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Electrophysiological characterization of myocardial sleeves
in canine pulmonary vein
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Studies have implicated the myocardial tissue of pulmonary vein sleeves as a
possible origin of ectopic impulses and serving as a source of ectopic foci in initiating
atrial fibrillation in human. However, the existence of pacemaker cells within
pulmonary vein sleeves was questioned, because the results of studies were
controversial. The animal model for such focal atrial fibrillation was still lacking and
cellular mechanism remained to be studied.

In the present study, the conventional glass microelectrode recording technique was
used to record intracellular action potentials in canine pulmonary vein sleeves. The
cellular electrophysiology under normal and pathological conditions, and drug
effects were investigated in the pulmonary vein sleeves from 150 dogs.

In 150 normal healthy dogs, all pulmonary vein sleeves displayed fast-response
action potentials. No spontaneous pacemaker activities, neither early nor delayed
afterdepolarizations were observed.

Quinidine and d-sotalol depolarized the membrane potential and prolonged the
action potential duration, especially in action potential duration at 90%
repolarization( APD90 ). Nisoldipine and ACh shortened the action potential duration.
4-AP and isoproterenol shortened APD90, but increased the plateau duration. The
pharmacological responses in the pulmonary vein sleeves were similar as in the left
atrial cells. Adenosine shortened the APD90 slightly in canine sleeves and atrial cells,
but shortened the APD90 significantly in guinea pig atrium.

In the presence of 1 mM isoporterenol, switching the stimuli frequency from 0.5 Hz
to 1 Hz, or washing out of 10 mM ACh, or added 8 mM potassium, induced a rebound
phenomenon, triggering a short period of spontaneous activity.

Under conditions, such as stopping flow, or conditions mimicking hypoxia, the
resting membrane potential depolarized, upstroke velocity of the action potential
decreased, and the APD shortened. Low temperature (20-227C ) repolarized the
membrane potential and prolonged the APD.

0.1 mM barium could not induce spontaneous activity, it only depolarized the
diastolic action potential, and cesium suppressed the diastolic slope. Diastolic
depolarization and spontaneous activity could be induced by 1 mM barium in all the
22 pulmonary vein sleeves, but only in 3 of 11 left atria. In the presence of 1 mM

barium, the diastolic slope was only slightly affected by nickel, but was significantly



suppressed by cadmium and verapamil. In the presence of barium and isoproterenol,
wash-out of ACh induced a rebound activity. Ryanodine (2 mM) caused a transient
increase, followed by a marked decrease of barium-induced automatic activity.
The results indicated a lack of arrhythmogenic activity under normal physiological
conditions in the canine pulmonary vein sleeves. The pharmacological responses
were similar between the left atrium and pulmonary vein sleeves. Abnormal
automaticity and triggered activity only occurred under pathological conditions. The
automaticity involved intracellular calcium overload. Barium-induced automaticity

was more easily induced in pulmonary vein sleeves than in the left atrium.



