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Abstract

:

Interatrial blocks like other types of block may be of first degree or partial second degree, also named transient atrial block or atrial aberrancy, and third degree or advanced. In first degree, partial interatrial block (P-IAB), the electrical impulse is conducted to the left atrium, through the Bachmann’s region, but with delay. The ECG shows a P-wave ≥ 120 ms. In third-degree, advanced interatrial block (A-IAB), the electrical impulse is blocked in the upper part of the interatrial septum (Bachmann region); the breakthrough to LA has to be performed retrogradely from the AV junction zone. This explains the p ± in leads II, III and aVF. In typical cases of A-IAB, the P-wave morphology is biphasic (±) in leads II, III and aVF, because the left atrium is activated retrogradely and, therefore, the last part of the atrial activation falls in the negative hemifield of leads II, III and aVF. Recently, some atypical cases of A-IAB have been described. The presence of A-IAB is a risk factor for atrial fibrillation, stroke, dementia, and premature death.
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1. Introduction


The diagnosis of different types of atrioventricular (AV) and ventricular blocks is well known and is explained in most cardiology and clinical electrocardiography books [1,2,3,4]. However, the ECG diagnosis of blocks at the atrial level based in changes of morphology and duration of the P-wave, although established many years ago [5], is sometimes even not mentioned in some books of clinical ECG [6]. The P-wave still remains the ECG Cinderella. We will review in this chapter the most important aspects related with blocks at the atrial level.



Usually, atrial blocks are located at the interatrial level and, like other types of blocks, could be classified as first degree or partial (P-IAB), second degree or transient, and third degree or advanced (A-IAB) (Figure 1).



Bachmann [7] published the first ECG of partial-IAB in 1944, and Puech [8] published the first case of advanced-IAB in 1956. In the following three decades, only small series or isolated cases were published [9,10,11,12]. Finally, in 1985 [5], our group published the ECG-VCG criteria of A-IAB in a series of 88 cases, and three years later in 1988 [13] we published for the first time that patients with A-IAB, compared with a control group of patients with P-IAB, were associated with a much higher incidence of atrial fibrillation (AF) during the follow-up.



In the following 15 years not many papers were published. Only our group [14,15] and the groups of Spodick [16], Garcia-Cosio [17] and Platonov [18] published some papers on this topic.



The poor knowledge about IAB is probably because it was considered that IAB was equivalent to left atrial enlargement. In 2012 we published a consensus document [19] that stated that p ≥ 120 ms was explained by a delay of conduction between the right and left atrium, accomplishing the three conduction principles that are required for an ECG pattern to be considered a block: (i) the ECG pattern may be transient [20]; (ii) the ECG pattern may be experimentally reproduced [21,22]; and (iii) the ECG pattern may exist in the absence of cardiac enlargement and ischemic heart disease [5].



Furthermore, in the last few years, we have demonstrated some other important features associated with IAB knowledge: (i) ECG criteria for typical and atypical patterns of IAB [23]; (ii) atrial fibrosis is the most frequent anatomic substrate [24,25]; (iii) clinical associations with not only AF, but also stroke, dementia and mortality [26].




2. ECG Diagnosis of Interatrial Blocks (IAB)


2.1. How to Measure P-Wave Duration?


The measurement of the P-wave [27] and the diagnosis of IAB may be conducted at a first glance if the ECG recording and the morphology of the P-wave in leads II, III, and aVF are clear and free of artifact or pacing spikes. Sometimes, measurements can be difficult due to low voltages and consistency on the measurements is key. Analyzing digital ECG images using amplification is paramount. The use of ECG recording systems that allow at least three simultaneous channels (six or twelve channels) is ideal.



Particular attention should be given to the six leads of the frontal plane, if possible, at the same time, because this is where we will better identify the changes of the P-wave duration and of morphology produced by IAB (biphasic P-wave).



It is also recommended to measure the p terminal force in V1 (PtfV1) [28] as it is considered an extremely specific criterion for the diagnosis of associated left atrial enlargement (LAE). However, the morphology of PtfV1 presents significant variations depending on the location of the V1 precordial electrode [29]. This may explain, at least in part, the recent negative results obtained using the value of PtfV1 as a risk factor for ischemic stroke [30].



To perform a good P-wave duration measurement, it is important to check and define the interval between the earliest detection of the P-wave (onset) in any lead of the frontal plane, and the latest one (offset). Once these two points are defined with lines, the P-wave duration can be measured using calipers or semi-automatic calipers such as the ones provided by Geogebra program, although in clinical practice the duration and morphology of the P-wave may be obtained at first glance.




2.2. First Degree (Partial) Interatrial Block


The electrical impulse is conducted normally from the right atrium to the left atrium, through the Bachmann’s region, but with delayed conduction. Therefore, the ECG shows a P-wave ≥ 120 ms (Figure 1) (Table 1).




2.3. Third-Degree (Advanced) Interatrial Block


The electrical impulse is blocked in the upper part of the interatrial septum (Bachmann’s region), and as the rest of the septum is predominantly connective tissue, the breakthrough to LA is achieved retrogradely from the AV junction zone or other near zones [5,18]. This explains the p ± in leads II, III and aVF (Figure 1C) (Table 1).



There is an experimental validation of this phenomenon. As we have already commented, Waldo et al. [21], first in 1971, demonstrated that by cutting the Bachmann’s region at both sides of the septum in dogs the biphasic pattern can be reproduced. More recently, Guerra et al. [22] provoked transient A-IAB by applying ice in an open chest (pig model), reproducing transient morphology from normal P-wave to P-IAB and A-IAB and resolution after normalization of temperature (Figure 2).



2.3.1. Typical ECG Pattern


The ECG of typical IAB shows (Figure 3C and Figure 4) a P-wave ≥ 120 ms with biphasic (±) morphology in leads II, III, and aVF, due to caudocranial activation of the left atrium. Our group defined the ECG–VCG criteria in a large series of patients and demonstrated that this type of pattern is associated with LAE in 90% of the cases [5].



Figure 5 shows (A,B) the typical ECG and VCG pattern, with ± P-wave morphology in leads II and III, and an open VCG loops in frontal plane (FP) and right sagittal plane (RSP) with the final part of the loops upwards. (B). This figure also shows (C) that the atrial stimulus moves first downwards (HRA-LRA) and after upwards (LRA-high esophageal).



Figure 6 shows the endocardial mapping in a case of A-IAB, with the caudocranial activation of the LA.



We demonstrated in 1988 (Figure 7) [13] that this type of A-IAB is frequently associated with atrial fibrillation and/or atrial flutter during follow-up, especially in patients with prior heart disease. This association has been named Bayes’ syndrome [27,31].




2.3.2. Atypical Patterns


During the review of ECGs belonging to different cohorts (Heart Failure [32], BAYES Registry [33,34], REGICOR [35], Centenarians [36]), we realize that some P-wave ECG patterns are very similar to typical A-IAB patterns, but present some minor differences of morphology and duration of P-wave. We consider that these are of atypical patterns of A-IAB (Figure 8, Figure 9, Figure 10 and Figure 11) (Table 1).



A-IAB exists when there is evidence that at least part of the left atrium is activated retrogradely. This may be ensured if the last part of aVF is negative because this represents that the last part of the loop fall in the negative hemifield of aVF (beyond 0°) (Figure 9C–F). This is the key point to assure that there is retrograde activation of the LA.



In typical cases of A-IAB, the P-wave morphology is ± in leads II, III and aVF because the last part of the atrial activation falls in the negative hemifield of leads II, III and aVF, and the duration of the P-wave is ≥120 ms.



However, there are atypical patterns of A-IAB with some morphological changes in leads II, III and aVF, but always with final negative component in aVF and p duration ≥120 ms, or a P-wave pattern ± in leads II, III and aVF but with duration of P-wave less than 120 ms.




2.3.3. Atypical A-IAB Due to Changes in P-Wave Morphology


	(i)

	
Type I: The P-wave in leads III and aVF remain biphasic (+/−. However, the terminal component of the P-wave in lead II is isoelectric (Figure 8C and Figure 9D). Therefore, P-wave in lead II presents positive pattern.




	(ii)

	
Type II: The second part of the P-wave in lead II is biphasic (∓), therefore, the P-wave is triphasic (+ − +) (Figure 8D and Figure 9E).




	(iii)

	
Type III (Figure 8E and Figure 9F) The P-wave morphology in leads III and aVF is completely negative, but started being isodiphasic, and the P-wave in lead II is biphasic (±). This pattern requires a differential diagnosis with junctional rhythm (Figure 10) [37]. If the polarity of the P-waves in leads V5-V6 is positive, then atypical A-IAB is diagnosed, while if it is negative, then junctional rhythm is the final diagnosis.








2.3.4. Atypical A-IAB Due to Changes in P-Wave Duration


In some A-IAB the sinus impulse has to follow a longer path to reach the LA in the absence of fibrosis, as happens in the rare circumstances of an atrial tumor; this blocks the Bachmann bundle. In these cases, the morphology ± of A-IAB may be explained by the presence of an interatrial block in the Bachmann region due to tumor, but the duration of the P-wave may still last less than 120 ms, because there is not fibrosis in the rest of the atria, including the supplementary routers [18,38] (Table 1) (Figure 11).





2.4. Second-Degree Atrial Block


Second-degree interatrial block appears transiently and is usually advanced and, more rarely, partial. It is also known as atrial aberrancy [39,40] when it manifests as P-waves that vary in shape from one beat to another (Figure 12).



This type of interatrial block is more frequently seen in the following circumstances: (a) induced by atrial or ventricular premature complexes (Figure 12); (b) may transiently appear and disappear if frequent ECGs are registered [27,28] (Figure 13).



Sometimes the interatrial block is progressive (Figure 14). The P-wave changes from normal to P-IAB and finally A-IAB over time, indicating a progressive fibrosis of the atrium [41].





3. Clinical Implications


The first demonstration that A-IAB was a risk factor for supraventricular arrhythmias was the publication by Bayés de Luna et al. [5] who demonstrated that patients with A-IAB presented in a short-term follow-up, a high incidence of atrial fibrillation/flutter compared to the control group who presented with P-IAB. In the following 15 years, it some groups published articles that confirmed these results [42,43].



Baranchuk et al. coined the term Bayes’ Syndrome [27] to describe the association of A-IAB and atrial fibrillation/flutter; and many groups [44,45,46,47,48,49,50] became also interested in this relationship. In recent years, has been demonstrated that A-IAB (and AF) are risk factors for atrial tachyarrhythmias [13], ischemic stroke [33,37,51], cognitive impairment and dementia [43,52,53] and mortality [35,54].



P-IAB may also be a risk factor for complications, especially if the duration of the P-wave ≥ 150 ms conveys a three-fold all-cause mortality risk [52].



From a hemodynamic point of view, the IAB produces only small consequences, especially if P-wave duration is not very much altered. On the contrary, A-IAB produces clear changes of activation of the atria which result in hemodynamic consequences.



The challenge is to decide if anticoagulation may be useful to decrease all these complications. A randomized trial is mandatory (oral anticoagulants vs. placebo or aspirin) to determine if this treatment alternative may be beneficial.
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Figure 1. (A) Diagram of atrial conduction under normal circumstances; (B) partial interatrial block, and (C) typical advanced interatrial block with left atrial retrograde activation (IAB with LARA). 
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Figure 2. Transient changes of P-wave recorded in lead II after applying ice to the Bachmann’s region. Surface electrocardiogram (ECG) of an open-chest anesthetized healthy adult swine, before, during, and after direct application of ice at the transversus sinus of the pericardium (Bachmann’s region). A change in P-wave duration and morphology, constituting a transient interatrial block (IAB), is observed as rapidly evolving from partial to advanced IAB (A-IAB). Subsequently, as the ice melts, the ECG pattern normalizes. Please note that P-wave duration in pigs is different (shorter) than in humans. (Taken from reference 22). 
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Figure 3. Examples of the 3 types of atrial activity: (A) normal P-wave (P-wave duration <120 ms), (B) partial interatrial block (P-wave duration ≥120 ms), (C) advanced interatrial block (P-wave duration ≥120 ms with biphasic morphology (+/− in leads II, III, and aVF). 
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Figure 4. Typical ECG of advanced interatrial block (P-wave ± in leads II, III, and aVF and duration ≥120 ms) in a patient with ischemic heart disease. When amplified (left) we can see the beginning and the end of the P-wave in the three leads. 
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Figure 5. (A). P-wave ± morphology in leads II and III typical of advanced IAB with retrograde conduction to the left atrium. Note how the ÂP and the angle between the direction of the activation in the first and second parts of the P-wave are measured. (B). Note also the open P loops with the last part upwards (FP and RSP). (C). Intra-esophageal ECG (HE) and endocavitary registrations (HRA: high right atrium; LRA: low right atrium) demonstrate that the electrical stimulus moves first downwards (HRA–LRA) and then upwards (LRA–HE). (Taken from reference 5). 
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Figure 6. Virtual anatomic rendering of the LA in a patient with typical biphasic (±) P-wave in leads II, III, and aVF suggestive of A-IAB (Bachmann’s region block). Note that early left atrial activation (white) occurs at the high septal wall, as expected for Bachmann region conduction. Activation does not progress through the left atrial roof because of the presence of a large zone of low voltage (gray) that diverts activation toward the low septal (orange-yellow) then the low posterior (green) and finally the high posterior (violet) left atrial wall. (Taken from reference 19). 
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Figure 7. Probability of remaining free of supraventricular tachyarrhythmias (atrial flutter and atrial fibrillation) in patients with advanced interatrial block (IAB) and controls (partial IAB). (Take from reference 13). 
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Figure 8. (A). Typical A-IAB. (B). Atypical A-IAB by duration. (C). Type 1 atypical A-IAB due to morphology. The P-wave is biphasic in leads III, and aVF, but the terminal component of the P wave in lead II is isodiphasic. (D). Type II atypical A-IAB. The P-wave is biphasic in leads III and aVF, but triphasic in lead II (+ − +). (E). Type III atypical A-IAB. The P-wave morphology is negative in leads III and aVF, and biphasic in lead II with the initial component of the P-wave in leads III and aVF isodiphasic. (Taken from reference 23). 
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Figure 9. (A,B): Normal P-waves. In panel B, there is a biphasic (±) pattern in lead III. This is considered normal because the last part of the P loop falls in the negative hemifield of lead III, that start at +30° but it is positive in leads II and aVF, because the P loop falls in positive hemifield of these leads that starts −30° and 0° (C) typical A-IAB. The second part of the P loop falls in the negative hemifield of leads II, III and aVF. (D–F): the 3 atypical A-IAB patterns by morphology. (Taken from reference 23). 
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Figure 10. (A) P-wave in a case of A-IAB atypical type 3 by morphology. Note that the P-wave is negative in III and aVF, but with a first part isodiphasic as may be seen with vertical lines. It may be confused with junctional rhythm, but in this case (see B) all the P-wave is negative and, furthermore, the P-wave is also negative in V4–V6. (Taken from reference 37). 
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Figure 11. (A,B) A case of a 73-year old man found to have a large lipoma (4 × 5 cm) located on the interatrial septum. Cardiac magnetic resonance imaging allowed for complete characterization. As the atrial fibrosis is not extended in all atria, the duration of the P-wave in spite of A-IAB is <120 ms. (Taken from reference 38). 
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Figure 12. Lead II ECG strip from an 82-year-old man with frequent PVCs. The first two beats show typical advanced IAB (P-wave in lead II is biphasic, with P-wave duration >120 ms). After the premature ventricular contraction (PVC), there is a pause followed by a P-wave of normal duration and morphology. The next P wave again depicts advanced IAB. This case serves as an example of second degree IAB induced by a pause after a PVC. 
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Figure 13. (A) Leads II, III and aVF of a 77-year-old man with hypertrophic cardiomyopathy. Heart rate 70 bpm: P-wave 160 ms (partial IAB). (B) Same patient was hospitalized due to a febrile episode (39°). The heart rate increased to 100 bpm, and the P-wave depicts a typical pattern of advanced IAB (biphasic morphology in leads II, III, and aVF) and duration of 175 ms. The advanced IAB pattern is associated with a tachycardia-dependent (Phase 3) block. This ECG pattern normalized after fever was controlled and heart rate decreased. 
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Figure 14. A case that describes the temporal evolution (A–C) of IAB. (A) P-wave of partial IAB to a definitive A-IAB pattern (C) with extremely low voltages. See in the lower part (D), magnetic resonance image with advanced fibrosis. 
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Table 1. ECG classification of interatrial blocks (IAB).
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	1. Partial Interatrial Block (First Degree) (P-IAB)

P-wave ≥ 120 ms without negative terminal component in the inferior leads



	2. Advanced interatrial block (third degree) (A-IAB)

Typical pattern

P-wave ≥ 120 ms with biphasic morphology in leads II, III aVF (±)

Atypical A-IAB may be atypical by morphology or by duration:

(i): Morphological criteria

Type 1: P-wave ≥ 120 ms with biphasic morphology in leads III and aVF and the final component of the P-wave in lead II is isodiphasic.

Type 2: P-wave ≥ 120 ms. The second part of The P-wave is biphasic (∓). This means that the global P-wave is triphasic (+ − +).

Type 3: P-wave ≥ 120 ms. The first part of P-wave in leads III and aVF is isoelectric, but the last part is negative. Therefore, it is necessary to perform differential diagnoses with junctional rhythm.

(ii) Duration criteria

P-wave < 120 ms with typical morphology (Biphasic (±) P-wave in leads II, III, and aVF)



	3. Second degree: The presence of ECG pattern of IAB is intermittent
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