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Abstract

Paroxysmal atrial tachycardia usually presents as a sudden acceleration of the atrial rate combined with modifications of
the P wave morphology. A 22-year-old patient presented with very fast and very slow atrial ectopic activity. He complained
of repetitive episodes of fast tachycardia, some accompanied with dizziness. When the ectopic discharge was slow, no
clear-cut difference between the sinus rate and the ectopic rate was seen and thus the atrial rhythm appeared quite regular.
The ectopic focus was situated deep inside the right upper pulmonary vein (RSPV). After RSPV isolation a persistent sinus
rhythm was established and since then the patient has been asymptomatic for 3 years. Thus, subtle changes in the P wave
morphology without a significant change in the heart rate in patients presenting with palpitations can give a clue to the
diagnosis of the tachycardia and the localization of the ectopic focus.

INTRODUCTION
Subtle changes in the P wave polarity combined with slight
changes in the heart rate are often considered to represent a shift
of the origin of the impulse within the sinus node itself.

CASE REPORT
A 22-year-old man was referred to us for drug resistant atrial
tachycardia during exercise since 4–5 years. The rate of the
tachycardia had been measured up to 250 bpm inducing marked
dizziness. Slower ectopic rhythms around 100 bpm were also
recorded. Various degrees of atrioventricular block could also be
seen during tachycardia. The patient was initially treated with
flecainide 100 mg bid but since 3–4 months the tachycardia
recurred many times a week lasting from 1 minute to a couple of
hours. There was no past medical history. Physical examination
was normal. The echocardiogram was normal, too.

An electrophysiological study was performed.

Initially, only supraventricular premature beats were seen.
Compared with sinus rhythm, there was a slight reduction in
the amplitude of the positive P in Lead 1, the P waves were more
positive in Lead 2, Lead 3, AVF, the P waves were inverted in AVL
compared with sinus rhythm and there was a change in polarity
of the P wave in V1 from biphasic positive negative to positive
(Fig. 1A).

A non-sustained atrial tachycardia at 220 bpm with 2/1 block
occurred after atrial burst pacing and showed P waves of the
same polarity as the premature beats (Fig. 1B).

At times, a slow regular atrial rhythm around 45 bpm was
seen with alternating sinus and ectopic rhythm (Fig. 2).

Intracardiac measurements showed that during the prema-
ture beats and the tachycardia the high right atrium and the
coronary sinus os were activated simultaneously and that the
lateral wall of the right atrium was late.

At that point of time, the differential diagnosis based on
right atrial mapping was: a focus in the right interatrial septum,
a focus in the non-coronary aortic cusp, a focus in the left
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Figure 1: (A) One atrial premature beat (APD) shows a slight reduction of the positive P wave amplitude in Lead 1, increase of the positivity in Lead 1, Lead 3, AVF,

negativation of the P wave in AVL and positivation in V1 compared with sinus rhythm. (B) Fast atrial tachycardia with 2/1 atrioventricular block demonstrating the

presence of an atrial tachycardia. The atrial rate is 220 bpm. The P wave polarity is similar to that of the atrial premature beats.

Figure 2: Slow regular atrial rhythm around 45 bpm. Two morphologies of P waves can be seen. One (E) is similar to the ectopic rhythm recorded during the fast

tachycardia and the premature atrial beats. One sinus beat can also be seen (S).

interatrial septum, a focus in the right upper pulmonary vein.
The earliest atrial activation during the arrhythmia was found in
the high right septal area with a prematurity of minus 30 ms in
relation with the beginning of the P wave. Pacing at that site was
the best site to reproduce closely the timing and the morphology

of the right intra atrial and coronary sinus electrograms during
the arrhythmia.

One radiofrequency application at that site was unsuccess-
ful. The left atrium was accessed via transseptal puncture. A
Biosense Lasso catheter was positioned in the right superior
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Figure 3: The Lasso catheter (PV1–2 = > 9–10) is positioned at the ostium of the right superior pulmonary vein. PV 1–2 records the roof of the vein. One sinus beat

(S) followed by one ectopic beat (E) is seen. The Lasso recording shows a normal sequence of activation on the sinus beat: a far field atrial activity (A) followed by a

pulmonary vein potential (PV). The ectopic beat shows an inversion of the sequence of activation (PV precedes A) with fragmented PV potentials (PV 7–10) preceding

the far field atrial potentials (A) and the beginning of the P wave by 100 ms and also preceding the other PV potentials recorded by the Lasso catheter demonstrating

the pulmonary venous origin of the ectopy.

pulmonary vein (RPSV) as well as a Biosense Thermocool Smart-
touch D curve ablation catheter. These catheters were con-
nected to a 3D electroanatomical system (Carto3, Biosense Web-
ster, USA).

After placement of the Lasso in the RSPV, at the antero–
inferior part of the Lasso (electrodes 7–10), small fragmented
potentials with a prematurity of minus 100 ms in relation with
the beginning of the P wave during extrasystoles were seen.
There was also an inversion of the normal sequence of RPSV
activation: the venous potential preceded the far field atrial
potential on the premature beats (Fig. 3), demonstrating the
pulmonary venous origin.

We could also see an alternation of sinus rhythm and RPSV
regular atrial rhythm around 43 bpm with inversion of the
normal sequence of activation of the pulmonary vein on the
abnormal beats (Fig. 4).

The RPSV was isolated with an encircling lesion. After iso-
lation was completed, a slow irregular dissociated rhythm with
a cycle length between 380 and 680 ms was visible inside the
vein. Mapping the dissociated rhythm within the RSPV with the
ablation catheter showed fragmented potentials preceding the
earliest Lasso activation by 35 ms. These were recorded a few
centimeters inside the vein, beyond the right heart radiologic
border.

During a 24 hour follow-up only the typical sinus node atrial
activation could be seen.

The patient remains asymptomatic after a follow-up of
3 years.

DISCUSSION

This case report demonstrates that ectopy coming from the RPSV
may cause rapid tachycardia but may also be responsible for very
slow stable atrial ectopic atrial rhythm mimicking sinus rhythm.
Pulmonary vein tachycardia has been shown to be associated
with slow and fast ventricular rhythms in a limited number of
cases. In some cases, it is, as in our case, due to slow and fast
firing of the ectopic focus (3 cases described) [1–3]. In two of them
however the focus was situated in the left superior pulmonary
vein. In some cases permanent rapid pulmonary venous firing
mimicking sinus tachycardia caused heart failure [4, 5].

As far as the polarity of the ectopic P wave is concerned, it was
in accordance with the RSPV localization suggested by Yamane
et al. in their study on pulmonary venous pacing [6].

Kistler et al. found in 27 cases that in the case of pulmonary
venous ectopy 39% of the ectopic rhythms were coming from the
RSPV and 39% from the left superior pulmonary vein. They also
found that 93% of the pulmonary venous foci were ostial [7]. This
was not the case in our patient where the focus was situated
inside the vein.

The main take home message is the following: changes in
the polarity of the P waves, even subtle, despite a slow regular
atrial rhythm should raise attention in patients complaining of
paroxysmal tachycardia and could be a clue to the presence of
an ectopic focus responsible for the complaints.

The polarity of the P wave may help in localizing the origin of
the focus.
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Figure 4: A regular atrial rhythm at 43 bpm is seen. The first three beat are ectopic (E), the fourth is of sinus origin (S), the fifth represents fusion between sinus and

ectopic (F) followed by an ectopic beat and a sinus beat. There are only slight atrial cycle length changes during this sequence. (A) represents the far field atrial potential.

PV represents the RSPV pulmonary venous potential. On Lasso PV 1–2 the inversion of the normal sinus sequence of activation (A-PV) can be seen during the ectopy

(PV-A). This change is magnified at 100 mm/s on Fig. 3.

This also illustrates the ability of the RPSV to generate very
slow or very fast ectopic rhythms in the same patient.
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