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Transesophageal echocardiography (TEE)
provides a unique diagnostic window for
the evaluation of the left atrium and left
atrial appendage (LAA) and allows throm-
bi in these structures to be detected with a
high degree of accuracy1-5. Its use has
therefore been proposed as a guide to allow
cardioversion to be performed earlier and
safer6. However, the anatomy and function
of the LAA are complex due to the vari-
ability in the number of lobes (single-
lobed, bilobed or multilobed), in its size
and shape and in the thickness and length
of the pectinate muscles (large or small
pectinate muscles)4,7-9. For all these reasons
the TEE examination should be detailed
and even though improved imaging tech-
niques (in particular the use of multiplane
TEE) have allowed to visualize completely

the LAA, the interpretation of TEE find-
ings and the recognition of thrombi may be
difficult. Moreover, reverberations from
anatomical structures may further disturb
the evaluation of intra-auricular masses and
may create images and ghosting which
mimic left atrial (LA) thrombosis. Since it
is imperative that atrial thrombi be accu-
rately identified (to reduce the likelihood of
embolic events) and it is also very impor-
tant to minimize false positive results (to
avoid cases with a mistakenly posed con-
traindication to cardioversion) TEE should
be as detailed and accurate as possible.

We performed a prospective study of
consecutive patients undergoing multi-
plane TEE before cardioversion a) to deter-
mine the prevalence of single- or multi-
lobed LAA; b) to calculate the prevalence
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Background. Transesophageal echocardiography (TEE) is the method of choice for the evaluation
of the left atrium and of left atrial appendage (LAA) thrombosis. However, the anatomy of the left ap-
pendage is complex and reverberations from anatomical structures may create images and ghosting
which mimic left atrial thrombosis. The purpose of this study was to investigate whether a systemat-
ic approach through TEE may facilitate the recognition of LAA anatomical variants and artifacts.

Methods. One hundred and sixty-four consecutive patients scheduled for cardioversion of atrial
fibrillation (study population) and 30 patients (control group) undergoing mitral valve surgery were
submitted to TEE using a multiplane probe in order to obtain a systematic evaluation of the LAA.
The number of LAA lobes and the presence of thrombi and artifacts were evaluated.

Results. The majority of the study patients had a bilobed (53.1%) or single-lobed (34.1%) LAA.
Thrombi were identified in 6%. Artifacts were found in 38 cases (23.2%) and their position was lo-
calized precisely at a distance from the transducer which was twice that from the partition-bend be-
tween the left upper pulmonary vein and left appendage, suggesting a reverberation. No differences
in echocardiographic parameters were found in patients with (group 1) or without (group 2) artifacts.
Cardioversion was successful in a similar percentage of cases in the two groups (group 1 68%, group
2 76%) without complications. In controls, the percentages of a single- (33%) and bilobed (40%) left
appendage were similar to those found in the study population. Artifacts were identified in 11 con-
trols (37%); no thrombi were detected during surgical left appendage inspection in these cases.

Conclusions. A systematic approach with multiplane TEE facilitates the evaluation of the LAA
anatomy and the recognition of artifacts, thus reducing the likelihood of false positive or negative di-
agnoses of left appendage thrombi.
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of artifacts or other images that may mimic thrombi and
define the technical criteria to differentiate these find-
ings; c) to evaluate the TEE correlates of the clinical
risk of thromboembolism after cardioversion.

Methods

Patients. We studied 164 consecutive patients (101
males, 63 females, mean age 63 ± 11 years, study pop-
ulation) undergoing multiplane TEE before cardiover-
sion of atrial flutter (33 cases) or fibrillation (131 cas-
es) lasting > 2 days (mean 62 ± 54 days, range 2-360
days) and 30 patients (19 males, 11 females, mean age
54 ± 14 years, control group) submitted to cardiac
surgery because of mitral valve disease. Twenty-one
patients of the control group had mitral valve prolapse
and 9 had mitral valve stenosis; all but 2 were in sinus
rhythm. In these patients, direct surgical inspection of
the LA and LAA cavities was performed, allowing us
to differentiate ghosting from thrombi.

Study protocol. After written informed consent, all pa-
tients underwent transthoracic echocardiography and
TEE examinations. If TEE excluded the presence of LA
or LAA thrombi, the patients of the study population
were submitted to cardioversion. A 4-week follow-up
was performed and complications were annotated.

Transthoracic echocardiography. All patients under-
went chest X-ray and transthoracic echocardiography
(Hewlett-Packard Sonos 5500, model 21364A, An-
dover, MA, USA or Acuson Sequoia C256, Mountain
View, CA, USA). Two-dimensional measurements
were obtained according to the standards of the Ameri-
can Society of Echocardiography10. Left ventricular
volumes and ejection fraction were measured by the
area-length method10.

Multiplane transesophageal echocardiography. Multi-
plane TEE was performed within 24 hours of the sched-
uled cardioversion. TEE was performed after having
administered pharyngeal anesthesia using xylocaine
spray. The majority of patients were given intravenous
sedation with midazolam (2 to 5 mg i.v.); the probe was
then inserted into the esophagus and connected to the
ultrasound unit (Hewlett-Packard 5500); investigations
were carried out with the patients in the supine left lat-
eral position.

The probe was initially advanced to a depth of 25 to
35 cm and then manipulated to optimize imaging of the
atria and of the LAA. The LA and LAA images were
obtained in different planes from 0 to 180°. Imaging of
the left atrium and LAA was begun in the horizontal
plane (0°); then the transducer was rotated progressive-
ly to 60 and 90°; at the same degrees images were also
evaluated after slight and more pronounced counter-
clockwise (toward the patient’s left) rotation of the

probe; finally electronic rotation of the transducer to
110 and 130° was coupled with more pronounced
counterclockwise rotation of the probe. Electronic rota-
tion of the transducer to 180° was then performed. All
images were recorded zooming the LAA and optimiz-
ing the gain settings and post-processing to minimize
gray-noise artifacts.

In accordance with previously described methods11-15

we analyzed: the LAA maximum area in the short- and
long-axis views (measured by tracing a line starting
from the top of the limbus of the left upper pulmonary
vein along the entire endocardial border, immediately
preceding the initiation of the QRS complex); the num-
ber of LAA lobes (a lobe was defined as a visible out-
pouching from the main tubular body of the LAA, usu-
ally demarcated by an external crease); the LAA peak
filling and peak emptying velocities, obtained by placing
the pulsed Doppler sample volume into the outlet of the
appendage cavity (average of 5 cardiac cycles); the pres-
ence or absence of LA or LAA thrombosis, described as
echo-dense masses, mobile or immobile, connected to
the LA or LAA wall; the presence of spontaneous
echocontrast, graded as 0 (none, absence of echogenici-
ty), 1+ (mild, minimal echogenicity located in the LAA
or sparsely distributed in the main cavity of the left atri-
um, which may be detectable only transiently during the
cardiac cycle and which is imperceptible at the operating
gain settings for two-dimensional echocardiographic
analysis), 2+ (mild to moderate, a more dense swirling
pattern than 1+ but with a similar distribution, detectable
without increased gain settings), 3+ (moderate, a dense
swirling pattern in the LAA, generally associated with a
somewhat lesser intensity in the main cavity; it may fluc-
tuate in intensity but is constantly detectable throughout
the cardiac cycle), 4+ (severe, intense echo-density and
very slow swirling patterns in the LAA, usually with a
similar density in the main cavity).

Artifact images were considered when a location
and echogenicity suggestive of reverberations were ob-
tained at different TEE rotational angles; in particular,
artifacts were supposed to be found in the LAA twice
as far from the transducer as an anatomical interface
(specifically, the partition-bend between the left upper
pulmonary vein and the LAA). Therefore the distances
of each thrombus-like image from the transducer and
from other anatomical interfaces were measured; the
echogenicity and other anatomical characteristics of
each intra-auricular image were also evaluated.

All images were recorded on videotape and re-eval-
uated in the echocardiographic laboratory by two inde-
pendent observers.

Statistical analysis. All data are expressed as mean ±
SD. The data of the different groups were compared us-
ing the Student’s unpaired t-test. We compared categor-
ical variables using the �2 test (with continuity correc-
tion for small numbers). A p value < 0.05 was consid-
ered as statistically significant.
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Results

The clinical and echocardiographic features of the
entire study group are shown in table I. The majority of
our patients had hypertension, valve disease or lone
atrial fibrillation. All but 3 patients were anticoagulat-
ed; the anticoagulation regimens varied widely even
though the majority of our study population (120 pa-
tients) was treated with warfarin (Table I).

The TEE findings of the study population and con-
trols are shown in table II. The majority of patients had
a bilobed (53.1%) or a single-lobed LAA (34.1%)
while three- or multilobed appendages were found in a
minority of cases (10.4 and 2.4%, respectively). The
percentage of single- (33%) and bilobed LAA (40%) in
the control group was similar to that detected in the
study population. The proposed systematic TEE ap-
proach allowed us to correctly identify the number of
lobes in views varying from 60 to 145° after slight or
pronounced counterclockwise rotation of the probe
(Fig. 1).

Thrombi were identified in 10 patients of the study
population (6%) while they were not detected in any
patient of the control group. Eight of them were in the
LAA and 2 in the LA cavity. Fourteen patients (8.6%)
had grade 4 spontaneous echocontrast and 5 of them se-
vere spontaneous echocontrast. The latter was consid-
ered as a pre-thrombotic state. Figure 2 shows an ex-
ample of the usefulness of this TEE systematic ap-

proach: a small thrombus was identified in one of the
two lobes of the LAA thanks to a correct probe manip-
ulation. Artifacts were found in 38 patients (23.2%) and
in 11 (37%) controls. Their position was localized pre-
cisely at a distance from the transducer (mean 44 ± 8.1
mm) which was twice that from the partition-bend be-
tween the left upper pulmonary vein and LAA (mean
22.4 ± 4.8 mm), thus confirming the hypothesis of a re-
verberation of this anatomical structure (Fig. 3). More-
over, at surgical inspection in the 30 control cases un-
dergoing mitral valve surgery, the LA and LAA cavities
were found to be free from thrombotic material. A high
correlation between the distance of the artifacts and the
distance of the partition-bend from the transducer was
demonstrated (y = 1.97x; r2 = 0.9).

On the basis of the presence (group 1) or absence
(group 2) of artifacts, patients were divided into two
groups. No differences in clinical or echocardiographic
parameters were found between these two groups
(Table III). Group 1 patients had a slightly larger LAA
in comparison with group 2 patients, but this difference
was not statistically significant.

One hundred and forty-five patients were scheduled
for cardioversion, while in 19 cardioversion was post-
poned due to the presence of LAA or LA thrombi
(group 1: 5 cases; group 2: 5 cases), severe pre-throm-
botic LAA spontaneous echocontrast (group 1: 1 case;
group 2: 4 cases), prosthetic valve dysfunction (mitral
paraprosthetic leak, 1 case; mitral prosthetic thrombus,
1 case) or extracardiac causes (2 patients: hepatocellu-
lar necrosis, 1 case; the patient denied consent, 1 case).
Cardioversion was successful in 26 out of 31 patients
(68%) in group 1 without any major complication, and
in 97 out of 114 patients (76%) in group 2 (in 1 case
transient hemianopsia occurred 20 hours after the pro-
cedure).
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Table I. Clinical and echocardiographic data of the study popu-
lation and of the control group.

Study Control
population group

No. patients 164 30
Sex (M/F) 101/63 19/11
Age (years) 63 ± 11 54 ± 14

Range 30-88 34-73
Pathology

Coronary artery disease 26 (15.8%)
Hypertension 51 (31%)
Valvular disease 29 (17.7%) 30 (100%)
Prosthetic valve 26 (15.8%)
Lone atrial fibrillation 26 (15.8%)
Thyroid disease 4 (2.4%)
WPW syndrome 1 (0.6%)
Sick sinus syndrome 1 (0.6%)

Atrial fibrillation 131 (80%) 2 (6.6%)
Atrial flutter 33 (20%)
Anticoagulant therapy

Intravenous heparin 25
Subcutaneous heparin 13
Warfarin 120
Antiplatelet agents 3

Left atrial size (mm) 45.5 ± 7 47.2 ± 7
LVEF (%) 54.1 ± 10 56.5 ± 9

Values are expressed as mean ± SD or number (%) of patients.
LVEF = left ventricular ejection fraction; WPW = Wolff-Parkin-
son-White.

Table II. Transesophageal findings in the study population and
in the control group.

Study Control
population group

No. LAA lobes
Single lobe 56 (34.1%) 10 (33%)
Two lobes 87 (53.1%) 12 (40%)
Three lobes 17 (10.4%) 5 (16.7%)
Four or more lobes 4 (2.4%) 3 (10%)

No. cases with thrombi 10 (6%) 0
LA thrombus 2 (20%)
LAA thrombus 8 (80%)

No. cases with LAA artifacts 38 (23.2%) 11 (37%)
Spontaneous echocontrast

Grade 0 61 (37%) 25 (83%)
Grade 1 39 (23.7%) 3 (10%)
Grade 2 28 (17.2%) 1 (3.5%)
Grade 3 22 (13.5%) 1 (3.5%)
Grade 4 14 (8.6%) 0

Values are expressed as number (%) of patients. LA = left atrial;
LAA = left atrial appendage.
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Figure 1. Four transesophageal examples of anatomical variants of the left atrial appendage obtained in longitudinal planes (over 110°). Upper left
panel: single-lobed appendage; upper right panel: bilobed appendage; lower panels: multilobed appendages.

Figure 2. Left atrial appendage thrombosis. Left panel: at 75° the appendage appears as single-lobed and there is no evidence of any mass within its
cavity. Right panel: with a rotation of the probe to 134°, the appendage appears as bilobed, and in one of the two lobes a thrombus (arrow) is clearly
visible.

Figure 3. Left atrial appendage artifact. Left panel: the arrow indicates an artifact inside the left atrial appendage. Right panel (same image as in the
left panel): measurements of the distances of the artifact and of the bend between the left atrial appendage and left pulmonary vein from the transducer
are shown. The artifact is exactly at twice the distance from the transducer as from the anatomical interface (44 and 22 mm, respectively).



Discussion

Our study demonstrates that a systematic approach
using multiplane TEE facilitates the recognition of the
LAA anatomical variants and of LAA artifacts, thus re-
ducing the likelihood of false positive and false nega-
tive diagnoses of LA thrombosis.

The evaluation of the complex anatomy of the LAA
is very important in patients undergoing cardioversion
for atrial fibrillation or atrial flutter. Veinot et al.7

demonstrated in 500 normal autopsy hearts that a ma-
jority of cases had a bilobed LAA (54%), 23% and 20%
had three and one lobes, respectively, and a minority
(3%) had more than three lobes. Our TEE study con-
firms these findings and percentages in a consecutive
series of patients with different pathologies: 53.1%
had two LAA lobes, 34.1% one lobe, 10.4% three
lobes, and 2.4% four or more lobes. This complex and
extremely variable configuration emphasizes the need
of routine meticulous echocardiographic scanning of
the appendage in multiple planes. Chan et al.11 and
Orsinelli and Pearson16 described a systematic multi-
plane TEE approach for the complete visualization of
the LAA in 25 cases and in one representative case re-
spectively; we employed a similar method (rotation of
the transducer from 0 to 180° coupled with counter-
clockwise rotation of the probe at 60-90° and 110-
130°) in a large series of cases confirming the superi-
ority of multiplane TEE over mono- or biplane TEE in
the evaluation of complex anatomical structures4,5,11.
This method is easy, rapid and facilitates a compre-
hensive standardized analysis of the LAA morphology.
Moreover, the use of these imaging planes may im-
prove the accuracy in detecting LA thrombi since LAA

trabeculations, bifurcations and outpouchings could be
better evaluated17,18.

In 23.2% of cases we found images in the LAA
which were interpreted as artifacts. This interpretation
was based on the assumption that a reverberation is
supposed to be found twice as far from the transducer
as from an anatomical structure; all artifacts were in
fact exactly at twice the distance from the transducer as
from the membranous bend between the left upper pul-
monary vein and the LAA. Their position and
echogenicity were markedly different from those of
LAA thrombi; all thrombi found in the LAA (10 cases)
were in fact confined within the cavity with an attach-
ment and had a uniform consistency and a different tex-
ture to that of the LA wall. None of the artifacts had an
attachment to the LAA wall and their consistency was
not uniform. Reverberations in echocardiography are
very common19 and during TEE they are frequently
seen in the ascending aorta constituting a difficult dif-
ferential diagnosis of intimal flaps; as described by Ap-
pelbe et al.20 and confirmed by other authors21, a dilat-
ed ascending aorta creates the conditions for reverbera-
tions of the atrial-aortic interface within the aortic cav-
ity. Even though we found no direct evidence of our hy-
pothesis in the study population, no thrombi were
found at surgical inspection in the patients of the con-
trol group who had artifacts. Moreover, no embolic
events occurred after cardioversion in the 38 cases with
artifacts of the study population. We did not find sig-
nificant differences between patients with and without
artifacts regarding the LAA dimensions, even though
those with these reverberations had a slightly larger
LAA. The occurrence of artifacts in only one fourth of
cases may be due to the position and acoustic proper-
ties of the membranous bend. A parallel position of this
bend in the acoustic field and a low acoustic reflectivi-
ty may in fact reduce the likelihood of this phenome-
non.

In patients with atrial fibrillation lasting > 48 hours
and not receiving oral anticoagulants the incidence of
LA thrombosis is approximately 15%22; in our series of
patients receiving various regimens of anticoagulants
we found a thrombus incidence of 6%, a percentage
very similar to other previous studies1,23-26. Sponta-
neous echocontrast inside the LA and LAA cavities
was very frequently detected in the study population;
however, severe spontaneous echocontrast (grade 3 and
4) was found in approximately 20% of cases, a per-
centage very similar to that observed in the SPAF III tri-
al27. Spontaneous echocontrast was not considered as a
contraindication to cardioversion, and in accordance
with this approach we did not observe any cardioem-
bolic events. However, in 5 cases the spontaneous
echocontrast was so dense (the arbitrary term “pre-
thrombotic state” was used) that cardioversion was
postponed.

In conclusion, a systematic approach with multi-
plane TEE facilitates the evaluation of the complex
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Table III. Clinical, transthoracic and transesophageal echocar-
diographic data of the patients with (group 1) and without (group
2) artifact.

Group 1 Group 2

No. patients 38 126
Age (years) 64 ± 11 63 ± 11
Sex (M/F) 22/16 78/48
LA diameter (mm) 45 ± 8 45 ± 7
LA area (cm2) 27 ± 5 27 ± 15
LAA area short axis (cm2) 6.9 ± 2.2 6.2 ± 2.5
LAA area long axis (cm2) 5.4 ± 2 4.5 ± 1.9
LAA inflow velocity (cm/s) 47.9 ± 20.4 54.3 ± 21.8
LAA outflow velocity (cm/s) 37 ± 17.1 46.2 ± 21.1
LAA outflow velocity ≤ 20 cm/s 11 (29%) 27 (21%)
LVEF (%) 56 ± 11 53 ± 10
Cardioversion

Scheduled 31 (81%) 114 (90%)
Successful 26 (68%) 97 (76%)
Major embolic events 0 0
Minor embolic events 0 1 (1.03%)

Values are expressed as mean ± SD or number (%) of patients.
LA = left atrial; LAA = left atrial appendage; LVEF = left ven-
tricular ejection fraction.



anatomy of the LAA and the recognition of artifacts,
thus reducing the likelihood of false positive and false
negative diagnoses of LAA thrombi.
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