium. 

Assessment of LV diastolic function by Doppler echocardiography was done and following parameters were 

measured1) early filling peak velocity (E), atrial filling peak velocity (A), E/A ratio 4) Deceleration time (DT) 

& E/A ratio during Valsalva maneuver.  

Study variables: Age, Sex, Height/weight, SBP, DBP, Duration of hypertension 

Outcome variables: LA Size, LV mass, Grade of Diastolic dysfunction, Ejection fraction 

Confounding variables: Sex, cardiac pathology other than hypertension. 

 

 Sample Size was calculated using G* power 3.1.9.2 software.  

Mostellar formula: BSA (m2) =square root of {(height in cm x weight in kg)/3600} 

 LA Index (cm/m2) = LA (cm) / BSA (m2)  

EF (%) = EDV-ESV/EDV X 100  

 

All data were compiled in Microsoft excel charts and summary measures like mean and standard deviation were 

calculated for continuous variables. 

 

Statistical methods:  Quantitative student t test were applied to assess the significance of difference between 

means of two independent groups’ cases and controls for following comparisons.LA Size of cases and controls, 

LA index of cases and controls, LA Volume of case and controls, LV Mass of cases and controls, LV index of 

cases and controls, Grading of diastolic dysfunction was done. 

Test of significance: 

 Chi Square test: This was done to find out significance of difference observed between two variables in 

following steps :a) First expected proportion of cases calculated from the observed. 

b) Then X
2
 was applied as X

2
=∑ (O-E)

 2 

                                                                               
E  

Pearson correlation coefficient (r) was calculated for studying the relationship between two continuous 

variables, the significance of which was tested with t test. Correlation of LA size with LV mass, LAVI, and 

LVID was done 

 P value of 0.05 was considered as significant. 

Result and observations: Total number of cases taken was 119, Out of which 75 cases (63%) were males and 

44(37%) were females, ratio of male to female was 1.7:1. 

 LA enlargement was present in 75 patients & LVH by echo criteria was present in 62 cases. 

 Mean Age of patients with LA enlargement was 55.96 years as compare to 54.34 years in patients with normal 

LA size. The mean age of hypertensive subject’s with LVH was 58 years and that of hypertensive patients 

without LVH was 51 years. 
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Graph and Table 1: Assosiation of LA size with SBP & DBP 

 

 
In present study mean Diastolic BP was 82.mmHg and with enlarged LA size was 86.0mmHg, whereas mean 

SBP was 133.81mmHg in patients with normal LA Size and 142.82 mmHg in patients with enlarged LA size. 

Comparison of BP  between LA sizes  was performed using students t test, no significant difference was noted 

in diastolic BP, while systolic BP was found to be significantly higher in cases with LA enlargement (<0.0001). 

Graph & Table 2: Association of LA size with stage of hypertension 

 
 

 

LA Size 
No. of 

patients 
Mean BP   
(mmHg) 

Std. 
Deviation 

Std. 

Error 
Mean 

t df P value 

 

Systolic 

Normal 44.00 133.81 14.95 1.54    

 
Enlarged 75.00 142.80 12.42 2.48 

-3.08 
 

44.35 
 

0.0001 
 

 

Diastolic 

Normal 4.00 82.87 8.55 0.88    

 
Enlarged 75.00 86.00 9.13 1.83 

-1.54 
 

36.00 
 

0.13 
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A positive correlation was found between LA enlargement and systolic blood pressure. 

 It suggests that in both men and women, a stepwise increase in prevalence of left atrial enlargement occurred 

with increasing levels of SBP. 

 

In present study mean LA size by linear dimensions of patients without LVH was 3.1 cm and with LVH was 3.8 

cm. 

Subjects with LVH and without LVH were compared for LA size using student’s t test. 

LA size was found to be significantly higher in LVH subjects compared to those without LVH (p<0.0001). 

 

Graph &Table 3: Comparison of LA in subjects with and without LVH 

 

 
 

 
 

LVH No. of patients 

Mean LA size 

(cm) S.D. Std. Error Mean 

P Value 

   Absent 57.0 

 

3.1 

 

0.5 

 

0.1 

 

 

<0.0001 

Present 
62.0 3.8 0.6 0.1 

 

 

Mean LA Volume (using Biplane area method) of patients without LVH was 32.03 ml and with LVH was 39.17 

ml. 

 Subjects with LVH and without LVH were compared for LAV (left atrial volume) using student’s t test. 

 Significant higher levels of LAV was noted in LVH with respect to than those without LVH(p<0.001. 
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Graph & Table 4: Comparison of LAV in subjects with and without LVH 

 

.  

 
 

LVH 

No. of 

patients  

Mean 

LAV 

(ml) S.D. Std. Error Mean 

P Value 

 Absent 57.0 

 

32.03 

 

7.31 

 

0.96 

 

 

<0.0001 

Present 62.0 39.17 9.82 1.24   

 

Mean LA Volume Index of patients without LVH was 20.5 Cm/ m
2
 and in patients with LVH Mean LA Volume 

Index were 24.0 Cm/ m
2
. 

Subjects with LVH and without LVH were compared for LAVI using student’s t test. 

LAVI was found to be significantly higher in LVH subjects compared to those without LVH (p<0.001). 

Suggesting that LA size, LA volume and LAVI all had significant positive correlation with LVH. 

Table: Comparison of LAVI in subjects with and without LVH 

 

 
 

 
 

LVH  No. of patients 

Mean  

LAVI 

Cm/ m2 S.D. Std. Error Mean 

P Value 

 Absent 57.0 20.5 5.1 0.7 0.001  

Present 62.0 24.0 6.4 0.8   
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In the present study left ventricular mass was significantly increased among hypertensive subjects with LVH. 

Mean left ventricular mass was 138.06 ±42.1gm in control group (Hypertensive’s without LVH) whereas 224 ± 

76.1 gm in hypertensive’s with LVH cases. This difference was statistically significant. (P<0.000 1). 

Our study suggests that there is significant positive correlation between LVH and LVH.  

Table: Comparison of LV mass in subjects with and without LVH 
 

 
 

In the present study also there was statistically significant positive correlation between left atrial size 

and left ventricular mass (r=0.501; P < 0,000 1).It was found that strong uphill correlation (r=0.646) existed 

between LA size and LAVI, while week uphill correlation existed between LA size and LVID (r=0.395), septal 

thickness (r=0.436) and LV mass (r=0.501). Suggesting that increase in LA size also results in increase in LA 

Volume. 

Weak correlation was found to exist between LAVI and LV mass (r=0.244), this absence of correlation was 

statistically significant (p=0.007).Suggesting that increase in Left atrial volume can occur in the absence of 

LVH. 

 

III. Discussion & conclusion: 
A positive correlation was found between LA enlargement and systolic blood pressure. 

It suggests that in both men and women, a stepwise increase in prevalence of left atrial enlargement occurred 

with increasing levels of systolic blood pressure and pulse pressure, irrespective of the gender. 

LA size, LA volume and LAVI all had significant positive correlation with LVH, and there is significant 

positive correlation between   LVH and LV mass. 

The mean LA size (mm) and LV mass (gms) was found to be significantly increased amongst the hypertensive 

subjects with LVH as compared to compared to those without LVH. 

The LA size was found to be more in stage 2 hypertensive’s as compared to stage 1 hypertensive’s, though 

not statistically significant. The reason for this statistical insignificance might be the small sample size of the 

study and the small number of cases in stage I hypertension. 

Similarly LAV index of subjects with stage 2 hypertension was greater as compared to those with stage 1 

hypertension, though the difference was not statistically significant. 

The findings in our study indicate that echocardiographic assessment is simple, non invasive, reproducible, safe 

and easily available tool to identify large percentage of asymptomatic hypertensive subjects who have left 

atrial enlargement, left ventricular hypertrophy, left ventricular diastolic dysfunction before 

abnormalities detected by clinical examination. 

Left Atrial Enlargement is a frequent finding in patients with preserved systolic function seen in current 

practice; this abnormality is strongly related to Left ventricular hypertrophy.  

The Left atrial size is directly correlated with the Left ventricular hypertrophy (reflected by LV mass). 

Early detection of Left atrial enlargement may identify patients at higher cardiovascular risk and promote 

appropriate prevention strategies. Adopting volume measurements for the Left atrial enlargement may result in 

increase in the number of patients reported as having Left atrial enlargement. 

The lower LVMI found in these patients suggests that volume-based measurements are more sensitive and 

detect Left atrial enlargement at an earlier stage than diameter-based measurements. 

Limitation of the study: The sample size of the study was small. Most of the cases were on one or more 

antihypertensive drugs which might have created a bias as per segregation of cases in stage 1 and 2 of 

hypertension were considered. As the exact onset of hypertension could not be pointed out, we haven't 
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correlated any of the parameters with the duration of hypertension. Echocardiography is operator dependent 

making the measure less reproducible than CT or MRI. Follow up of patients with increased LAVI is needed to 

confirm the Predictive value of LAVI for future hypertension.  

 

References 
[1]. Anand MP. Essential hypertension. In: Shah SN et al editors. API Textbook of Medicine. 8th ed. Vol 1. India: The Association of 

Physicians of India; 2008.p.531-540. 

[2]. Benjamin EJ, D’Agostino RB, Belanger AJ, Wolf PA, Levy D. Left atrial size and the risk of stroke and death. The Framingham Heart 

Study. Circulation 1995; 92:835–841. 
[3]. Bohm M, Bauhmhakel, TeoKetal 2010 (ONTARGET /TRANSCEND) Trial circulation 121:1439, 2010. 

[4]. Chobanian AV et al. Joint National Committee: The seventh Report of the Joint National Committee on Prevention. Detection, 

Evaluation and Treatment of High Blood Pressure (JNC 7 Express) JAMA. 2003; 283: 2560. 
[5]. Cioffi G, Mureddu GF, Stefenelli C, de Simone G. Relationship Between Left Ventricular Geometry and Left Atrial Size and Function 

on patients with Systemic Hypertension. J. Hypertension 2001; 22(8): 1473-1474. 

[6]. Cuspidi C, Meani S. Fusi V, Valerio C, Catini E, Sala C, Sampleri L, / Magrini F,   Zanchertti A.  Prevalence and Correlates of Left 
Atrial Enlargement in Essential Hypertension: Role of Ventricular Geometry Hypertension study. J Hypertens 2005; 23(4): 875-82. 

[7]. Di Tullio MR, Sacco RL, Sciacca RR, Homma S. Left atrial size and the risk of  ischemic stroke in an ethnically mixed population. 

Stroke. 1999; 30:2019–2024. 

[8]. Douglas PS. The Left Atrium: A biomarker of chronic Diastolic / Dysfunction and Cardiovascular Disease Risk. JACC 2003; 42.7: 

1206-7. 

[9]. Eshoo S, Ross DL, Thomas L. Impact of mild hypertension on left atrial size and function. Circ Cardiovasc Imaging 2009 Mar; 2(2): 
93-99 

[10]. Fatema K, Barnes ME, Bailey KR, Abhayaratna WP, Cha S, Seward JB, Tsang TS.Minimum vs. maximum left atrial volume for prediction 
of first atrial fibrillation or flutter in an elderly cohort: a prospective study. Eur J Echocardiogr 2009; 10:282–286. 

[11]. Gerdts E, Oikarinen L, Palmieri V, Otterstad JE, Wachtell K, Boman K, Dahiof B, Devereux RB. Correlates of Left Atrial Size in 
Hypertensive patients with Left Ventricular Hypertrophy. The Losartan Intervention for Endpoint Reduction in Hypertension (LIFE) 

Study. Hypertension 2002; 39:739-743. 

[12]. Haider AW, Larson MG, Franklin SS, Levy D. Systolic BP. Diastolic BP and Pulse Pressure. A Predictor of Risk for CHF in the 
Framingham Heart Study. Ann Intern Med2003; 138: 10. 

[13]. Kedia G, Habibzadeh MR, Kudithipudi V, Molls F, Sorrell VL. Using traditional measurement of left atrial diameter to predict the left 

atrial volume index. Echocardiography 2008; 25:95-98. 63. 
[14]. Kizer JR, Bella JN, Palmieri V, et al. Left atrial diameter as an independent predictor of first clinical cardiovascular events in middle-

aged and elderly adults: the Strong Heart Study (SHS). Am Heart J.2006; 151:412–418. 

[15]. Lang RM et al. Recommendation for Cardiac Chamber Quantification: An update from the American Society of Echocardiography and 
European Association of Cardiovascular Imaging. Journal of the American Society of Echocardiography 2015; 28: 1-39. & J Am Soc 

Echocardiography 2005; 18: 1440–63. 

[16]. Lankkanen JA, Kurl S, Eranen J, Huttunen M, Salonen JT. Left Atrium Size and the Risk of Cardiovascular Death in Middle Aged 
Men, Arch Intern Med 2005 Aug 8-22; 165(15): 1788-93. 

[17]. Levy D, Anderson KM, Savage DD, Kannel WB, Christiansen JC. Echocardiographically Detected Left Ventricular Hypertrophy: 

Prevalence and Risk Factors. the Framingham Study. Ann Intern Med. 1988; 108: 7-13. 
[18]. Prioli A, Marino P, Lanzoni L, Zardini P. Increasing degrees of left ventricular filling impairment modulate left atrial function in 

humans. Am J Cardiol 1998;82:756–761. 

[19]. Roman MJ, Pickering TG, Schwartz JE, Pini R, Devereux RB. Relation of arterial structure and function to left ventricular geometric 
patterns in hypertensive adults. J Am Coll Cardiol. 1996; 28:751–756. 

[20]. Rossi A, Vassanelli C. Left Atrium: no longer neglected. Ital Heart J. 2005; 6(11): 881-5. 

[21]. Simek CL, Feldman MD, Haber HL, Wu CC, Jayaweera AR, Kaul S. Relationship between Left Ventricular Wall Thickness and Left. 
Atrial Size: Comparison with other Measures of Diastolic Function. J Am Sac E.chocaidiogr 1995; 8(1): 37-47. 

[22]. Tsang TS, Abhayaratna WP, Barnes ME, Miyasaka Y, Gersh BJ, Bailey KR, Cha SS, Seward JB. Prediction of cardiovascular 

outcomes with left atrial size: is volume superior to area or diameter J Am Coll Cardiol 2006; 47:1018–1023. 
[23]. Tsang TS, Barnes ME, Gersh BJ, Bailey KR, Seward JB. Left atrial volume as a morphophysiologic expression of left ventricular 

diastolic dysfunction and relation to cardiovascular risk burden. Am J Cardiol 2002; 90:1284 –9. 

[24]. Walter P. Abhayaratna, James B. Seward, Christopher P. Appleton. Left Atrial Size Physiologic Determinants and Clinical 
Applications. J Am Coll Cardiol 2006; 47:2357-2363. 

 

 

 

 

 

 

 

 

Shadani Ajit kumar “Comparison of left atrial size in hypertensive patients with or without left 

ventricular hypertrophy by Echocardiography.” IOSR Journal of Dental and Medical Sciences 

(IOSR-JDMS), vol. 17, no. 12, 2018, pp 40-46. 

 

 

 

 


