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Introduction
Recently, in an ECG case in Circulation, Qin et al.[1] reported a 2:1 

pattern of intra-atrial block (IAB) [a topic discussed in the literature 
much less frequently than other conduction abnormalities] as a cause 
of alternating P wave morphology. It was a beautiful example of 
normal sinus P waves alternating with widened and notched sinus P 
waves. However: (1)I was dismayed by the specific references chosen 
to define IAB and its patterns and incidence, since each reference 
related only to intra-atrial conduction impairment following a 
catheter ablation procedure, which was not a factor in their patient’s 
history or care. (2) I was surprised that they used post-ablation 
intervals to define intra-atrial conduction in a non-ablated patient 
rather than information from the long history of reports regarding 
the definition and patterns of IAB in the absence of ablation. (3) 
They oversimplified the P wave variations that can occur with IAB. 
And, (4) I wondered why they did not also discuss the importance of 
IAB with respect to adverse outcomes – after all, it is more than just 
an ECG curiosity. This all suggested to me that a concise review of 
IAB would be timely.

Review
In 1916, Bachmann first reported on the inter-auricular time 

interval. [2] However relatively little attention was paid to this ECG 
measurement for decades. Then, in 1956, Samuel Bradley and Henry 
JJ Marriott reported on intra-atrial block in 4,500 ECGs.[3] As 

defined by them, IAB was a P wave duration of 0.12 sec or longer. 
Notching, as was seen by Qin et al.[1] occurred in ~10% of IAB. 
Moreover, Bradley and Marriott critically examined the even earlier 
literature that considered definitions of >0.10 sec, 0.11 sec, and 0.12 
sec and concluded that there was good justification for adopting 0.11 
sec as the upper limit of the normal P wave and for calling IAB as a 
sinus P wave of 0.12 sec or longer. In their 4,500 ECGs, the incidence 
of IAB was 4.5% -- “almost as high as that of atrioventricular or 
intraventricular block in the same series.” More recently, Fauchier et 
al. [4] demonstrated that in patients with sinus node dysfunction, AV 
conduction disturbances, paroxysmal supraventricular tachycardias, 
and paroxysmal atrial fibrillation with slow ventricular responses, 
the incidence of IAB is even higher, being 26%, 20%, 16%, and 31% 
respectively. Others, including Antonio Bayes de Luna in 2015, 
agreed with the 0.12 sec definition for IAB, though some, including 
David Spodick and colleagues in 2014 and Williams and colleagues 
in 2015 defined IAB as a P wave of 0.11 sec or longer. [5,6,7]

Subsequent to the work of Bradley and Marriott, Jules Cohen and 
David Scherf detailed the patterns of complete intra-atrial and inter-
atrial block,[8] which included intra-atrial and inter-atrial dissociation 
(separate rhythms within one atrium or between the two atria) and 
related atrial conduction impairment that protects atrial parasystolic 
foci. Moreover, Thomas James and others attempted to detail the 
pathways of preferential conduction within the right atrium from the 
sinus node to the AV node and between the right atrium and the 
left atrium [9-16] in which conduction delays would result in IAB and 
often associated alterations in P wave morphology. Intra-right atrial 
conduction, according to such investigators, [9-11] occurs primarily 
via three preferential pathways (anterior, middle, and posterior), 
although they have not been as convincingly identified histologically 
as are the intraventricular and His-Purkinje conduction tissues. 
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intra- and inter-atrial conduction, IAB conduction, and IAB with 
block in Bachmann’s bundle. [Not shown are possible delays in 
the inter-atrial connections via the coronary sinus or fossa ovalis 
regions.] Notably, several authors have suggested particular P wave 
alterations on ECGs or vectorcardiograms during sinus rhythm 
that are suggestive for specific locations of intra-atrial block [11,15,18-

20], with those associated with delayed left atrial breakthrough most 
likely to be associated with risk for atrial fibrillation. [Readers who 
are interested in the specific P wave alterations are referred to these 
references for more detail.] See [Figure 2] for ECG examples of 
several patterns of IAB.

While IAB patterns are interesting electrocardiographically, 
subdividing IAB does not appear exceptionally helpful to me 
clinically, other than recognizing an increased association with atrial 
fibrillation when left atrial breakthrough is affected. Notably, the 
association of IAB (particularly when it is advanced as a consequence 
of delay in Bachmann’s bundle as manifest by negative terminal forces 
in the inferior leads suggestive of retrograde left atrial activation) and 
atrial fibrillation has been termed Bayes syndrome. [11,15] Personally, 
I would think that inter-atrial block with independent right and left 
atrial rhythms or intra-atrial block with two separate atrial rhythms 
within the same chamber would be a better definition for third degree 
IAB [Figure 3]. Perhaps, first degree IAB could be subcategorized 

Right atrial to left atrial conduction appears to occur most often via 
Bachmann’s bundle, though less frequently (and less well studied and 
characterized) it may occur via fibers in or around the fossa ovalis 
or coronary sinus. [12-14] Such left atrial breakthrough sites have 
been most recently confirmed in patients undergoing ablation for 
atrial fibrillation using magnetocardiography and electroanatomic 
mapping. Notably, IAB appears to be more frequent in patients with 
atrial fibrillation who are evaluated at the time of ablation than it is 
in patients without atrial fibrillation.Consider, however, that this data 
may reflect a selection bias as those patients with atrial fibrillation 
who are referred for ablation tend to be those whose atrial fibrillation 
has not been medication-responsive and thus may have more 
advanced altered atrial electrophysiology and/or more advanced 
atrial histopathology. They tend to have wider P waves than those 
patients without atrial fibrillation (see below).

To perhaps more precisely characterize IAB, Bayes de Luna and 
others [5,6,10,15-17] attempted to subdivide IAB into first-, second-, 
and third-degree patterns, analogous to the approach taken for AV 
conduction disturbances. In its simplest terms, first degree IAB is a 
widened P wave, with or without notching; second degree is abrupt 
and transient P wave widening, perhaps most often with delay in 
Bachmann’s bundle, and third degree is IAB with loss of conduction 
across Bachmann’s bundle. Figure 1 schematically shows normal 

Figure 1:

A schematic of normal intra and inter atrial conduction (solid arrows represent normal conduction velocity), panel A; slow intra and inter 
atrial conduction – represented by the squiggly lines, panel B; and slow intra atrial conduction with block across Bachmann’s bundle, 
panel C. Conduction across the less frequently apparent coronary sinus (CS) and fossa ovalis (FO) fibers, which are likely used to achieve 
conduction to the left atrium in the setting of Bachmann’s bundle block, is not illustrated although their approximate locations with 
respect to Bachmann’s bundle is shown.
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Figure 2:

Three examples of IAB. Panel A shows a widened but smooth P wave. Panel B shows a widened and notched P wave (as well as some 
premature atrial complexes). Panel C shows a widened and notched P wave with the terminal forces being negative in the inferior leads. 
Panel A is most compatible with delay mainly in the right atrium. Panel B is most compatible with delay between the right and left atria, 
with the second part of the P wave (second notch) most likely representing delayed left atrial activation. Panel C is most suggestive of 
delay in Bachmann’s bundle, with the terminal forces going away from the inferior leads and upwards towards the left atrium due to lower 
septal activation rather than conduction across Bachmann’s bundle in the upper septum.

Figure 3:

Two tracings showing types of atrial dissociation. Panel A shows right and left atrial dissociation with independent rhythms and therefore 
two sets of P waves marching through each other. Only the right atrial P wave (sinus rhythm) conducts to the ventricles and results in QRS 
complexes. Panel B shows a similar phenomenon but in this case the patient is post heart transplant with one set of P waves conducting 
to the ventricles that originate in the transplanted right atrium and the second set coming from the recipient’s atrial rim. Arrows are place 
to indicate the non-conducted P waves.
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by the presumed pathway(s) with delay or block. Importantly, with 
respect to Bayes syndrome, the block in Bachmann’s bundle not only 
results in delay of left atrial activation but altered routes to left atrial 
activation, which could result in the potential for additional reentrant 
pathways within the atria (perhaps especially if Bachmann’s bundle 
block is only unidirectional) thereby facilitating the development of 
atrial tachyarrhythmias.

Regardless of the site and degree of IAB (other than inter-atrial 
dissociation), but of importance because IAB widens the P wave and 
the measurement of the PR interval begins with the onset of the P 
wave, IAB can result in a lengthened PR interval through delay in 
impulse conduction from the sinus node, through the right atrium, 
to the AV node. In this circumstance, PR prolongation does not 
indicate any AV conduction delay, as it results from widening of the 
P wave and lengthening of the PA interval (as seen on intracardiac 
tracings) rather than prolonging the AH interval which is indicative 
of AV nodal delay. In contrast, if IAB is a consequence of right atrial 
to left atrial delay, but intra-right atrial conduction velocity is normal, 
then PR prolongation should not be noted. Importantly, IAB and 
sub-atrial conduction disturbances can coexist. Notably, Qin et al.[1] 

essentially ignored the contribution of the IAB, when present, to the 
prolonging of the associated PR interval in their report. In their case 
of 2:1 IAB, with the PR interval being normal when the P wave 
width was normal, the IAB-associated prolonged PR interval clearly 
did not indicate delay of AV conduction.

In addition to defining IAB, Bradley and Marriott [3] also explored 
the causes of P wave prolongation, as have others.[7,11] Reported 
causes include disorders that result in left atrial enlargement 
[including mitral stenosis and the P-mitrale pattern and many left 
ventricular disorders];Chagas disease; inflammatory and infiltrative 
disorders; age-related fibrosis; atrial septal structural abnormalities; 
and atrial ischemia (via impaired flow through Condorelli’s artery 
– the left anterior atrial artery which supplies Bachmann’s bundle 
among other atrial areas). Other causes include medications, such 
as quinidine and digitalis, as well as vagal stimulation. Recently, it 
has been shown that IAB may be provoked by adenosine; reduced 
by atropine;can be functional, occurring or stopping after refractory 
period changes associated with premature impulses; and may be 
associated with obstructive sleep apnea. [6,11,2-10,16,17,21,22,24] Sometimes 
the P wave morphology can offer a clue as to possible contributors to 
IAB or the site of delay. For example, a left atrial enlargement pattern 
would suggest left heart pathology. Negative terminal P wave forces 
in the inferior leads with a P wave otherwise compatible with sinus 
rhythm can suggest impairment of atrial impulse transmission across 
the upper atrial septum (e.g., Bachmann’s bundle) resulting in lower 
transseptal conduction with resulting inferior to superior terminal 
P wave forces ([Figure 2], panel C). Because the interested reader 
can find substantial information regarding the electrophysiological, 
anatomic, and ultra-structural alterations that can underly IAB in 
other prior publications [6,7,15] I will not detail them in this brief 
review.However, it is of note that they do include cell loss, intercellular 
collagen deposition with the widest P waves being associated with 
the greatest amount of collagen deposition, [6,17] as well as excessive 
stretch of atrial myocardium. Of note, such changes can affect 
intercellular conduction and serve as a basis for reentrant circuits as 

well as impairment of function of atrial-associated tissues, such as 
the sinus node. Also, of note, IAB may be the only manifestation of 
an atrial disorder in some patients whereas in others when disease 
affects not only intra-atrial conduction but also myocyte function 
and therefore atrial contractility and possibly size, IAB is then part 
of an atrial cardiomyopathy. In some of the latter cases, progressive 
disease can ultimately result in atrial standstill with slow junctional 
escape rhythms. More frequently in others, the underlying atrial 
pathology as well as the associated atrial conduction impairments 
result in altered atrial electrophysiology and atrial tachyarrhythmias, 
such as atrial fibrillation. When the underlying disorders are 
associated with risk markers for thromboembolism in the presence 
of atrial fibrillation, such as hypertension, diabetes, heart failure, 
advanced age, then prophylactic oral anticoagulation is appropriate to 
consider. Thus, IAB should indicate the need for both an evaluation 
of any associated disorders and a closer follow up regarding atrial 
fibrillation (which in many patients has been shown to be subclinical 
but detectable by appropriate monitoring, prior to its first clinical 
presentation).

Lastly, in the era of transvenous catheter-based human 
electrophysiologic studies, confirmation of the above noted ECG-
based interpretations has occurred. In 1977, our group demonstrated 
that IAB can be rate-related, as was shown in a case of simultaneous 
intra-atrial and intra-ventricular conduction defects that mimicked 
an intermittent trifascicular conduction disorder. [25] Others have 
shown that: (1) portions of the right atrium can be in sinus rhythm 
(protected by entrance block) while other portions and the left 
atrium can be in flutter-fibrillation; (2) similar phenomena can exist 
in the left atrium following ablation; (3) intra-atrial block may occur 
during atrial tachycardia though being absent during sinus rhythm; 
(4) intra- and inter-atrial dissociation can occur during atrial flutter 
or fibrillation,[26-33] and (5) second degree IAB can be produced 
with atrial stimulation at critical drive rates (in an era well before 
ablation) thus confirming rate-related potential.[34] In one patient, 
electrophysiologic testing of sinus node function in the small section 
of the right atrium that was in sinus rhythm revealed an underlying 
sinus node dysfunction, while the rest of the right atrium and the left 
atrium was in atrial flutter-fibrillation. [26]

Clinical Significance
Why should we care about IAB? After all, it is just widening of the 

P wave. Isn’t this just cosmetic?To the contrary.

First, as noted earlier, IAB can mimic delayed AV conduction. 
Since the P wave onset initiates the measurement of the PR interval, 
IAB can result in PR prolongation, which may then be misinterpreted 
as delayed AV nodal and/or His-Purkinje conduction. Second,in 
patients with IAB, likely as a marker of atrial disease but also as 
an indicator of areas of delayed conduction in the atria that might 
sub serve reentry, there is an increased likelihood for development 
of atrial tachyarrhythmias, most frequently atrial fibrillation (AF) 
as well as for recurrences of AF following both cardioversion and 
ablation.This has been noted in multiple reports [5,6,11,17,35-41] and may 
be the most important associated consequence of IAB (as well as 
the reason IAB should be of interest to readers of this journal). Less 
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or slow non-sinus atrial rhythms “at an incidence greater than would 
be expected for a population of comparable age and background”.
[53] These follow up observations are compatible with those noted by 
others above and again suggest that IAB may be a harbinger of later 
AF.

Conclusion
IAB, defined by some as a P wave 0.11 sec or longer and by others 

as a P wave 0.12 sec or longer: is not uncommon, may take various 
ECG patterns, may be associated with sinus node dysfunction and 
its adverse outcomes, may be associated with underlying disorders in 
which there is an increased incidence of cardiovascular and all-cause 
mortality, and may be a marker of atrial disease with implications for 
atrial tachyarrhythmias, such as AF and its complications. Though it 
commonly is overlooked, IAB should not be missed when evaluating 
an electrocardiogram.
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