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before cardioversion in patients with atrial
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Objectives: To evaluate the prevalence of atrial thrombi in patients with atrial fibrillation undergoing
different anticoagulation regimens before cardioversion; to evaluate the usefulness of transoesophageal
echocardiography (TOE) guided cardioversion to prevent thromboembolic complications; and to correlate
the presence of atrial thrombi with clinical and echocardiographic data.
Methods: 757 consecutive patients admitted as candidates for cardioversion of atrial fibrillation were
enrolled in the study. They were divided into four groups: effective conventional oral anticoagulation, short
term anticoagulation, ineffective oral anticoagulation or subtherapeutic anticoagulation, and effective oral
anticoagulation with a duration of , 3 weeks for various clinical reasons. All patients underwent TOE
before cardioversion; in the presence of atrial thrombi or extreme left atrial echo contrast, cardioversion
was postponed. The incidence of thromboembolic events was evaluated after cardioversion.
Results: Atrial thrombi were detected in 48 of the 757 (6.3%) patients. No significant differences in the
percentage of atrial thrombosis were found in the four study groups. Patients with atrial thrombosis were
older and had a higher percentage of mitral prosthetic valves, lower left ventricular ejection fraction, more
severe atrial spontaneous echo contrast, and lower Doppler left atrial appendage velocities. 648 patients
were scheduled for cardioversion. Cardioversion was successful in 89% of patients without any major
thromboembolic event.
Conclusions: The prevalence of atrial thrombosis before cardioversion despite different treatments with
anticoagulants is about 7% and a TOE guided approach may prevent the risk of embolic events.

A
trial fibrillation is the most common sustained
arrhythmia in clinical practice.1 2 Patients with atrial
fibrillation have a decreased functional capacity and a

substantial risk of thromboembolism.2 3 Therefore, cardiover-
sion is performed to relieve symptoms, improve functional
capacity, and reduce embolic risk. However, despite different
protocols and anticoagulant regimens, cardioversion related
thromboembolism may occur due both to migration of
thrombi present at the time of the procedure and to
formation (and migration) of thrombi in the post-cardiover-
sion period.4 5 Transoesophageal echocardiography (TOE) is
the method of choice for the study of the anatomy and
function of atrial cavities and, in particular, of the left atrial
appendage (LAA), allowing atrial thrombosis to be detected
with a high degree of accuracy.6 Clinical data are emerging in
support of the usefulness of the TOE guided approach to
cardioversion to prevent thromboembolic complications or to
perform early cardioversion.7 8 Moreover, nowadays several
patients with paroxysmal or chronic atrial fibrillation or
flutter may be candidates for radiofrequency ablation and in
these cases TOE may be very useful. Despite all these
observations, few data are available concerning the preva-
lence of atrial thrombi in patients with atrial fibrillation and
different regimens of anticoagulation before cardioversion.9

This is a single centre, observational study of a consecutive
series of patients undergoing cardioversion with different
anticoagulant regimens.

The objectives of the study were, firstly, to evaluate the
prevalence of atrial thrombi in patients with atrial fibrillation
receiving various anticoagulant regimens before cardiover-
sion; secondly, to evaluate the usefulness of TOE guided
cardioversion to prevent thromboembolic complications; and
thirdly, to correlate the presence of atrial thrombi with

clinical and echocardiographic data in an unselected antic-
oagulated population admitted to the hospital for cardiover-
sion.

PATIENTS AND METHODS
Patients admitted to our hospital as candidates for cardiover-
sion of atrial fibrillation or atrial flutter were enrolled in this
study. Patients who had haemodynamically unstable atrial
fibrillation and had to be rapidly cardioverted were excluded.
Seven hundred and fifty nine consecutive patients were
therefore enrolled in this observational study.

Study design
Patients were divided into four groups according to their
anticoagulant regimens: group 1, effective conventional oral
anticoagulation (warfarin with an international normalised
ratio (INR) > 2 for three or four weeks); group 2, short term
anticoagulation with intravenous unfractionated heparin
(target activated thromboplastin time 1.5–2.5 times the
control value) or with intravenous unfractionated heparin
associated with warfarin for ( 4 days; group 3, ineffective
oral anticoagulation or subtherapeutic anticoagulation
(patients with prolonged treatment for . 3 weeks with
warfarin with INR , 2 on at least one measurement in the
preceding three weeks—in this group heparin was given for
24 hours before cardioversion if the INR was , 2 at hospital
admission); and group 4, effective oral anticoagulation with

Abbreviations: ACUTE, assessment of cardioversion using
transoesophageal echocardiography; INR, international normalised
ratio; LAA, left atrial appendage; TOE, transoesophageal
echocardiography
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warfarin for , 3 weeks for various clinical reasons (high
haemorrhagic risk, decision of the treating physician).

Patients who were free from atrial thrombosis were
scheduled for cardioversion. In the presence of atrial thrombi
cardioversion was postponed and in cases of severe sponta-
neous echo contrast in the left atrial cavity the decision to
convert was left to the treating physician. A six month
clinical and anticoagulant follow up was performed. TOE was
repeated in patients with detected thrombus. Determination
of thromboembolic events was based on clinical findings and
supported by computed tomography.

The local ethics committee approved the study. Informed
consent was obtained from all patients.

Transthoracic and transoesophageal studies
All patients underwent chest radiography and transthoracic
echocardiography (Sonos 5500 model 21364A; Philips,
Andover, Massachusetts, USA, or Acuson Sequoia C256;
Siemens Medical Solutions). Two dimensional measure-
ments were obtained according to the standards of the
American Society of Echocardiography.10 Left ventricular
volumes and ejection fraction were measured by the area–
length method.10

Multiplane TOE was performed within 24 hours of the
scheduled cardioversion. Patients received pharyngeal anaes-
thesia with lidocaine spray. The majority of patients were
sedated intravenously with midazolam (2–5 mg intrave-
nously); the probe was then inserted into the oesophagus
and connected to the ultrasound unit (model 5500, Philips).
Investigations were carried out with the patients in the
supine left lateral position.

The probe was initially advanced to a depth of 25–35 cm
and then manipulated to optimise imaging of the atria and of
the LAA. Left atrial and LAA images were obtained in several
planes from 0–180 .̊ All images were recorded while zooming
the LAA and optimising gain settings and post-processing to
minimise grey noise artefacts.

According to methods previously described4 11 12 we ana-
lysed the following: LAA maximum area in short axis, long
axis, and at 120˚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 beginning of the QRS complex); the number of LAA lobes
(a lobe was defined as a visible outpouching from the main
tubular body of the LAA); LAA peak filling and peak
emptying velocities, obtained by placing the pulsed Doppler
sample volume into the outlet of the appendage cavity
(average of five cardiac cycles); the presence or absence of left
atrial or LAA thrombosis, described as echo dense masses,
mobile or immobile, connected to the left atrial or LAA wall;
and the presence of spontaneous echo contrast, graded as 0
(none, with no echogenicity), 1+ (mild, with minimal
echogenicity located in the LAA or sparsely distributed in

the main cavity of the left atrium, which may be detectable
only transiently during the cardiac cycle and is imperceptible
at operating gain settings for two dimensional echocardio-
graphic analysis), 2+ (mild to moderate, with a denser
swirling pattern than in 1+ but with similar distribution,
detectable without increased gain settings), 3+ (moderate,
with a dense swirling pattern in the LAA, generally associated
with a somewhat lower intensity in the main cavity, which
may fluctuate in intensity but is detectable constantly
throughout the cardiac cycle), and 4+ (severe, with intense
echo density and very slow swirling patterns in the LAA,
usually with similar density in the main cavity).

Artefact images were considered to be present when
location and echogenicity suggestive of reverberations were
obtained at different TOE rotational angles. In particular
artefacts were supposed to be found in the LAA twice as far
from the transducer as an anatomical interface (in particular
the partition bend between the left upper pulmonary vein
and the LAA).

All images were recorded on videotape and re-evaluated in
the echocardiographic laboratory by two independent obser-
vers. Interobserver discrepancies were resolved by two other
well trained observers not involved in the study. This
consensus was requested in only two cases.

Statistical analysis
All data are expressed as the mean (SD). Data from different
groups were compared by Student’s unpaired t test. We
compared categorical variables by using the x2 test (with
continuity correction for small numbers). A value of p , 0.05
was considered to be significant.

RESULTS
Multiplane TOE was performed in all patients without
complications. Two patients (0.3%) who did not tolerate the
procedure were excluded from the study.

Table 1 lists clinical characteristics of the study population
and duration of their arrhythmia. The main pathological
conditions associated with atrial fibrillation were systemic
hypertension (21%), mitral valve disease (11%), dilated
cardiomyopathy (10%), prosthetic valve (9%), and coronary
artery disease (7%). One hundred and thirty six patients
(18%) had lone fibrillation and 4% had previous thromboem-
bolic events.

According to anatomical data the majority of patients had
a multilobed LAA (table 2, fig 1).

Atrial thrombi were detected in 48 patients (6.3%)
(table 2); in the majority of patients they were located in
the LAA (fig 2) and in a minority in the right atrial
appendage (four patients) or the left atrium (two patients).

Table 1 Clinical features of the study population
(n = 757)

Men 508 (67%)
Women 249 (33%)
Age (years) 66 (10)

,60 years 188 (25%)
.61 years 569 (75%)

Duration of arrhythmia (634 patients) 82 (132) (range 3–1000)
Unknown 123 (16.2%)
,30 days 291 (38%)
31–90 days 190 (25.1%)
.91 days 153 (20.2%)

Atrial fibrillation 639 (84.5%)
Atrial flutter 118 (15.5%)

Data are number (%) or mean (SD).

Table 2 Transoesophageal echocardiography findings
in the study population (n = 757)

No of LAA lobes
1 198 (26.2%)
2 366 (48.3%)
3 155 (20.5%)
>4 38 (5%)

Spontaneous echo contrast grade
0 184 (24.3%)
1 237 (31.3%)
2 172 (22.7%)
3 87 (11.5%)
4 77 (10.2%)

Patients with thrombi 48 (6.3%)
LA thrombi 2 (4.2%)
LAA thrombi 42 (87.5%)
RAA thrombi 4 (8.3%)

Patients with LAA artefacts 115 (15%)

LA, left atrium; LAA, left atrial appendage; RAA, right atrial appendage.
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Size (all thrombi were small) and mobility (34 were
immobile and 14 mobile) were similar in the four study
groups.

Severe spontaneous echo contrast was detected in 77
patients and 53 presented with a distinct intermediate stage
of thrombosis termed ‘‘sludge’’ (extreme echo contrast
without clot formation) (fig 2).

Artefacts were observed in 115 patients (table 2); by
definition their position was precisely twice as far from the
transducer (4.8 (1.1) cm) as from the partition bend between
the left upper pulmonary vein and left appendage (2.26
(0.59) cm), suggesting a reverberation (fig 1).

By selection and inclusion criteria 486 (64.2%) patients
composed group 1, 142 (18.8%) group 2, 51 (6.7%) group 3,
and 78 (10.3%) group 4. Table 3 shows the percentages of
thrombi detected in each group of the study. No significant
differences in the prevalence of atrial thrombosis and in the
severity of spontaneous echo contrast were found between
the four study groups. On the basis of the presence (group T)
of absence (group NT) of left atrial thrombi the study
population was divided into two groups (table 4). Patients in
group T were older and had a higher percentage of mitral
prosthetic valves, lower left ventricular ejection fraction,
more severe atrial spontaneous echo contrast, and lower
Doppler LAA velocities.

In 109 patients (48 with atrial thrombosis, 53 with sludge,
and 8 for clinical reasons) cardioversion was postponed.
Six hundred forty eight patients were scheduled for

cardioversion: 16 (2.1%) had spontaneous cardioversion
before any procedure, 76 (11.7%) had pharmacological
cardioversion, 506 (78%) had electrical cardioversion, and
50 (7.7%) had electrical cardioversion during a transcatheter
ablation procedure.

Cardioversion was successful in 582 (89.8%) patients. No
major thromboembolic events occurred; one patient had a
brief episode (12 hours) of hemianopsia that resolved
completely with a normal head computed tomogram.

Twenty three patients who had not been cardioverted
because of atrial thrombosis or sludge underwent a second
TOE after accurate anticoagulation (warfarin with INR
between 2.5–3.5 eventually associated with antiplatelet
agents) for two months; four of these patients had a third
TOE because of thrombus persistence. Atrial thrombosis or
sludge resolved in 20 of them, who were then scheduled for
cardioversion. Cardioversion was obtained without throm-
boembolic complications.

No bleeding event occurred in the study population.
Figure 3 summarises the decision making flow chart for the
study population, results of TOE, and outcomes.

DISCUSSION
This is the first observational study of the prevalence of left
atrial thrombosis in a consecutive series of a patients under-
going cardioversion with different anticoagulant regimens. The
main findings of this study are: firstly, that the prevalence of
left atrial thrombi is about 7% and is independent of the

Figure 1 Multiplane transoesophageal echocardiography (TOE) example of (A, B, C) a complete and systematic examination of a left atrial
appendage (LAA) without thrombosis and (D) of an LAA artefact. Panels A, B, and C show a multilobed appendage displayed at 0 ,̊ 87 ,̊ and 138 ,̊
respectively. Panel D shows an image inside the LAA that is exactly twice as far from the transducer as from the anatomical interface produced by the
bend between the LAA and left pulmonary vein (arrow and brackets). Ao, aorta; LA, left atrium.
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Figure 2 Four transoesophageal examples of LA thrombosis: (A) extreme smoke-like effect associated with sludge in the LAA; (B) soft LAA thrombus;
(C) organised LAA thrombus (arrow); (D) thrombus located in the posterior wall of the LA with an atypical configuration (cavity inside the thrombus)
(dashed arrow) associated with a second thrombus (arrow) located at the atrial septum level. LV, left ventricle; RA, right atrium.

Table 3 Clinical and TOE findings in the four groups of patients

Group 1 Group 2 Group 3 Group 4

Number of patients 486 142 51 78
Age (years) 65.9 (9.1) 66.4 (11.3) 65.4 (10.4) 68.1 (10)
Arrhythmia duration (days) 104.8 (137)* 36.3 (108) 42.6 (85.2) 37.1 (127)
Atrial thrombosis 32 (6.6%) 8 (5.6%) 1 (2%) 7 (9%)
SEC grade

0 109 (22.4%) 36 (25.4%) 14 (27.5%) 25 (32.1%)
1 146 (30%) 47 (33.1%) 22 (43.1%) 22 (28.2%)
2 120 (24.7%) 33 (23.2%) 5 (9.8%) 14 (17.9%)
3 64 (13.2%) 7 (4.9%) 5 (9.8%) 11 (14.1%)
4 47 (9.7%) 19 (13.4%) 5 (9.8%) 6 (7.7%)

ECV not performed because of
severe SEC

34 (7%) 11 (7.7%) 2 (4%) 6 (7.7%)

Data are number (%) or mean (SD).
*p,0.05 versus groups 2, 3, and 4.
ECV, electrical cardioversion; SEC, spontaneous echo contrast.
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anticoagulant regimen; secondly, that TOE guided cardiover-
sion in this heterogeneous anticoagulated population may
prevent the risk of embolic events; and thirdly, that clinical and
echocardiographic data may facilitate the recognition of
patients with a higher incidence of left atrial thrombi.

TOE accurately detects atrial thrombosis and is more
sensitive than transthoracic echocardiography.6 Several stu-
dies with different anticoagulant regimens examined the
incidence of left atrial thrombi before cardioversion.
Manning et al13 reported that in patients with short term
anticoagulation the incidence of atrial thrombi was 13%. In
their study TOE showed 14 atrial thrombi in 12 of 94 patients
with atrial fibrillation (. 48 hours’ duration). Seidl et al14

reported a 7.7% incidence of left atrial thrombi in a
consecutive series of 1076 patients scheduled for electrical
cardioversion with effective anticoagulation (. 3 weeks’
duration). In the ACUTE (assessment of cardioversion using
transoesophageal echocardiography) pilot study,15 cardiover-
sion was postponed in seven (13%) patients undergoing a
TOE guided approach with short term anticoagulation. More
recently Corrado et al16 showed that before cardioversion
subtherapeutic levels of anticoagulation, even with a con-
ventional anticoagulant approach, may expose patients to
systemic thromboembolism.17 In their study left atrial
thrombi were identified in 9.8% of patients with subther-
apeutic INR, and these data are very consistent with another
larger retrospective study of patient with subtherapeutic
INR.18

Despite all these studies, ours is the first report concerning
routine TOE screening for the detection of left atrial thrombi
in a consecutive series of patients admitted to hospital with
different anticoagulant schemes. In our study, as previously
described,19 we used a very accurate protocol for multiplane
TOE detection, trying to investigate the LAA as accurately
as possible. No significant difference in the prevalence of
atrial thrombosis was found in patients with four different

Table 4 Clinical and echocardiographic features of
patients with (group T) and without (group NT) atrial
thrombi

Group T Group NT

Age
,60 years 4 (8.3%) 184 (26%)
.60 years 44 (91.7%)* 525 (74%)

Atrial flutter 5 (10.4%) 113 (15.9%)
Atrial fibrillation 43 (89.6%) 596 (84.1%)
Mitral prosthetic valve 7 (14.6%)* 32 (4.5%)
Left atrial dimension (mm) 48 (7.2) 45.7 (7.4)
LVEF (%) 49.7 (13)* 54.7 (11.3)
SEC grade

0 0 (0%)* 184 (26%)
1 5 (10.4%)* 232 (32.7%)
2 9 (18.8%)* 163 (23%)
3 13 (27.1%)* 74 (10.4%)
4 21 (43.8%)* 56 (7.9%)

LAA short axis(cm2) 6 (2.5) 5.7 (2.3)
LAA long axis (cm2) 5.9 (2.6) 5.3 (2.2)
LAA 120˚ (cm2) 7.3 (2.4) 6.3 (2.6)
LAA inflow velocity (cm/s) 26 (15.3)* 40.1 (17.7)
LAA outflow velocity (cm/s) 23.1 (12.4)* 35.6 (16.7)

Data are number (%) or mean (SD).
*p,0.05 versus group NT.
LVEF, left ventricular ejection fraction.

1st TOE
n = 757

Thrombosis
n = 48

No thrombosis
n = 11

Thrombosis
n = 4

AC
n = 33

AC
n = 15

No thrombosis
n = 3

Thrombosis
n = 1

Event-free
n = 647

Event-free
n = 11

TIA
n = 1

ECV

No thrombosis
n = 656

No ECV
n = 8

ECV
n = 648

2nd TOE

Sludge
n = 53

No sludge
n = 6

Sludge/thrombus
n = 2

AC + APT
n = 8

AC
n = 45

Event-free
n = 6

ECV

2nd TOE

Event-free
n = 3

ECV

3rd TOE

Figure 3 Decision making flow chart according to results of TOE and clinical outcomes. AC, anticoagulation treatment; APT, antiplatelet treatment;
ECV, electrical cardioversion; TIA, transient ischaemic attack.
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anticoagulant schemes: effective conventional oral anti-
coagulation (6.6%), short term anticoagulation (5.6%), in-
effective or subtherapeutic anticoagulation (1.9%), and
effective oral anticoagulation for , 3 weeks (9%). These
results are very similar to those of the previously cited studies
confirming that despite treatment with various anticoagu-
lants the prevalence of left atrial thrombi is about 7%.

Even though in anticoagulated patients (particularly with
long term conventional treatment), thromboembolism may
more often arise as a consequence of the effects of
cardioversion than from the dislodgement of a pre-existing
thrombi (this explains the very low incidence of thromboem-
bolic events after conventional cardioversion despite a 7%
prevalence of thrombi), our data suggest caution in the
selection of candidates for cardioversion and underline the
role of TOE in these cases.5 In general the combination of
three weeks of warfarin followed by TOE is considered
unnecessary and relatively cost ineffective.17 Manning,9

however, suggested that an expanded exploration of the role
of TOE guided cardioversion may be reconsidered after the
publication of the high prevalence of thrombi by Seidl et al14

in patients receiving a conventional three week anticoagula-
tion before cardioversion. Our data not only confirm the data
of Seidl et al14 but also show that the incidence of
thromboembolism is almost cancelled with a TOE guided
approach in an unselected series of patients undergoing
cardioversion with different anticoagulant schemes.
Moreover, even if we do not suggest extending the TOE
guided approach to all patients undergoing cardioversion, our
data clearly show that several clinical and echo Doppler
variables may facilitate the presence of atrial thrombosis.
Age, poor left ventricular function, and mitral valve
prosthesis are correlated with a higher incidence of atrial
thrombi.20 Therefore, in these cases even in patients with
conventional long term anticoagulation TOE guided cardio-
version may be suggested; this may be particularly applicable
for mitral valve prosthesis, in which TOE is also useful for
prosthetic valve function evaluation. Another reason for more
extended use of TOE guided cardioversion is the high
prevalence of patients who may have subtherapeutic antic-
oagulation.21 22 Lastly, at least in centres that perform
complex invasive procedures in association with cardiover-
sion, routine use of TOE may facilitate the selection of these
candidates and the decision to immediately convert one
procedure to another.

Conventional anticoagulation and a TOE guided strategy
with short term anticoagulation have been shown to have
similar low rates of embolisation (approximately 0.8% in the
majority of studies).8 23 In our study no major embolic event
occurred (0%) and only one patient (0.15%) had a minor
symptom related to cardioversion (hemianopsia that resolved
completely). Our favourable results may be explained by two
main reasons. Firstly, atrial thrombi were very accurately
researched by the multiplane TOE approach, which is
particularly useful in patients with multilobed LAA.
Secondly, even though there is no consensus on the role of
a very pronounced smoke-like effect with sludge in the
images, we arbitrarily considered these entities to indicate a
pre-thrombotic status and the majority of these patients (53
of 757 equally distributed in the four study groups) were not
cardioverted.

In conclusion, despite different anticoagulant schemes
before cardioversion the prevalence of left atrial thrombi is
about 7% and a TOE guided approach may prevent the risk of
embolic events. Even though several studies have documen-
ted that the TOE guided protocol is not necessary and
relatively cost ineffective after conventional (three weeks)
anticoagulation, our data suggest that the TOE guided
approach may be more fully explored and used. This is

particularly true in centres that receive a very heterogeneous
population with different anticoagulant schemes, in patients
with suspected subtherapeutic anticoagulation, and in
patients scheduled for complex electrophysiological proce-
dures associated with cardioversion.
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