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The structural and functional characteristics of left atrial appendage (LAA) in patients with
atrial fibrillation (AF) with previous stroke remain incompletely elucidated. This study
investigated whether a larger LAA orifice is related to decreased LAA flow velocity and
stroke in nonvalvular AF. The dimension, morphology, and flow velocity of LAA were
compared in patients with nonvalvular AF with (stroke group, n [ 67, mean age 66 –
9 years) and without ischemic stroke (no-stroke group, n [ 151, mean age 56 – 10 years).
Compared with no-stroke group, the stroke group had larger LA dimension (4.7 – 0.8 vs 4.2
– 0.6 cm, p <0.001), larger LAA orifice area (4.5 – 1.5 vs 3.0 – 1.1 cm2, p <0.001), and
slower LAA flow velocity (36 – 19 vs 55 – 20 cm/s, p <0.001). LAA flow velocity was
negatively correlated with LAA orifice size (R [ L0.48, p <0.001). After adjustment for
multiple potential confounding factors including CHA2DS2-VASc score, persistent AF, and
LA dimension, large LAA orifice area (odds ratio 6.16, 95% confidence interval 2.67 to
14.18, p <0.001) and slow LAA velocity (odds ratio 3.59, 95% confidence interval 1.42 to
9.08, p [ 0.007) were found to be significant risk factors of stroke. In patients with LAA
flow velocity <37.0 cm/s, patients with large LAA orifice (>3.5 cm2) had greater incidence of
stroke than those with LAA orifice of £3.5 cm2 (75% vs 23%, p <0.001). In conclusion, LAA
orifice enlargement was related to stroke risk in patients with nonvalvular AF even after
adjustment for other risk factors, and it could be the cause of decreased flow velocity
in LAA. � 2014 Elsevier Inc. All rights reserved. (Am J Cardiol 2014;113:963e969)

In this study, we hypothesized that increased orifice size
of the left atrial appendage (LAA) is related to decreased
flow velocity in the LAA and stroke in patients with atrial
fibrillation (AF). To test this hypothesis, we analyzed the
geometry, dimensions, and flow velocity of LAA using
multidetector computed tomography (MDCT) and trans-
esophageal echocardiography (TEE) in a series of patients
with nonvalvular AF with and without ischemic stroke. We
also evaluated whether large LAA orifices were related to
decreased flow velocity of LAA and stroke in patients with
nonvalvular AF.

Methods

The study protocol was approved by the Institutional
Review Board of Severance Hospital, Seoul, Korea, and
complied with the tenets of the Declaration of Helsinki.
Written informed consent was obtained from all patients.
From February 2008 to February 2011, 67 consecutive,
patients with nonvalvular AF with ischemic stroke were
enroled in this study (stroke group). Ischemic stroke was

confirmed by brain CT and magnetic resonance imaging.
All patients underwent 64-channel MDCT (Sensation 64;
Siemens Medical Solutions, Forchheim, Germany) and
TEE. The no-stroke group included 151 patients with
nonvalvular AF without previous history of stroke and who
underwent MDCT and TEE preparing for ablation of AF.
This study included only patients with nonvalvular AF who
were not taking anticoagulants at the time of their stroke,
or at the time of cardiac MDCT for patients without a
history of stroke, to prevent possible confounding ef-
fects.1,2 Patients <18 years of age were excluded. LAA
velocity may be different between AF and sinus rhythm.
Therefore, we included patients who showed the same
rhythm during MDCT and TEE examination. Furthermore,
we excluded patients who had undergone cardioversion
therapy within 3 weeks before the TEE or CT, because
LAA velocity may be affected by recent cardioversion.

The CHADS2 (congestive heart failure, hypertension,
age >75, diabetes mellitus, and previous stroke or transient
ischemic attack) and CHA2DS2-VASc (congestive heart
failure, hypertension, age >75, diabetes mellitus, and pre-
vious stroke or transient ischemic attack, vascular disease,
age >65, women) scores of each patient were calculated.
For the stroke group, we excluded the points for current
stroke in the CHADS2 and CHA2DS2-VASc scoring
system. Congestive heart failure was defined as clinical
heart failure (stage C or D) according to the 2009 Focused
Update Incorporated Into the ACC/AHA 2005 Guidelines
for the Diagnosis and Management of Heart Failure in
Adults.3 Hypertension was defined as systolic blood
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pressure �140 mm Hg or diastolic blood pressure �90 mm
Hg at 2 or more visits or medical history of hypertension.
Dyslipidemia was defined by fasting triglyceride plasma
levels �150 mg/dl and/or fasting total cholesterol �200 mg/
dl and/or low-density lipoprotein-C�130 mg/dl and/or high-
density lipoprotein-C <40 mg/dl4 or current use of lipid-
lowering medications such as hydroxymethylglutaryl-CoA
reductase inhibitors, bile acid sequestrants, and fibric acid
derivatives. AF was classified as paroxysmal AF that self-
terminates within 7 days and persistent AF that either lasts
longer than 7 days or requires termination by cardioversion,
either with drugs or by direct current cardioversion.5

TEE was performed with a 5-MHz multiplane trans-
esophageal transducer connected to an ultrasound system
(iE33; Philips Medical Systems, Andover, Massachusetts).
After local pharyngeal anesthesia with lidocaine spray, the
patient was placed in the left lateral position, and the
transesophageal transducer was inserted into the esophagus.
The LAA was observed in 0�, 45�, 90�, and 135� to detect
spontaneous echocontrast or thrombus. Then, a sample
volume was placed at the middle portion of the LAA, and
peak velocities of flow out of the LAA (emptying velocity)
were measured. LAA peak emptying velocities were deter-
mined during 10 cardiac cycles, and the average value was
used for analyses.

Contrast-enhanced cardiac CT scans were performed using
a 64-slice MDCT (Somatom Sensation 64; Siemens Medical

Solutions, Forchheim, Germany). A bolus of 60 to 80 ml
iopamidol (Iopamiro 370; Bracco, Italy) was injected into an
antecubital vein at a flow rate of 5 ml/s and then followed by
a 50 ml saline chasing bolus at 5 ml/s. The start delay was
defined by bolus tracking in the ascending aorta, and the
scan was automatically initiated 5 seconds after reaching the
contrast threshold of 140 H. Scans were performed using the
following parameters: retrospective electrocardiographic-
gated acquisitions, 80 to 120 kVp, 500 to 700 mAs
depending on patient size, and 64 � 0.6 mm slice colli-
mation. Scans were performed from the tracheal bifurcation
to the diaphragm. The field of view was adjusted according
to the size of the heart. The cardiac CT was reconstructed at
the end-systolic and the mid-diastolic phases using a slice
thickness of 0.75 mm, an increment interval of 0.5 mm, and
a medium-smooth convolution kernel of B36f. We used
end-systolic CT images for this study.

Two experienced radiologists (YJK and HJL, with
4 years and 8 years of experience with cardiac MDCT,
respectively) measured the LAA long (D1) and short (D2)
diameters by using the CT images and associated software
(Vitrea; Toshiba, Japan). The LAA orifice was manually
transected by multiplanar reformatted images.6,7 The size of
the LAA orifice was defined by its narrowest portion. Then,
cross-sectional views for LAA were produced by creating a
plane perpendicular to the transverse multiplanar reformat-
ted image (Figure 1). Because the LAA orifice is elliptical in

Figure 1. Measurement of LAA orifice size by multiplanar reformatted images of MDCT. (A) 3D reconstruction image of LA, LAA (Windsock type), and
pulmonary veins. (B) Coronal, (C) sagittal, and (D) tangential images of heart.
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