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ABSTRACT

Background: Left atrial (LA) enlargement is a predictor of worse outcome after catheter ablation for atrial 
fi brillation (AF). We investigated the correspondence between single LA diameter (LAd) and LA volume 
(LAV) in patients undergoing catheter ablation for AF. 
Methods: Total 782 patients (aged 58 ± 11 yrs; 70% males; 56% paroxysmal AF) were enrolled in 2 centres 
in the period of 2007–2011. Echocardiographic antero-posterior LAd was assessed in parasternal long-axis 
view and LAV was derived from electroanatomical 3D reconstruction of LA (183 ± 50 CARTO mapping points; 
55% CT image registration). 
Results: Mean LAd was 45 ± 6 mm (median: 45; IQR: 41–49; range: 25–73 mm) and mean LAV was 134 ± 42 
ml (median: 128; IQR: 103–160; range: 46–313 ml). Correlation between both variables was weak (r = 0.56; 
p < 0.0001) and area under the ROC curve for the LAd-based prediction of LAV > 130 ml was 0.76. According-
ly, severe dilation of LA (LAV > 160 ml; upper quartile) was found only in 56% of patients with LAd > 50 mm 
while it appeared in 11% of those with LAd < 45 mm. In multivariate regression analysis, age, gender, and 
type of AF were independent covariates of LAV yielding the equation of LAV (ml) = 68 + 0.413. LAd (cc) + 15 
(if male) + 0.48.age (yrs) – 21 (if paroxysmal AF). Substantial between-centre bias was also found refl ecting 
subjective nature of echocardiographic readings. Adjustment for all covariates improved the corresponden-
ce between LAd-predicted and true LAV only modestly (AUC increased from 0.76 to 0.83) with wide 95% 
limits of agreement (–58 to +60 ml). 
Conclusions: Considerable disagreement between echocardiographic LAd and 3D mapping LAV was ob-
served in patients with non-valvular atrial fi brillation. Single LA dimension should not be considered rele-
vant criterion for the indication of rhythm/rate control therapy and, particularly, for the selection of suitable 
candidates for catheter ablation.
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Introduction

Radiofrequency catheter ablation (RFCA) for atrial fi b-
rillation (AF) is now established therapy in selected pa-
tients [1]. Assessment of left atrial (LA) size, which has 
been identifi ed as a predictor of RFCA effi cacy [2–9], is 
essential when ablation treatment for AF is considered. 

Echocardiography is a widely available non-invasive 
imaging technique for the assessment of LA size [10]. 
Multi ple 2D echo indices of LA volume (LAV) were mutu-
ally compared as well as correlated with computed tomo-
graphy (CT) or magnetic resonance (MR) imaging [11–14]. 
Real time 3D echocardiography was recently introduced 
and validated for the measurement of LAV [15–19]. 

Despite these advances in quantifi cation of LA ana-
tomy, the simplest index, antero-posterior LA diameter 
(LAd) assessed from long-axis parasternal (PLAX) view, 
was predominantly used for stratifi cation of risk for AF 
recurrence in numerous RFCA studies as refl ected by re-
cent metaanalysis [20]. It has long been known, however, 
that LAd poorly correlates with LAV [21–24]. During the 
RFCA procedure, electroanatomical 3D reconstruction of 
the LA can be accurately performed [25] and LAV can be 
assessed without geometric assumptions [26,27].

Little is known about factors that may infl uence the 
relationship between LAd and LAV. Our retrospective 
study aimed at investigating this relation in multivariate 
fashion in patients undergoing RFCA for AF in whom de-
tailed LA electroanatomical mapping was available and 
considered as gold standard for LAV assessment.

Methods

Consecutive patients who underwent RFCA for AF at two 
cardiocentres between May 2007 and December 2011 
were analysed. The data were retrieved from dedicated 
registry that was shared by both centres (2nd Department 

of Internal Medicine – Cardiology and Angiology, the 
First Faculty of Medicine, Charles University and General 
University Hospital in Prague and Department of Cardio-
logy, Heart Centre, Hospital Podlesí, Třinec). Collection of 
data was approved by the local ethics committees of both 
institutions. All patients gave an informed consent with 
procedure.

LA mapping was performed in standardized way prior 
to ablation procedure. Three-dimensional electroanato-
mical mapping system (CARTO XP or CARTO3, Biosense-
-Webster Inc., Diamond Bar, CA, USA) and manual ca-
theter navigation was used for the reconstruction of the 
LA endocardial surface. Uniformly distributed mapping 
points were acquired at sites with stable endocardial 
contact. Special attention was payed not to acquire the 
mapping points behind the pulmonary vein ostia. Orifi ce 
and proximal part of left atrial appendage was always 
mapped. Precise delineation of mitral annulus was per-
formed in all cases. Intracardiac echocardiography was 
used to visualise and tag the critical structures. A 3D vir-
tual shell of LA was built by software interpolations over 
the co-ordinates of multiple endocardial points. When 
multi-detector computed tomography reconstruction of 
LA was available, the CT image was registered to CAR-
TO map by automatic algorithm that minimizes the di-
stance between the mapping points and the surface of 
CT image. Merged display of CT image and electroanato-
mical map was used to eliminate incidental internalised 
and/or externalised mapping points in order to improve 
the quality of registration. Finally, LAV was assessed using 
a built-in computation function of the Biosense system. 
Patients with < 50 mapping points were excluded from 
the analysis.

Echocardiographic examinations were performed ac-
cord ing to the recommendations of the American So-
ciety of Echocardiography [10]. All echocardiograms were 
acquired before RFCA and in majority of patients within 

SOUHRN

Úvod: Velikost levé síně (LS) je jedním z prediktorů úspěšnosti katetrizační ablace fi brilace síní (FS). Cílem 
práce je zhodnocení vztahu mezi předozadním rozměrem LS (LAd) a objemem LS (LAV) u pacientů podstu-
pujících ablaci fi brilace síní. 
Metody: Analýza byla provedena na datech 782 nemocných (průměrného věku 58 ± 11 let; 70 % muži; 56 % 
paroxysmální FS) léčených ve dvou ablačních centrech v letech 2007–2011. LAd byl hodnocen echokardiogra-
fi cky v parasternální projekci na dlouhou osu a LAV byl získán trojrozměrným elektroanatomickým mapová-
ním LA (183 ± 50 bodů CARTO; 55% CT registrace).
Výsledky: Průměrný LAd činil 45 ± 6 mm (medián: 45; IQR: 41–49; rozptyl: 25–73 mm) a průměrný LAV byl 
134 ± 42 ml (medián: 128; IQR: 103–160; rozptyl: 46–313 ml). Mezi oběma parametry byla přítomna slabá 
korelace (r = 0,56; p < 0,0001). Analýza ROC ukázala hodnotu plochy pod křivkou (AUC) 0,76 pro predikci 
LAV > 130 ml pomocí LAd. Výrazná dilatace LS (LAV > 160 ml; horní kvartil) byla nalezena pouze u 56 % 
nemocných s LAd > 50 mm, zároveň ale byla přítomna i u 11 % nemocných s LAd < 45 mm. V multivariačním 
regresním modelu byly parametry věku, pohlaví a typu FS identifi kovány jako nezávislé proměnné ovlivňující 
velikost skutečného LAV; regresní rovnice LAV (ml) = 68 + 0,41.LAd3 + 15 (při mužském pohlaví) + 0,48 věku 
(roky) – 21 (při paroxysmální FS). Byl zjištěn významný rozdíl v korelaci LAd a LAV mezi ablačními centry 
odrážející interindividuální variabilitu v měření LAd. Zahrnutí všech proměnných zlepšilo vztah mezi predi-
kovaným LAV a měřeným LAV pouze mírně (AUC vzrostla z 0,76 na 0,83). 
Závěr: U nemocných s nevalvulární FS je přítomen významný nesoulad mezi echokardiografi cky stanoveným 
LAd a LAV získaným elektroanatomickým mapováním. Izolovaný LAd nelze považovat za ralevantní parame-
tr při volbě léčebné strategie FS, zejména při indikaci/kontraindikaci katetrizační ablace.

© 2012, ČKS. Published by Elsevier Urban and Partner Sp. z o.o. All rights reserved.
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were performed using the STATISTICA vers.6.1 software 
(Statsoft, Inc., Tulsa, USA).

Results

Data from 782 patients (aged 58 ± 11 years; 70% males; 
56% paroxysmal AF) were included in the analysis. Base-
line characteristics of total population and subgroups by 
type of AF are shown in Table 1. Males were signifi cantly 
younger than females (57 ± 9 vs. 62 ± 8 years, p < 0.0001). 
Mean LAd was 45 ± 6 mm (median: 45; interquartile range 
[IQR]: 41–49; range: 25–73 mm) and mean LAV was 134 ± 
42 ml (median: 128; IQR: 103–160; range: 46–313 ml). The 
distributions of LAd and LAV are illustrated in Fig. 1.

Pearson’s correlation coeffi cient between cubed LAd 
and LAV was 0.56; p < 0.0001 (Fig. 2). The correlation was 
signifi cantly weaker in females and in patients who were 
investigated in one of participating centres (Table 2). Posi-
tive and negative predictive characteristics of LAd for LAV 
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Fig. 2 – Correlation between left atrial diameter and left atrial vo-
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Table 1 – Baseline characteristics.

Total population 
(n = 782)

Paroxysmal AF 
(n = 435)

Non-paroxysmal AF 
(n = 347)

Age (years) 58 ± 11 58 ± 10 59 ± 9

Males 546 (70%) 282 (65%) 264 (76%)†

Arterial hypertension 465 (59%) 241 (55%) 224 (65%)†

Diabetes mellitus 107 (14%) 57 (13%) 50 (14%)

Structural heart disease 80 (10%) 29 (7%) 51 (15%)†

Coronary artery disease 54 (6.9%) 26 (6%) 28 (8%) 

ECHO LAd (mm) 45 ± 6 43 ± 6 47 ± 6

CARTO mapping points 183 ± 50 173 ± 44 195 ± 52†

CT image registration 431 (55%) 254 (58%) 177 (51%)

CARTO-derived LAV (ml) 134 ± 42 119 ± 33 153 ± 43 

AF – atrial fi brillation; CT – computed tomography; LAd – antero-posterior left atrial diameter; LAV – left atrial volume. Values represent 
mean ± standard deviation or number (percentage). † – p < 0.05 (paroxysmal AF vs. non-paroxysmal AF).

24 h before the procedure. LAd was defi ned as end-sy-
stolic, M-mode derived antero-posterior linear dimension 
in PLAX view using 2D guidance for the positioning of 
cursor. 

Statistical analysis: Continuous variables were expres-
sed as means with standard deviations and compared by 
the 2-tailed t-test for independent samples. Categorical 
variables were expressed as percentages and compared 
by χ2-test. Pearson’s correlation and multivariate linear 
regression were used to analyse the relationship between 
LAd together with other clinical covariates as dependent 
variables and true LAV as independent variable. Cubed 
LAd entered the regression model in order to linearise its 
relation to LAV. Multivariate equation for LAV prediction 
was obtained by stepwise forward model and the agre-
ement between measured and predicted LAVs was ana 
analysed using the method of Bland and Altman. Recei-
ver operating characteristics for LAd (or predicted LAV) 
vs. above-median CARTO-derived LAV were assessed. 
P-value < 0.05 was considered signifi cant. All analyses 
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at two cut-off values of > 45 and > 50 mm, and > 130 ml 
and > 160 ml, which represent approximately medians 
and upper quartiles, respectively, are shown in Table 3. 
This indicates that severe dilation of LA (LAV > 160 ml) 
was found only in 56% of patients with LAd > 50 mm whi-
le it appeared in 11% of those with LAd < 45 mm.

Apart from LAd, age, gender, type of AF, and centre 
were signifi cantly associated with LAV by multivariate re-

gression analysis, while the presence of structural heart 
disease, hypertension, diabetes, and CT registration were 
not independent covariates. Detailed results are shown in 
Tables 4 and 5. Generally, LAV could be estimated by the 
equation: LAV (ml) = 68 + 0.41.LAd3 (cm3) + 15 (if male) + 
0.48.age (yrs) – 21 (if paroxysmal AF).

Despite the adjustment for covariates, absolute 
and relative differences between CARTO-derived and 
LAd-predicted LAV ranged from –100 to +113 ml and 
from –68% to +114%, respectively, with standard de-
viation of 31 ml (coeffi cient of variation of 23%). We 
found wide 95% limits of agreement (–58 to +60 ml) be-
tween true and predicted LAV (Fig. 3). The relative error 
in LAV prediction was > 10%, > 20%, and > 30% in 64%, 
35%, and 13% of patients, respectively. Poor ability of 
LAd alone to predict true LAV > 130 ml, as demonstra-
ted by receiver operating characteristics (ROC) with area 
under the curve (AUC) of 0.76, improved only modest 
(AUC = 0.83) after adjustment for signifi cant covariates 
(Fig. 4). Fig. 5 shows between-centres difference in ROC 
curves with AUC of 0.76 vs. 0.81. 

Table 3 – Positive and negative predictive values of LAd for LAV.
LAV > 130 ml LAV > 160 ml

PPV (%) NPV (%) PPV (%) NPV (%)
LAd > 45 mm 67 68 41 89
LAd > 50 mm 80 58 56 82

LAd – antero-posterior left atrial diameter; LAV – left atrial volume; 
NPV – negative predictive value; PPV – positive predictive value.

Table 2 – Pearson’s correlation between cube LAd and LAV in specifi c clinical categories.

Category 1 N1 R1 Category 2 N2 R2
p-value 
(R1 vs. R2)

Enrolling centre A 560 0.52 Enrolling centre B 222 0.72 < 0.0001

Age > 60 years 352 0.51 Age ≤ 60 years 430 0.59 NS

Male gender 546 0.56 Female gender 236 0.41 0.01

Paroxysmal AF 435 0.48 Non-paroxysmal AF 347 0.53 NS

SHD present 80 0.65 SHD absent 702 0.55 NS

AH present 465 0.52 AH absent 317 0.60 NS

DM present 107 0.42 DM absent 675 0.58 NS

CT image registration YES 431 0.58 CT image registration NO 351 0.52 NS

AF – atrial fi brillation; AH – arterial hypertension; CT – computed tomography; DM – diabetes mellitus; LAd – antero-posterior left atrial 
diameter; LAV – left atrial volume; N1, N2 – number of patients; R1, R2 – correlation coeffi cients; SHD – structural heart disease.

Table 4 – Multivariate determinants of CARTO-derived LAV.

Parameter B statistics 95% CI p-value

Intercept 54.7 37.6–71.8 < 0.0001

Ablation centre 
(A = 1; B = 0)

20.8 15.8–25.9 < 0.0001

Male gender 
(no = 0; yes = 1)

12.4 7.1–17.6 < 0.0001

Age (years) 0.42 0.2–0.7 0.002

Paroxysmal AF 
(no = 0; yes = 1) 

–19.7 –24.4–15.1 < 0.0001

CT image registration 
(no = 0; yes =1)

1.8 –2.7–6.4 NS

Arterial hypertension 
(no = 0; yes = 1)

1.0 –3.8–5.9 NS

Diabetes mellitus 
(no = 0; yes = 1)

–5.0 –11.7–1.7 NS

Structural heart disease 
(no = 0; yes = 1)

4.7 –2.6–12.0 NS

Cube LAd (cm3) 0.42 0.4–0.5 < 0.0001

AF – atrial fi brillation; CT – computed tomography; LAd – antero-
-posterior left atrial diameter; LAV – left atrial volume.

Table 5 – Stepwise forward regression analysis for LAV as depen-
dent variable.

Model 1 Model 2

Parameter B statistics p-value B statistics p-value

Intercept 56.2 < 0.0001 67.8 < 0.0001

Ablation centre 
(A = 1; B = 0)

20.3 < 0.0001 – –

Male gender 
(no = 0; yes = 1)

12.7 < 0.0001 14.7 < 0.0001

Age (years) 0.42 0.001 0.48 0.001

Paroxysmal AF 
(no = 0; yes = 1)

–20.0 < 0.0001 –21.4 < 0.0001

Cube LAd (cm3) 0.42 < 0.0001 0.41 < 0.0001

AF – atrial fi brillation; LAd – antero-posterior left atrial diameter; 
LAV – left atrial volume. Ablation centre information is excluded 
from the Model 2 in order to obtain generally applicable regression 
equation.
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Discussion

The study showed substantial disagreement between 
echocardiographic LAd and LAV assessed by 3D electro-
anatomical mapping in patients with non-valvular atrial 
fi brillation. Considerably large population, which was sa-
tisfactorily balanced in terms of gender and type of AF 
and had wide range of LA size, enabled comprehensive 
analysis of factors that are responsible for this disagree-
ment. Because the data were collected in 2 centres, the 
effect of deviation from presumably standardized measu-
rement techniques could also be indirectly assessed.

It was shown that age, gender and type of AF had sig-
nifi cant and independent impact on the relationship be-

Fig. 3 – Agreement between measured (CARTO-derived) and LAd-
-predicted LAV. Bland-Altman plot with mean difference of 0.9 ± 
30 ml and 95% limits of agreement (–58 to +60 ml).
LAd – antero-posterior left atrial diameter; LAV – left atrial volume; 
SD – standard deviation. 
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tween LAd and LAV. Single echocardiographic diameter 
may overestimate the LAV in younger patients, in fema-
les, and in patients with paroxysmal AF. The opposite may 
be true for older patients, males, and those with persis-
tent AF. By adjusting for these covariates, the predictive 
characteristics of LAd for LAV improved but still remained 
far from the optimum.

The disagreement between LAd and LAV is not a no-
vel observation. M-mode LAd was correlated to biplane 
ECHO LAV (r = 0.76) [21], to 3D ECHO LAV (r = 0.78) [23], 
and to LAV assessed by ellipsoidal formula in large Olm-
sted County Population Study (κ = 0.53) [22]. In patients 
with AF, even poorer correlation (r = 0.49) was reported 
between LAd and CT-assessed LAV, probably because of 
greater variability of atrial anatomy in this population of 
patients referred for catheter ablation [24].

Although LAd is inaccurate for the assessment of LA 
size, it is widely available measure (sometimes the only 
reported index) in clinical registries or even in prospective 
clinical trials. That is why any information on the relation-
ship between LAd and LAV, which was investigated in our 
study, may be of practical value. 

LA enlargement assessed by LAd was predictive of risk 
for nonvalvular AF in Framingham Heart Study [28]. Nu-
merous studies reported predictive value of LAd for cli-
nical success of RFCA [20]. Only recently, several studies 
reported LAV assessed by echocardiography [3,8], CT ima-
ging [4–6] and MR imaging [7,9] to be associated with 
clinical outcome. Direct comparison of predictive power 
of LAd versus LAV for arrhythmia-free survival in patients 
after RFCA is missing. There is only single report on supe-
riority of LAV to LAd in the prediction of AF recurrence 
after successful electrical cardioversion [29]. In patients 
with sinus rhythm, LAV was a more robust marker of car-
diovascular events than LAd [30]. 

We assumed CARTO-derived LAV, which can accurately 
be assessed irrespective of anatomical LA abnormalities, 
to be a golden LAV standard. This assumption was not so-
lely based on our own experience with this imaging mo-

Fig. 5 – Receiver operating characteristics for the prediction of LAV 
> 130 ml – impact of centre. Predictive value of LAd for enroling 
centre A (dotted line) and B (solid line).
AUC – area under the curve; LAd – antero-posterior left atrial dia-
meter; LAV – left atrial volume.
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dality. Another report demonstrated high corresponden-
ce between LA CARTO map and CT-assessed LA anatomy 
[25]. LAV assessment by the electroanatomical mapping 
has already been used in two small studies and showed 
reasonable agreement with LAV assessed either by bi-
plane 2D echocardiography [26] or 3D echocardiography 
[27]. In our study, high-density electroanatomical maps 
were created by experienced operators. In more than 
half of procedures, CT image registration was performed 
which invariantly exhibited excellent spacial agreement 
between CARTO maps and CT images. 

Because the LA is a non-spherical cavity, any LA linear 
dimension cannot refl ect accurately true LA size [31]. LA 
size assessment by echocardiography is not only limited 
by non-spherical LA anatomy but also by the measure-
ment error associated with single reading compared 
CARTO-mapping with multiple readings (multiple points) 
where individual inaccuracies are mutually nullifi ed. Fur-
thermore, echocardiography is patient-dependent (inci-
dentally poor echocardiographic window) and observer-
-dependent (appropriate angulation and gain adjustment 
for clear visualization of the LA endocardium contour) 
[11,21]. For non-spherical chamber, the maximum diame-
ter obtained does not necessarily correspond to anatomi-
cally correct projection. It is plausible to speculate that 
in case of small and/or fl attened LA (in young patients, 
females, and patients with paroxysmal AF) echocardio-
graphists are more prone to adjust the projection in order 
to improve the quality of the image. This is likely a source 
of LAd and LAV overestimation in such patients as sug-
gested by our multivariate analysis.

For all these reasons, we believe that the disagreement 
between both methods of LA size assessment is predomi-
nantly due to inherent inaccuracy of single echocardio-
graphic LA diameter. Subjective nature of echocardio-
graphic readings is supported not only by considerable 
bias between centres (signifi cant covariate in multivaria-
te analysis) but also by signifi cant between-centre diffe-
rence in LAd vs. LAV correlations and, consequently, by 
dissimilar area under the corresponding ROC curves for 
diameter vs. volume indices. 

Study limitations

The study has several limitations. First, the study was 
not prospectively designed and the data collection was 
not independently monitored. Second, both centres did 
not contribute equally to the enrolment of patients and 
some dysbalance in patients characteristics also appeared 
between centres. Third, CT image registration was not 
performed in all patients in order to minimise the LAV 
 measurement error. Fourth, the incomplete data have 
not allowed investigating the role of other LA diameters 
in prediction of LAV. Fifth, the results cannot be extrapo-
lated to other populations, i.e. to patients without AF.

Conclusions

The correlation between echocardiographic antero-pos-
terior LAd and CARTO-derived LAV is weak so that LA 

size can be severely over- or underestimated by the use of 
single LA diameter. This disagreement can predominantly 
be attributed to non-spherical LA shape and to within- 
and between-centres echocardiographic measurement 
error. Prediction characteristics of LAd for LAV can, to 
some extent, be improved by the adjustment for signifi -
cant clinical covariates (gender, age, and type of AF). Ne-
vertheless, single LA dimension should not be considered 
relevant for the indication of rhythm/rate control therapy 
in patients with AF and, particularly, for the selection of 
suitable RFCA candidates. 
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Study limitations
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some dysbalance in patients characteristics also appeared 
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performed in all patients in order to minimise the LAV 
 measurement error. Fourth, the incomplete data have 
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in prediction of LAV. Fifth, the results cannot be extrapo-
lated to other populations, i.e. to patients without AF.
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