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Early cardioversion of atrial fibrillation and atrial
flutter guided by transoesophageal echocardiography

A single centre 8·5-year experience
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Introduction

Atrial fibrillation (AF) is the most common sustained
arrhythmia. Its prevalence increases with age and the
presence of structural heart disease[1]. AF is character-
ized by lack of organized electrical and mechanical atrial
activity that results in rapid ventricular response and
1099–5129/00/020119+08 $35·00/0
increased risk for heart failure, thromboembolism and
death[2–5].

Cardioversion (CV) of AF is employed both to pre-
vent thromboembolism[6] and to improve ventricular
function[7–11]. Unfortunately, in the absence of several
weeks of preliminary anticoagulation CV itself may be
complicated by clinical embolism in up to 7% of
patients[12–14]. Previous studies have shown that antico-
agulation with warfarin for 3–4 weeks before CV results
in a substantial reduction in the incidence of CV-related
thromboembolism[12–15]. Thus, the current standard of
care provides for several weeks of prophylactic antico-
agulation before CV of AF lasting longer than 2 days, or
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Aims To analyse the safety and impact on maintenance of
sinus rhythm of transoesophageal echocardiographically
guided early cardioversion associated with short-term
anticoagulation in a large series of patients with atrial
fibrillation and atrial flutter.

Methods and Results Patients who were candidates for
cardioversion were eligible for inclusion if they had atrial
fibrillation or atrial flutter lasting longer than 2 days or
of unknown duration. Patients received short-term anti-
coagulation with warfarin or heparin and underwent trans-
thoracic echocardiography followed by transoesophageal
echocardiography. Early cardioversion was performed if
no thrombus was seen on the transoesophageal study.
Warfarin was maintained for 1 month after cardioversion.
In patients with atrial thrombi, cardioversion was deferred
and prolonged anticoagulation was prescribed. The study
population included 183 patients. One hundred and sixty
nine patients without atrial thrombi underwent early car-
dioversion. Fourteen patients with atrial thrombi (7·6%)
underwent a second transoesophageal echocardiogram
after a median of 4 weeks of oral warfarin, and cardio-
version was performed if clot regression was documented.
No patient in our study population had a clinical throm-
boembolic event at 1 month follow-up (95% C.I. 0–0·016).
The immediate success rate of cardioversion was better
among patients with atrial fibrillation <4 weeks duration
compared with patients with atrial fibrillation of longer
or of unknown duration: 96·6% vs 85%, respectively
(P=0·014). At 1 month follow-up, the percentage of
arrhythmia relapses in patients with initially successful
cardioversion was similar in the two groups (29% vs 26%,
P=ns); thus the initial better outcome in patients with
recent-onset arrhythmia was not lost.

Conclusion Transoesophageal echocardiography-guided
early cardioversion in concert with short-term anticoagu-
lation is safe. This approach permits abbreviation of the
overall duration of atrial fibrillation and has a better impact
on the maintenance of sinus rhythm for patients in whom
the duration of atrial fibrillation is <4 weeks.
(Europace 2000; 2: 119–126)
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of unknown duration; furthermore, anticoagulation
should be continued until normal sinus rhythm has been
maintained for 4 weeks[1,16]. However, this unselective
anticoagulation strategy exposes the patient to pro-
longed warfarin therapy (with increased risk of haemor-
rhage[13,15]) and results in a 3–4 week delay in CV for the
great majority of patients who would not experience
thromboembolism.

Conventional transthoracic echocardiography has a
low sensitivity for left atrial thrombus because of the
small size of thrombi and their preferential location in
the left atrial appendage. On the other hand trans-
oesophageal echocardiography (TOE) is an excellent
method of detecting atrial thrombi[17–21]. Its use has
therefore been proposed to guide early CV in patients
without atrial thrombosis in concert with short-
term therapeutic anticoagulation with warfarin or
heparin[15,22–24].

We report on the results of an 8·5-year prospective
study of a consecutive group of patients who have
undergone TOE-guided early CV of AF or atrial flutter
(AFL)>2 days’ duration.

Patients and methods

From August 1990 to January 1999 we evaluated 190
consecutive adults (inpatients and outpatients) with AF
or AFL lasting longer than 2 days, or of unknown
duration, who underwent TOE before scheduled exter-
nal electrical cardioversion. Patients were excluded if
they were on long-term anticoagulation, if AF/AFL
duration was 2 days or less, or if TOE was contraindi-
cated or refused. Seven patients were subsequently ex-
cluded because of inadequate TOE imaging of atria and
appendages. After obtaining written informed consent,
patients began receiving anticoagulation at their initial
visit; the aim was to have patients therapeutically anti-
coagulated at the time of the planned CV. In 166
patients warfarin was initiated with a 5–10 mg loading
dose and then INR levels were checked daily. TOE was
performed as soon as INR levels were �2. In ten
patients, urgent CV was needed on haemodynamic
grounds. They were anticoagulated with heparin using
an intravenous bolus (10 000 U) and continuous in-
fusion to maintain a partial thromboplastin time 1·5–2·5
times control values; in these patients a 3 to 4 day
overlap of warfarin therapy and intravenous heparin
therapy was necessary to maintain adequate anticoagu-
lation after CV. Patients anticoagulated with warfarin or
heparin received maintenance therapy with warfarin for
4 weeks after CV.

Seven patients were believed not to be candidates for
anticoagulation.

Conventional transthoracic echocardiography was
initially performed in all subjects with a commercial
Hewlett Packard Sonos 500, 1000, 2000 or 5500 echocar-
diograph (Hewlett-Packard Andover Mass, U.S.A.)
equipped with 2, 2·5, 5 MHz or with 4 s ultraband
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transducers. M-mode left atrial dimension was measured
in the parasternal long-axis view[25].

In all patients, pre-cardioversion TOE was performed
to screen for thrombus after at least a 4 h fast. Patients
received posterior pharyngeal anaesthesia with 10%
lidocaine spray and sedation with intravenous diazepam
(5–10 mg). TOE was performed with a commercial
5 MHz single-plane probe or a 3·7–5 MHz omniplane
probe (Hewlett-Packard Andover Mass, U.S.A.). The
left atrial appendage was initially viewed in the horizon-
tal (0�) plane; multiplane imaging was done by rotating
the imaging sector from 0�–180� during continuous
visualization of the appendage. An atrial thrombus was
defined as a circumscribed and uniformly consistent
echo-reflective mass of a texture different from that of
the atrial wall[26]; in patients studied with multiplane
TOE, off-axis views of the left atrial appendage were
employed in order to differentiate thrombus from pecti-
nate muscles[27]. Spontaneous echocontrast, a marker of
blood stasis, was considered present when dynamic
‘smokelike’ echoes were seen within the atria that could
not be eliminated by changes in gain settings[28]. Left
atrial appendage areas and emptying velocities were not
routinely determined. Imaging and Doppler data were
recorded on videotape for consensus review by two
experienced observers.

If no atrial thrombus was detected, external direct
current CV was performed immediately after or within
24 h of TOE (paddle position: apex-R upper anterior
chest wall). Because of the potential for thrombus for-
mation during the interval between TOE and CV, in
seven patients who did not receive anticoagulation, CV
was performed immediately after TOE.

Patients with atrial thrombus on TOE received �4
weeks of warfarin therapy (INR�2). After this period,
TOE was repeated and, if thrombus was no longer
detectable, CV was planned. If clot was still present, CV
was cancelled.

Patients were followed by an outpatient visit or a
telephone call 4 weeks after CV.

Statistical analysis

Results (Table 2) are expressed as mean value �1 SD.
Categorical variables were compared using the Fisher’s
exact test. Continuous variables were compared using a
t-test for unpaired data, assuming unequal variances in
the case of duration of atrial fibrillation. Exact binomial
95% confidence intervals were calculated for frequency
data. The presence or absence of thrombus was assessed
by two observers (raters). The interrater agreement was
assessed calculating the Kappa-statistic. A statistic for
testing Kappa>0 was calculated. All calculation were
made using Stata 4·0 (Stata Co., 1984–1995, U.S.A.).

Results

The study population included 183 patients (107 men
and 76 women) aged 64·4�8·3 years (range 33–86). The
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presenting arrhythmia was AF in 155 and AFL in 28
patients. Underlying disorders are summarized in Table
1. The clinically estimated duration of AF/AFL was
30·6�45·4 days in 98 patients (range 3–180). In 85
patients (46%) the duration of AF/AFL was clinically
indeterminate; they were mostly outpatients with
asymptomatic arrhythmia.
Conventional two-dimensional and Doppler trans-
thoracic echocardiography was initially performed in all
patients. Transthoracic echocardiography did not detect
intracardiac thrombus or spontaneous echo contrast or
other sources of embolism in any patient. Uncompli-
cated TOE was subsequently performed with a commer-
cial 5 MHz single-plane probe (early: 39 patients, 21%)
Table 1 Primary associative disorders underlying atrial fibrillation/flutter

Underlying disease N� %

Valvular heart disease mitral* 30 16·4
aortic** 5 2·7
mitral-aortic 8 4·4

Hypertension uncomplicated 25 13·7
hypertensive heart disease*** 13 7·1

Ischaemic heart disease 15 8·2
AF/AFL related heart failure 13 7·1
Cardiomyopathies dilated 21 11·5

hypertrophic 4 2·2
Congenital heart disease 4 2·2
Pericarditis constrictive 1 0·5

effusive-constrictive 1 0·5
Precipitating illness hyperthyroidism 3 1·6

pneumonia 1 0·5
Lone AF/AFL**** 39 21·3
Total 183 100

*including seven patients with mitral valve prolapse; **including one patient with an unanticoagu-
lated biological valve prosthesis; ***increased left ventricular wall thickness (with or without
left ventricular systolic dysfunction) in hypertensive patients; ****patients without overt cardio-
vascular disease or precipitating illness, independent of age. AF=atrial fibrillation AFL=atrial
flutter.
Figure 1 Multiplane transoesophageal echocardiogram of the left atrium
and left atrial appendage (31�). The patient had AF of unknown duration;
the transthoracic echocardiogram demonstrated the presence of mitral valve
prolapse with moderate valve regurgitation. Note the multilobed appearance
of the left atrial appendage which shows a definite bifurcation. A thrombus
(white arrow) was detected in the medial portion of the branched left atrial
appendage. After 4 weeks of warfarin this thrombus had completely
resolved.
Europace, Vol. 2, April 2000
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or with a 3·7–5 MHz omniplane probe (144 patients,
79%). Spontaneous left atrial echocontrast was detected
by TOE in 79 patients (43%). In 169 out of 183 study
participants (92·4%) TOE was negative for the presence
of atrial thrombi. In 14 patients (7·6%) an atrial throm-
bus was identified on the pre-cardioversion TOE study.
Atrial thrombi were sessile in 12 patients and mobile in
two patients. In all patients, thrombus was located in the
left atrial appendage (Fig. 1). The overall inter-observer
agreement for the diagnosis of atrial thrombi was 95, 12%
with Kappa=0·7066 (P<0·0001). The study population
with atrial thrombi on first TOE included nine men and
five women aged 64·4�8·5 years. The underlying ar-
rhythmia was AF in 12 patients and AFL in two patients.
Spontaneous echocontrast was detected in 11 out of 14
patients with atrial thrombi (78·6%) and in 68 out of 169
patients without atrial thrombi (40·4%) (Table 2). Left
atrial thrombi were more frequent among patients with
structural heart disease or heart failure (P=0·087) and
among patients with left atrial spontaneous echocontrast
(P=0·009) (Table 2). Nevertheless, we found a substan-
tial overlap between groups. Age, gender, hypertension,
duration of AF/AFL, left atrial dimension were not dif-
ferent between patients with and without left atrial
thrombi (Table 2). To summarize, none of the variables
mentioned above was a reliable predictor of the presence
of thrombus for a given patient.

In patients without atrial thrombi on first TOE exter-
nal electrical cardioversion was performed immediately
or within 24 h.

In patients with atrial thrombi on first TOE cardio-
version was deferred and we performed a second TOE
after a median time of 4 weeks (mean 5�1·5, range 4–9)
of therapeutic anticoagulation with warfarin. Eleven of
14 atrial thrombi had completely resolved (78·6%; 95%
Cl, 49 to 95%). Furthermore, no new atrial thrombi were
visualized on follow-up TOE. Ten of 11 patients with
documented thrombus resolution underwent subsequent
electrical CV; in one patient cardioversion was deferred
because of scheduled surgical pericardiectomy. In
three patients with persistent atrial thrombus, CV was
cancelled (Fig. 2).
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Eight patients with initially successful CV reverted
to AF before the scheduled 4-week follow-up visit. If
patients were therapeutically anticoagulated (seven of
eight patients) a second electrical CV was performed
without preliminary TOE; in one patient with subthera-
peutic anticoagulation, a second TOE was performed
before CV. In all cases, after the second CV the ‘1 month
follow-up clock’ was restarted.

In one patient, major bleeding occurred due to previ-
ously unrecognized colon cancer 2 days after CV; a
conventional transthoracic echocardiogram revealed
signs of persistent atrial stunning, with the A wave
virtually absent on the pulsed Doppler examination of
the mitral valve. Nevertheless, warfarin therapy was
stopped and surgical removal of the cancer performed;
the patient was found to be in sinus rhythm at 1 month
of follow-up.

In seven patients, TOE and subsequent CV were
performed without anticoagulant therapy.

At the 1 month follow-up, 112 of 159 patients with
initially successful CV were still in sinus rhythm; three
patients were lost to follow-up even though repeated
attempts were made to get in touch with them. In one
patient with severe aortic valve stenosis follow-up
was interrupted after 5 days because of aortic valve
replacement. As a whole, in our patients who under-
went TOE-guided CV, the immediate and 1 month
success rates of CV were 88% and 70%, respectively.
Nevertheless, the immediate success rate of CV was
better among patients with AF/AFL<4 weeks dur-
ation (57/59, 96·6%) compared with patients with AF/
AFL of longer or of unknown duration (102/120,
85%); this difference was statistically significant
(P=0·014). At the 1 month follow-up the percentage of
AF/AFL relapses in patients with initially successful
CV were similar between the two groups (29% vs 26%,
P=ns); thus, the initial better outcome in patients with
recent-onset arrhythmia was maintained at long-term
follow-up.

No patient had clinical evidence of cerebral or
systemic embolism at 1 month follow-up after
cardioversion (95% confidence interval 0–0·016).
Table 2 Clinical characteristics and echocardiographic data of patients with and without left atrial thrombi on
transoesophageal echocardiography

Left atrial thrombus

present (n=14) absent (n=169) P value

Age (years) 64·4�8·5 64·2�6·1 0·94
Gender (female) 5 (35·7%) 71 (42%) 0·78
Duration of AF/AFL (days) 41·�44·9* 35·2�45·7** 0·76
Left atrial dimension (mm) 44·3�4·7 42·2�5·5 0·17
Left atrial spontaneous echocontrast 11 (78·6%) 68 (40·5%) 0·009
Hypertension 5 (35·7%) 71 (42%) 0·78
Structural heart disease of AF/AFL related heart failure 12 (85·7%) 104 (61·5%) 0·087

*Unknown, n=9; **Unknown, n=76. Data presented are mean values�SD or number (%) of patients.
AF=atrial fibrillation AFL=atrial flutter
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Discussion

Our results suggest that TOE-guided cardioversion with
short-term anticoagulation is feasible and safe and are
in agreement with previously published data on this
topic[15,22–24].

Such an approach allows for a shortened total dur-
ation of anticoagulation (by eliminating the 3–4 weeks
of pre-cardioversion warfarin). The incidence of major
bleeding during warfarin therapy appears to be related
to the length and to the intensity of anticoagu-
lation[13,15]; a briefer anticoagulation therapy has the
potential advantage of a decreased risk for bleeding.
Furthermore, transient subtherapeutic INR during
pre-CV warfarin therapy is not infrequent[15]; in these
patients the ‘1 month clock’ is generally restarted after
adjusting the dose of warfarin, with a further delay in
CV. Seven patients in our series were found to be free of
atrial thrombi on TOE and underwent subsequent
uneventful CV without anticoagulation therapy. This
approach was used in a limited number of patients in the
early phases of our study (1991–1993). The exclusion of
pre-existing atrial thrombi does not eliminate the risk of
embolism after CV because of the possibility of post CV
depressed left atrial and left atrial appendage mechanical
function and de novo thrombosis[29–33]. Post CV atrial
and appendage stunning appears to be independent of
the modality of CV, and occurs with spontaneous[34],
pharmacological[35,36] or electrical[23,35–38] CV. Further-
more, which patients will exhibit atrial stunning cannot
be predicted on pre-CV variables[39]. On the basis of
these data, the use of 1 month warfarin after CV
is strongly recommended to prevent new thrombi
from forming during the period of recovery of atrial
AF/AFL > 48 h
CV required
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Figure 2 Schematic of patient flow (see text for details). AF=atrial fibril-
lation; AFL=atrial flutter CV=cardioversion; LAA=left atrial appendage
TOE=transoesophageal echocardiography.
Europace, Vol. 2, April 2000



124 G. Corrado et al.
mechanical function[15,22,24,40]. Nevertheless, in patients
in whom anticoagulation is absolutely contraindicated,
TOE-guided CV without anticoagulation appears to be
safer than ‘blind’ CV[24,40].

The use of TOE allows CV to be performed earlier.
The duration of atrial fibrillation is the strongest
predictor of long-term success of CV[41]. AF is recog-
nized to cause electrical remodelling of the atria which
may play a role in the development of chronic AF[42].
Furthermore, AF is associated with rapid left atrial and
left atrial appendage functional and anatomical remod-
elling[43,44]. Finally, the time required for recovery of
both atrial mechanical function and atrial electrophysio-
logical properties is directly related to the duration of
AF before CV[42,45]. Thus, since cardioverting patients
with recent onset AF may avoid electrical and mechani-
cal atrial remodelling, CV should probably be per-
formed early once a decision to cardiovert has been
made. The ACUTE Pilot Study compared immediate
rates of conversion and long-term maintenance of sinus
rhythm between the TOE-guided group and the conven-
tional therapy (i.e. pre-CV 3 weeks warfarin) group.
Disappointingly similar rates of immediate and long-
term success of CV were found between the TOE and the
conventional therapy groups (85% vs 76% and 55% vs
56%, respectively)[15]. As a whole in our patients who
underwent TOE-guided CV immediate and 1 month
success rates of CV were similar to the ACUTE popu-
lation: 88% and 70%, respectively. Nevertheless, in our
study population the immediate success rate of CV was
better among patients with AF/AFL<4 weeks duration
compared with patients with AF/AFL of longer or of
unknown duration (P=0·014). Furthermore, the initial
better outcome in patients with recent-onset arrhythmia
was maintained at long-term follow-up. In patients with
AF<4 weeks duration, the conventional use of 3–4
weeks of prophylactic anticoagulation before CV signifi-
cantly prolongs the overall duration of AF before CV.
This delay potentially reduces the likelihood of recovery
and maintenance of sinus rhythm.

The incidence of CV-associated thromboembolism in
patients who received 1 month prophylactic anticoagu-
lation is low, but is not zero[12–15] The use of TOE to
guide early CV could further decrease the risk of
embolism-avoiding CV in patients with atrial and/or
appendage thrombi. In our study population atrial
thrombi were identified in 14 patients (7·6%). After a
median of 4 weeks of warfarin 11/14 atrial thrombi had
resolved; furthermore, no new thrombi were identified
on follow-up TOE. Uneventful CV was attempted in
patients with documented thrombus resolution. These
findings on the benefit of anticoagulation are in agree-
ment with previously published data[15,18,23,46,47] and
support the hypothesis that the primary mechanism of
thromboembolism reduction of 3–4 weeks of warfarin
before CV are atrial thrombus resolution and prevention
of new thrombus formation, rather than organization
and adherence of any clot that is already present in the
atrium. CV-related thromboembolism after 1 month of
warfarin (i.e. in patients treated with conventional
Europace, Vol. 2, April 2000
therapy) could be related to unrecognized residual
thrombi. Therefore, follow-up with TOE before CV is
generally advocated to document thrombus resolution in
patients found to have atrial thrombus on first
TOE[15,24,40]. In patients with persistence of atrial throm-
bus the need for cardioversion to sinus rhythm should be
weighed against the risk of embolization.

Cost-effectiveness models demonstrate that TOE-
guided early CV of AF could be a cost-saving alternative
to conventional therapy[48]. Furthermore, in patients
with AF and atrial thrombi detected on first TOE, a
strategy that uses a follow-up TOE to document throm-
bus resolution before CV could reduce the risk of
post-cardioversion thromboembolism and may be more
cost-effective than proceeding directly to CV after pro-
longed anticoagulation without follow-up TOE[49]. The
direct comparison of the relative cost-effectiveness of
conventional vs TOE-guided approaches to electrical
CV for patients in AF is a secondary objective of the
ongoing ACUTE multicentre study[15].

In two patients with atrial thrombus on TOE the
underlying arrhythmia was AFL (two thrombi out of 28
patients with AFL: 7%). AFL is an organized arrhyth-
mia which has been traditionally considered to be at low
or absent thromboembolic risk[14,50]. However, atrial
thrombi and spontaneous echocontrast have already
been reported in the literature in patients with AFL with
or without structural heart disease[51–53]. These data
suggest that, in contrast to the widely held belief
that AFL is an organized rhythm with low risk of
thromboembolism[14], cardioversion of AFL in non-
anticoagulated patients may be associated with in-
creased risk of thromboembolic complications. Until
further information becomes available, some authors
recommend that patients with AFL be treated with
anticoagulants in a similar manner to those with
AF[40,54].

Study limitations

Our study was non-randomized, and so a true compari-
son between TOE-guided early CV and conventional
anticoagulant prophylaxis before CV cannot be made.

Thirty-nine patients (21% of the study population)
enrolled in the earlier phases of the study underwent
TOE with a single-plane probe. Biplane and multiplane
probes are more accurate than monoplane probes in
atrial thrombi detection[20,21]. Thus, even if atria and
atrial appendages were carefully studied in all patients, it
is possible that some atrial thrombi may have been
missed in patients studied with monoplane probes.

Our follow-up was limited to one month after enroll-
ment. Thus the long-term success rate of CV cannot be
drawn from our data.

Conclusions

TOE-guided early CV in concert with short-term antico-
agulation is feasible and safe. This strategy permits
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abbreviation of the duration of AF/AFL with a more
favourable impact on the maintenance of sinus rhythm.
Further studies are necessary to compare directly the
relative efficacy and cost-effectiveness of the TOE-
guided strategy with the conventional 4 weeks of pre-
CV warfarin in patients with AF/AFL scheduled for
electrical CV.

We are indebted to the nurses Laura Zaffaroni and Mariangela
Negretti for data collection.
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