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The left atrium is a muscular contractile
chamber located in the inflow path to the
ventricle. These chambers are closely relat-
ed, both anatomically and functionally. The
left atrium is fundamental to ventricular
filling through its reservoir, conduit and
booster pump functions1, whereas the left
ventricle essentially contributes to atrial
filling because during systole, ventricular
longitudinal fiber shortening forces the de-
scent of the cardiac base, contributing to
atrial filling from the pulmonary veins2,3. 

Evaluation of the left atrium is closely
linked to the history of cardiac imaging. In
the past, the advent of cineangiography al-
lowed direct and sharp visualization of the
left ventricle. This resulted in a marked im-
provement in the understanding of ventric-
ular function. In contrast, the left atrium
could not be visualized in the absence of
mitral regurgitation, hence its size could
not be assessed at cardiac catheterization.
This is one of the reasons why the role of
the left atrium was largely downplayed in
the past and why information which could
have been drawn from it was largely hid-
den. 

Nowadays the left atrium is well de-
fined by echocardiography. In previous
years the parameter used worldwide to as-

sess atrial size was the anteroposterior di-
ameter of the atrial chamber. But it has on-
ly recently become clear that the best way
to describe the degree of atrial enlargement
is the measurement of volume rather than
diameter4. 

Why does the left atrium enlarge?

The left atrium is frequently enlarged in
patients with arterial hypertension. This is
partly related to the well-known relation
between left ventricular hypertrophy and
left atrial size. It has been shown that left
atrial size has a positive relation with both
active (time constant of relaxation)5 and
passive parameters (stiffness constant) of
left ventricular diastolic function6. Howev-
er, it is likely that the alteration of passive
characteristics is more closely related to
atrial deformation. During diastole, except
for the period encompassing isovolumic re-
laxation, the left atrium is exposed directly
to left ventricular diastolic pressure
through the open mitral valve. Because of
its thin-walled structure, the left atrium
tends to dilate with increasing pressure.
Unlike the left ventricle, in which volume
and pressure do not change in the same di-
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Left atrial evaluation is strongly linked to the history of cardiac imaging. In the past, the impor-
tance of this chamber has been largely downplayed because cineangiography could not visualize it di-
rectly. Nowadays echocardiography can easily assess left and right atrial size and function. 

Left atrial enlargement is frequent in many cardiac diseases. A main determinant of left atrial vol-
ume is ventricular diastolic function. It has recently been suggested that left atrial volume might be
the morphophysiologic expression of chronic diastolic function. In fact the left atrium is exposed di-
rectly to left ventricular diastolic pressure through the open mitral valve and because of its thin wall
structure it tends to dilate with increasing pressure. Other important determinants of atrial volume
are the degree of ventricular remodeling, mitral regurgitation and the presence of atrial fibrillation.
The degree of left atrial enlargement is associated with adverse prognosis in different clinical settings.
Patients with dilated cardiomyopathy and with a left atrial volume > 68 ml/m2 have a 3.8-fold risk
compared with those with smaller left atrial volume. The predictive value of left atrial volume is in-
dependent of left ventricular systolic and diastolic function, mitral regurgitation and atrial fibrilla-
tion. This is noteworthy because these factors are both determinant of left atrial volume and have a
strong impact on outcome. It might be concluded that left atrial volume represents a powerful pre-
dictive marker because it is a window allowing comprehensive evaluation of several factors associat-
ed with bad prognosis, which are often difficult to document separately.
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rection, the relationship between left atrial volume and
pressure is quite predictable7. Recently, the left atrium
has been proposed as a marker of chronic diastolic dys-
function, and Tsang et al.8 suggest that left atrial size
provides information complementary to left ventricular
diastolic parameters. Although the ability of the left
atrium to integrate the effect of atrial pressure over time
is likely but unproven, the idea of using left atrial vol-
ume as a marker potentially capable of recording the
history of left ventricular filling over a longer time in-
terval is quite appealing. The pathophysiologic reasons
for this capacity are to be sought in the relatively lower
load dependency of atrial volume compared with other
diastolic markers. A chronically enlarged atrium is
characterized by an increased amount of fibrosis, which
leads to little elastic recoil in response to a fall in pres-
sure9,10. 

A canine model of heart failure due to left ventricu-
lar dysfunction showed a progressive increase in left
atrial chamber dimensions, with a marked increase in
the post-mortem weights of both atria11. The atrial my-
ocytes and the collagen matrix are both involved in
these progressive remodeling changes. Atrial myocyte
hypertrophy contributes to the increased chamber
weight. Mechanical stretch with the stretch-activated
pathways, growth factors and cytokines such as an-
giotensin II, endothelin-1, insulin-like growth factor-1,
interleukin-6 and gp13012 might contribute to atrial
myocyte hypertrophy through mechanisms similar to
those seen in the ventricle. 

Changes in the extracellular matrix also contribute
to remodeling of the atrial chamber. 

Collagen turnover and alterations in collagen orga-
nization strongly correlate with left atrial wall tension,
suggesting a role for hemodynamic load in determining
extracellular matrix changes11. However, there are evi-
dences that hormonal activation also plays a fundamen-
tal role in the alterations of this compartment. First, ex-
tracellular matrix changes might be mediated by an-
giotensin II, which is increased in the atrial chamber13.
Infusion of angiotensin II causes marked fibrosis of the
atrial wall tissue14. In humans, a strong association be-
tween collagen I mRNA and angiotensin-converting
enzyme mRNA has been found15. Moreover, treatment
with the angiotensin-converting enzyme inhibitor
enalapril significantly reduced atrial angiotensin II lev-
els and fibrosis. 

Although many histopathologic similarities be-
tween atrial and ventricular remodeling have been ob-
served, there are also some discrepancies. A canine
model of heart failure demonstrated that congestive
heart failure was associated with substantially more fi-
brosis in the left atrium (10 ± 1%) than in the left ven-
tricle (0.4 ± 0.1%), and that tissue angiotensin II con-
centration was higher and the plateau was reached
faster in the atrium than in the ventricle16. 

Another condition which triggers left atrial dilation
is mitral insufficiency. The relationship between the de-

gree of mitral regurgitation and left atrial volume is pre-
dictable17. Atrial enlargement is considered a conse-
quence of this regurgitation and can be used to define
the severity of the disease. Consequently, mitral regur-
gitation and left ventricular diastolic dysfunction have
the same effect of dilating the atrial chamber, but
through different mechanisms. In the early stages of an
experimental model of mitral regurgitation, a parallel
increase in left atrial pressure and volume was ob-
served18. However, the later stages of the disease were
characterized by a progressive decrease in pressure and
a further increase in atrial volume. Consequently it was
shown that chronic mitral regurgitation is characterized
by a decrease in left atrial chamber stiffness. The histo-
logical analysis of left atrial myocardium showed a
substantially increased diameter of atrial myocardial
fibers but no significant changes in the percentage of fi-
brosis. This corroborates clinical observations that even
severe mitral regurgitation can be associated with an
enlarged left atrium with the pressure level within the
normal range19. Interestingly, it has been suggested that
atrial size might reflect hemodynamic overload in spe-
cific phases during the course of chronic heart disease,
such as during exercise, giving evidence of transient
hemodynamic impairment which otherwise would re-
main silent. Among patients with mitral valve prolapse
and no mitral regurgitation at rest, a certain percentage
develop regurgitation during effort. Left atrial volume
at rest was significantly greater in subjects with exer-
cise-induced mitral regurgitation than in those with-
out20. 

There is an intriguing relation between atrial vol-
ume and atrial fibrillation. Perhaps as a result of its
common association with rheumatic mitral valve dis-
ease, atrial fibrillation is generally considered to be sec-
ondary to atrial enlargement. Actually, in other cardiac
disorders such as hypertrophic cardiomyopathy21 and
mitral regurgitation22, left atrial size was the most pow-
erful predictor of subsequent episodes of atrial fibrilla-
tion. In the general population, after adjusting for age,
sex, valvular heart disease, and hypertension, a 30% in-
crease in left atrial volume was associated with a 43%
greater risk of atrial fibrillation, incremental to a histo-
ry of congestive heart failure, myocardial infarction
and diabetes23. However, there are reasons to believe
that atrial enlargement might be secondary to structur-
al changes in the atrial wall due to atrial fibrillation. In
patients with chronic lone atrial fibrillation, abnormal
atrial histology was uniformly found in multiple biopsy
specimens. It was compatible with a diagnosis of my-
ocarditis in 66% of patients and of non-inflammatory
localized cardiomyopathy in 17%, and was represented
by patchy fibrosis in 17%24. Furthermore, in an experi-
mental model of sustained atrial fibrillation profound
structural changes were found in the atrial myocytes,
similar to those seen in ventricular myocytes from
chronic hibernating myocardium25. These structural
changes can lead to atrial enlargement. Sanfilippo et
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al.26 studied a group of patients with atrial fibrillation
and no cardiac abnormalities, and particularly with nor-
mal atrial volume at baseline. After a mean interval of
20 months, atrial volume had increased to some extent
in all patients and the mean left atrial volume for the
group had increased from 45 to 64 ml. The symmetri-
cal increase observed in left and right atrial volumes
further supports the hypothesis that arrhythmia is the
primary factor in the genesis of atrial enlargement. 

After acute myocardial infarction, an enlargement
of the left atrium is frequently observed. It has recently
been demonstrated that after 6 months from the acute
event, the main determinant of atrial area change is the
degree of left ventricular remodeling27. In patients with
dilated cardiomyopathy of ischemic and non-ischemic
etiology, left atrial enlargement is also common28. Be-
sides ventricular remodeling, this condition frequently
involves other determinants of atrial enlargement: dias-
tolic dysfunction, mitral regurgitation and atrial fibril-
lation. In an echocardiographic study of more than 300
patients with dilated cardiomyopathy the determinants
of left atrial volume were ventricular volume, diastolic
dysfunction, age, atrial fibrillation and the degree of
mitral regurgitation. Nevertheless, the most powerful
multivariate model showed that the combination of
these variables was able to predict only 54% of the vari-
ability of left atrial volume. This suggests that, at least
in this condition, there might be other determinants of
left atrial volume which could not be quantitated. It is
possible that in patients with dilated cardiomyopathy,
atrial enlargement could also be due to concomitant
atrial myopathic disease29, caused by a more wide-
spread primary pathologic process. Interestingly, left
atrial enlargement might also be caused by a reduction
of left atrial efficiency due to loss of atrioventricular
synchrony. After VVI pacing for 3 months there was a
significant increase of left atrial size, which can be re-
versed reprogramming DDD pacing30. 

Clinical importance of left atrial size

It is well known that left atrial enlargement repre-
sents a serious risk in the general population. In a pop-
ulation-based cohort from Framingham, left atrial size
was significantly associated with age-adjusted risk for
stroke and for death in both sexes. After adjustment for
age, hypertension, diabetes, smoking, left ventricular
hypertrophy, atrial fibrillation, and congestive heart
failure or myocardial infarction, left atrial size re-
mained a significant predictor of stroke in men (relative
risk 2.4 per 10-mm increment) and death in both sexes
(relative risk 1.3 in men and 1.4 in women)31. 

In randomly selected residents of Olmsted County,
it was confirmed that left atrial volume was indepen-
dently predictive of first ischemic stroke, incremental
to age, diabetes, myocardial infarction, and hyperlipi-
demia, even in patients with no prior atrial fibrillation.

Furthermore, a left atrial volume of ≥ 32 ml/m2 was as-
sociated with an increased mortality risk (hazard ratio
1.30, confidence interval 1.09-1.56), independent of
age, sex, and stroke status32. 

The clinical importance of left atrial enlargement
has also been shown in many cardiac disorders. 

In presence of atrial fibrillation without mitral
stenosis or mitral valve prosthesis the risk of systemic
embolization is notable and is predicted by left atrial
size independently of gender and underlying heart dis-
ease33. 

In patients with organic mitral regurgitation, left
atrial size is one of the most important determinants of
outcome. Left atrial diameter is a powerful predictor of
heart failure in patients with mitral regurgitation due to
flail leaflet34. After mitral valve surgery, left atrial size
was the only predictor of outcome in the subgroup of
patients with severe mitral regurgitation and left ven-
tricular ejection fraction > 75%35. Similarly, in patients
with aortic stenosis, smaller left atrial size before
surgery was associated with symptomatic improvement
after valve surgery independently of left ventricular
systolic function, mass or the degree of valvular ob-
struction and preoperative symptoms36. 

Restrictive cardiomyopathy is typically character-
ized by ventricular diastolic dysfunction and atrial en-
largement. In this disease, left atrial size is a major
marker of prognosis. In particular, a left atrial diameter
> 60 mm was associated with death (hazard ratio 2.3)
independently of age, gender and NYHA class37. 

Increased left atrial volume is a powerful predictor
of mortality after acute myocardial infarction and pro-
vides prognostic information incremental to clinical
data and conventional measures of left ventricular sys-
tolic and diastolic function. In particular, left atrial vol-
ume normalized for body surface area predicted mor-
tality with an hazard ratio of 1.05 per 1 ml/m2 change
(95% confidence interval 1.03-1.06) after adjustment
for clinical factors and left ventricular function38. 

In the SOLVD registry and trial population of pa-
tients with dilated cardiomyopathy, left atrial diameter
was a marker of prognosis with a risk ratio of 1.84
(95% confidence interval 1.08-3.15) independently of
left ventricular ejection fraction, left ventricular mass,
NYHA class and age39. However, patients with dilated
cardiomyopathy frequently have complications which
might potentially explain both left atrial dilation and
adverse outcomes such as atrial fibrillation, mitral re-
gurgitation or diastolic dysfunction of the left ventricle.
In a study28 of more than 300 patients with dilated car-
diomyopathy, left atrial volume was found to be a pow-
erful marker of prognosis with a hazard ratio of 1.02
per 1 ml/m2 change (95% confidence interval 1.015-
1.026). This result was maintained after adjustment for
atrial fibrillation, mitral regurgitation and the presence
of restrictive mitral filling. The prognostic power of left
atrial volume was confirmed in the subgroups of pa-
tients with and without atrial fibrillation, mitral regur-
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gitation and restrictive mitral filling. Among the sub-
group of patients with particularly severe left ventricu-
lar dysfunction (ejection fraction < 30%), 90% of pa-
tients with left atrial volumes < 68.5 ml/m2 survived af-
ter 150 months, as against only 44% of patients with
larger left atrial volumes. 

Left atrial volume has been shown to correlate with
brain natriuretic peptide levels40. Brain natriuretic pep-
tide increases with the severity of heart failure and has
been demonstrated to be a powerful marker of progno-
sis in patients with left ventricular dysfunction41. How-
ever, left atrial size predicts prognosis independently of
brain natriuretic peptide42. Similarly, recent literature
showed that left atrial volume had prognostic value in-
dependent and incremental to maximal oxygen con-
sumption43. 

Conclusion

The left atrium plays a fundamental role in cardio-
vascular pathophysiology through a complex relation-
ship with the ventricular chamber. Left atrial enlarge-
ment is mainly related to diastolic impairment of the
left ventricle, but mitral regurgitation or atrial fibrilla-
tion also has a role in determining the degree of atrial
dilation. Recent studies emphasize that left atrial size is
a powerful marker of prognosis in different cardiac dis-
eases and in the general population. Consequently, left
atrial area and volume should be included in the
echocardiographic assessment of cardiac function in
different cardiac diseases. 
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