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Left atrial dimensions – 
Is left atrial volume calculation 
always necessary?

LEFT ATRIAL 

ASSESSMENT

dilatation, group 3 - studies with moderate left atrial dilatation 

and group 4 - studies with severe left atrial dilatation. Criteria 

for including patients into the different groups were based on 

the routine measurements of left atrial antero-posterior 

diameter and left atrial area, as performed by the original team 

who had performed and interpreted these studies, (Figures 1A 

and B), according to the recommendations.(13) If there was 

discrepancy between left atrial diameter and area, the parameter 

that was larger determined the final grading. These 100 exami-

nations were then re-assessed for left atrial size, using calcula-

tion of the left atrial volume and left atrial volume index 

ABSTRACT

Background: Left atrial size may increase with hyper-

tension, diastolic dysfunction, atrial fi brillation, valvular 

disease, ischaemic heart disease and heart failure. 

Accurate measurement of left atrial size is important 

as it can help in the diagnosis and management of 

heart diseases. Recently, left atrial volume has been 

recommended for the accurate measurement of the 

left atrial size. These measurements are complex and 

sometimes controversial. In this study we sought to 

investigate when left atrial volume measurement may 

not be necessary.

Methods: One hundred echocardiographic studies were 

selected retrospectively according to the left atrial 

size - diameter and/or left atrial area. Twenty-fi ve 

patients were included in each of the 4 groups: severe, 

moderate, mildly dilated and normal left atrium 

respectively, according to routine 2-dimesional (2D) 

echo measurements. Then, left atrial size was re-

calculated and left atrial volume was computed and 

adjusted to the body size. 

Results: Initial diagnosis of normal left atrial size and 

severely dilated left atrium were accurate in 100% of 

the evaluated studies, according to left atrial diameter 

and left atrial area. In patients with mild and moderate 

left atrial dilatation, the left atrial area was usually 

underestimated.

Conclusion: If normal, or severe, left atrial dilatation is 

found by simple measurements of antero-posterior 

diameter and area, further calculation of left atrial 

volume index may not be necessary. In all other cases 

left atrial volume index should be calculated to 

accurately grade left atrial dilatation.   
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INTRODUCTION

Accurate assessment of the left atrial size is important. Larger 

left atrial size has been associated with thromboembolism,(1) 

stroke and death,(2) and hypertensive heart disease.(3) Left atrial 

volume was predictive for congestive heart failure,(4) cardio-

vascular events(5) and correlated with diastolic dysfunction.(6) 

Left atrial size was predictive for mortality in patients with 

dilated cardiomyopathy(7) and myocardial infarction.(8,9) For 

many years left atrial dimensions were determined according 

to simple linear and 2D measurements, with or without, 

correction for body size. Recent guidelines recommend, on 

routine assessment of the left atrial size, using calculation of left 

atrial volume.(10) The measurements, as obtained by different 

methods, are controversial and do not always provide similar 

results.(11,12) These measurements are complex and often 

prolong the time of echocardiographic exams in a busy 

echocardiography-lab.

In this work we contemplated to define, when calculation of 

left atrial volume may not be necessary.

METHODS

We reviewed our database of 9 000 digitally stored echo-

cardiographic exams, performed during 2012 - 2013 at Assaf 

Harofeh Medical Center, and identified patients with normal, 

mild, moderate and severe left atrial dilatation according to the 

hospital records. Twenty-five studies with adequate imaging 

quality were randomly selected in each group. Group 1 - studies 

with normal left atrial size, group 2 - studies with mild left atrial 
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adjusted to body surface area as recommended,(10) according 

to the formula 8/3π[(A1)(A2)/(L)], and as illustrated in 

Figures 2 A and B. Body Surface Area (BSA) was calculated 

according to Mosteller,(14) BSA=√(weight x height/3 600). 

Our goal was to determine how often accurate volume 

calculation will change the definition of left atrial size based on 

simple 2D measurements.

RESULTS (Table 1, Figure 3)

In group 1 (normal left atrial size) left atrial volume index was 

within the normal range in all 25 echo exams. 

In group 2, initially defined as mild left atrial dilatation, only 32% 

(8 patients) had mild left atrial dilatation according to the left 

atrial volume index. In 2 exams normal left atrial size was found. 

In the other 15 echo exams (60%) left atrial area was compatible 

with moderate dilatation.

In group 3, initially defined as moderate left atrial dilatation, 

calculated left atrial volume index changed the diagnosis in 96% 

(24 patients). In 1 patient left atrial size was changed to mild. In 

23 patients true left atrial size, estimated according to the left 

atrial volume index, was compatible with severe dilatation.

In group 4, patients with severe left atrial dilatation, calculation 

of the left atrial volume index did not change the diagnosis in 

any of the 25 patients and severe left atrial dilatation was found 

by left atrial volume index. 

Adjustment of the antero-posterior left atrial diameter to the 

body surface area diminished size of the left atrium to lower 

category in 7 exams (28%) of group 4, 17 exams (68%) of 

group 3 and 22 exams (88%) of group 2. 

DISCUSSION

Our results revealed an underestimation of the left atrial size 

with routine unadjusted left atrial diameter and area in patients 

with mild and moderate left atrial dilatation. In patients with 

normal left atrial size and in patients with severe left atrial 

dilatation, calculation of the volume did not change the initial 

diagnosis, even without adjustment to the BSA. In all the groups 

FIGURE 1: Routine initial 2D measurements of the left atrial 

size according to the antero-posterior left atrial diameter (A), 

and to the left atrial area (B).

FIGURE 2: Measurements of left atrial area and length of the 

left atrium on 4-chamber view (A), and on 2-chamber view (B), 

that are necessary for the calculation of left atrial volume.
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BMI was elevated representing different BSAs, requiring adjust-

ment to body surface area in most echo studies. 

Until recently, linear left atrial dimensions have been used for 

estimation of left atrial size.(15,16,17) The 3-dimensional (3D) 

LEFT ATRIAL ASSESSMENT

structure of the heart needed more accurate measurements 

of left atrial volume which were introduced in 2005 - 6,(13) 

and these have become the standard based on the recent 

guidelines.(10) Ellipsoidal formula underestimates left atrial 

volume.(12) Area-length method and biplane method of discs 

FIGURE 3: Left atrial volume index is represented graphically for all 4 groups of patients with initial diagnosis of normal left atrium, mild, 

moderate and severe left atrial dilatation. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Severe dilatation Moderate dilatation Mild dilatation Normal left atrium

Left artrial volume index in 4 groups of patients

cm/m2

128

65

35

22

TABLE 1: Assessment of the left atrial size in 4 groups of echo exams with mild, moderate, severe and normal left atrial size.

LA size 

according 

to LAD

with/or 

LA Area

Normal 

n=25

Mild 

n=25

Mode-

rate 

n=25

Severe 

n=25

Age

53±9

54±13

66±13

70±11

M/W*

14/11

12/13

15/10

12/13

LADI

cm/m2

1.8±0.2

2.1±0.2

2.5±0.3

3.3±0.6

LAD

cm

  3.4±0.3

4.1±0.2

4.8±0.3

6.2±1

Area 4C

cm2

15±2

22±2

32±4

47±14

Area 2C

cm2

15±2

20±2

30±0.4

45±17

Mean 

Area

cm2

14.7±2

22±4.6   

31±3.5

46±15

       

Shortest 

L

cm

4.5±0.6

5.4±0.3

6.6±0.5

7.6±1.5

LAV

cm

41±7.8

68±7.6

125± 24

243±120

LAVi

cm3/m2

22±3.2

35±4.2

65±15

128±59

Height, 

cm

170±12

169±10

170±11

167±9

Weight, 

kg

78±15

83±14

82±22

77±16

BSA 

m2

1.91±0.2

2±0.2

 2±0.3

1.89±0.2

BMI

kg/m2

27±4

29±4.6

 29±6.5

28±6

Initial

Diagnosis

Correct

25 (100%)

8(32%)

1(4%)

25(100%)

LA: left atrium, LAD: antero-posterior left atrial diameter, LADi: left atrial diameter index adjusted for BSA, L: length of left atrial, LAV: left atrial volume, 
LAVi: left atrial volume index adjusted for BSA, BSA: body surface area, BMI: body mass index. M: men, W: women*   Reference range (10,11)**

Normal range** LAD men (3-4), women (2.7-3.8) LADi (1.5-2.3)  Area (≤20) LAV men (18-58), women (22-52), LAVi (22±6)     

Mild LA Dilatation** LAD men (4.1-4.6), women (3.9-4.2) LADi (2.4-2.6) Area (20-30) LAV men (59-68), women (53-62), LAVi (29-33)

Moderate LA Dilatation**  LAD men (4.7-5.2), women (4.3-4.6) LADi (2.7-2.9) Area (30-40) LAV men (69-78), women (63-72), LAVi (34-39)

Severe LA Dilatation** LAD men ≥5.2, women ≥4.7 LADi ≥3 Area >40 LAV men ≥79, women ≥73, LAVi ≥40  
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(modified Simpson’s rule) were recommended recently as well 

as a 3D data set.(10) With the development of echocardiographic 

speckle tracking imaging,(18) left atrial function assessment 

became possible(19) with calculation of segmental and average 

peak left atrial strain,(20,21) but this is time consuming and needs 

off-line analysis. Echocardiographic 3D data sets are usually 

obtained from the apical approach using a multi-beat full volume 

acquisition.(22,23) This algorithm is time consuming, needs post-

processing and probably underestimates true left atrial volume 

in comparison with the gold standard magnetic resonance 

imaging (CMR).(24)

Left atrial size and volume can be evaluated with computerised 

tomography (CT), usually before radiofrequency ablation of 

atrial fibrillation,(25) and before closure of left atrial append-

age.(26) For calculation of left atrial volume CT uses echo-

cardiographic views and methods,(27) that include area length 

method, Simpson’s method(28) and the ellipsoid technique.(29) 

Other views used in CT are different from those obtained with 

echocardiography and CMR.(30) 3D algorithm for left atrial 

volume calculation was also proposed,(27) internal contour of 

the left atrium should be delineated from the apical 4- and 

2-chamber views. Cardiac CT is a rapid technique, but is 

associated with irradiation, injection of iodinated contrast and 

is relatively expensive. 

Cardiac magnetic resonance can also be used for calculation of 

left atrial volume.(31) The same biplane echocardiographic tech-

niques (area-length method and ellipsoid method) are used 

from 4-chamber and 2-chamber views similar, to echocardio-

graphy. Simpson’s method, with thorough delineation of left 

atrial contour at each of the sequential short axis images, can 

be performed. 3D CMR algorithm also exists.(31) CMR acqui-

sition time is 30 - 50 minutes, it is associated with the injection 

of gadolinium or a gadolinium like contrast, it is expensive and, 

unless shielded, cannot be performed in patients with pace-

makers and defibrillators.(32)

Echocardiographic examination is a real-time imaging, it takes 

up to 30 minutes, has good spatial resolution, it is widely 

available and does not need contrast.(32) 

Correct left atrial volume evaluation needs experience for 

optimal delineation of the left atrial area and length, avoiding 

foreshortening, excluding pulmonary veins and appendage and 

keeping at end systole. A small error in left atrial area will be 

magnified by the formula. Optimal imaging settings often take 

time, even for an experienced operator. In this light we suggest 

the initial use of standard simple 2D measurements – antero-

posterior left atrial diameter and area of the left atrium. If these 

parameters are compatible with normal left atrial size, or with 

severely dilated left atrium, further calculations may not be 

necessary. In all other cases accurate grading of left atrial 

dilatation is obligatory. These findings can be of particular value 

in an outpatient echocardiography service with a large number 

of normal exams and limited time devoted to each echo-

cardiography exam. It may be less applicable to large tertiary 

centers where most echocardiography studies are pathological.

CONCLUSION 

If normal, or severely dilated, left atrial size is found by initial 2D 

measurements of antero-posterior diameter and left atrial area, 

calculation of left atrial volume index may not be necessary. In 

all other cases, left atrial volume index is necessary to accurately 

determine left atrial dimension. 

LIMITATIONS

Although we re-evaluated and re-measured all digitally stored 

echocardiographic exams, the study is retrospective. In some 

cases, discrepancy between left atrial diameter and area exists. 

In our study the larger parameter of these 2 determined the 

final grading.

Conflict of interest: none declared.
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