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summARY Eighteen male patients (mean age 59 years) who were electrically cardioverted for pure

atrial flutter were retrospectively studied to determine those factors influencing the maintenance of

regular sinus rhythm or reversion to atrial flutter. Six months after successful cardioversion, 10

patients (55%) had recurrent atrial flutter and eight patients (45%) were still in sinus rhythm. The
two groups were not significantly different with respect to age, symptomatology, abnormalities on

the 12 lead electrocardiogram (during sinus rhythm), or the administration of digoxin and a class Ia
antiarrhydtmic agent (after cardioversion). There was a trend for those patients with recurrent atrial
flutter to have a higher incidence of underlying heart disease and previous episodes of atrial flutter
than the non-recurrent group. There were statistically significant differences between the recurrent

and non-recurrent groups with respect to echocardiographically determined left atrial size and left
ventricular ejection fraction. Patients with a left atrial size greater than 45 mm or with an ejection
fraction less than 45% were all at high risk for recurrent atrial flutter after successful cardioversion.

Previous studies in patients with atrialfibriUation have
shown a strong correlation between failure to main-
tain sinus rhythm after cardioversion of this arrhyth-
mia and the presence of underlying heart disease, an
enlarged left atrium on echocardiogram or chest x-ray
film, a history of previous episodes of atrial fibrilla-
tion, older age patients, the duration of atrial fibrilla-
tion before cardioversion, and the use of antiar-
rhythmic agents.1-9 The correlation between atrial
uter and these factors has not been studied. Elec-

trophysiologically, there are significant differences
between atrial fibrillation and atrial flutter.' 9 More
importantly, these two arrhythmias differ in terms of
their clinical behaviour with respect to incidence,
patients at risk, ease of cardioversion, duration of the
arrhythmia, and relapse rate.1-I5 Previous studies
have only included a few patients with atrial flutter
and no mention is made of whether they had atrial
flutter exclusively or also had documented episodes of
atrial fibrillation.
The purpose of this study was to review the out-

come of electrical cardioversion in patients with pure
atrial flutter, and to determine those factors influenc-
ing the maintenance of regular sinus rhythm or rever-
sion to atrial flutter after successful cardioversion.
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Patients and methods

The study population consisted of 18 male patients
who were electrically cardioverted for atrial flutter in
the coronary care unit of the Miami Veterans
Administration Medical Center between 1977 and
1980 and in whom adequate echocardiograms were
obtained within two weeks before cardioversion.
Patients with atrial fibrillation or flutter fibrillation
and postoperative patients were not included. The
clinical records of each were retrospectively reviewed
to determine the patient's age at the time of cardiover-
sion, the presence or absence of underlying heart dis-
ease, the symptoms at the time of admission to hospi-
tal, the drugs given after cardioversion, and subse-
quent clinical course and electrocardiographic
findings.

ELECTROCARDIOGRAPHIC EVALUATION
The diagnosis of atrial flutter was determined accord-
ing to conventional criteria. I Electrocardiograms and
clinical records were reviewed for the presence of pre-
vious episodes of atrial flutter or atrial fibrillation.
Patients with a history or documentation of atrial
fibrillation at any time were excluded. After car-
dioversion all patients were followed for at least six
months unless atrial flutter recurred earlier. Elec-
trocardiograms, after cardioversion, during regular
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sinus rhythm were interpreted for the presence of left
atrial abnormality (p wave duration >0. 12 s in stan-
dard lead or terminal negative component -0-04
mm s in V1), left ventricular hypertrophy, first degree
atrioventricular block, intraventricular conduction
disturbances, non-specific ST-T wave changes, and a
pattern of previous myocardial infarction.

ECHOCARDIOGRAPHIC EVALUATION
All patients had an M-mode echocardiogram per-
formed within the two weeks before cardioversion.
Echocardiograms were performed with the patient
either in the supine or left lateral decubitus position
using an Irex 101, Picker 80 C, or Unirad C system
interfaced with a Honeywell strip chart recorder.
Echocardiograms were assessed for left atrial and left
ventricular dimensions according to the recommenda-
tions of the committee on M-mode standardisation of
the American Society of Echocardiography." Left
ventricular ejection fraction was calculated by the
Teichholz method.'2

STATISTICS
Because of the skewed distribution of the echocar-
diographic and chronological variables, median dif-
ferences between the recurrent atrial flutter group and
the non-recurrent group were analysed by the Wil-
coxon two sample rank tests and x2 analysis. Data for
the entire group are expressed as mean ± standard
deviation.

Results

CLINICAL DATA
There were 18 male patients with a mean age of 59
years (range 49 to 71) at the time of cardioversion.
Twelve of the patients (67%) had evidence of underly-
ing heart disease, including mitral valve disease (three
patients), aortic valve disease (two patients), athero-
sclerotic heart disease (four patients), and car-
diomyopathy (three patients). Six patients (33%) had
no evidence of underlying heart disease by history,
physical examination, chest x-ray examination, elec-
trocardiogram, or echocardiogram. Thirteen patients
(72%) were symptomatic at the time of admission and
five patients (28%) were asymptomatic. Symptoms
included dyspnoea (10 patients), palpitation (eight
patients), angina pectoris (two patients), and stroke
(one patient).

Electrical cardioversion was performed without
complications in all patients. Fourteen patients (78%)
were given digoxin and a type IA antiarrhythmic
agent (quinidine, procainamide, or disopyramide)
after cardioversion. Four patients received digoxin
alone or no drugs.

ELECTROCARDIOGRAPHIC OBSERVATIONS
All patients had sustained atrial flutter of the common
type (typical saw-tooth baseline with superior orienta-
tion of the electrical axis of the flutter waves) with-
atrial rates varying from 250 to 350/min and ventricu-
lar responses from 75 to 160/min. Eight patients
(44%) had at least one previously documented episode
of atrial flutter. During regular sinus rhythm after
cardioversion, the 12 lead electrocardiogram showed
the following abnormalities: left atrial abnormality
(44%), left ventricular hypertrophy (39%), first
degree atrioventricular block (22/o), intraventricular
conduction disturbance (28Yo), myocardial infarction
(17%h), and non-specific ST-T wave changes (78%).

All 18 patients were successfully cardioverted to
regular sinus rhythm which persisted from one day to
five years. Six patients (33%) reverted to atrial flutter
within the first month and an additional four patients
reverted within six months. The remaining eight
patients (45%) maintained regular sinus rhythm for at
least six months after cardioversion.

ECHOCARDIOGRAPHIC RESULTS
Mean left atrial size for all 18 patients was 43.1+5-8
mm (range 36 to 53 mm). Seven patients (38%) had a
left atrial size of40mm or less, five patients (28%) had
a left atrial diameter of 41 to 45 mm, and six patients
(33%) had a left atrium larger than 45 mm. Mean left
ventricular end-diastolic dimension (LVEDD) was
53 1±10-0 mm (range 36 to 84). Twelve patients
(67%) had a left ventricular size of 55 mm or less and
six patients (33%) had left ventricular dilatation
(LVEDD greater than 55 mm). Four of the six
patients (67%) with a dilated left ventricle also had a
left atrium greater than 45 mm, whereas only two of
12 patients (17%) with a normal sized left ventricle
had an enlarged left atrium (p<0-05).

Left ventricular ejection fraction by echocardio-
gram ranged from 20 to 95% (mean 52-6t20-4%).
Ejection fraction was less than 45% in seven patients
(39%) and was 45% or greater in 11 patients (61%).
There was no statistical correlation between left ven-
tricular ejection fraction and left atrial size or left ven-
tricular size by echocardiography or between ejection
fraction and left ventricular hypertrophy by elec-
trocardiogram.

DETERMINANTS OF RECURRENT ATRIAL
FLUTTER
There were no statistically significant differences be-
tween patients who maintained sinus rhythm and
those who reverted to atrial flutter with respect to age,
symptoms at the time of admission, or the administra-
tion of digoxin and antiarrhythmic agents after car-

dioversion. Seven of the 10 patients (70%) with recur-

rent atrial flutter and five of the eight patients (62%)
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without recurrence had evidence of underlying heart
disease. There was a trend for the six patients with
recurrent atrial flutter at one month after cardiover-
sion to have a higher incidence of underlying heart
disease compared with the remaining 12 patients (five
of six (83%) versus seven of 12 (59%), respectively).
There was also a trend for the eight patients with a
previous history of atrial flutter to have recurrent
atrial flutter compared with the 10 patients in whom
this was their initial episode (six of eight (75%) versus
four of 10 (40'Yo), respectively).
There were no electrocardiographic variables pre-

dictive of recurrent atrial flutter. Neither left atrial
abnormality (four of 10 (4(0/o) with, and four of eight
(50%) without recurrent atrial flutter showed left
atrial abnormality), left ventricular hypertrophy
(three of 10 (30%) with and four of eight (50%) with-
out recurrent atrial flutter had left ventricular hyper-
trophy), atrial rate during flutter, nor the presence of
first degree atrioventricular block, intraventricular
conduction disturbances, non-specific ST-T wave
abnormalities, or myocardial infarction were predic-
tive of recurrence. Investigation of a possible relation
between recurrence and ST-T abnormalities is con-
founded by the fact that post-tachycardiac ST-T
abnormalities could not be discerned from chronic
ST-T abnormalities in every patient.

In contrast to left atrial enlargement by electrocar-
diography, median left atrial size was significantly
larger by echocardiography in the 10 patients with
recurrent atrial flutter compared with the eight
patients who remained in sinus rhythm (48-5 versus
39-5 mm, p<0.05). Only four of the 12 patients (33%)
with a left atrial size less than 45 mm had recurrent
atrial flutter, whereas all six patients with a left atrium
greater than 45 mm had recurrent atrial flutter
(p<0.01) (Fig.).
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Fig. Frequency ofrecurrent atrial jlter(AF) according to left
atrial size and left ventiur (LV) ejection fraction.
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Left ventricular ejection fraction was also a good
predictor of recurrent atrial flutter. Six of seven
patients (86%) with an ejection fraction less than 45%
had recurrent atrial flutter compared with four of 11
patients (36%) with an ejection fraction greater than
45% (p<0.05) (Fig.). The median ejection fraction for
the group with recurrent atrial flutter was 37 5%
compared with 63-5% in the group without recurrent
atrial flutter (p=0.05). In contrast, left ventricular
end-diastolic dimension was not a good predictor of
recurrent atrial flutter. Six of the 12 patients (50%)
with a left ventricular end-diastolic dimension less
than 55 mm and four of the six patients (67%) with a
left ventricular end-diastolic dimension greater than
55 mm had recurrent atrial flutter (p=NS).

Discussion

Patients successfully cardioverted from atrial fibrilla-
tion to regular sinus rhythm have a variable rate of
recurrence of atrial fibrillation. Previous investiga-
tions have shown that there are certain clinical,
radiological, and echocardiographic characteristics
which may help identify those patients at highest risk
for recurrence. The present study retrospectively
examined these and other variables in a group of 18
patients with pure atrial flutter who underwent suc-
cessful electrical cardioversion.

Several studies have shown that the duration of
atrial fibrillation is an important predictor of both the
success of cardioversion and the ability to maintain
regular sinus rhythm after cardioversion.'-6 The
present study could not address this because atrial
flutter was treated when first noted and the true dura-
tion could not be determined. Our data showed, how-
ever, a trend for patients with previous episodes of
atrial flutter to be at higher risk for recurrence com-
pared with patients with an initial episode of atrial
flutter, as has been previously shown for patients in
atrial fibrillation.' 3 5

In atrial fibrillation, the presence of underlying
heart disease is also significantly associated with a
higher rate of recurrence after successful cardiover-
sion.2-57 Our data for patients with atrial flutter are
also in agreement with previous reports, especially at

a follow-up of one month. Only one of six patients
(17%) without underlying heart disease had recurrent
atrial flutter, whereas five of 12 patients (42%) with
underlying heart disease had recurrent atrial flutter at
one month after cardioversion. The number of
patients with specific cardiac lesions, however, was
too small to examine each pathological entity sepa-
rately.

It is still controversial in patients with atrial fibrilla-
tin whether class Ia antiarrhythmic drugs decrease the
incidence of recurrent atrial fibrillation.1 -3 13-15 The
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present study does not show any advantage for using
digoxin and a class Ia antiarrhythmic agent in patients
with atrial flutter who have been cardioverted. This
study, however, was neither randomised nor were
drug doses or serum levels uniform. Furthermore, too
few patients were analysed to consider each class Ia
antiarrhythmic separately. Future prospective studies
monitoring drug dosing and blood levels must be
obtained in order to establish whether or not class Ia
antiarrhythmics are valuable after cardioversion in the
treatment of pure atrial flutter.
As opposed to echocardiography, the standard 12

lead electrocardiogram was not helpful in identfying
patients likely to have recurrent atrial flutter. Inexact
correlation between echocardiographic and elec-
trocardiographic findings may be one reason for this
discrepancy. On further analysis of our data we inci-
dentally found that the sensitivity, specificity, and
predictive accuracy of left atrial abnormality on the
routine electrocardiogram compared with left atrial
size on echocardiogram were only 25%, 60%, and
33%, respectively. The presence of left ventricular
hypertrophy on the routine electrocardiogram, how-
ever, was 83% sensitive and specific and had a predic-
tive accuracy of 71% for detecting a left ventricular
end-diastolic dimension greater than 55 mm by
echocardiogram.
The echocardiogram, as in patients with atrial

fibrillation, was the best technique for predicting the
recurrence of atrial flutter. The group of patients with
recurrent atrial flutter had a significantly larger
median left atrial size than those who maintained
sinus rhythm for at least six months (48.5 versus 39-5
mm, p<0.05). The sensitivity, specificity, and predic-
tive value of a left atrial diameter greater than 45 mm
for the probability of recurrent atrial flutter were
60%, 100%, and 100%, respectively. These data are in
agreement with those of Ewy et al.7 and Henry et al. 6
who measured left atrial size echocardiographically in
patients with atrial fibrillation. We also found that
there was a significant association between left atrial
enlargement and left ventricular enlargement.

Finally, our data demonstrate that those patients
with abnormal left ventricular function (ejection frac-
tion less than 45%) are also at significantly greater risk
for recurrent atrial flutter. The sensitivity, specificity,
and predictive value of an ejection fraction less than
45% for predicting recurrence of atrial flutter after
successful cardioversion were 60%, 87%, and 86%,
respectively. This association between a decreased
ejection fraction and recurrence of arrhythmias has
not previously been described.

In summary, in patients with atrial flutter (as
reflected by this study of 49 to 71 year old male vete-
rans) the ability to maintain regular sinus rhythm for
at least six months after successful cardioversion can
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be predicted by left atrial size and left ventricular
ejection fraction as determined by M-mode echocar-
diography. Helpful, though not as predictive, are a
history of previous episodes of atrial flutter or the
presence of significant underlying heart disease. Of
little or no value in distinguishing patients at high risk
for recurrent atrial flutter are the standard 12 lead
electrocardiogram, symptomatology, age, or the
administration of digoxin and class Ia antiarrhythmic
medication.
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