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Prospective validation of phased array intracardiac
echocardiography for the assessment of atrial mechanical
function during catheter ablation of atrial fibrillation
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I
ntracardiac echocardiography (ICE) has emerged as an
adjunctive tool during electrophysiological procedures. The
objective of this study was to validate ICE for assessing

atrial mechanical function in patients with atrial fibrillation
(AF) by comparing the parameters of atrial mechanical
function assessed by transoesophageal echocardiography
(TOE) versus ICE.

METHODS
This study enrolled 23 patients (20 men; mean (SD) age 56
(12) years) undergoing ablation of symptomatic drug
refractory AF: 11 patients with paroxysmal and 12 with
persistent AF of . 6 months’ duration. The left anteropos-
terior atrial size was 45 (8) mm and left ventricular ejection
fraction was 63 (13)%. All patients were prospectively
enrolled after providing written informed consent.

TOE was performed on the day of the ablation procedure
with a Hewlett Packard Sonos 2500 or 5000 or an Acuson
Sequoia workstation connected to a multiplane 5–7.5 MHz
probe. ICE imaging was performed at the start of the ablation
procedure. A 10 French ICE catheter with a 5–10 MHz probe
was connected to an Acuson Sequoia workstation. In five
patients without adequate imaging of the left atrial appen-
dage (LAA) from the right atrium, the catheter was advanced
into the left atrium through a patent foramen ovale or a
transseptal puncture. All parameters were measured accord-
ing to established clinical laboratory practice and were
recorded on videotape or digitally for offline analysis.

The following parameters were determined by TOE and
ICE: LAA emptying velocity (LAAEV); maximum mitral E
wave velocity; left atrial spontaneous echo contrast grade
(LASEC); and left pulmonary vein (PV) diameter. Maximum
LAAEV was assessed with pulsed wave Doppler by placing
the sample volume 1 cm into the mouth of the LAA, with the
Doppler beam parallel to LAA longitudinal axis. Maximum E
wave velocity was measured by positioning the sample
volume at the tip of the leaflets of the mitral valve, with
the Doppler beam perpendicular to the atrioventricular valve
plane. Measurements were averaged over 20 consecutive
cycles. LASEC was graded on a scale of 0 to 4 according to
previously published criteria and was assessed independently
by two observers with differences resolved by consensus.1 PV
diameter was measured at the ostium of each left vein and
defined as the intersection of a line that extends from the
contour of the left atrium to the PV and the contour of the PV
to the left atrium. The right veins were not assessed because
they could not be delineated consistently with TOE.

Continuous variables are expressed as mean (SD).
Correlations between continuous variables were determined
with Pearson’s correlation coefficients and linear regression.
In addition the limits of agreement between the two
techniques were calculated for each variable by the statistical
technique described by Bland and Altman.2 For agreement of

the ordinal variable LASEC the Kendall’s tb test was used.
Significance was established at p , 0.05.

RESULTS
The left atria of all patients were successfully imaged by TOE
and ICE. All parameters of atrial mechanical function were
determined in all patients, whereas PV diameter was
measured in 12 patients. Images were recorded during AF
in 19 patients and sinus rhythm in four patients. Five
patients required imaging from within the left atrium to
obtain acceptable image quality.

LAAEV was 34 (21) and 35 (22) cm/s by ICE and TOE,
respectively. The correlation between TOE and ICE for
measurement of LAAEV was highly significant with excellent
test agreement (r = 0.991, p , 0.001, mean difference
0.7 cm/s, limits of agreement 24.5 to 6.0 cm/s; fig 1A).

Mitral E wave velocity was 62 (12) and 69 (14) cm/s by ICE
and TOE, respectively. The correlation between TOE and ICE
was strong (r = 0.759, p = 0.001) with good agreement
(mean difference 6.9 cm/s, limits of agreement 210.5 to
24.3 cm/s) (fig 1B).

LASEC was observed only in patients with persistent AF; all
patients with paroxysmal AF had a LASEC score of 0. The
median observed values were 0 (range 0–2) and 0 (range 0–3)
by TOE and ICE, respectively. Good correlation and agreement
were found between the two methods (r = 0.821, p = 0.009).

The PV diameter was determined in the left PVs. Mean
diameter was 20.9 (5.4) and 20.3 (5.0) mm by ICE and TOE,
respectively. A strong correlation and excellent agreement
were found between ICE and TOE (r = 0.951, p , 0.001,
mean difference 20.6 mm, limits of agreement 23.8 mm to
2.5 mm; fig 1C).

DISCUSSION
The present study validates the use of ICE for the evaluation of
atrial mechanical function during catheter ablation of AF. ICE
was validated in comparison with TOE as the ideal.3 LAAEV,
mitral inflow velocity, and visualisation of spontaneous echo
contrast and PV diameter had highly significant correlation and
excellent agreement. Furthermore, we showed that ICE imaging
from the left atrium is feasible and offers superior image quality
for visualisation and measurements of the left atrium.

LAAEV has been clinically used to evaluate atrial mechan-
ical stunning and the recovery of atrial function after
cardioversion of atrial flutter and fibrillation.4 It is a strong
parameter representative of atrial mechanical function and
has been shown together with LASEC to be an excellent
predictor of thrombus formation and stroke in patients with
atrial arrhythmias.1

Abbreviations: AF, atrial fibrillation; ICE, intracardiac
echocardiography; LAA, left atrial appendage; LASEC, left atrial
spontaneous echo contrast grade; PV, pulmonary vein
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Previous studies of ICE have focused on visualisation of
anatomical details to guide interventional approaches.
Morton et al5 assessed atrial mechanical function in patients
undergoing ablation of cavotricuspid isthmus dependent
atrial flutter. The study evaluated patients during regular
tachycardia or sinus rhythm and observed a strong correla-
tion for LAAEV, LAA fractional area change, and PV and
mitral valve Doppler flow velocities. However, atrial function
during a more disorganised and chaotic rhythm may be
different. In addition, parameters such as Doppler A wave or
fractional area change cannot be extrapolated to AF.

The accurate determination of atrial mechanical function
by ICE imaging further enhances its usefulness during
catheter ablation of AF. Real time assessment of left atrial
function may be used to monitor the impact of extended
ablation procedures on mechanical function, allowing further
insights into pathophysiological changes after ablation. These
observations may have an impact on anticoagulation policies.
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Figure 1 On the left side the
correlation for the assessed variables is
shown; on the right side the limits of
agreement determined by the Bland-
Altman method. The average of
measurements by transoesophageal
echocardiography (TOE) and
intracardiac echocardiography (ICE)
are plotted against their difference. The
lines represent the 95% confidence
intervals (CI) for measurement by the
two techniques. (A) Left atrial
appendage emptying velocity (LAAEV);
(B) Mitral E wave velocity;
(C) Pulmonary vein (PV) diameter.
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Optical coherence tomography imaging of thrombus protrusion through stent struts after stenting in
acute coronary syndrome

A
66 year old man presented with non-ST elevation
myocardial infarction and underwent early coronary
angiography after medical stabilisation. This showed a

non-occlusive thrombus in the mid segment of the right
coronary artery (panel A, indicated by broken black arrow).
Intravascular ultrasound (IVUS) revealed the presence of a
large thrombus at the site of the lesion (panel B) while
optical coherence tomography (OCT) imaging (Lightlab
Imaging, Inc) clearly showed the eccentric nature of the
thrombus (panel C). The lesion was successfully stented with
a paclitaxel eluting stent (Taxus), and then post-dilated. The
final result was angiographically excellent with post-proce-
dural TIMI 3 flow, and with no obvious in-stent thrombus
either on angiography (panel D) or on IVUS (panel E).
However, OCT imaging showed that there was still remnant
thrombus protruding out from between the stent struts at the

site of the original lesion (panel F, double white arrows). OCT
imaging utilises near-infrared light waves to provide pictures
of significantly superior resolution and clarity as compared to
IVUS. Atheroembolism of thrombus is a major cause of slow
or no reflow phenomenon after percutaneous coronary
intervention, a complication that is associated with increased
morbidity and mortality. These images remind us that
thrombus often persists immediately after stenting, despite
what may appear to be satisfactory angiographic appear-
ances.
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