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Abstract

Three cases of the new appearance of ectopic supraventricular rhythms during exercise electrocardiography are presented. 
Transient decrease in the rate of the sinoatrial node or transient increase in the rate of subsidiary pacemaker are responsible. 
Electrocardiographic criteria for diagnosing the site of origin of supraventricular ectopic foci are discussed. The diagnostic, 
and prognostic significance of such a finding is not known.
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Introduction

Normally, the rate of the sinus node increase 
progressively during exercise. Therefore, the rate of any 
subsidiary pacemaker never exceeds the rate of the sinoatrial 
node during treadmill testing. We are reporting three cases 
where ectopic supraventricular rhythm appeared at peak 
exercise or during recovery.

Case Reports

Case Number 1

A 56 years old male was evaluated for atypical chest 
pain. Resting supine electrocardiogram was normal (Figure 
1). P wave were positive in leads I, II, III, aVF, V4R and V2 to 
V6 (marked as ↑) and negative in lead aVR (marked as ↓). PR 
interval was 0.14 seconds. Peak heart rate was 165 beats per 
minute. During first minute of recovery (Figure 1) patient 
transiently developed an atrioventricular nodal rhythm with 
inverted P waves in leads II, III, aVF, V4R (marked as ↑) and 
positive P wave in lead aVR (marked as ↓). P wave remained 
positive in lead V5 (marked as ↑) PR interval was short (0.10 
second, marked as ∗). There were no ST-segment of T wave 
changes. 

Figure 1: a: Resting supine electrocardiogram. It shows 
positive P waves in leads II, aVF, V4R, V5 and V6 (marked 
as ↑) and negative P wave in lead aVR (Marked as ↓). These 
findings are suggestive of normal sinus rhythm.
b: Electrocardiogram recorded during the first minute of 
recovery. It shows the inversion of P waves in leads II, III, 
aVF, V4R (marked as ↓) and positive P waves in leads aVR 
and V5 (marked as ↑). PR interval is normal. These findings 
are suggestive of ectopic focus in the posteroinferior right 
atrium.
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Case Number 2

A 48 years old male was evaluated for atypical chest 
pain. Resting supine electrocardiogram (Figure 2) was 
normal. P waves were positive in leads I, II, III, aVF, V4, V5, 
V6 (marked as ↑) and inverted in lead aVR (marked as ↓). 
PR interval was 0.14 seconds. Patient could complete the 
treadmill test without any symptoms, ST-segment or T wave 
changes. During the second minute of recovery (Figure 2), P 
waves became inverted in leads II, III, aVF, V3 to V6 (marked 
as ↓). P wave became positive in lead aVR (marked as ↑). PR 
interval remained 0.14 seconds.

Figure 2: a: Resting supine electrocardiogram showing 
positive P waves in leads II, aVF, V5 and V6 (marked as ↑). P 
wave is inverted in lead aVR (marked as ↓) and is biphasic 
(+/-) in lead V1 (marked as ∗) Findings are suggestive of 
normal sinus rhythm.
b: Electrocardiogram recorded during the second minute 
of recovery. It shows inverted P waves in leads II, aVF, V5 
and V6 (marked as ↓). P waves are positive in leads aVR and 
V1 (marked as ↑). The PR interval is normal. These findings 
are suggestive of ectopic focus in the inferoposterior left 
atrium.

Case Number 3

A 53 years old male presented with chest pain on 
effort. He was evaluated by treadmill testing. Resting supine 
electrocardiogram (Figure 3) was normal. P waves were 
positive in leads II, III, aVF, V3, V4 ,V5, and V6 (marked as 
↑) and negative in lead aVR (marked as ↓). The patient could 
exercise for 11:44 minutes (8.1 METs). Peak heart rate was 
142 beats per minute (85% of the age-predicted maximal 
heart rate). Slow upsloping ST-segment depression appeared 
during the third stage and increased at peak exercise (Figure 
3, marked as ∗). At peak exercise, P waves became inverted 
in leads V3, V4 and V5 (Figure 3, marked as ↓). Also, PR 
interval in leads V4 and V5 decreased to 0.08 second (Figure 
3, marked as ∗).

Figure 3: a: Resting supine electrocardiogram showing 
positive P waves in leads II, aVF, V4 and V5 (marked as ↑). 
P wave is inverted in lead aVR (marked as ↓) and biphasic 
(+/-) in lead V1 (marked as ∗) Findings are suggestive of 
normal sinus rhythm.
b: Electrocardiogram recorded at peak exercise. P waves 
are inverted in leads V4 and V5 (marked as ↓). The PR 
interval is short. Findings are suggestive of junctional 
rhythm. There is slow upsloping ST-segment depression in 
leads II, aVF, V5 and V6 (marked as ∗).

Discussion

Normal P Wave and PR Interval

P wave is produced by depolarization of the atria. 
Normally, the electrical impulse arises from the sinoatrial 
node which is situated at the junction of the superior 
vena cava with the right atrium. The impulse then travels 
downwards and to the left via intermodal pathways to 
reach the atrioventricular node. The mean frontal plane 
vector of the atrial depolarization is, thus, directed towards 
the positive pole of lead II and away from the positive pole 
of lead aVR. P wave arising from the sinoatrial node is, 
therefore, positive in leads II, aVF, III and negative in lead 
aVR. PR interval ranges from 0.12 seconds to 0.20 seconds 
as the impulse faces a normal delay in conduction across the 
atrioventricular node [1].

Inverted P Waves in Leads II, III, aVF

•	 It can occur in the following situations 
•	 Ectopic impulse arising in the low left atrium [2].
•	 Ectopic impulse arising in the low right atrium [3].
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•	 Ectopic impulse arising in the vicinity of the 
atrioventricular node [4].

•	 Ectopic focus arising within the atrioventricular node 
[4].

•	 Ectopic focus arising in the coronary sinus [5].

Low atrial rhythms produce negative P waves in leads II, 
III, and aVF: P wave is positive in lead aVR and aVL Henckell 
AK, et al. [6] as the impulse traverses upwards. PR interval 
is normal because the impulse faces a normal delay in 
conduction across the atrioventricular node.
Ectopic impulse arising in the vicinity of the 
atrioventricular node behaves like low atrial rhythms: 
PR interval remains normal.

Ectopic focus arising from within the atrioventricular 
node also produce inverted P waves in leads II, III, aVF and 
positive P wave in lead aVR as the impulse traverses upwards 
and right towards the positive pole of lead aVR. P wave remains 
positive or flat in leads V5 and V6 as the atrial depolarization 
vector remains parallel to these leads. The relation of the P 
wave to the QRS complex depends on the relative velocity of 
conduction retrogradely to the atria and antegradely to the 
ventricles [1]. If the retrograde conduction to atria is faster 
than the antegrade conduction to the ventricles, an inverted 
P wave appears before the QRS complex. PR interval is short 
(less than 0.12 seconds) because the impulse arising within 
the atrioventricular node partly overcomes the normal delay 
in conduction across the atrioventricular node. If the time 
taken for retrograde conduction to the atria is equal to the 
time taken for antegrade conduction to the ventricles, the P 
wave falls within the QRS. No separate P wave is seen. If the 
time taken for retrograde conduction to the atria is more than 
the time taken for antegrade conduction to the ventricles, the 
inverted P wave falls after the ORS complex with a short R-P 
interval.

Inverted P Waves in Leads II, III, aVF and 
Precordial Leads

If the ectopic arises from the anterior part of the left 
atrium, it traverses upwards and anteriorly to depolarize 
the two atria. The impulse is once again moving away from 
the positive poles of the inferior and precordial leads. P 
waves are, therefore, inverted in leads II, III, aVF and lead 
V5 and V6 [7]. As the P wave vector moves anteriorly from 
the posteriorly placed left atrium, P waves are positive in 
leads V1 and V2 [8]. P wave inversion in all precordial leads 
is considered as a sensitive and specific marker of ectopic 
rhythm originating in the anterior wall of the left atrium 
[9]. As the impulse originates in the anterior wall of the left 
atrium, it faces normal delay in atrioventricular conduction. 
PR interval is, therefore, normal. P wave inversion in lead V6 
is the most sensitive sign that suggests left atrial focus [8].

Inversion Of P Wave in Leads II, III, aVF, V5 and 
V6 with Positive P Wave in Lead V1

It suggests ectopic focus in the inferior part of the left 
atrium [6,10].

Negative P Wave in Leads II, III, aVF and Positive 
P Wave in Lead V6 with Negative P Wave in Lead 
V1

It suggests ectopic focus in the postero inferior right 
atrium or coronary sinus [6,8,10]

Inversion of P Wave in Lead I

As the atrial depolarization vector moves towards the 
right atrium, it moves away from the positive pole of lead I. 
Thus P wave inversion in lead I also suggests left atrial origin 
of the ectopic focus. In situs inversus with dextrocardia, 
sinoatrial node is situated at the junction of the left superior 
vena cava and left-sided (morphologic right) atrium [7,8]. 
Atrial depolarization, therefore, proceeds from left to right. 
This also produces P wave inversion in leads I and aVL, P 
wave is positive in lead aVR Campbell M, et al. [11] and PR 
interval is normal. In some other congenital defects with the 
absence of joining of SVC with the right atrium, the absence 
of sinoatrial node in the right atrium also produces left atrial 
rhythm. This is seen in left persistent superior vena cava, left 
atrial isomerism and superior sinus venosus atrial septal 
defect [12-14].

Reverse progression of the R wave in precordial leads 
helps differentiation from technical dextrocardia (reversal of 
limb leads) which also produces inversion of the P wave in 
lead I. However, lead I also shows negative QRS and T waves 
resembling normal lead aVR. Precordial leads also show the 
normal progression of the R wave. 

Dome and Dart P Wave in Lead V1

Some cases of congenital heart disease with left atrial 
rhythm show ‘dome and dart’ P waves in lead V1. The initial 
low amplitude and rounded (dome-like) part of the P wave 
is generated by slow depolarization of the left atrium. It is 
followed by a sharp spike of greater amplitude (dart) by 
rapid depolarization of the right atrium. A ‘dome and dart’ P 
wave in leads V1 or V2 is diagnostic of left atrial rhythm [15].

P Waves Simulating Sinus P Waves

If the ectopic focus is situated in the vicinity of the 
sinoatrial node or upper part of the right atrium the P waves 
simulates normal sinus node P wave and may be difficult to 
differentiate from sinus P waves. Minor variations can also 
occur due to different sites of exit from the sinoatrial node.

https://medwinpublishers.com/OAJC/
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Pacing Studies 

Studies involving the pacing of different parts of the left 
atrium Harris BC, et al. [10] and Khalilullah M, et al. [16] 
have revealed variable configurations of the P waves from 
different sites. However, most of these cases had dilated and 
diseased left and/or right atria. Such atria are likely to have 
fragmentation of the conduction tissue of the two atria. This 
may result in variations in the direction of the P wave vector 
on stimulation of different parts of the left atrium. Another 
limitation of such studies is that atria were paced at a rate 
faster than the sinus rate. The P wave vectors are therefore 
likely to be affected by simultaneously occurring discharge 
of the sinus node. Ectopic atrial rhythms are usually escaped 
rhythms that appear transiently in the event of slowing 
of the rate of the sinoatrial node sinus rate. Further, these 
studies were performed either on patients of secundum ASD 
or during transseptal left heart catheterization. Congenital 
absence of part of the interatrial septum or transcatheter 
creation of an opening in the interatrial septum could also 
affect the P wave vector.

Present Impression

The direction of the P wave vector and configuration of 
the P wave discussed above may be an oversimplification of 
a complex issue. P wave vector may be affected by genetic or 
acquired variation in the atrial conduction tissue. Therefore, 
there could be variation in P wave configuration in different 
leads in cases of ectopics arising from similar focus.

Interpretation of our Cases

In view of the above-mentioned literature, case number 
1 had an ectopic focus in the postero inferior right atrium. 
Case number 2 had an ectopic focus in the inferno-posterior 
left atrium. Case number 3 had an ectopic focus within the 
atrioventricular node. 

In all the three cases, the rate of the ectopic focus was less 
than 100/minute. So these ectopic rhythms do not qualify to 
be labelled as supraventricular tachycardias. In case number 
1 and 2, the ectopic rhythm appeared transiently during 
recovery. In the third case, the ectopic rhythm appeared 
very transiently during peak exercise. During exercise, the 
sympathetic drive increases progressively and so does the 
discharge rate of the sinoatrial node. During recovery, the 
sympathetic drive declines rapidly and vagal tone increases 
[17]. It is possible that in our cases, some autonomic 
imbalance resulted in transient greater inhibition of the 
sinoatrial node than the subsidiary pacemakers in the atria 
or the atrioventricular node. This resulted in the transient 
appearance of the ectopic supraventricular rhythm. 
Subsequently, the rate of the subsidiary pacemaker fell below 
that of the sinoatrial node and sinus rhythm again took over 

the control of heart rate.

To the best of our knowledge, there is no literature 
regarding the diagnostic or prognostic significance of the 
transient appearance of such ectopic supraventricular 
rhythm during exercise electrocardiography. The transient 
appearance of such rhythm suggests the presence of 
supraventricular ectopic foci whose rate is close to that of 
the sinoatrial node. Such foci can compete with the sinoatrial 
node during decreased sympathetic drive or increase of 
parasympathetic tone. Such ectopic supraventricular rhythms 
are usually benign and occur in children or athletes with a 
high vagal tone [6,18]. Permanent low atrial rhythms can 
be associated with congenital heart disease associated with 
non-development of the sinoatrial node e.g.. left persistent 
superior vena cava, left atrial isomerism and sinus venosus 
atrial septal defect [12-14]. Suppression of sinoatrial node 
by drugs or prior surgery can also result in the emergence of 
such ectopic rhythms [6]. 

Patients with ‘Dome and Dart’ P waves in lead V1 
are considered susceptible to spontaneous or induced 
supraventricular tachycardias [15].

Conclusion

Ectopic supraventricular rhythms can appear during 
exercise or recovery of the treadmill test. Transient increase 
of the ectopic supraventricular rhythm above the rate of the 
sinoatrial node is probably responsible. Inversion of the P 
waves in leads II, III and aVF suggest a focus in low atria/ in 
the vicinity of atrioventricular node / in the atrioventricular 
node or in the coronary sinus. Additional inversion of the P 
wave in precordial leads V5 and V6 with positive P wave in 
lead V1 suggests ectopic focus in the inferior part of the left 
atrium. Negative P waves in leads II, III, aVF with positive 
P wave in lead V6 but negative P wave in lead V1 suggests 
ectopic focus in posteroinferior right atrium. P wave 
inversion in leads II, III, and aVF with a short PR interval 
suggests focusing within the atrioventricular node. P wave 
inversion in leads I and V6 suggest left atrial focus. “Dome 
and Dart” P waves in lead V1 are specific to left atrial rhythm. 
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