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Effect of exercise on cycle length in atrial flutter
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Abstract
Objective-To examine the effect of exer-
cise on cycle length in atrial flutter.
Patients-15 patients with chronic atrial
flutter. Seven patients were taking
digoxin and six verapamil; two were not
taking medication.
Methods-AJl patients underwent bicycle
ergometry. Flutter cycle length was mea-
sured at rest and at peak exercise.
Results-Mean flutter cycle length
increased from 245 ms to 256 ms (P =
0.002). Six patients developed 1:1 atrio-
ventricular conduction. Significant
increases in flutter cycle length were
observed irrespective of development of
1:1 atrioventricular conduction and use
of digoxin and verapamil.
Conclusion-Exercise prolongs flutter
cycle length. This effect would promote
development of 1:1 atrioventricular con-
duction during exercise, causing inordi-
nately high ventricular rates.

(Br HeartJ7 1995;73:263-264)
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Despite the frequent reference to a constant
flutter cycle length in atrial flutter,' several
factors have been identified that may to some
extent affect cycle length. These include
changes in autonomic tone,23 cardiac filling,4 5
and atrial size.'6 Also, drugs may alter cycle
length.37 We examined the effect of exercise
on flutter cycle length.

Patients and methods
The study group comprised 15 consecutive
patients with chronic atrial flutter who under-
went multistage, symptom limited bicycle
ergometry. Their clinical characteristics are
listed in the table. No patient had overt heart
failure. The electrocardiograms were recorded
using a computer assisted system (Marquette
Electronics, Milwaukee, WI, USA). Flutter
cycle length was measured at rest and at peak
exercise. As it is difficult to measure accu-
rately the length of a single flutter wave at
standard paper speed (25 mm/s) cycle length
was calculated as the mean of five cycles-that
is, the total duration of five successive cycles
was divided by five. Effects on cycle length
were also analysed relative to development of

Clinical characteristics of 15 consecutive patients with
chronic atrialflutter

Characteristic Number

Sex (male/female) 11/4
Mean (SD) (years) 41 (20)
No of patients with underlying heart disease:

Hypertension 1
Dilated cardiomyopathy 3
Mitral stenosis 1
Sick sinus syndrome 4
Transposition of lung veins 2
"Lone" arrhythmia 4

No of patients taking:
Digoxin 7
Verapamil 6

Flutter type (No of patients):
Common 10
Uncommon 5

Mean (SD) echocardiographic parameters (mm):
Left atrium:

Parasternal view 44 (9)
Apical view 62 (8)

Right atrium apical view 58 (8)
Left ventricular dimension:
End diastole 53 (6)
End systole 37 (9)

Figure 1 Electrocardiograms (leads I, a VR, Vl, and V4) at rest (A) and at peak exercise (B) showing an increase in flutter cycle length (245 ms to
265 ms). This was associated with development of 1:1 atnioventricular conduction, which caused a high ventricular rate (226 beatslminute). Cycle length
was calculated by measuring the total duration offive successive cycles and dividing by five.
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Figure 2 Effect of exercise
on flutter cycle length in
individual patients.
*Patients who developed
1:1 atrioventricular
conduction.
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1:1 atrioventricular conduction during exer-

cise and to use of digoxin and verapamil. For
statistical analysis the Student t test was used.
Data are reported as means (SD).

Results
An increase in flutter cycle length was

observed during exercise in 11 patients; mean
values for all patients at rest and at peak exer-

cise were 245 (33) ms and 256 (36) ms,
respectively (P = 0O002). Six patients devel-
oped 1:1 atrioventricular conduction.
Figure 1 shows a representative electro-
cardiogram. Figure 2 shows the response to
exercise in each patient. Increases in cycle
length were also observed in various sub-
groups. In the six patients with 1: 1 atrioven-
tricular conduction during exercise, flutter
cycle length increased from 262 (31) ms to
275 (32) ms (P = 0 059). In the nine other
patients flutter cycle length increased from
234 (31) ms to 243 (34) ms (P = 0 027).
Flutter cycle length increased in all patients
irrespective of digoxin treatment (values
increased from 247 (41) ms to 253 (40) ms (P
= 002) in patients taking digoxin and from
244 (27) ms to 259 (34) ms (P = 0-017) in
those who were not). Similarly, flutter cycle
length increased irrespective of verapamil
treatment; in patients taking verapamil cycle
length increased from 241 (41) ms to 246
(39) ms (P = 0O048) and in patients who were

not taking verapamil cycle length increased
from 248 (29) ms to 263 (34) ms
(P = 0009).

Discussion
To our knowledge, this is the first study to
examine explicitly the effect of exercise on

flutter cycle length in patients with atrial
flutter. Though our sample was small, our

results show that exercise prolongs flutter
cycle length. As this was an observational
study and drug treatment was not
randomised, no conclusions can be drawn
about the underlying mechanism. None the
less the data may provide important clues.

During exercise various opposing influ-
ences potentially affect cycle length. On the
one hand, enhancement of sympathetic tone

shortens the cycle length.3 On the other hand,
withdrawal of vagal tone23 and increases in
atrial filling45 and size3 6 prolong cycle length.
The fact that the increase in cycle length was
relatively limited in patients taking digoxin
suggests that diminution of vagal tone during
exercise does not have an important role in
changing atrial rate. Our findings suggest that
the increase in flutter cycle length was medi-
ated by haemodynamic factors-that is,
changes in atrial filling and size associated
with exercise. As such this would represent a
form of "contraction-excitation feedback".8
The exact underlying mechanism, however,
remains to be elucidated. Increases in atrial
pressure producing atrial distension may
affect atrial refractoriness.9 10 This may suffice
to explain changes in cycle length in atrial
flutter with a short excitable gap. However,
when the excitable gap is relatively long, as is
the case in most patients with atrial flutter
(with a re-entrant circuit around a fixed
anatomic obstacle), altered conduction velocity
or changes in the perimeter of the circuit
should be involved.1'
Our findings may have clinical implications

as patients with a long flutter cycle length are at
risk of developing 1:1 atrioventricular conduc-
tion, which causes inordinately high ventricular
rates. This has been shown for patients receiv-
ing antiarrhythmic drugs that prolong cycle
length (foremost class Ic agents).'2 Such
patients are especially susceptible to develop-
ing 1:1 atrioventricular conduction during
exercise as sympathetic activation facilitates
atrioventricular conduction. In addition, our
results suggest that exercise may also increase
the risk of developing rapid atrioventricular
conduction by prolonging cycle length.
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