
 
Medical Research Archives |https://esmed.org/MRA/index.php/mra/article/view/5373 1 

 
 

 
 

 OPEN ACCESS 
 
Published: June 30, 2024 
 
Citation: Mahmud R, Anderson RH, 
et al., 2024. Transfiguration of Hu-
man Atrioventricular Conduction 
Axis with His bundle Pacing: Effect 
on Underlying Bundle Branch Block, 
Medical Research Archives, [online] 
12(6).  
https://doi.org/10.18103/mra.v
12i6.5373 
 
Copyright: © 2024 European So-
ciety of Medicine. This is an open-
access article distributed under the 
terms of the Creative Commons At-
tribution License, which permits un-
restricted use, distribution, and re-
production in any medium, pro-
vided the original author and 
source are credited.  
DOI  
https://doi.org/10.18103/mra.v
12i6.5373 
 
ISSN: 2375-1924 
 
 
 
 
 
 
 
 
 
 
 
 

RESEARCH ARTICLE 
 

Transfiguration of Human Atrioventricular 
Conduction Axis with His bundle Pacing: Ef-
fect on Underlying Bundle Branch Block 
 

Rehan Mahmud*1, Robert H Anderson2, Damian Sanchez-
Quintana3, Eduardo Sternick.4 

 

1College of Medicine, Central Michigan University, Mt. Pleasant, 
MI, USA 
2Biosciences Institute, Newcastle University, Newcastle-upon-Tyne, 
United Kingdom 
3Department of Human Anatomy and Cell Biology, Faculty of Med-
icine, University of Extremadura, Badajoz, Spain 
4Arrhythmia and Electrophysiology Department, Biocor Institute, 
Nova Lima, Brazil 
 
*Corresponding author: Rehan drmahmud@msn.com  
 
ABSTRACT 
His bundle pacing comes with the expectation of avoiding morbidity 
and mortality associated with pacing the ventricular myocardium. 
The His bundle paced complex typically exhibits a delta wave and 
resembles the relatively normal QRS complex of fasciculoventricular 
preexcitation, which we now believe is caused by activation of 
dormant septal connections found in most adult hearts. In patients 
with bundle branch block, His bundle pacing ‘corrects’ both right and 
left bundle branch block, but the mechanism of correction remains 
unclear. We selected 51 consecutive patients with normal QRS com-
plex, 35 patients with right bundle branch block and 41 patients 
with left bundle branch block who underwent His bundle pacing pac-
ing for guideline-based indications, and analyzed the changes in the 
paced QRS complex. In all patients His bundle pacing caused a de-
crease in ventricular activation time, an increase in lead 1 voltage, 
an inferior shift in the frontal QRS axis, and a rightward shift in of 
the R wave transition in the precordial leads. In patients with normal 
QRS complexes, despite these changes, the paced complex re-
mained in normal range. In left bundle branch block, these changes 
resulted in decrease of prolonged ventricular activation time, in-
creased lead 1 voltage, with normalization of the delayed R wave 
transition in the precordial leads. The correction of right bundle 
branch block suggested that the right ventricular free wall was be-
ing activated earlier. This was consistent with early rightward tran-
sition of the precordial R waves, the inferior QRS axis, and the known 
base-to-apex activation of the right ventricular wall in fasciculo-ven-
tricular preexcitation. We conclude that the His bundle paced com-
plex, like that seen in fasciculo-ventricular preexcitation, is caused 
by rapidly conducting, base-to-apex, and septum-to-lateral wall ac-
tivation in both left and right ventricles. This would explain the cor-
rection of left axis deviation, and the reversal of the delayed acti-
vation of the lateral walls in both right and left bundle branch block.  
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Introduction 
The atrioventricular conduction axis of the human 
heart controls the optimal timing between the atrial 
and the ventricular contractions. The normally con-
ducting bundle branches initiate myocardial activa-
tion from the mid-septum and paraseptal regions in 
an apex-to-base direction. Decades of research 
has established that pacing the ventricular myocar-
dium increases cardiac morbidity and mortality.1,2 

What is less well known is that the avoidance of 
ventricular pacing by preferring atrial pacing dis-
rupts the atrioventricular timing, with outcomes com-
parable to those associated with the high burden of 
ventricular pacing.3-7 Pacing the conduction axis 
comes with the promise of normal myocardial acti-
vation and preservation of normal atrioventricular 
conduction delay. In patients requiring permanent 
pacing, the conduction axis and its ramifications are 
often diffusely diseased. This makes it unlikely that 
selectively pacing the diseased axis would ‘correct’ 
the conduction block.8 We have recently reported 
that His bundle pacing results in activation of the 
dormant connections known to exist, in most adult 
hearts, between the His bundle and the crest of the 
muscular ventricular septum. 9,10 When activating 
these superior septal pathways, the His bundle 
paced complex is no different than observed in in-
dividuals with overt fasciculo-ventricular preexcita-
tion.10 In this study, we have analyzed the electro-
cardiographic changes of fasciculo-ventricular 
preexcitation in His bundle pacing, aiming to assess 
possible mechanisms by which activation of the sep-
tal connections might lead to the observed ‘correc-
tion’ of both right and left bundle branch block.  
 

Methods 
Informed consent, following the guidelines estab-
lished by the Helsinki declaration, was obtained in 
all patients. In our institution, all patients undergoing 
permanent pacing for guideline-based indications 
received a His bundle pacing lead. We selected 
51consecutive patients with normal QRS complexes, 
35 consecutive patients having right bundle branch 
block and left axis deviation, and 41 consecutive 
patients with left bundle branch block. We made a 
detailed analysis of the changes noted in the paced 

QRS complex. For His bundle pacing, we used a 
steerable Medtronic C-304 guide catheter to de-
ploy a Medtronic 3830 lead. A distal His bundle 
electrogram was recorded, and a pacing threshold 
was obtained. Sites were accepted for permanent 
pacing only when the paced QRS complex re-
mained in normal range. His bundle pacing was 
done at a pulse width of 1.0 msec. Pacing was 
started at 5 volts, and decreased to 0.25 volts. Ven-
tricular activation times were measured from the 
pacing stimulus to the peak of the R-wave in lead I. 
As the voltage was lowered, the paced QRS was 
examined for prolongation of the ventricular acti-
vation times, the presence or absence of the delta 
wave, and changes in the QRS axis. For statistical 
analysis, we have presented continuous variables as 
means with standard deviation, and categorical 
variables as totals with percentages. All tests were 
2-sided, with P values less than 0.05 indicating sta-
tistical significance.  

 

Results  
Only one individual who underwent His bundle pac-
ing for sinus nodal dysfunction had overt intermittent 
fasciculo-ventricular preexcitation. In this patient, 
pacing at the site of the His bundle electrogram re-
sulted in a paced complex comparable to the pre-
excited complex observed during sinus rhythm. 
When pacing at lower voltage, the fasciculo-ven-
tricular connection was no longer activated, with ac-
tivation exclusively via the His bundle. The paced 
QRS complex then resembled a normally conducted 
sinus beat.  

 
In all 51 patients with normal QRS complex, the 
paced complex showed a delta wave. The ventric-
ular activation time of the paced complex de-
creased from 92 msec in sinus rhythm, to 87 msec 
with His bundle pacing (p<0.01). The lead I voltage 
increased significantly from 0.6 mv in sinus rhythm 
to 0.9 mv (p<0.05). The frontal QRS axis became 
more inferior but remained in normal range. We 
also noted an earlier transition of the R waves in the 
precordial leads from V4 to V3. (Figure 2)  
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His bundle pacing in a patient with intermittent fasciculoventricular pre-excitation. 

 
Figure 1. Panels A shows ECG leads 1, 2 and V1 and His bundle recording (arrow) in a normal sinus 
rhythm. Panel B shows fasciculoventricular preexcitation in same patient. Panel C shows His bundle pacing 
with and without a delta wave, compare with panels A and B.  
 
Effect of His bundle pacing in patient with normal QRS complex 

 
   
 
 
 
Figure 2: Left panel shows a 12-
lead electrocardiogram of individ-
ual with normal QRS complex. Right 
panel shows typical changes with 
His bundle pacing. The paced com-
plex remains in normal range and is 
no different from that in individuals 
with fasciculoventricular preexcita-
tion. See text for details.  
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In the 35 patients with right bundle branch block, 
the abnormal changes were corrected only when a 
delta wave was observed in the paced complex 
(Figure 3). In 17 of these 35 patients, the delta 
wave was lost when pacing at lower voltages. 

Selective His bundle pacing was obtained with an 
isoelectric stimulus to QRS interval, and this was as-
sociated with abrupt recurrence of right bundle 
branch block (Figure 3, panel B).  

 
Effect of His bundle pacing on right bundle branch block 

 
Figure 3. Panel A shows a 12-lead ECG of right bundle branch block and its ‘correction’ with His bundle 
pacing.  
 
Panel B shows the characteristic feature of right 
bundle branch block (a broad S wave in lead 1) is 
corrected only when His bundle pacing causes a 
delta wave and recurs abruptly with His bundle 
pacing without preexcitation. 
 
In 41 patients with left bundle branch block, the 
paced complex showed a delta wave, the left ven-
tricular activation time decreased by 63msec from 
188 msec to 125 msec (p<0.01), the lead1 voltage 
increased from 0.5 mv to 1.0 mv (p<0.01), the mid-
QRS notch was resolved, the QRS axis remained in 
normal range, and left axis deviation was corrected 
(Figure 4). In 11 patients, as the pacing voltage was 
lowered the QRS complex widened, the lead 1 volt-
age decreased, the frontal QRS transitioned left-
ward, and the R wave transitioned leftward. These 
changes became more pronounced, with appear-
ance of complete left bundle branch block, concom-
itant with abrupt loss of delta wave (Figure 3). In 
16 patients with left axis deviation, the paced com-
plex with a delta wave normalized the axis from -
35° to +30° (p<0.01). In patients with left bundle 
branch block, the precordial R-wave transition oc-
curred at lead V6. During His bundle pacing, 

however, the transition occurred between leads V3 
and V4 (p<0.01).  
 

Discussion 
Our observations suggest that the superior septal 
connections between the His bundle and the basal 
crest of the muscular ventricular septum9,10 have 
conduction properties comparable to those of the 
bundle branches. The main difference is that, unlike 
the bundle branches, the septal pathways remain 
dormant in sinus rhythm. Pacing at higher voltages 
is required to permit them to conduct rapidly. These 
pathways were first described as ‘superior septal 
connections’ by Mahaim in the 1930’s.9,10 They were 
later recognized by Hecht and colleagues as part 
of normal arrangement of the atrioventricular con-
duction axis.10 Later labelled as fasciculo-ventricu-
lar pathways, their potential significance, being 
ubiquitous but electrically silent, has remained unre-
alized for decades. In this regard, it was accepted 
that normal cardiac activation is determined by 
conduction through the bundle branches, with the 
process starting from the distal septum and the par-
aseptal areas. The overall myocardial activation is 
then leftward and occurs from apex-to-base.12,13  
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The fasciculo-ventricular connections, however, can 
initiate myocardial activation from the septal crest. 
This shifts the QRS axis inferiorly in the frontal plane 
and increases the lead 1 voltage, reflecting the 
base-to-apex activation of the septum and the lat-
eral ventricular walls.13 The process is then seen as 
being rightward in the precordial leads, caused by 
early activation of the basal right ventricle,14 with 

reversal of the normal ‘apex-to-base’ activation.13 
His bundle pacing in the setting, in essence, transfig-
ures the conduction axis, which now includes fas-
ciculo-ventricular preexcitation. This process is well 
represented in the changes observed in the normal 
12-lead electrocardiogram, as well as in the elec-
trocardiograms of individuals with right and left 
bundle branch block (Figure 2-4). 

 
Effect of His bundle pacing in left bundle branch block 

 
Figure 4. Panel A shows left bundle branch block and its correction with His bundle pacing. Panel B shows 
progressive transition to left bundle branch morphology as the pacing voltage is decreased. Note the wid-
ening of QRS, decrease in lead 1 voltage, the left axis and late precordial transition are reverse of chages 
caused by His bundle pacing. 
 
The three-dimensional non-invasive activation map 
by Ghosh and colleagues, reproduced here with 
permission (Figure 5), allows a comparison to be 
made between the normal myocardial activation 
and the activation observed in individuals with fas-
ciculo-ventricular pre-excitation.13 This visual repre-
sentation clarifies how widely separated regions of 
conduction delay caused by right and left bundle 
branch block and left superior fascicular block are 
’corrected’ by activation of the dormant septal 
pathways. The basal septal activation is quickly fol-
lowed by activation of the left ventricular lateral 
wall in normal time (panels A-C).13 The left superior 
fascicular block causes left axis deviation by delay-
ing activation of the antero-superior paraseptal 
basal area of the left ventricle. This area, however, 

is activated early by the fasciculo-ventricular con-
nections (Figure 5). This explains how the left axis 
deviation is nearly always corrected by His bundle 
pacing when a delta wave is present (Figure 4). As 
the activation continues to spread leftward anteri-
orly and posteriorly from the basal septum, it will 
activate early the left ventricular lateral wall, which 
is activated late in left bundle branch block, thus 
normalizing the characteristic notched and wide 
QRS complex. The right bundle branch block is 
caused by a delay in the activation of the right ven-
tricular lateral wall. It is corrected when basal sep-
tal activation is followed by early activation of the 
basal right ventricular free wall in a base-to-apex 
direction (Figure 5 C).  
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Epicardial Maps in Normal Activation and in Fasciculoventricular Preexcitation 

  
Figure 5. Myocardial activation times in fasciculoventricular preexcitation (A-C) is compared with normal 
activation (C-D). The normal apex-to-base activation of right ventricular free wall (F) changes to base-to-
apex activation in fasciculoventricular preexcitation (C). The overall septum to left ventricular lateral wall 
activation times are similar. 
 
Sharma and colleagues, also using non-invasive ep-
icardial maps, showed that, when His bundle pacing 
corrected right bundle branch block, the base of the 
right ventricular wall was activated early.14 In our 
own study of ‘correction’ of right and left bundle 
branch block with His bundle pacing, we found that 
the correction was more complete when we paced 
at higher voltages16,17 (Figures 3 and 4). At lower 
voltages, the delta wave was prolonged. Slowing 
of conduction in the fasciculo-ventricular connection 
was then associated with progressively greater ev-
idence of bundle branch block. At pacing voltages 
where conduction ceased in the fasciculo-ventricular 
connection, observed as a loss of the delta wave, 
there was abrupt recurrence of the underlying 

bundle branch block pattern (Figures 3 and 4). The 
conduction block in the septal connections is to be 
expected when pacing at lower voltage, as these 
connections do not conduct at the very low activa-
tion voltage of a sinus impulse. The voltage-de-
pendent pacing phenomenon is unlikely to occur had 
the delta wave been the consequence of bystander 
activation of working septal myocardium.  
 
Comparable superior septal connections have been 
described in mice by Lev and Thaemert, who recog-
nized them as ‘Mahaim fibers’ between the branch-
ing His bundle and septum.17 These findings are now 
further endorsed by our own observation in a single 
heart (Figure 6). 

 
 
 
 
 
 
 
 
 

Reproduced with permission from John Wiley and Sons 

License number 5765850473918 April 11, 2024 
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Fasciculoventricular connection in human and murine hearts 

  
Figure 6. Panel A shows fasciculo-ventricular pathways, connecting the His bundle with the septum in human 
heart. Similar connections are present.in the murine heart (panel B).  
 
In the murine heart, however, there is evidence that 
these connections conduct during normal sinus 
rhythm. In consequence, the overall cardiac activa-
tion has been described as occuring in base-to-
apex fashion, comparable to that seen in human 
fasciculo-ventricular pre-excitation.13,18 Thus, van 
Rijen and colleagues, when investigating the activa-
tion of the murine heart, showed that, in mutagenic 
animals with CX40 gap junction protein deficiency, 
conduction block could be observed in the smaller 
diameter right bundle branch, while conduction de-
lay was present in the left bundle branch. The base-
to-apex myocardial activation maps obtained in 
these CX40 deficient mice, nonetheless, remained 
unchanged when compared to their findings in the 
wild-type mice without bundle branch block.18 These 
investigators suggested that electrical continuity be-
tween the common bundle and the septum prohib-
ited comparison of mouse and human conduction 
axis, perhaps not taking into consideration findings 
of Mahaim and the common occurrence of fascicu-
loventricular preexcitation in man. Their results, 
nonetheless, are consistent with our explanation 
that, with His bundle pacing, it is the activation of 
the septal connections which masks the patterns of 
right and left bundle branch block. This interpreta-
tion, however, is contrary to the generally held be-
lief that His bundle pacing corrects left bundle 
branch block because the lead tip is distal to a sol-
itary culprit lesion in the atrioventricular conduction 
axis. In our experience, selectively pacing of the His 
bundle when a delta wave is not evident hardly 
ever ‘corrects’ either right or left bundle branch 
block.15,16  
 

Conclusion 
In this study, we have extended our previous work 
showing that His bundle pacing resulted in the exci-
tation of dormant septal connections, producing a 
paced QRS that is no different than the pattern ob-
served in individuals with fasciculo-ventricular 
preexcitation.10 We have presented evidence that 
the electrocardiographic changes, which include a 
delta wave, an inferior frontal QRS axis, earlier 
precordial transition of the R waves, an increase in 
the lead 1 voltage, and a decrease in ventricular 
activation time, can also be observed in patients 
with bundle branch block. These changes reverse 
the widening of the QRS complex and the decrease 
in the lead 1 voltage observed with left bundle 
branch block. The left axis deviation is corrected by 
an inferior shift in the frontal QRS axis. The correc-
tion of the right bundle branch block is explained 
by earlier base-to-apex activation of the right ven-
tricular free wall. Thus, His bundle pacing transfig-
ures the atrioventricular conduction axis by activat-
ing dormant septal pathways. In patients with nor-
mally conducting bundle branches, the paced QRS 
complex remains in the normal range. In patients 
with bundle branch block, the septal activation mit-
igates the abnormal myocardial activation. 
 

Conflict of interest: None 
 

Funding sources: None 
 

Acknowledgements: Yoram Rudy and 

colleagues for graciously allowing us the use of their 
illustration. 

 
 
 
 

https://esmed.org/MRA/index.php/mra/article/view/5373


  

 

 
Medical Research Archives |https://esmed.org/MRA/index.php/mra/article/view/5373  8 

Correction of bundle branch block with His bundle pacing 

References. 
1. Cicchitti V, Radico F, Bianco F, Gallina S, Tonti 

S, De Caterina R. Heart failure due to right ven-
tricular apical pacing: the importance of flow 
patterns. Europace 2016;2:1679–88. 

2. Lamas GA, Lee KL, Sweeney MO, Silverman R, 
Leon A, Yee R et al. Ventricular pacing or dual-
chamber pacing for sinus-node dysfunction. N 
Engl J Med 2002;346:1854–62.  

3. Botto GL, Ricci RP, Bénézet JM, Nielsen JC, De 
Roy L, Piot O, Quesada A, Quaglione R, Vac-
cari D, Garutti C, Vainer L, Kozák M PreFER 
MVP Investigators. Managed ventricular pacing 
compared with conventional dual-chamber 
pacing for elective replacement in chronically 
paced patients: results of the Prefer for Elective 
Replacement Managed Ventricular Pacing ran-
domized study Heart Rhythm.2014;11:992–
1000.  

4. Stockburger M, Boveda S, Moreno J, Da Costa 
A, Hatala R, Brachmann J, Butter C, Garcia 
Seara J, Rolando M, Defaye P. Long-term clini-
cal effects of ventricular pacing reduction with 
a changeover mode to minimize ventricular 
pacing in a general pacemaker population. Eur 
Heart J. 2015 Jan 14;36(3):151-7. Doi: 
10.1093/eurheartj/ehu336. Epub 2014 Sep 
1. PMID: 25179761; PMCID: PMC4297468. 

5. Boriani G, Tukkie R, Manolis, AS, et al. Atrial 
antitachycardia pacing and managed ventricu-
lar pacing in bradycardia patients with parox-
ysmal or persistent atrial tachyarrhythmias: the 
MINERVA randomized multicentre international 
trial, European Heart Journal, Volume 35, Issue 
35, 14 September 2014, Pages 2352–2362  

6. Sekita G, Hayashi H, Nakazato Y, Daida H. 
Ventricular fibrillation induced by short-long-
short sequence during managed ventricular 
pacing. J Cardiovasc Electrophysiol. 
2011;22:1181. [PubMed] [Google Scholar] 

7. Vavasis C, Slotwiner DJ, Goldner BG, Cheung 
JW. Frequent recurrent polymorphic ventricular 
tachycardia during sleep due to managed ven-
tricular pacing. Pacing Clin Electrophys-
iol. 2010;33:641–644. [PubMed] [Google 
Scholar] 

8. Lev M, Unger PN, Rosen KM, Bharati S. The an-
atomic substrate of complete left bundle branch 
block. Circulation 1974; 50: 479-86. DOI: 
10.1161/01.cir.50.3.479. PMID: 4416092. 

9. Mahaim I: Kent’s fibers and the AV paraspecific 
conduction through the upper connection of the 
bundle of His-Tawara. Am Heart J 1947; 33: 
651-3. 

10. Mahmud R, Sternick EB, Sanchez-Quintana D, 
Macias Y, Almeida, MC, Anderson RH, et al. Ev-
idence for concealed fasciculo-ventricular path-
ways as revealed by His bundle Pacing. Euro-
pace 2023. Doi:  10.1093/euro-
pace/euad050. 

11. Hecht HH, Kossmann CE, Pruitt RD, Truex RC, Uh-
ley HN, Watt Jr TB. Atrioventricular and intra-
ventricular conduction: revised nomenclature 
and concepts. Am J Cardiol 1973;31:232–44. 

12. Durrer D, van Dam RT, Freud GE, Janse MJ, 
Meijler FL, Arzbaecher RC. Total excitation of 
the isolated human heart. Circulation. 1970 
Jun;41(6):899-912. Doi:  
10.1161/01.cir.41.6.899. PMID: 5482907. 

13. Ghosh S, Avari JN, Rhee EK, Woodard PK, 
Rudy Y. Hypertrophic cardiomyopathy with 
preexcitation: insights from noninvasive electro-
cardiographic imaging (ECGI) and catheter 
mapping. J Cardiovasc Electrophysiol. 2008 
Nov;19(11):1215-7. Doi:  
10.1111/j.1540-8167.2008.01203.x. Epub 
2008 May 9. PMID: 18479334; PMCID: 
PMC2631093. 

14. Sharma PS, Naperkowski A, Bauch TD, Chan 
JYS, Arnold AD, Whinnett ZI, Ellenbogen KA, Vi-
jayaraman P. Permanent His Bundle Pacing for 
Cardiac Resynchronization Therapy in Patients 
With Heart Failure and Right Bundle Branch 
Block. Circ Arrhythm Electrophysiol. 2018 
Sep;11(9):e006613. Doi:  10.1161/CIR-
CEP.118.006613. PMID:  30354292. 

15. Mahmud R, Jamal S, Brenda H, Kukla S. Effect 
of Non-Selective His Bundle Pacing on Delayed 
Myocardial Activation in Left Axis Deviation 
and Left Bundle Branch Bloc. The Journal of In-
novations in Cardiac Rhythm Management 
2021,12:5 Doi: 10.19102/icrm.2021.121001 

16. Mahmud R, Jamal S, Effect of His bundle pacing 
on right bundle branch block located distal to 
site of pacing. Journal of Electrocardiology. 
2021;64: 58-65.  

17. Lev M, Thaemert JC. The conduction system of 
the mouse heart. Acta Anat. 1973;85:342–352. 

18. van Rijen HV, van Veen TA, van Kempen MJ, 
Wilms-Schopman FJ, Potse M, Krueger O, 
Willecke K, Opthof T, Jongsma HJ, de Bakker 
JM. Impaired conduction in the bundle branches 
of mouse hearts lacking the gap junction protein 
connexin40. Circulation. 2001 Mar 
20;103(11):1591-8. Doi:  
10.1161/01.cir.103.11.1591. PMID: 
11257090 

 

https://esmed.org/MRA/index.php/mra/article/view/5373
https://pubmed.ncbi.nlm.nih.gov/21453370
https://scholar.google.com/scholar_lookup?journal=J+Cardiovasc+Electrophysiol&title=Ventricular+fibrillation+induced+by+short-long-short+sequence+during+managed+ventricular+pacing&author=G+Sekita&author=H+Hayashi&author=Y+Nakazato&author=H+Daida&volume=22&publication_year=2011&pages=1181&pmid=21453370&
https://pubmed.ncbi.nlm.nih.gov/20025716
https://scholar.google.com/scholar_lookup?journal=Pacing+Clin+Electrophysiol&title=Frequent+recurrent+polymorphic+ventricular+tachycardia+during+sleep+due+to+managed+ventricular+pacing&author=C+Vavasis&author=DJ+Slotwiner&author=BG+Goldner&author=JW+Cheung&volume=33&publication_year=2010&pages=641-644&pmid=20025716&
https://scholar.google.com/scholar_lookup?journal=Pacing+Clin+Electrophysiol&title=Frequent+recurrent+polymorphic+ventricular+tachycardia+during+sleep+due+to+managed+ventricular+pacing&author=C+Vavasis&author=DJ+Slotwiner&author=BG+Goldner&author=JW+Cheung&volume=33&publication_year=2010&pages=641-644&pmid=20025716&

