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The importance of the left atrium in cardiac 
pathophysiology is perhaps a little undervalued. 
Indeed, left atrial size and/or function has been 
implicated in a number of cardiovascular and 
cerebrovascular disorders as being either causal or 
as an indirect marker(s) of disease [1].

For example, the Framingham study reported that 
left atrial enlargement was a significant predictor of 
stroke in men and death in both sexes; indeed, for 
every 10-mm increase in left atrial size, the relative 
risk of stroke was 2.4 in men and 1.4 in women, 
whilst the relative risk of death was 1.3 in men 
and 1.4 in women [2]. This relation of left atrial 
enlargement to stroke and death appeared to be 
partially mediated by left ventricular mass [1].  In 
contrast, Di Tullio et al [3] reported that left atrial 
enlargement was associated with an increased risk 
of ischemic stroke in an ethnically mixed population, 
even after adjustment for other risk factors, including 
left ventricular hypertrophy. Left atrial size is also the 
principal independent predictor of prognosis in 
patients with dilated cardiomyopathy, where those 
with left atrial dilatation have an increase in mortality 
and a worse clinical outcome [4].  Finally, left atrial 
enlargement (≥4.8 cm) is an independent risk factor 
for the development of left atrial thrombi in patients 
with mitral stenosis [5], increasing the potential for 
stroke and thromboembolism.

With the potential mortality and morbidity 
associated with left atrial enlargement, its quantification 
is therefore important. Various methods such as 
electrocardiography (ECG), echocardiography 
(both transthoracic and transoesophageal), chest x-
ray, cardiac angiography and magnetic resonance 
imaging of the heart have been used to assess left 
atrial size.  However, the ECG is not be as reliable 
as echocardiography, with no consistent agreement 
between the ECG diagnosis of left atrial enlargement 
and the left atrial cavity size as measured by 
echocardiography [6].  On the chest x-ray, the left 
atrium is larger than 5.0 cm in diameter if the carinal 
angle was 100 degrees or greater [7]. Whether left 
atrial diameter by echocardiography corresponds 
well with left atrial volume is slightly controversial. 
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In any case, left atrial volume is not significantly 
different to left atrial diameter in predicting the 
recurrence of atrial fibrillation following successful 
electrical cardioversion to sinus rhythm [8]. The 
echocardiographic determination of left atrial size 
both by M-mode and two-dimensional methods 
have demonstrated a good correlation with cine-
angiographic measurements [9]. 

What could account for the increased morbidity 
and mortality that is associated with left atrial 
size?  Whilst left atrial dilatation may be a normal 
development in healthy elderly subjects, an 
enlarged left atrium plays a significant role in the 
pathophysiology of atrial arrhythmias, leading to an 
increase of the latter with age [10].  This observation 
should be with the caveat that atrial fibrillation, the 
commonest sustained cardiac arrhythmia, can itself 
lead to progressive left atrial enlargement [11], which 
may be independent of changes in left ventricular 
size or function [12].  Importantly, the presence of 
atrial fibrillation has been independently associated 
with an increased mortality, with an odds ratio for 
death of 1.5 for men and 1.9 in women, which did 
not vary by age; importantly, most of the excess of 
mortality attributed to atrial fibrillation occurred soon 
after diagnosis of atrial fibrillation and there was a 
significant interaction between atrial fibrillation and 
sex with respect to mortality [13]. 

Another factor contributing to the increased 
risk of stroke with an enlarged left atrium is a 
prothrombotic state, which has been shown to exist 
in atrial fibrillation [14], and a correlation between 
endothelial damage/dysfunction, coagulation factors 
and left atrial dimension has been demonstrated 
[15].  Furthermore, atrial endocardial damage is 
more prominent in mitral stenosis (compared to 
mitral regurgitation), increasing the likelihood of 
thrombogenesis [16]. Finally, isolated left atrial 
enlargement could cause enlargement of the mitral 
annulus and cause mitral regurgitation [17]. In 
patients with pure aortic stenosis, echocardiographic 
evidence of left atrial enlargement, as measured by 
an increased left atrial dimension corrected for 
body surface area, appears to reflect a narrower 
aortic valve orifice, greater left ventricular chamber 
dimension and greater left ventricular hypertrophy 
(LVH), thus reflecting more severe aortic stenosis 
[18]. Occasionally, chronic left atrial enlargement 
could result in direct pressure over the surrounding 
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mediastinal structures and rarely, lead to fatal aorto-
atrial, and oesophago-atrial fistula [19].

There may also be an interaction between left 
atrial pathophysiology and arterial hypertension, 
one of the commonest risk factors for cardiovascular 
disease and stroke?  Conflicting data exist regarding 
the influence of blood pressure on left atrial size. 
The Framingham study [20] demonstrated that 
increased levels of systolic and pulse pressures 
(but not diastolic or mean arterial pressures) were 
significantly associated with an increased left atrial 
size. However, the inclusion of left ventricular mass in 
these multivariable models eliminated or attenuated 
the associations of the various blood pressure 
variables with left atrial size. Thus, the effect of 
blood pressure on left atrial dimension could be at 
least partly mediated by left ventricular hypertrophy 
secondary to hypertension.  Interestingly, left 
atrial size is more closely related to ambulatory, 
rather than office, blood pressure measurements, 
and a high mean night time blood pressure is a 
powerful marker of left atrial enlargement in arterial 
hypertension [21].

Whether left atrial enlargement in hypertension 
is a direct result of hypertension or a result 
of underlying left ventricular hypertrophy and 
subsequent diastolic dysfunction is not entirely clear. 
The left atrial dimension, left atrial index and the left 
atrial-to-aortic root dimension ratio are significantly 
higher in hypertensive patients when compared to 
normotensives [22].  The left atrial area also appears 
to correlate well with the left ventricular wall thickness 
and diastolic dysfunction [23]. During diastole, except 
for the period of isovolumic relaxation, the left atrium is 
exposed directly to left ventricular pressures through 
the open mitral valve. Due to the increased left 
ventricular stiffness in patients with hypertensive heart 
disease, left ventricular diastolic filling is impaired, 
resulting in the impairment of blood flow from left 
atrium to left ventricle [24]. Because the left atrium is a 
thin-walled structure, its size would therefore increase 
with the increase in left atrial pressure.  Thus left atrial 
enlargement is probably the result of the chronicity 
of a high left atrial pressure, and echocardiographic 
left atrial enlargement has been considered to be an 
early sign of hypertensive heart disease [22]; this is 
supported by the presence of left atrial enlargement 
on the ECG and/or echocardiography, even before 
the development of overt hypertensive left ventricular 
hypertrophy [25]. A dilated left atrium, with its reduced 
‘atrial transport’ function, may predispose patients 
with hypertension to intra-atrial stasis, increased 
intravascular thrombogenesis and also provide an 
additional mechanism for developing atrial fibrillation. 
Thus, the relationship between hypertension, 
impaired left atrial function, intra-atrial stasis and 
thrombogenesis may partly explain the enhanced risk 
of stroke and thromboembolism in hypertension.  

Whether correction of hypertension results in a 
convincing reduction in left atrial size, and whether 
it matters clinically, still remains to be convincingly 
proven.  It is possible that antihypertensive drugs 
differ in their effects on left atrial size. For example, 
in a comparison of six antihypertensive agents 
as monotherapy in relation to the reduction of 
left atrial size in mild to moderate hypertension, 
hydrochlorthiazide was associated with the greatest 
overall reduction of left atrial size; the observed 
reduction of left atrial size with therapy was 
independent of factors known to influence left atrial 
size, including left ventricular mass and the reduction 
of left ventricular mass with treatment [26]. Dernellis 
et al [27] reported that left atrial reservoir function 
increases and left atrial ejection force increases 
as antihypertensive treatment with enalapril and/
or thiazide induces normalisation of the left atrial 
function in parallel to regression of hypertensive left 
ventricular hypertrophy. It is possible that it is not only 
the lowering of blood pressure, which determines the 
degree of LVH regression, but also the interaction 
of drugs with neuro-endocrine mechanisms such as 
the renin-angiotensin-aldosterone system and the 
sympathetic nervous system.  

Acute increases in left atrial pressure are not 
usually associated with left atrial enlargement beyond 
the upper limit of the normal range [18].  In contrast, 
there is reduced elastic recoil after chronic atrial 
distension, resulting in only limited change in size 
with any changes in left atrial pressure.  Furthermore, 
left atrial enlargement is frequently seen in a number 
of other conditions. For example, in patients with 
ischaemic heart disease, the combination of left 
ventricular enlargement and high left ventricular end 
diastolic pressures can be related to a decrease in 
left atrial function [28]. Left atrial enlargement is also 
observed in the normotensive, otherwise healthy, 
obese subject and reflects a physiological adaptation 
of the heart to the obese state [29]. Obesity is also 
one of the strongest predictor of left atrial size in 
patients with hypertension and amplifies the relation 
between left atrial size and left ventricular mass [30]. 
The relation of left atrial size to atrial fibrillation has 
been described earlier.  

One recent study is worth debating further, as it 
typifies some of the problems in studying left atrial 
size in hypertension.  Tedesco et al [31] reported a 
cross-sectional echocardiographic and ambulatory 
blood pressure study of 164 hypertensives, reiterating 
previous observations that age and left ventricular 
mass index are independent predictors of left atrial 
size.  In light of the adverse associations with enlarged 
left atrial size, the presence of left atrial enlargement 
in hypertension may contribute to the mortality and 
morbidity associated with untreated hypertension.  
Nevertheless the study by Tedesco et al [31] carries 
a few caveats.  As mentioned earlier, whether a single 
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measurement of left atrial dimension adequately 
represents left ventricular volume is debatable. Even 
though left atrial enlargement was significantly greater 
among patients with LVH in the study by Tedesco et 
al [31], this group was significantly older compared 
to the group without LVH. As the authors admit, 
relationship between the left ventricular diastolic 
dysfunction and left atrial dimensions was also not 
studied. Contrary to previous observations, obesity 
failed to show up as an independent determinant of 
left atrial dimension, which may be due to the low 
prevalence of obesity in the study sample.  The most 
significant limitation is that a significant proportion of 
patients in the study by Tedesco et al [31] had some 
form of previous antihypertensive treatment either 
continuously or discontinuously. Whilst there was a 
discontinuation period of 3 weeks, this is probably 
not long enough to completely eliminate the influence 
of prior treatment.  These data are complemented by 
a recent study by Daniels et al [32] who performed 
echocardiography in 112 children with hypertension, 
and found that left atrial enlargement was also 
prevalent in children and adolescents with essential 
hypertension.  

Furthermore, the Losartan Intervention For 
Endpoint Reduction in Hypertension (LIFE) Study 
of 941 hypertensive patients, age 55 to 80 (mean, 
66) years, with electrocardiographic LVH at baseline 
recently reported that an enlarged left atrial diameter 
(women, >3.8 cm; men, >4.2 cm) was present in 
56% of women and 38% of men (p56% of women and 38% of men (p56% of women and 38% of men ( <0.01) [33]. 
Such patients had more mitral regurgitation, atrial 

fibrillation, and echocardiographic LVH, when 
compared to those with normal left atrial size. In a 
logistic regression analysis, left atrial enlargement 
was related to gender, age, obesity, systolic blood 
pressure, and left ventricular geometry, independently 
of left ventricular mass and presence of mitral 
regurgitation or atrial fibrillation.

Unsurprisingly, the increased left atrial pump 
function represents a compensatory mechanism in 
hypertensive patients with LVH. For example, Erol et 
al [34] – who also found that chronic hypertension 
(in adults) was associated with an increased in left 
atrial volumes – also reported a decrease in left atrial 
passive emptying function, and an increase systolic 
pump function in such patients. 

In conclusion, left atrial size, which is independently 
associated with a number of modifiable factors 
contributing to mortality and morbidity, perhaps 
symbolises the many problem(s) associated with 
hypertension. Whether the reduction in left ventricular 
hypertrophy and left atrial size in hypertension confers 
long term mortality and morbidity benefits needs to 
be studied in greater detail.  

Acknowledgements

SK is supported by a non-promotional research 
fellowship from Sanofi-Winthrop.  We acknowledge 
the support of the City Hospital Research and 
Development programme for the Haemostasis 
Thrombosis and Vascular Biology Unit.

References

1. Stefanadis C, Dernellis J, Toutouzas P.  A 
critical appraisal of left atrial function.  Eur Heart J
2001; 22: 22-36.

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. 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-
2022.

4. Modena MG, Muia N, Sgura FA, Molinari 
R, Castella A, Rossi R. Left atrial size is the major 
predictor of cardiac death and overall clinical 
outcome in patients with dilated cardiomyopathy: 
a long-term follow-up study. Clin Cardiol 1997; 20: Clin Cardiol 1997; 20: Clin Cardiol
553-560.

5. Conradie C, Schall R, Marx JD. Left atrial size 
– a risk factor for left atrial thrombi in mitral stenosis. 
Clin Cardiol 1995; 18: 518-520Clin Cardiol 1995; 18: 518-520Clin Cardiol

6. van Dam I, Roelandt J, Robles de Medina 
EO. Left atrial enlargement: an electrocardiographic 
misnomer? An electrocardiographicechocardiograp
hic study. Eur Heart J 1986; 7: 115-117

7. Taskin V, Bates MC, Chillag SA. Tracheal 
carinal angle and left atrial size. Arch Intern Med 
1991; 151: 307-308.

8. Volgman AS, Soble JS, Neumann A, et al. 
Effect of left atrial size on recurrence of atrial fibrillation 
after electrical cardioversion: atrial dimension versus 
volume. Am J Card Imaging 1996; 10: 261-265.

9. Gonska BD, Schuster R, Sold G, Kreuzer H. 
Determination of left atrial size. Comparison between 
echocardiographic and radiological determination. 
Dtsch Med Wochenschr 1984; 109: 666-670.

10. Manyari DE, Patterson C, Johnson D, 
Melendez L, Kostuk WJ, Cape RD. Atrial and 
ventricular arrhythmias in asymptomatic active 
elderly subjects: correlation with left atrial size and 
left ventricular mass. Am Heart J 1990; 119: 1069-
1076.

11. Sanfilippo AJ, Abascal VM, Sheehan M, et 
al. Atrial enlargement as a consequence of atrial 
fibrillation. A prospective echocardiographic study.  
Circulation 1990; 82: 792-797.

12. Suarez GS, Lampert S, Ravid S, Lown B. 
Changes in left atrial size in patients with lone atrial 
fibrillation. Clin Cardiol 1991; 14: 652-656.



Seminars in Cardiology, 2003, Vol. 9, No. 2 ISSN 1648-7966

12

13. Benjamin EJ, Wolf PA, D’Agostino RB, 
Silbershatz H, Kannel WB, Levy D.  Impact of atrial 
fibrillation on risk of death. The Framingham Heart 
Study.  Circulation 1998; 98: 946-952.

14. Lip GYH. Does atrial fibrillation confer a 
hypercoagulable state? Lancet 1995; 346: 1313-
1314.

15. Mondillo S, Sabatini L, Agricola E, et al. 
Correlation between left atrial size, prothrombotic 
state and markers of endothelial dysfunction in 
patients with lone chronic nonrheumatic atrial 
fibrillation. Int J Cardiol 2000; 75: 227-232.Int J Cardiol 2000; 75: 227-232.Int J Cardiol

16. Goldsmith I, Kumar P, Carter P, Blann AD, 
Patel RL, Lip GYH. Atrial endocardial changes in mitral 
valve disease: A scanning electron microscopy study. 
Am Heart J 2000; 140: 777-784.

17. Tanimoto M, Pai RG. Effect of isolated left 
atrial enlargement on mitral annular size and valve 
competence. Am J Cardiol 1996; 77: 769-774.Am J Cardiol 1996; 77: 769-774.Am J Cardiol

18. Chandraratna PA, Nanda NC, Shah PM, 
Hodges M, Gramiak R. Echocardiographic study of 
the effects of acute left atrial hypertension on left atrial 
size. J Clin Ultrasound 1976; 4: 15-18.J Clin Ultrasound 1976; 4: 15-18.J Clin Ultrasound

19. Barnard SP, Igboaka GU, Holden MP. Fatal 
oesophageal ulceration due to left atrial enlargement. 
J Cardiovasc Surg 1995; 36: 285-286.

20. Vaziri SM, Larson MG, Lauer MS, Benjamin 
EJ, Levy D. Influence of blood pressure on left atrial 
size. The Framingham Heart Study. Hypertension 
1995; 25: 1155-1160.

21. Galderisi M, Petrocelli A, Fakher A, Izzo A, 
Alfieri A, de Divitiis O. Influence of night time blood 
pressure on left atrial size in uncomplicated arterial 
systemic hypertension. Am J Hypertens 1997; 10: 
836-842.

22. Miller JT, O’Rourke RA, Crawford MH. Left 
atrial enlargement: an early sign of hypertensive heart 
disease. Am Heart J 1988; 116: 1048-1051.

23. 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 Soc Echocardiogr 1995; 8: 37-47.J Am Soc Echocardiogr 1995; 8: 37-47.J Am Soc Echocardiogr

24. Matsuda M, Matsuda Y. Mechanism of left atrial 
enlargement related to ventricular diastolic impairment 
in hypertension. Clin Cardiol 1996; 19: 954-959.

25. Frohlich ED, Tarazi RC, Dustan HP. Clinical-
physiological correlations in the development of 
hypertensive heart disease. Circulation 1971; 44: 
446-455.

26. Gottdiener JS, Reda DJ, Williams DW, 
Materson BJ, Cushman W, Anderson RJ. Effect of 
single-drug therapy on reduction of left atrial size in 
mild to moderate hypertension: comparison of six 
antihypertensive agents. Circulation 1998; 98: 140-
148.

27. Dernellis JM, Vyssoulis GP, Zacharoulis AA, 
Toutouzas PK. Effects of antihypertensive therapy on 
left atrial function. J Hum Hypertens 1996; 10: 789-
794.

28. Maezawa H, Muroi IM, Ooida A, Ogawa 
K, Iizuka M. Effects of left ventricular chamber size 
and left ventricular diastolic pressure on left atrial 
booster pump function in patients with old myocardial 
infarction. Jpn Heart J 1997; 38: 651-662.

29. Sasson Z, Rasooly Y, Gupta R, Rasooly I. Left 
atrial enlargement in healthy obese: prevalence and 
relation to left ventricular mass and diastolic function. 
Can J Cardiol 1996; 12: 257-263.

30. Gottdiener JS, Reda DJ, Williams DW, 
Materson BJ. Left atrial size in hypertensive men: 
influence of obesity, race and age. Department 
of Veterans Affairs Cooperative Study Group on 
Antihypertensive Agents. J Am Coll Cardiol 1997; J Am Coll Cardiol 1997; J Am Coll Cardiol
29: 651-658.

31. Tedesco MA, Di Salvo G, Ratti G, Natale F, 
Iarussi D, Iacono A. Left atrial size in 164 hypertensive 
patients: an echocardiographic and ambulatory blood 
pressure study. Clin Cardiol 2001; 24(9): 603-607. 

32. Daniels SR, Witt SA, Glascock B, Khoury 
PR, Kimball TR.  Left atrial size in children with 
hypertension: the influence of obesity, blood 
pressure, and left ventricular mass. J Pediatr 2002; J Pediatr 2002; J Pediatr
141: 186-190.

33. Gerdts E, Oikarinen L, Palmieri V, et al. 
Losartan Intervention For Endpoint Reduction in 
Hypertension (LIFE) Study. 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. 

34. Erol MK, Yilmaz M, Acikel M, Karakelleoglu 
S. Left atrial mechanical function in patients with 
essential hypertension. Acta Cardiol 2002; 57(5): 
323-327.  




