
Introduction
The present standard, and most commonly

used technique in clinical practice, for determining
left atrial (LA) size is two-dimensional guided M-
mode echocardiography.1 Magnetic elec-
troanatomic mapping (MEAM) creates an anatomic
shell of the endocardial surface of the chamber be-
ing mapped and may be another technique for ac-
curately assessing chamber size. Current generated
by a location sensor at the tip of the mapping
catheter allows for the identification of the catheter
tip at the intersection of three low strength mag-
netic fields.2 Electrophysiological information
about local activation and electrogram amplitude
recorded from the catheter tip can be directly cou-
pled to the endocardial anatomic location. When
the roving catheter is moved in three-dimensional
space, its location relative to a reference placed on
the patient’s back is continuously monitored with a
resolution of , 1 mm.3 Given this high spatial res-
olution, it would appear reasonable to assume that
chamber size determined using this mapping sys-
tem should also be precise. An additional accurate

and reliable method for determining LA size could
prove valuable in those patients with atrial fibrilla-
tion (AF) undergoing LA mapping and ablation.
The creation of the three-dimensional shell of the
LA using this system has been reported to facilitate
ablation of focal triggers for paroxysmal AF.4 The
purpose of this study was to determine the accu-
racy of LA anteroposterior linear dimension deter-
mined by MEAM compared to the clinical standard
of two-dimensional guided M-mode echocardiog-
raphy in patients with drug refractory AF.

Patients and Methods
Patients

The study group included 37 (31 men, 6
women) patients with symptomatic drug refractory
AF who were referred for focal AF ablation. The
mean age was 49 6 14 years (range 21–75 years).
All of the patients had a history of paroxysmal AF.
The history of symptomatic AF ranged from 3 to
360 months with a mean duration of 59 months.
The median number of failed antiarrhythmic drugs
was four with a range of one to seven. The left ven-
tricular ejection fraction was normal in 35 patients
and mildly depressed (range 0.40–0.50) in two pa-
tients. Echocardiograms were obtained for all pa-
tients during the same hospitalization as when the
mapping/ablation procedure was performed. The
time between the two procedures ranged from 0 to
5 days with a median of 2 days.
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Methods
MEAM was performed using a 7 Fr de-

flectable catheter (CARTO Webster Biosense Inc.,
Diamond Bar, CA, USA). The catheter was placed
in the LA via the standard Brockenbrough
transseptal technique.5 All aspects of the LA were
mapped in detail during sinus rhythm at atrial di-
astole under the guidance of fluoroscopy and elec-
troanatomic mapping. A mean of 132 6 50 points
were sampled (range 67–189 points) with care
taken to define the location of the mitral valve an-
nulus and each of the pulmonic veins in every pa-
tient. The LA size was assessed by clipping the
three-dimensional endocardial shell created from
the detailed LA map in the anteroposterior plane
and digitally measuring the distance from the an-
terior to the posterior wall in a plane near the mi-
tral valve annulus (Fig. 1). LA size was assessed by
two-dimensional M-mode echocardiography by
taking the anteroposterior linear dimension of the
chamber in the parasternal long-axis view at atrial
end-diastole during sinus rhythm (Fig. 1). All LA
size measurements by MEAM were made inde-

pendent of any prior knowledge of the LA size as
determined by the echocardiogram. The correla-
tion coefficient comparing echocardiographic ver-
sus MEAM results were computed using a linear
regression model with a P value , 0.05 indicating
a significant difference.

Results
LA size as assessed by two-dimensional

guided M-mode echocardiography was 41.2 6 5.0
vs 40.9 6 4.5 mm as assessed by MEAM (Figs. 1
and 2). The measurements obtained by the two
different techniques were well correlated with a
high degree of significance r 5 0.87, P , 0.001). Of
the 37 patients, only 3 patients had a difference in
LA size that was . 0.3 cm between the two mea-
surement techniques (Fig. 2).

Discussion
The present study shows that the determina-

tion of LA size by MEAM is similar to that deter-
mined by transthoracic two-dimensional guided M-
mode echocardiography. The correlation observed
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Figure 1. (A) Freeze-frame image of the transthoracic echocardiogram from a representative
patient showing the two-dimensional guided M-mode assessment of LA size. Insert at the upper
right of the panel shows the two-dimensional image in the parasternal long-axis view with the M-
mode cursor across the aortic root and LA. Note that the cursor is placed close to the mitral valve
annulus in this view. The main panel shows the resulting M-mode image with calipers (labeled
B) at the edge of the anterior (top) and posterior (bottom) walls of the LA. (B) Electroanatomic
map of the LA from the same patient oriented in a modified craniocaudal view. The map is clipped
in the transverse plane with the mitral valve annulus at the left of the image. The solid line spans
the anterior and posterior walls of the LA with the linear distance displayed as measured by the
digital calipers. Ao 5 aorta; LA 5 left atrium; MVA 5 mitral valve annulus.



for LA size determination between the two mea-
surement techniques in this study (r 5 0.87) is com-
parable to that reported in the initial studies looking
to validate LA size determination by M-mode
echocardiography in comparison to cineangiogra-
phy (r 5 0.88).6 Intuitively, LA size as assessed by
MEAM should be very accurate. This technique has
been documented to have a precision of ; 1 mm for
locating points in space,3 thus exact chamber di-
mensions should be achievable. The authors are
aware of the fact that it would have probably been
more accurate to compare LA volume using the two
measurement techniques.7 However, they chose to
compare anteroposterior LA dimension because M-
mode echocardiography remains the most widely
used echocardiographic technique in clinical prac-
tice for assessing LA size. To their knowledge, this
is the first comparative study done to establish the
spatial accuracy of MEAM for defining chamber
size in a clinically relevant situation.

Although the LA size determination by the two
techniques is close, it is interesting to speculate
why differences in size (. 0.3 cm) were identified
in about 8% of the patients. The most likely source
of error introduction in this study is from devia-
tions in the angle across the LA at which the di-
mensions of the chamber were measured between
the two techniques. The angle and location at
which the LA size was measured with the elec-
troanatomic map was approximated to best match
those made with the M-mode echocardiogram. Ob-
viously, such approximations will introduce error,
but the fact that none of the measurements deviated
by more than 0.4 cm (, 10% of the mean LA di-
mension) from each other argues that the approxi-
mations in this study were reasonably accurate. In
addition, only a small number of the measurements
(3/37) deviated from each other by 0.4 cm and this
also supports the argument that the approxima-
tions made in measuring the LA size were reason-
able. In addition, mapping with a catheter may re-
sult in some distention due to catheter tension and
this could also introduce error. Other differences
may be related to the impact of recent paroxysms of

AF and/or the difference in volume conditions be-
tween the time of the two measurements.

Given the high correlation of atrial size with
the incidence of AF,8 the ability to assess LA size
at the time of ablation may be useful to help plan
additional mapping or ablation strategies in those
patients with an enlarged LA. In addition, for
those patients who require repeat procedures, LA
size may be reliably tracked with MEAM during
subsequent procedures. This is important because
increasing LA dimension, as measured by two-di-
mensional guided M-mode echocardiography, has
been shown to be associated with an increased
risk of recurrence of AF.9

ATRIAL SIZE BY ECHOCARDIOGRAPHY VERSUS CATHETER MAPPING

PACE, Vol. 25 January 2002 97

Figure 2. The relationship between LA size as assessed
by two-dimensional guided M-mode echocardiography
and MEAM for all 37 patients. The straight line is the best
fit to the data points as computed by a linear regression
model. The correlation of LA size as assessed by the two
different measurement methods is good and highly
significant (r 5 0.87, P , 0.001). Three of the 37 patients
had a difference in LA size of 0.4 cm as assessed by the
two measurement techniques (circled points). LA 5 left
atrium; MEAM 5 magnetic electroanatomic mapping.
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