
Interatrial block references in chronological order  

1. Lewis T, Meakins J, White PD. The excitatory process in the dog’s heart. Part 
1. The auricles. Phil Trans Roy Soc Lond. 1914;205:375–426. The specialized 
conduction band was famously known as Bachmann's bundle (BB). It is easily seen 
as a trapezoidal band-like structure of collimated muscle fiber coursing on the atrial 
walls in front of the superior vena cava and straddles the convexities of the atrial 
walls, connecting them in the superior quadrant of the interatrial sulcus 

2. Bachmann G. The interauricular time interval. Am J Physiol 1916; 41:309–20. 
Jean Gorge Bachman was born on July 18, 1977, in Mulhouse in the Alsace region 
and grew in Nancy, France. At the age of 20, he joined the merchant marines. He 
made more than 20 trips across the Pacific Ocean in this service. Obviously, he was 
an individualist. Later he settled in the United States in 1902 where he studied 
medicine at Jefferson Medical College in Philadelphia, graduating in 1907 as a 
physician. He was professor of physiology at the Atlanta College of Physicians and 
Surgeons from 1910 to 1915 at Emery University School of Medicine in Atlanta 
from 1915 to his retirement in 1947 at the age of 70, but continued to practice 
medicine for several years. He died at Emory University Hospital in November 
1959. 

He published numerous articles on cardiac electrophysiology and researched many 
subjects including venous pulse, arterial blood pressure measurement, and heart 
block. In 1934 he was one of the publishers of a physiology textbook. The 
Essentials of Physiology and Pharmacodynamics, published in Philadelphia. George 
Bachmann died in November 1959.  

In a 1916 he wrote an article for the American Journal of Physiology entitled “The 
interauricular time interval”, Bachmann described in canine experiments the 
interatrial bundle, which was to be named after him, as an interatrial link allowing 
conduction from the right to the left atrium. The observation was made clamping the 
muscular bundle of fibers that connects both atria and caused a significant 
conduction delay (Khaja 2005). 

Bachmann's bundle (BB), the Bachmann bundle or the interatrial tract is a branch of 
the anterior internodal tract that resides on the inner wall of the left atrium. BB) 
represents a distinct structure similar to the atrio-ventricular node and the His-
Purkinje conduction system but without any insulating tissue. It is a broad band of 
cardiac muscle that passes from the right atrium, between the superior vena cava 



and the ascending aorta (James 1963). Bachmann's bundle is, during normal sinus 
rhythm, the preferential path for electrical activation of the left atrium. It is 
therefore considered to be part of the "atrial conduction system" of the heart. BB 
cells have specialized electrophysiological properties like supernormal excitability 
and faster longitudinal conduction that can facilitate more rapid impulse 
transmission compared to the normal atrial tissue. In BB was described bradycardia-
dependent or phase 4 block (Sobrino 1974). These authors presented a patient with 
a peculiar interatrial block. The ECG showed a short PR interval and negative P 
waves in II, III, and aVF, which were preceded, 0-07 s earlier, by another positive P 
wave present in the right precordial leads which were absent in the limb leads. From 
the study with His bundle electrograms, high right atrial electrograms, and bipolar 
esophageal electrocardiograms, it could be proved that atrioventricular, His-
Purkinje, and right intra-atrial conduction were normal, and that P waves recorded 
in limb leads represented left atrial depolarization; whereas the ones in the right 
precordial leads corresponded to right atrial activation. The vectorial analysis from 
both P waves and atrial potentials showed that the left atrium was activated in a 
retrograde fashion, because of an interatrial block. This block was bradycardia 
dependent and it disappeared in the cycles shorter than 800 ms. Experimental 
blockage of this pathway causes prolongation and widening of the P wave, which is 
associated with an increased incidence of atrial fibrillation. Atrial pacing is effective 
in reducing the incidence of atrial fibrillation by preventing bradycardia, 
synchronizing the atria, limiting anisotropy and reducing the dispersion of 
refractoriness. Various animal and human studies have shown pacing near the right 
atrial insertion of BB to have a beneficial effect in patients with interatrial 
conduction delay and atrial tachyarrhythmias. This mode of atrial septal pacing is 
convenient, safe, reliable, and clinically as effective as multisite pacing. 

His animal experiments to determinate the interatrial time interval mark the first 
time the contraction of the two atria were precisely measured. He was also able to 
identify the exact anatomical location of specific interatrial fibers.   

 



Time displacement of an atrial contraction when the interatrial band is interrupted. 

 

Jean George Bachmann 1877-1959 

Hurst JW. Jean George Bachmann. Clin Cardiol. 1987 Feb;10(2):135-6. 

3. Papez J.W. Heart musculature of the atria. Am J Anat 1920-21;27:255-77. 

4. DECHERD GM Jr, RUSKIN A, BRINDLEY P. Interatrial and sinoatrial 
block, with an illustrative case. Am Heart J. 1946 Mar; 31:352-63. PMID: 
21018740. 

5. BRADLEY SM, MARRIOTT HJ. Intraatrial block. Circulation. 1956 Dec;
14(6):1073-8. .(Full text free). 

6. Thomas TN. "The connecting pathways between the sinus node and A-V node 
and between the right and the left atrium in the human heart". American 
Heart Journal. 1963;66(4):498–508. doi:10.1016/0002-8703(63)90382-X. 

7. Horiba M. STIMULUS CONDUCTION IN ATRIA STUDIED BY MEANS OF 
INTRACELLULAR MICROELECTRODE. I. THAT IN BACHMANN'S 
BUNDLE. Jpn Heart J. 1963 Jul;4:333-45. No abstract available. PMID: 
14045583 

8. Cohen J, Scherf D. Complete interatrial and intra-atrial block (Atrial 
Dissociation). Am Heart J. 1965 Jul;70:23-34. 

9. Wagner ML, Lazzara R, Weiss RM, Hoffman BF. Specialized conducting fibers 
in the interatrial band. Circ Res. 1966 May;18(5):502-18.(Full text free) 
Abstract The interatrial band (Bachmann's bundle) was studied both in situ, in the 
adult dog, and in vitro, using excised canine atria. Electrograms recorded from this 
structure in the intact animal had a double intrinsic deflection during sinus rhythm, 



and responded to rapid rates of atrial stimulation with alternation in both 
configuration and cycle length. Potassium infusions which produced atrial arrest 
with a sinoventricular rhythm did not abolish electrical activity in the interatrial 
band.Single fibers of the interatrial band, studied in vitro with microelectrodes, had 
distinctive transmembrane potentials different from those of ordinary atrial muscle 
fibers. Action potentials were characterized particularly by a high rising velocity 
(maximum dv/dt), of the same magnitude as that recorded from Purkinje fibers, and 
a prominent plateau. These fibers were sensitive to acetylcholine and more resistant 
to potassium arrest than ordinary atrial fibers. Conduction velocity in the interatrial 
band was consistently higher than in ordinary atrial muscle. Plots of sequential 
activation time against linear distance showed different conduction velocities in 
parallel linear paths, with the highest velocity in the path on the crest of the 
interatrial band. Due to rapid conduction through the interatrial band, simultaneous 
activation of right and left atrial points was demonstrated. It is concluded: 1) The 
interatrial band is not a homogeneous structure, but contains two fiber types. 2) In 
addition to ordinary atrial muscle, specialized conducting fibers are present in the 
interatrial band. 3) Impulse spread in the interatrial band is not radial or uniform. 
Rather, it occurs through several linear paths which probably have infrequent cross-
connections. 

10. De Michelis S, Paparella P. Observations in a case of interatrial block. Cardiol 
Prat. 1967;1(1):Suppl:169-77.[Article in Italian] 

11. Childers RW, Merideth J, Moe GK. Supernormality in Bachmann's bundle. An 
in vitro and in vivo study in the dog. Circ Res. 1968 Mar;22(3):363-70. Free 
article. A supernormal phase of conduction between right and left atria was 
observed in the exposed hearts of anesthetized dogs. Interatrial conduction time of 
premature atrial responses was reduced by as much as 17% during the early 
phase of diastole, relative to the conduction interval of basic driven responses. The 
supernormal phase lasted from 60 to 140 msec and was greater at slower basic 
driving frequencies. A brief phase of supernormal excitability was also found in the 
specialized cells of Bachmann's bundle from puppy hearts in vitro. Supernormal 
conduction was not observed within the atrial appendages (i.e., in areas not 
supplied by specialized conducting bands); supernormal excitability was not 
demonstrable in cells of ordinary atrial myocardium. Although vagal stimulation 
abbreviated transatrial conduction time, atropine did not abolish the phase of 
supernormality. 

Anatomic	 and	 physiologic	 studies	 have	 demonstrated	 bands	 of	 specialized	 conduc8on	
fibers,	 not	 unlike	 the	 intraventricular	 specialized	 conduc8on	 system,	 within	 the	
mammalian	atria.	Morphologically	dis8nct	bundles	coursing	from	the	S-A	node	to	the	A-V	
node	have	been	characterized	by	Robb	and	Petri	 	and	by	James	(2).	Electrophysiologically,	



these	 fibers,	 and	 those	 of	 Bachmann's	 interatrial	 band	 (3),	 differ	 from	 ordinary	 atrial	
myocardial	fibers.	Their	transmembrane	ac8on	poten8als,	unlike	those	of	atrial	fibers,	are	
reported	 to	 have	 a	 somewhat	 faster	 rise	 8me	 and	 a	 dis8nct	 phase	 2	 plateau	 (4).	 They	
appear	 to	 be	 much	 more	 resistant	 than	 atrial	 muscle	 to	 increased	 external	 potassium;	
propagated	 ac8on	 poten8als	 can	 be	 recorded	 in	 the	 specialized	 tracts	 at	 potassium	
concentra8ons	which	cause	failure	of	transmission	in	atrial	myocardium	(4,	5).	As	a	result,	
sinoventricular	rhythm	can	persist	in	the	absence	of	P	waves	during	hyperkalemia	(6).	Like	
Purkinje	 fibers,	 the	 specialized	 fibers	 in	 Bachmann's	 bundle	 conduct	 impulses	 at	 a	
significantly	higher	velocity	 than	 the	 surrounding	myocardium	 (4).	Unlike	Purkinje	fibers,	
however,	their	ac8on	poten8al	dura8ons	are	significantly	abbreviated	by	acetylcholine	(4).	
In	the	present	study,	aWempts	were	made	to	determine	whether	the	func8onal	refractory	
period	of	fibers	in	the	interatrial	band	of	the	dog	heart	could	be	demonstrated	to	exceed	
that	of	ordinary	atrial	myocardium,	as	has	been	shown	in	similar	comparisons	of	Purkinje	
fibers	and	ventricular	muscle	(7).	 In	the	course	of	these	experiments,	 it	was	found	that	a	
supernormal	 phase	 of	 interatrial	 conduc8on	 could	 be	 consistently	 demonstrated	 in	 the	
anesthe8zed	 dog.	 In	 vitro	 studies	 were	 undertaken	 to	 determine	 whether	 a	 phase	 of	
supernormal	excitability,	like	that	observed	in	Purkinje	fibers	(8),	could	be	demonstrated	in	
the	specialized	fibers	of	Bachmann's	bundle.	

Methods	 IN	 VIVO	 STUDIES	Mongrel	 dogs	 weighing	 14	 to	 20	 kg	 were	 anesthe8zed	with	
intravenous	sodium	pentobarbital,	30	mg/kg.	Ar8ficial	respira8on	was	given,	the	chest	was	
opened	 through	 a	 midsternal	 incision,	 and	 the	 heart	 was	 cradled	 in	 the	 opened	
pericardium.	 Cardiac	 innerva8on	was	 not	 disturbed.	 S8mula8ng	bipolar	 electrodes	were	
aWached	to	the	8ps	of	the	right	and	lea	auricular	appendages.	Bipolar	recording	electrodes	
were	 aWached	 to	 the	medial	 faces	 of	 the	 two	 appendages	 15	mm	 from	 the	 s8mula8ng	
electrodes.	 Driving	 s8muli	 from	 a	 Tektronix	 pulse	 generator	 were	 applied	 to	 either	 the	
right	or	lea	atrium	through	an	isola8on	transformer.	Following	each	sixteenth	driving	pulse	
(Sx),	 a	 precisely	 8med	 test	 s8mulus	 (S2)	 was	 delivered	 through	 the	 same	 s8mula8ng	
electrodes.	The	SxS2	 interval	was	varied	progressively	by	small	 steps	 to	scan	the	 interval	
between	two	successive	driving	s8muli.	Vagal	s8mula8on,	when	employed,	was	delivered	
by	a	Grass	s8mulator	through	Harvard	shielded	electrodes	applied	to	the	distal	end	of	the	
cut	vagal	trunks.	IN	VITRO	STUDIES	Mongrel	puppies	aged	six	weeks	and	weighing	2	to	3	kg	
were	 anesthe8zed	 by	 intraperitoneal	 sodium	 pentobarbital,	 40	 mg/kg.	 Under	 ar8ficial	
respira8on	the	chest	was	opened	in	the	midline,	and	the	en8re	heart	was	quickly	excised	
and	placed	in	Tyrode's	solu8on	or	temporarily	perfused	through	the	aorta.	The	aorta	and	
pulmonary	artery	were	retracted,	revealing	the	roof	of	the	atria	and	the	interatrial	band.	
The	 atrial	 roof,	 together	with	 adjacent	 right	 and	 lea	 appendages,	was	 rapidly	 separated	
from	 the	 rest	 of	 the	 heart.	 The	 prepara8on	 was	 then	 placed	 in	 a	 perfusion	 chamber.	
Bipolar	 silver	 electrodes	 were	 applied	 to	 the	 prepara8on	 for	 driving	 purposes.	 Glass	
microelectrodes	of	14-	 to	20-	megohm	resistance	filled	with	2	M	potassium	citrate	were	
used	 for	 intracellular	 recording	and	s8mula8ng.	The	s8mula8on	circuits	consisted	of	 two	
Tektronix	 pulse	 generators	 triggered	 by	 a	 device	 which	 permiWed	 the	 applica8on	 of	 a	
series	of	precisely	regular	basic	pulses	(Sx)	applied	through	the	bipolar	external	electrodes,	
followed	 by	 one	 or	 more	 test	 shocks	 (S2,	 S3)	 delivered	 to	 either	 the	 intracellular	 or	
external	electrodes.	S8mulus	intervals	were	counted	from	a	100-kc	crvstal	oscillator.1	The	
external	 circuit	 consisted	 of	 the	 pulse	 generator,	 isola8on	 transformer,	 and	 bipolar	



chlorided	 silver	electrodes	applied	 to	 the	 right	atrial	 side	of	 the	prepara8on.	This	 circuit	
was	employed	to	deliver	11	basic	driving	pulses	of	4-msec	dura8on	at	a	cycle	length	of	600	
msec.	 The	applica8on	of	 test	 shocks	 (S2)	 through	 the	microelectrode	was	achieved	by	a	
gated	millisecond	relay	which	prevented	short	circuit	to	ground.	The	recording	apparatus	
was	 protected	 from	 this	 pulse	 by	 a	 diode	 short	 to	 ground.	 Transmembrane	 ac8on	
poten8als	 were	 recorded	 through	 an	 Argonaut	 nega8ve	 capacitance	 electrometer,	 a	
Tektronix	 565	 oscilloscope,	 and	 a	 Grass	 kymograph	 camera.	 The	 test	 pulse	 (S2)	 was	
displayed	on	a	second	channel.	A	100-	mv	calibra8ng	signal	baWery	and	a	poten8ometer	
for	voltage	bucking	were	connected	in	a	series	with	the	indifferent	electrode,	a	chlorided	
silver	wire	submerged	in	the	bath.	A	differen8ator	was	occasionally	used	to	es8mate	the	
rate	of	 rise	of	 cellular	 ac8on	poten8als.	 To	 test	 for	 supernormal	excitability,	 a	 test	pulse	
(S2)	 was	 delivered	 through	 the	 microelectrode.	 A	 second	 test	 pulse	 (S3)	 was	 delivered	
through	the	external	electrodes	30	to	60	msec	later.	The	S3	pulse	always	succeeded	if	So	
failed	 and	 was	 seen	 as	 an	 ar8fact	 on	 the	 plateau	 of	 the	 ac8on	 poten8al	 when	 S2	 was	
successful.	 Late	diastolic	 threshold	of	 the	 impaled	 cell	was	established	by	 sefng	 the	S	 i	
interval	at	400	msec	and	gradually	raising	the	pulse	amplitude	of	S2	un8l	it	succeeded	and	
53	failed.	Using	a	fine	adjustment	poten8ometer,	the	pulse	strength	was	then	lowered	just	
enough	 to	make	 S2	 repeatedly	 fail.	 The	 S^o	 interval	 was	 then	 abruptly	 reduced	 to	 200	
msec	 or	 to	 a	 value	 at	 which	 S2	 was	 successful.	 To	 confirm	 supernormality	 the	 S2	 was	
repeatedly	shiaed	to	late	diastole	and	back	to	show	its	con8nued	failure	and	success	in	the	
late	 and	 supernormal	 phases,	 respec8vely.	 Results	 IN	 SITU	 DOG	 HEART	 A	 supernormal	
phase	of	conduc8 

12. Sanna GP, Ventura L, Arcidiacono R, Vergani C.Complete interatrial block 
Minerva Med. 1969 Nov 3;60(88):4382-5.[Article in Italian]. PMID: 535568 

13. Waldo AL, Vitikainen KJ, Kaiser GA, Malm JR, Hoffman BF. The P wave and 
P-R interval. Effects of the site of origin of atrial depolarization. Circulation. 
1970 Oct;42(4):653-71. 

14. Hutter AM Jr, Page DL.Atrial arrhythmias and lipomatous hypertrophy of the 
cardiac interatrial septum.Am Heart J. 1971 Jul;82(1):16-21.Article in Italian 

15. Waldo AL, Bush HL Jr, Gelband H, Zorn GL Jr, Vitikainen KJ, Hoffman BF. 
Effects on the canine P wave of discrete lesions in the specialized atrial tracts. 
Circ Res. 1971;29(5):452-67. (abstract available) Waldo et al. first demonstrated in 
canine experiments that after the transection of anterior internodal tract, the P-wave 
duration increased significantly though morphology and polarity remained the same. 
However, transection of the BB not only caused increased P-duration but also 
distorted its polarity and morphology  

16. Sangiorgi M, Cannata D. [Partial interatrial block with duplex atriogram and 
with double atrial heterotopic, unstable interferential rhythm]. G Ital Cardiol. 
1972;2(5):655-64. 



17. Yacoub MH, Schottenfeld M, Kittle CF. Hematoma of the interatrial septum 
with heart block secondary to dissecting aneurysm of the aorta. A 
clinicopathologic entity.Circulation. 1972 Sep;46(3):537-45. 

18. Waldo AL, Kaiser GA, Bowman FO Jr, Malm JR.Etiology of prolongation of 
the P-R interval in patients with an endocardial cushion defect. Further 
observations on internodal conduction and the polarity of the retrograde P 
wave. Circulation. 1973 Jul; 48(1):19-26.  

19. Legato MJ, Ferrer MI. Intermittent intra-atrial block: its diagnosis, incidence 
and implications. Chest. 1974 Mar;65(3):243-51. 

20. Legato MJ, Bull MB, Ferrer MI. Atrial ultrastructure in patients with fixed 
intra-atrial block. Chest. 1974 Mar;65(3):252-61.  

21. PMID: 4813831Lavezzaro G, Grassi T, Minetto E. Incomplete interatrial block 
of an advanced stage. Report of a case with endoesophageal and right intra-
atrial recordings]. Minerva Cardioangiol. 1974 Dec;22(12):871-6. 

22. Di Biase M, Rizzon P.[Interatrial block with retrograde activation of the left 
atrium G Ital Cardiol. 1975;5(3):323-31. Article in Italian]Abstract Six cases with 
P wave abnormalities compatible, according to the criteria of Castillo and Vernant, 
with the diagnosis of block of the Bachmann's bundle, have been studied by means 
of intra-atrial and esophageal electrography. In two cases the P wave abnormalities 
were intermittent. In agreement with the results of Castillo and Vernant right atrial 
activation appears to be normal and coincides with the initial positive deflection of 
the P wave in leads II, III, and aVF. Left atrial activation starts at the end of the right 
atrial activation, coinciding with the terminal negative deflection of the P wave in 
leads II, III, and aVF and shows an abnormal progression from the lower part to the 
upper part of the atrium. This pattern of atrial depolarisation can only be explained 
by a block of the superior interatrial pathways. On the basis of the present findings 
it is supposed that the block occurs in a specialized type of atrial tissue rather than 
in the common atrial myocardium. From the clinical point of view it is of some 
interest to point out that this abnormal pattern of atrial depolarisation does not 
necessarily prolong the atrial depolarization and may not determine a terminal 
negative deflection of the P wave in lead II. 

23. Di Biase M, Lenti ML, Guglielmi R, Rizzon P.Incidence of interatrial 
conduction disorders of the Bachmann bundle block type. Boll Soc Ital 
Cardiol. 1975;20(5):449-52. PMID: 1230178 

24. Lee YS, Lien WP.HIS bundle electrogram in rheumatic mitral valve disease 
with special reference to Bachmann's bundle block in P mitrale. Jpn Circ J. 



1975 Aug;39(8):935-45. Abstract HBEs were recorded from either the right or left 
ventricle or simultaneously from both in 26 patients with chronic rheumatic mitral 
stenosis alone or in association with other mild valvular lesions during the 
diagnostic cardiac catheterization. Eleven of the patients had auricular fibrillation. 
Of the remaining 15 patients with sinus mechanism and P mitrale in the surface 
electrocardiogram, 12 were noted to have H potential preceded the termination of P 
wave and gave P2H interval of negative value- so-called "Bachmann's bundle 
block". Among these, double atrial activities (A and A' waves) could be identified 
on the HBE recorded from the left ventricular endocardial surface with catheter 
electrodes positioned at the subarotic region in 7 patients studied. Interatrial 
conduction time (P1A' interval) measured in these patients was prolonged in all and 
ranged from 47 to 82 with an average of 66 msec. Prolongation of intraatrial (or 
internodal) conduction time was noted in only one patient who also had first degree 
A-V block and prolonged A-H interval. There was no correlation of either P1P2 or 
P2H interval to the degree of left atrial enlargement. The P1P2 or P2H interval also 
had no correlation with hemodynamic parameters. In patients with auricular 
fibrillation, all impulses unable to conduct to the ventricle were blocked proximal to 
the His bundle and concealed conduction was not observed distal to it.PMID: 
1165605 [PubMed - indexed for MEDLINE] 

25. Waldo AL, Vitikainen KJ, Hoffman BF.The sequence of retrograde atrial 
activation in the canine heart. Correlation with positive and negative 
retrograde P waves. Circ Res. 1975 Aug;37(2):156-63. Abstract: The relationship 
of P-wave polarity and morphology in leads II, III, and aVF to the sequence of atrial 
activation was studied in the canine heart when the atria were paced from the region 
of the sinus node or the posterior-inferior left atrium and when retrograde activation 
of the atria occurred with right ventricular epicardial pacing. Deeply negative P 
waves in leads II, III, and aVF which occurred when the posterior-inferior left 
atrium was paced were associated with true retrograde activation of the atria. 
Positive P waves recorded in leads II, III, and aVF during retrograde atrial capture 
with right ventricular pacing were associated with rapid retrograde spread of the 
impulse in the interatrial septum to the region of Bachmann's bundle from which 
site the impulse spread to depolarize significant portions of both atria in a manner 
similar to that demonstrated during pacing from the region of the sinus node. When 
the atria were paced from a site just anterior to the coronary sinus ostium, positive P 
waves recorded in leads II, III, and aVF were associated with early activation in the 
vicinity of Bachmann's bundle and later activation of the posterior-inferior left 
atrium. When the atria were paced from a site just posterior to the coronary sinus 
ostium, negative P waves in leads II, III, and aVF were associated with early 
activation of the posterior-inferior left atrium and later activation in the vicinity of 



Bachmann's bundle. It was concluded that the time of arrival of the impulse at 
Bachmann's bundle relative to that at the posterior left atrium and the direction of 
spread of the impulse from and within Bachmann's bundle are critical in 
determining P-wave polarity and morphology.PMID: 1149190 

26. Lacina P, Srch M, Vortel V.[Mesothelioma of the septum interatriale (author's 
transl)]. Rechtsmed. 1975 Nov 11;76(2):123-7. Abstract Sudden death of a 21-
year-old women. The cause of death was mesothelioma situated in the region of the 
interatrial septum that has been manifested since childhood as a complete heart 
block. Neither gravidity nor delivery led to the aggravation of her state of health. 
The cause of this heart lesion, which was the mentioned rare tumor, was discovered 
only during the autopsy. 

27. Zoneraich O, Zoneraich S. Intraatrial conduction disturbances: 
vectorcardiographic patterns. Am J Cardiol. 1976 Apr;37(5):736-42. Abstract 
Frank P loop vectorcardiograms were recorded in 30 normal subjects and in 40 
patients who had intraatrial conduction disturbances alone or in association with 
cardiac disease. High magnification of the P loop (0.1 mv = 3 cm) permitted 
accurate measurement of the P loop duration, magnitude and direction. High-
frequency recordings allowed optimal evaluation of the notches, bites and 
conduction delays in the PsE loop. Four vectorcardiographic patterns have been 
selected as counterparts of the four types of enlarged P waves seen in 
electrocardiograms of patients with atrial conduction disturbances. When intraatrial 
conduction disturbances coexisted with left atrial enlargment, the PsE loop was 
larger and smoother. The role of partial or complete block in the specific internodal 
or interatrial pathways is discussed. High magnification, high-frequency 
vectorcardiography of the P loop seems to be the best available method for 
determing a specific pattern of intraatrial conduction disturbance.PMID: 773161 
doi: 10.1016/0002-9149(76)90368-4 



 

28. Sobrino JA, del Rio A, Maté I, Sobrino N.Bradycardia-dependent interatrial 
block with retrograde left atrial activation.Br Heart J. 1977 Feb;39(2):222-5. 
(Full text available)Abstract. A patient with a peculiar interatrial block is reported. 
The electrocardiogram showed a short PR interval and negative P waves in II, III, 
and aVF, which were preceded, 0-07 s earlier, by another positive P wave present in 
the right praecordial leads which were absent in the limb leads. From the study with 
His bundle electrograms, high right atrial electrograms, and bipolar esophageal 
electrocardiograms, it could be proved that atrioventricular, His-Purkinje, and right 
intra-atrial conduction were normal, and that P waves recorded in limb leads 
represented left atrial depolarization; whereas the ones in the right precordial leads 
corresponded to right atrial activation. The vectorial analysis from both P waves and 
atrial potentials showed that the left atrium was activated in a retrograde fashion, 
because of an interatrial block. This block was bradycardia dependent and it 
disappeared in the cycles shorter than 800 ms. 

29. Leier CV, Schaal SF.Dissimilar atrial rhythms. A patient with interatrial 
block.Br Heart J. 1977 Jun;39(6):680-4.( Full text available) Abstract A patient 
with type A Wolff-Parkinson-White syndrome and prolonged interatrial conduction 
intervals developed atrial flutter during the course of an electrophysiological study. 
The atrial flutter blocked along the left-to-right conduction pathways in a 
Wenckebach pattern. The dissimilar atrial rhythms of right atrial tachycardia and 
left atrial flutter evolved as the interatrial block increased to 2:1 conduction. PMID: 
884019 PMCID: PMC483298 



30. Sridharan MR, Horan LG, Flowers NC. Combined effects of graded 
hyperkalemia on activation and recovery. Am Heart J. 1979 May;97(5):622-30. 
Abstract: We have demonstrated the progressive transmission delay in the A-V 
conduction system in graded hyperkalemia against a background of otherwise 
normal cations, and known blood gas relationships. This extends and further 
quantitates the work of others. We were unable to demonstrate sinoventricular 
conduction, as atrial activity was consistently recordable when surface P-waves 
disappeared. The His bundle appears to be the least susceptible conduction system 
structure to hyperkalemia. Finally, we have postulated the possible mechanism for 
the genesis of the sine wave, including loss of electrical gradient with resulting 
phase difference of QRS and T, associated with maintenance of His bundle activity 
with progressive, distal, Purkinje blockade. PMID: 34988 

31. Bayés de Luna AJ . Block at the auricular level [article in Spanish]. Rev Esp 
Cardiol . 1979;32:5–10. 

32. Sherf L, James TN.Fine structure of cells and their histologic organization 
within internodal pathways of the heart: clinical and electrocardiographic 
implications.Am J Cardiol. 1979 Aug;44(2):345-69. Abstract The fine structure of 
the normal internodal pathways was studied in 1 human and 2 canine hearts and 
correlated with histologic observations on more than 100 human and 10 canine 
hearts. From the electron microscopic studies six different kinds of myocardial cells 
were classified from two locations: the Eustachian ridge (posterior internodal 
pathway) and the Bachmann bundle (anterior internodal pathway). Five of the six 
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rhythm was detected: two showed anatomo-histological sinus node involvement in 
right atrial injury. Qp waves were registered over the left precordium with necrosis 
of both sides, but were more frequent with RA damage. Damage of the left portion 
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P-wave duration.RESULTS:Our results showed a very high prevalence of IAB 
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into the substrates and therapy of atrial fibrillation. Based primarily on our 
experience with normal human hearts, this review provides, firstly, a basis of 
comparison of gross structures as seen in the clinical situation, and in animals 
commonly used in experimental studies. Secondly, we discuss the general 
arrangement of myocardial fibres with respect to gross topography in the normal 
human heart. The right atrium is dominated by an extensive array of pectinate 
muscles within the extensive appendage, whereas the left atrium is relatively 
smooth-walled, with a much smaller tubular appendage. Myoarchitecture displays 
parallel alignment of fibres along distinct muscle bundles, such as the terminal crest 
and Bachmann's bundle. Within the smooth wall of the left atrium, there is a marked 
transmural change in the orientation of the muscular fibres. Abrupt changes in 
orientation, and mixed arrangements, are common between bundles. Other than 
Bachmann's bundle, the muscular bridges which provide interatrial connections, and 
connections between the left atrium and the coronary sinus and inferior caval vein, 
are highly variable. Inhomogeneities both in gross structure and myoarchitecture are 
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three-dimensional reconstructions of RA geometry. Hearts were excised and 
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activation demonstrated a more prominent display of conduction delay or block. 
CONCLUSION: The spread of the sinus impulse follows endocardial myofiber 
orientation and is dictated by the site of earliest activation. Even during sinus 
rhythm, anisotropic conduction results in areas of conduction block or delay. These 
findings have implications in the development of reentrant arrhythmias and may 
influence surgical or electrophysiologic procedures. 
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Subsequently, several studies on bi-atrial epicardial high-density mapping in 
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catheters were reported using basket-shaped catheters carrying 64 electrodes. 
Animal studies suggested that septal activation was asynchronous and discordant, 
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ultimately may provide new approaches for ablation of atrial fibrillation.PMID: 
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negative lead Z) or type 2 P-wave morphology (22%) (positive leads X and Y and 
biphasic lead Z [negative/positive]). Left atrial enlargement (≥29 mL/m(2) ) was 
found in 79% on echocardiography. There was no significant difference in left atrial 
end-systolic volume, left or right atrial diameters, or right atrial area between 
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documentation in the medical literature, it has still not received adequate attention 
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morphology. It can transform into a higher degree block and can also manifest 
transiently. IAB may be a preceding or causative risk factor for various atrial 
arrhythmias (esp. atrial fibrillation) and also be associated with various other 
clinical abnormalities ranging from left atrial dilation and thromboembolism 
including embolic stroke and mesenteric ischemia. IAB certainly deserves more 
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article, "Prevalence and prognostic significance of abnormal P terminal force 
in lead V1 of the electrocardiogram in the general population".Circ Arrhythm 
Electrophysiol. 2015 Feb;8(1):243. doi: 10.1161/CIRCEP.114.002646. No 
abstract available.PMID: 25691561Eran8	 et	 al1	 report	 an	 interes8ng	 correla8on	
between	an	underappreciated	electrocardiogram	parameter,	that	is,	P	terminal	force	(PTF),	
and	mortality.	 Indeed,	 PTF	magnitude	 ≥0.04	mm·ms,	 if	 present	 along	with	 an	 interatrial	
block	(P-wave	dura8on	>110	ms),	is	considered	highly	specific	and	reasonably	sensi8ve	for	
diagnosing	 lea	 atrial	 enlargement.2	 The	 determina8on	 of	 PTF	 is	 restricted	 to	 lead	 V1,	
wherein	lead	placement	error	has	a	significant	poten8al	to	result	in	the	misinterpreta8on	
of	 PTF.3	 Therefore,	 accoun8ng	 interatrial	 block	 (which	 looks	 at	 all	 the	 precordial	 leads)	
along	 with	 the	 PTF	 and	 its	 rela8onship	 to	 the	 mortality	 remains	 an	 important	
considera8on.2	In	par8cular,	authors	did	not	take	into	considera8on	the	effect	of	chronic	
lung	 disease	 (especially	 emphysema)	 on	 the	 PTF.	 In	 one	 of	 our	 previous	 works,	 we	
demonstrated	that	PTF	may	oaen	be	falsely	increased	in	these	pa8ents	and	interpreta8on	
of	 lea	 atrial	 enlargement	 in	 such	 pa8ents	 based	 on	 PTF	 alone	 should	 be	 made	 with	
cau8on.4	 This	 is	 because	 emphysema	 causes	 diaphragma8c	 flaWening	 because	 of	
hyperinfla8on	 and	 creates	 a	 downward	 pull	 on	 the	 heart/right	 atrium	 via	 the	 dense	
pericardial	 ligament.5	 Hence,	 the	 standard	 V1	 chest	 lead	 in	 pa8ents	 with	 emphysema	
ul8mately	monitors	electric	forces	of	a	much	lower-situated	right	atrium,	which	probably	
records	 the	 atrial	 depolariza8on	 vector	 going	 in	 opposite	 direc8on	 from	 the	 lead	 V1,	
resul8ng	in	a	predominant	nega8ve	P	deflec8on.4	In	fact,	a	totally	nega8ve	P	wave	rather	
than	 a	 biphasic	 P	 wave	 were	 common	 in	 emphysematous	 pa8ents.	 How	 did	 authors	
compute	the	PTF	in	cases	with	a	totally	nega8ve	P	wave	in	V1	remains	somewhat	unclear	
from	the	current	study?	In	addi8on,	emphysema/chronic	lung	disease	was	not	accounted,	
which	 may	 have	 played	 an	 independent	 role	 in	 mortality	 and	 mighthave	 played	 a	
confounding	role	in	the	rela8onship	between	PTF	and	mortality. 
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76.2% and a specificity of 97.5% in identifying β-TM patients with AF risk. A cut-
off value of 44.8 ms for inter-AEMD had a sensitivity of 81.2% and a specificity of 
98.7% in identifying this category of patients.CONCLUSIONS:Our results showed 
that the echocardiographic atrial electromechanical delay indices (intra-left and 
inter-AEMD) and the PD were significantly increased in β-TM subjects with normal 
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AbstractBACKGROUND:Each encounter of asymptomatic individuals with the 
healthcare system presents an opportunity for improvement of cardiovascular 
disease (CVD) awareness and sudden cardiac death (SCD) risk assessment. ECG 
sign deep terminal negativity of the P wave in V1 (DTNPV1) was shown to be 
associated with an increased risk of SCD in the general population. OBJECTIVE: 
To evaluate association of DTNPV1 with all-cause mortality and newly diagnosed 
atrial fibrillation (AFib) in the large tertiary healthcare system patient population. 
METHODS: Retrospective double cohort study compared two levels of exposure 
(automatically measured amplitude of P-prime (Pp) in V1): DTNPV1 (Pp from 
-100µV to -200µV) and ZeroPpV1 (Pp=0). An entire healthcare system (2010-2014) 
ECG database was screened. Medical records of children and patients with 
previously diagnosed AFib/atrial flutter (AFl), implanted pacemaker or 
cardioverter-defibrillator were excluded. DTNPV1 (n=3,413) and ZeroPpV1 



(n=3,405) cohorts were matched by age and sex. Primary outcome was all-cause 
mortality. Secondary outcomes were newly diagnosed AFib/AFl. Median follow-up 
was 2.5 y. RESULTS: DTNPV1 was associated with all-cause mortality (HR 
1.95(1.64-2.31); P<0.0001) and newly diagnosed AFib (HR 1.29(1.04-1.59); 
P=0.021) after adjustment for CVD, comorbidities, other ECG parameters, 
medications, and index ECG referral. Index ECG referral by a cardiologist was 
independently associated with 34% relative risk reduction of mortality (HR 
0.66(0.52-0.84); P=0.001), as compared to ECG referral by a non-cardiologist. 
CONCLUSION: DTNPV1 is independently associated with twice higher risk of 
all-cause death, as compared to patients without P prime in V1. Life-saving effect of 
the index ECG referral by a cardiologist requires further study. KEYWORDS: 
Electrocardiogram; Health system; Mortality; Patient education PMID: 27865189 
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Comment in The power of P in the elderly: Small biphasic wave, big impact. [Heart 
Rhythm. 2016]Reply to the Editor--Prevalence of interatrial block during lifetime. 
[Heart Rhythm. 2016]Letter to the Editor--Prevalence of interatrial block during 
lifetime. [Heart Rhythm. 2016]Abstract  BACKGROUND: Data are lacking on 
the characteristics of atrial activity in centenarians, including interatrial block 
(IAB).OBJECTIVE: The aim of this study was to describe the prevalence of IAB 
and auricular arrhythmias in subjects older than 100 years and to elucidate their 
clinical implications. METHODS: We studied 80 centenarians (mean age 101.4 ± 
1.5 years; 21 men) with follow-ups of 6-34 months. Of these 80 centenarians, 71 
subjects (88.8%) underwent echocardiography. The control group comprised 269 
septuagenarians. RESULTS: A total of 23 subjects (28.8%) had normal P wave, 16 
(20%) had partial IAB, 21 (26%) had advanced IAB, and 20 (25.0%) had atrial 
fibrillation/flutter. The IAB groups exhibited premature atrial beats more frequently 
than did the normal P wave group (35.1% vs 17.4%; P < .001); also, other 
measurements in the IAB groups frequently fell between values observed in the 
normal P wave and the atrial fibrillation/flutter groups. These measurements 
included sex preponderance, mental status and dementia, perceived health status, 
significant mitral regurgitation, and mortality. The IAB group had a higher previous 
stroke rate (24.3%) than did other groups. Compared with septuagenarians, 
centenarians less frequently presented a normal P wave (28.8% vs 53.5%) and more 
frequently presented advanced IAB (26.3% vs 8.2%), atrial fibrillation/flutter 
(25.0% vs 10.0%), and premature atrial beats (28.3 vs 7.0%) (P < .01). 
CONCLUSION: Relatively few centenarians (<30%) had a normal P wave, and 
nearly half had IAB. Our data suggested that IAB, particularly advanced IAB, is a 
pre-atrial fibrillation condition associated with premature atrial beats. Atrial 
arrhythmias and IAB occurred more frequently in centenarians than in 
septuagenarians. 
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Abstract BACKGROUND: Interatrial block (IAB) is a strong predictor of 
recurrence of atrial fibrillation (AF). IAB is a conduction delay through the 
Bachman region, which is located in the upper region of the interatrial space. 
During IAB, the impulse travels from the right atrium to the interatrial septum 
(IAS) and coronary sinus to finally reach the left atrium in a caudocranial direction. 
No relation between the presence of IAB and IAS thickness has been established 
yet. OBJECTIVE: To determine whether a correlation exists between the degree of 
IAB and the thickness of the IAS and to determine whether IAS thickness predicts 
AF recurrence. METHODS: Sixty-two patients with diagnosis of paroxysmal AF 
undergoing catheter ablation were enrolled. IAB was defined as P-wave duration 
≥120 ms. IAS thickness was measured by cardiac computed tomography. 
RESULTS: Among 62 patients with paroxysmal AF, 45 patients (72%) were 
diagnosed with IAB. Advanced IAB was diagnosed in 24 patients (39%). Forty-
seven patients were male. During a mean follow-up period of 49.8 ± 22 months 
(range 12-60 months), 32 patients (51%) developed AF recurrence. IAS thickness 
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mechanisms contributing to the embolic events associated with interatrial block. 
Detection of atrial high rate episodes by cardiac implantable electronic devices 
provides clinicians to diagnose asymptomatic atrial fibrillation. The relation 
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RESULTS: Atrial high rate episodes were detected in 107 (30.1%) patients during 
their device interrogation. Interatrial block was found in 115 (32.4%) patients out of 
total study population. Sixty-seven (27.0%) patients in AHRE (-) group had 
interatrial block while 48 (44.9%) patients had in AHRE (+) group. Prevalence of 
interatrial block was statistically significantly higher in AHRE (+) patients 
(P<0.01). 
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