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Foreword

Drs Kartikeya Bhargava and Samuel ] Asirvatham have carefully selected a well-known group of
international experts to contribute to this multi-authored, comprehensive and up-to-date textbook
of cardiac electrophysiology. Practical Cardiac Electrophysiology is largely clinically oriented and
constitutes 47 chapters covering the spectrum of clinical diagnosis and management of arrhythmias,
in and out of the electrophysiology laboratory. There is extensive coverage of all our “tools” including
mapping equipment, ablation catheters and lab setup. There is an excellent chapter on practical
cardiac anatomy, a must read for the serious student of the electrophysiology.

The book not only covers the most current fashionable entities and procedusal skillsy but also covers the less
glamorous but necessary areas such as sinus node function testing.

This is not a “quick read” but individual chapters can be used as an excellentstarting point for studying an area of
interest for the electrophysiologist be they novice or more experienced. It would also serve well as a basis for study for
board review as there is virtually no area of clinical electrophysiology not'covered:

Overall, a useful addition to the shelf of any serious student of electzophysiology.

George Klein

Professor of Medicine
University of Western Ontario
London, Ontario

Canada



Foreword

I was asked to write a Foreword for Practical Cardiac Electrophysiology edited by Drs Kartikeya
Bhargava and Samuel J Asirvatham. This book contains 47 chapters authored by experts from
around the world and includes topics as basic as how to do an electrophysiology study to complex
imaging techniques and approaches to ablation of supraventricular and ventricular arrhythmias.
While I admit, I had an opportunity to do a cursory journey through the various chapters in this
textbook, my role is not one of a reviewer. Rather, I will address a more fundamental question,
why bother to do such a project.

I grew up in an era of medical education where we “cherished” our textbooks. The chapters were read, key sections
underlined, often reread, and kept on a shelf for ready reference. It was important to,read journals to keep abreast
of new observations (actually, not so new by the time the journal arrived). HoweVery during teaching rounds, quotes
from Friedberg’s or Hurst’s Textbook of Cardiology reigned supreme. Théyyéarsimoved on and a few specialty textbooks
in electrophysiology became available, including one from my co-author Dx George Klein and me. Scores of journals
entered the cardiovascular space, several specializing in cardiac arthythmias. But in the distance, a looming shadow
appeared that produced a sea change in how we access information: The Internet.

What a marvelous educational tool the Internet is, constantly available at your fingertips and nearly always willing
to answer your queries. A search of a topic can not onlyprovidethe latest literature on it but also an abundance of
non-vetted information of questionable worth - good luckien sorting through it! There are more blogs and commentary
sites than “Carter has Little Liver Pills” (you youngsters will neé€d to search the Internet for that reference). Still, it is an
incredible fountain of knowledge, the modern-day Pietian Spring.

So, I ask again, why bother assembling more thaf 2score chapters from even more authors yielding hundreds of
pages of information, even if it can be put intg'an/electronic format? The reason is that reference books such as this are
needed and provide a cohesive source of inforfhation for a novice or expert in clinical electrophysiology. The chapters
and authors have been “vetted” by twotaccomplished electrophysiologists, Dr Asirvatham, who is one of the world’s
leading educators and a past recipient, of‘theé Distinguished Teacher award from Heart Rhythm Society (HRS), and
Dr Kartikeya Bhargava. Thus, the feader has a single reference source to answer most questions about cardiac
arrhythmias. Any such textbogk will be somewhat out of date by the nature of how fast our field is moving, but in
my experience this accounts, maostly for changes in therapy or sometimes an ablation technique, but not in the core
principles of our field. I previously stated that my responsibility is not to review the content of this thorough textbook,
but I must admit that I did désmore than a “peek” in some of the chapters. I was delighted to see that the authors used
“AV node-dependent arrhythmias” in one of their overall sections, a term that we initially used in our textbook in 1994,
and I have found this is a useful way to teach concepts of supraventricular arrhythmias.

In summary, my congratulations to the editors for compiling such a complete and excellent resource for clinical
electrophysiologists. It is worth having on your electronic bookshelf.

Eric N Prystowsky MD

Director, Cardiac Arrhythmia Service

St. Vincent Hospital, Indianapolis, IN, USA
Consulting Professor of Medicine

Duke University Medical Center

Durham, NC, USA



Preface

“Education is not the learning of facts, but the training of the mind to think.”
—Albert Einstein

The complexity of cardiac electrophysiology is simultaneously a source of never-ending challenge and ever-fulfilling
satisfaction for practitioners of this art. To attempt good invasive electrophysiology practice without learning the
facts and being conversant in the fundamental principles is futile. Yet, the cornerstones themselves are insufficient in
guiding a practitioner through the impasse between success and complication. This textboelgbegins with a recognition
that the basics of anatomy, physiology, biophysics, and electrocardiography requize mastery before progress can be
made. In addition, the focus on practical understanding and training the electrophysiologist’s mind to be able to apply
these principles in real-time when confronted by challenging arrhythmias permeates the book.

There already exist outstanding textbooks of electrophysiology whi¢h“are™eften comprehensive treatises or
collected case studies. The present work, we hope, benefits all practitioners; those in the developing world may stand
to benefit the most. The large number of patients, sometimes suboptimal resources, and in certain cases the lack of
access to the standard books and journals have been kept in mind By keeping this book practical and easy to use.

We acknowledge the time and effort of an international panel ofumaster electrophysiologists, who have authored
the works that reflect their specific areas of expertise.

Extensive illustrations, case-based discussions, and briéf summaries provided at the end of most chapters will
provide a perspective on the topic covered in the chapter andfguide the readers in applying this information in their
daily work.

Kartikeya Bhargava
Samuel J Asirvatham
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CHAPTER 38

Zalmen Blanck, Anwer Dhala, Masood Akhtar

Bundle Branch Reentry: Mechanisms,
Diagnosis and Management

LIST OF ABBREVIATIONS

AV Atrioventricular

BBR Bundle Branch Reentry
EGM Electrogram

EP Electrophysiology

HB His-Bundle

HPS His-Purkinje System
IF-VT  Interfascicular Ventricular Tachycardia
LBB Left Bundle Branch

INTRODUCTION

The most common mechanism of sustained monomorphic
ventricular tachycardia (SMVT) is reentry related to scar
tissue, usually in patients with ischemic or nonischemic
cardiomyopathies. However, reentry in the His-Purkinje
system (HPS), also called bundle branch reentry (BBR),
accounts for approximately 6% of SMVT in patients with
structural heart disease.! This is a unique type of VT because
the reentry circuit is well defined: the His-bundle (HB), the
bundle branches and transseptal myocardial conduction
are the components of the reentry circuit.>* Although
relatively uncommon, this type of VT may be more frequent
than generally suspected for the following reasons:
e Syncope or sudden death are the most common
manifestations of this arrhythmia,® and 12-lead

LBBB  Left Bundle Branch Block

LV Left Ventricle

RBB Right Bundle Branch

RBBB  Right Bundle Branch Block

RV Right Ventricle

SMVT  Sustained Monomorphic Ventricular Tachycardia

SR Sinus Rhythm
VT Ventricular Tachycardia

electrocardiographic (ECG) documentation usually is not
available.

e Induction of this mechanism of VT in the electrophysio-
logy (EP) laboratory may be difficult or not reproducible,
and a variety of electric stimulation techniques or phar-
macologic maneuvers that might not be used routinely in
EP laboratories may be required.

e An HB recording during VT is necessary for the diagnosis
of this arrhythmia,®>® and may not be obtained during EP
studies performed solely for VT.

e In the United States and in many parts of the world,
defibrillator implantation is usually performed without
EP evaluation, even in patients implanted for secondary
prevention of life-threatening ventricular arrhythmias.

It is important to recognize BBR as the mechanism of

VT because catheter ablation of the right bundle branch
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(RBB), a procedure that can be easily performed in most
patients and has a high success rate,">%12 is curative of this
type of VT.

MECHANISMS OF BUNDLE
BRANCH REENTRY

Isolated BBR beats can be found in up to 50% of patients with
normal intraventricular conduction undergoing EP studies; it
is a finding without any prognostic significance.>* The QRS
morphology in these beats, or when sustained tachycardia
is induced, will depend upon which bundle branch is used
for antegrade propagation of the electric impulse: the QRS
will exhibit a left (L), or right bundle branch block (RBBB)
morphology, if the impulse propagates down the RBB or the
LBB, respectively. The induction of isolated BBR beats or
sustained BBR tachycardia share a common mechanism, as
follows (Figure 38.1).

During right ventricular (RV) programmed stimulation
using a constant basic drive, a premature beat (S2) with a long
coupling period is introduced and retrograde conduction
to the HB occurs via the RBB, resulting in short V2-H2
intervals (Figure 38.1A). As the S2 coupling periods are
shortened, progressive delay in the retrograde RBB
conduction is encountered (longer V2-H2), while propagas
tion of the impulse proceeds transseptally into the LBB
(which has shorter refractoriness than the RBB). Additional
shortening of the coupling periods reach the effeetive
refractory of the RBB, resulting in retrograde conduetion
block (Figures 38.1B and C). Propagation of thesystimults
continues transseptally, and via the LBB to.the HB. A
retrograde HB potential, inscribed after the/local wentricular
electrogram (EGM), becomes apparent. ,Further conduction
delay in the LBB allows recovery of the initial'site of the block
in the RBB, allowing the impulse_to prepagate’antegradely
and activate the RV. This results in awide QRS complex with
a left bundle branch block¢/(LBBB) pattern; the so-called V3
phenomenon, BBR beat, or a maero-reentrant beat. It should
be noted that there is an inverse relationship between the
retrograde conduction delay in the LBB (V2-H2), and the
degree of recovery of the antegrade conduction in the RBB
(H2-V3). Longer conduction times in the LBB (longer V2-
H2), facilitate the antegrade recovery of the RBB, resulting in
shorter H2-V3 intervals. On the other hand, insufficient delay
in V2-H2 (i.e., longer coupling periods) may result in a longer
H2-V3.2+4

It has been shown that reentry in the HPS is more likely
to occur when premature beats are introduced during basic
drives that incorporate short-long sequences, in contrast
to constant basic drives. This is due to the cycle length
dependency of the HPS refractoriness.!®!% It has been
suggested that an abrupt change in cycle length (short-to-
long) may result in conduction block at a more distal site in
the muscle-Purkinje-RBB axis, which will allow sufficient

recovery of excitability in the RBB-Purkinje-muscle to allow
antegrade conduction and reentry. This also will result in
a shorter H2-V3 interval.

Although the most common type of BBR has an LBBB
pattern, BBR with an RBBB pattern also may occur during RV
stimulation. During this type of reentry, there is a retrograde
LBBB and the impulse retrogradely propagates to the HB via
the RBB. This can only occur when the LBB refractoriness
is longer than that of the RBB or when retrograde RBB
conduction resumes after a bilateral HPS block (gap
phenomenon). This type of reentry also may be seen during
left ventricular (LV) stimulation, as retrograde LBBB may be
easier to accomplish given the proximity of the LBB to the
stimulation site.

In patients with normal intraventricular conduction,
BBR is a limited phemomenon, and if short-to-long
pacing sequences are used, wp to 3 BBR beats may be
seen.®1315 In most’cases, \the reentry terminates in the
retrograde limb _of the circuit, in the muscle-Purkinje-LBB
axis.!® Rarely, theweentry will terminate in the antegrade
limb. TheYmaintenance of this phenomenon is critically
dependent upon the relationship between the conduction
velocity and, the recovery of excitability in front of the
reentrantimpulse. The presence of conduction abnormalities
(i.e.,yintraventricular conduction delay) facilitates the
dévelopment of clinically relevant sustained reentry.

Another, much less common, type of HPS reentry with a
narrow QRS complex has been described in the presence of
normal intraventricular conduction during RV stimulation.”
This occurs when there is retrograde conduction via the LBB,
followed by antegrade propagation via the RBB and one of
the LBB fascicles, resulting in a narrow QRS with variable
axis, depending upon which fascicle is used for antegrade
conduction.

CLINICAL CHARACTERISTICS OF
PATIENTS WITH BBR-VT

Sustained BBR-VT usually occurs in patients with significant
structural heart disease: LV dysfunction with low ejection
fraction and congestive heart failure are typical findings.
Although nonischemic cardiomyopathy is the underlying
substrate in about 45% of these patients,>"9 this type of VT
can also be seen in ischemic and valvular cardiomyopathies, '8
and also has been reported in patients with Ebstein’s
anomaly,'® hypertrophic cardiomyopathy,!! and any other
type of structural heart disease associated with abnormal
intraventricular conduction.'® Mpyotonic dystrophy and
other types of dystrophies also can be a substrate for this
VT given the involvement of the HPS in these conditions.?’
Rarely, patients with isolated HPS disease, without other
evidence of cardiac disease, have been reported to develop
sustained BBR.1®2! In some patients, valvular replacement
surgery (aortic or mitral) predisposes them to develop
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Figures 38.1A to C: In Panels A, B, and C, the tracings displayed are, from top to bottom, surface ECG leads 1,2 and V1, and intracardiac recordings
from the high right atrium (HRA), His-bundle (HB), right bundle branch (RB), and time lines (T). The three panels show the effect of premature
ventricular beats introduced with progressively shorter coupling periods to a constant basic drive in the retrograde conduction in the His-
Purkinje system. During the constant ventricular drive (700 ms), retrograde conduction is by way of the right bundle branch; this impulse
collides with the transeptally conducted impulse in the left bundle branch (see diagram). A premature ventricular beat (coupling period 340 ms)
results in slowing of the retrograde right bundle branch conduction, with subsequent emergence of the right bundle branch and HB potentials
after the local ventricular electrogram. Note that the right bundle branch potential precedes the HB potential (V2 - RB2 =200 ms versus V2 - HB2
=215 ms) as expected with retrograde conduction proceeding via the right bundle branch. In Panel B, the introduction of a premature beat with
a shorter coupling period (S2 330 ms) results in (proximal) retrograde block in the right bundle branch, which allows the transeptally conducted
impulse to reach the HB via the left bundle branch. Note the change in the sequence of HB activation compared to Panel A (V2 - RB2 = 165 ms
versus V2 - H2 = 165 ms). The HB and the right bundle branch are simultaneously activated, as expected during retrograde conduction via the
LBB. In Panel C, the coupling period of S2 is further shortened to 300 ms, which results in retrograde block in the distal right bundle branch.
This shift in the site of right bundle branch block, and the slower transeptal (not shown) and left bundle branch retrograde conduction, allow
recovery of the site of block and activation of the right ventricle via the RBB (see diagram), resulting in a bundle branch reentrant beat with a left
bundle branch block morphology, also called V3 phenomenon, or macro-reentrant beat

B3
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sustained BBR in the immediate postoperative period.'®
This group of patients who developed BBR postoperatively
had better preserved cardiac function and left ventricular
ejection fraction than the typical patient with cardiomyopathy
and BBR (LVEF 44%). Of course, the most important
determinant of long-term survival in these patients is the
degree of cardiac dysfunction.!%16:18,21

Sustained BBR is usually a fast tachycardia, and given the
association with significant cardiac disease, it results in
significant hemodynamic compromise: syncope or sudden
death are the clinical presentation in up to 70% of these
patients."”® Twelve-lead ECG documentation of the VT is
rarely available, so the relative incidence of spontaneous
VT with LBBB or RBBB morphology is unknown.

The most common abnormalities include mild PR interval
prolongation in sinus rhythm (SR) (average 256 ms)!®
About 25% of patients have atrial fibrillation as the intrinsic
rhythm. Most patients have an intraventricular conduction
delay with an LBBB pattern. Rarely, an RBBB pattern is
seen, a finding that does not exclude BBR as the mechanism
of the VT, because the RBBB pattern may reflect antegrade
conduction delay, rather than complete antegrade block, in
the RBB. In the same context, a complete LBBB patternamay
also be a manifestation of antegrade conduction delay, rather
than complete conduction block. Even in the presence,of a
complete antegrade conduction block, the bundle branch
may still be able to exhibit retrograde conduction, anecessary
requirement for BBR to occur.!®

In our experience, atrioventricular (AV) disSociation was
present in nearly 100% of patients with sustained BBR.!®
This may be due to the fast ycle,lengths of BBR and
the presence of drugs thatWmay depress AV conduction
(e.g., beta-blockers, digoxin).

ELECTROPHYSIOLOGIC

CHARACTERISTICS OF PATIENTS
WITH BBR-VT

The presence of conduction disease in the HPS, manifested as
prolongation of the His-ventricle (HV) interval, is a cardinal
finding in this patient population, regardless of the type of
underlying structural substrate.">512 In our experience, the
HV interval ranged from 60 ms to 110 ms (average 80 ms).?
BBR is most commonly induced by RV stimulation. This
can be accomplished by the introduction of premature ventri-
cular stimuli to a constant basic drive, or more commonly,
by the introduction of premature stimuli to a drive incorpora-
ting a pause before introducing the premature beat(s),
so-called short-long-short.!3-1> We routinely use a 600 ms

pause during a 400 ms drive prior to introducing premature
beats. As the electric properties of the HPS may vary between
patients, the use of protocols incorporating different
short-long sequences may be necessary (i.e. 350-650,
400-700, etc.).!315 Induction of BBR with an RBBB may also
require LV stimulation.

In some instances, the use of class 1A anti-arrhythmic
drugs (e.g., procainamide) may facilitate induction of
sustained BBR when the VT is not induced in the baseline
state. Procainamide prolongs the antegrade and retrograde
conduction times of the HPS, and by prolonging the HV and
VH intervals, allows the penetration by the reentrant impulse
into a better recovered RBB or LBB, respectively.?? It should
be noted that induction of BBR should be attempted during
the slow administration ofgthese drugs, as they may also
abolish this type of reentry.sSometimes, isoproterenol may
also be useful to induce this typ€ of VI. However, the use of
these drugs has notfbeén systematically studied in patients
with sustained BBR:

In contrast(to “other types of VT, BBR-VT can almost
always beftérminated by overdrive ventricular stimulation,
regardless, of, the VT cycle length (unless, of course,
ventri¢ular fibrillation is induced). The rationale for this is
the relative Jarge size of the reentrant circuit, the presence
of an)“excitable conduction gap,” and the proximity of the
RVistimulation site to the reentrant circuit. All these factors
facilitate the penetration of the circuit by the propagated
stimulated impulses.

The EP criteria diagnostic of BBR are shown in Table 38.1.
The diagnosis of BBR-VT requires intracardiac recordings
during the induced VT (i.e., HB and/or bundle branch
potentials). In some cases, it may be difficult to obtain an HB
recording during the VT, in which case, an RBB potential may
be more stable and easier to record, and may facilitate the
diagnosis.?

Table 38.1: Diagnostic criteria for BBR-VT

1. The VT exhibits QRS morphology that is typical of an LBBB or
RBBB, consistent with ventricular depolarization via the His-
Purkinje system.

2. The onset of ventricular activation is preceded by a His-bundle
potential and bundle branch potentials, with an appropriate
sequence of activation to the corresponding QRS morphology,
and with stable HV, RB-V, or LB-V intervals.

3. Spontaneous variations in V-V intervals are preceded by similar
variations in H-H intervals.

4. Induction of tachycardia is consistently dependent upon
achieving a critical delay in the His-Purkinje system.

5. The VT cannot be induced after successful catheter ablation of
the RBB.
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Figure 38.2: Twelve-lead surface electrocardiogram of spontaneous bundié branch reentrant tachycardia with left bundle branch QRS pattern
and left-axis deviation at a rate of 215 bpm (not labeled). Bg€ause ventricular activation occurs by way of the right bundle branch, the QRS

configuration is suggestive of intraventricular aberrant conductioh.

(Used with permission from Elsevier from Zipes DP, Jalife J. Cardiac

Electrophysiology: From Cell to Bedside, 2nd edn. (2005)/SaundersyPhiladelphia, Penn. p. 881).

During BBR-VT with an LBBB pattern (Figure 38.2), the
most common type of induced BBR-VT, the HV interval
is similar to, or slightly longer than, the HV interval in SR
(Figure 38.3A).156-12 Rarely, if a very proximal HB recording
is obtained, a slightly shorter HV interval may be obtained

Figures 38.3A and B: Bundle branch reentry with left (A) and right (B)
bundle branch block morphology. Tracings, from top to bottom in each
panel, include surface ECG leads 1, 2 and V1, and intracardiac recordings
from the right atrium (RA), His-bundle (HB), and time lines (T). In Panel
A, bundle branch reentry tachycardia with a left bundle branch block
morphology is displayed. Note the relatively slow cycle length, unusual
in this type of tachycardia. The HV interval of 90 ms was identical to
the one in sinus rhythm. In contrast, during tachycardia with a right
bundle branch block, the HV interval is much longer, 250 ms. Antegrade
activation in each tachycardia is dependent upon the RBB and the LBB,
respectively, resulting in significantly different HV intervals

during the VT as the HB and the RBB may be simultaneously
activated via the LBB.

In contrast, the induction of BBR with an RBBB pattern
may result in an HV interval that is significantly different
than in sinus rhythm (Figure 38.3B). In patients with BBR,
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the HV interval during SR is generally determined by the
conduction properties of the RBB. However, during VT
with an RBBB pattern, the HV interval is determined by
the conduction properties of the LBB. Different antegrade
conduction properties of the RBB and the LBB may account
for different HV intervals during intrinsic rhythm versus
tachycardia.

Recording the HB potential and the bundle branch
potentials can document the sequence of activation of the
HPS during the VT, an important diagnostic criteria for BBR
(Table 38.1, Figures 38.4, 38.5 and 38.6A). During VT with
an LBBB pattern, activation of the LBB is followed by
activation of the HB, which in turn is followed by activation of
the RBB. The opposite sequence of activation occurs during
BBR-VT with an RBBB pattern.

As ventricular activation is dependent upon the propaga-
tion of the impulse in the HPS, irregularities in the H-H
cycle lengths during BBR (typically seen at the onset of
the tachycardia), will precede similar irregularities in the
corresponding V-V cycle lengths (Figure 38.6B). This is an
important criterion to distinguish VT due to BBR from scar-
related VT with incidental (retrograde) activation of the HPS.

Figures 38.4A and B: Bundle branch reentry (BBR) with right bundle
branch block (RBBB) morphology. Panel A shows, from top to bottom,
surface ECG leads 1, 2 and V1, and intracardiac recordings from the
right atrium (RA), His-bundle, and time lines (T). Panel B shows the
same surface ECG leads, and intracardiac recordings from the right
bundle branch (RB), right ventricle (RV), and time lines (T). During
BBR with RBBB morphology (Panel A), the HV is determined by
the conduction properties of the left bundle branch, in this case,
250 ms. In contrast, during sinus rhythm, the HV interval, determined
primarily by the right bundle branch, was 90 ms (not shown). In Panel
B, the right bundle branch potential is shown. Note the appropriate
sequence of activation: the RBB potential is recorded before the
His-bundle potential, as expected in this type of BBR reentry

Merino et al.?® described another diagnostic criterion for
BBR. Given the close proximity between the BBR reentry
circuit (i.e., distal RBB) and the RV apex, the post-pace
interval was equal or <30 ms when RV stimulation was
performed during BBR with an LBBB (compared to >100 ms
for myocardial VT) (Figure 38.7). This may be particularly
useful when an HB or RBB potential cannot be recorded.

As previously mentioned, this is, by far, the most common
type of HPS-related VT,">%12 perhaps because programmed
stimulation is routinely performed from the RV. In our
experience,!® induction of this VT required LV stimulation in
2 of 59 patients. The QRS morphology is suggestive of aberrant
conduction (Figure 38.2), beedause myocardial activation is
by way of the HPS, in this'case the’'RBB. In the absence of anti-
arrhythmic drugs, thé"éyclellength of this VT is fast, ranging
from 200 ms to 300 mis. The QRS axis is usually normal or
leftward. Rightward axXisis rare, unless the QRS in SR also is
rightward(Ihe HV interval ranges from 55 ms to 160 ms.

In this type of VT, activation of the HB is by the RBB, followed
bysantegrade conduction via the LBB (Figures 38.4A and B).
We induced this VT in 6 of 59 patients. In 2 of the 6 patients, it
was the only type of VT inducible. This type of VT, in contrast
to the one with LBBB pattern, more often required LV or
atrial stimulation. A functional proximal RBBB may occur
during atrial pacing (or atrial fibrillation);?* slow antegrade
propagation over the LBB may allow recovery of the RBB,
facilitating BBR. This type of VT may be less common than
BBR with an LBBB pattern because LV stimulation is not
routinely performed, but also due to the shorter retrograde
refractoriness ofthe LBB (compared to the RBB), inwhich case,
retrograde block may be more difficult to accomplish during
RV pacing. The QRS axis in this type of VT may be normal,
leftward, or rightward, depending upon which fascicle is
used for antegrade propagation. In our experience, the cycle
length of this tachycardia has ranged from 220 ms to 360 ms,
and the HV interval between 65 ms and 250 ms.!>!8 Although
rare, thistype of VT wasmore commonlyseenin theimmediate
postoperative period after valvular replacement surgery,
compared to patients with nonischemic cardiomyopathy.!®

In this type of VT,2>?7 the reentry circuit involves the distal
LBB, the left-sided fascicles, and myocardial conduction
(Figure 38.8). The RBB is not part of the reentry circuit and
is activated incidentally; therefore, catheter ablation of the
RBB will not eliminate this type of VT. This mechanism of
VT needs to be excluded from BBR with an RBBB pattern
because in both cases the QRS morphology is RBBB pattern.
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Figures 38.5A to D: Catheter ablation of the left bundle branch.foybundle branch reentrant tachycardia. The four panels in this figure display,
from top to bottom, surface ECG leads 1, 2 and V1 and intfacardiac recordings from the high right atrium (HRA), proximal and distal ablation
catheter (AC, and ACy), His-bundle (HB), right bundlebranch (RB), and time lines (T). Panel A shows sinus rhythm with His and right bundle branch
potentials. The ablation catheter is positioned ingthe leftiside of the interventricular septum and is recording a left bundle branch potential (LB)
after the local ventricular electrogram. This is alketrograde (transeptally conducted impulse) potential given the complete antegrade left bundle
branch block. During bundle branch reentrant'tachyeardia (Panel B), the same sequence of activation is displayed as in sinus rhythm, with a
slightly shorter HV interval. Panel C displays délivery of radiofrequency current to the left bundle branch during bundle branch reentry, which
results in termination of the tachycardia. The first escape beat has the same HV interval as before the ablation and there is no change in the QRS
morphology. Note in Panel D thatthe LB potentialis no longer recorded. (From Blanck Z, Deshpande S, Jazayeri MR, Akhtar M. Catheter ablation
of the left bundle branch for the treatment of sustained bundle branch reentrant ventricular tachycardia. J Cardiovasc Electrophysiol 1995;
6:40-3. Used with permission from John Wiley and Sons)

The sequence of activation of the HPS, being different
in these two tachycardias, may be helpful in differentiating
them. During BBR with RBBB (i.e., retrograde conduction
via the RBB), the RBB is activated before the HB is activated.
In contrast, during IF-VT, the RBB is expected to be activated
after the HB activation. Patients with IF-VT usually have
concomitant BBR.2%26 We recently noted that an RBBB may
be a prerequisite for IF reentry (spontaneous or inducible).?®
The RBBB may be pre-existing or occur after catheter ablation
for BBR-VT. The HV interval during IF-VT is usually shorter
than in SR, as the "turnaround" between the fascicles is distal
to the HB. Depending on the fascicle used for antegrade
conduction, the QRS during IF-VT will be rightward or

leftward. Ablation of the LBB, or one of its fascicles, is
necessary to eliminate this type of VT and has been performed
successfully.?5-27

DIFFERENTIAL DIAGNOSIS OF BBR-VT

BBR-VT should be suspected in the presence of a wide
QRS complex tachycardia with AV dissociation, where HB
potentials precede ventricular activation. The diagnosis of
BBR-VT requires careful analysis of the sequence of HPS
activation and the relationship between changes in H-H
and V-V cycle lengths. Otherwise, this mechanism may go
unrecognized and be attributed to the common variety of
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Figures 38.6A and B: Diagnosis of bundle branch reentry. Panel A, from top to bottom, shows surface ECG leads 1, 2 and V1, and intracardiac

recordings from proximal and distal His-bundle (HB,

and HBy), right bundle braneh#(RB), and time lines (T). Intracardiac recordings during

bundle branch reentrant tachycardia show the His and bundle branéh potentials to precede the onset of the surface ECG, the appropriate
sequence of His-Purkinje system activation during tachycardia with‘a leftlbundle branch pattern (i.e., from proximal to distal), and a very short
cycle length, typical of this type of reentry. Panel B, from top to bottom, shows surface ECG leads 1, 2 and V1, and intracardiac recordings from
the right atrium (RA), His-bundle (HB), and time lines (T). This figure shows@an important criteria for bundle branch reentrant tachycardia: during
irregular cycle lengths, H-H changes will precede and dictate the corresponding V-V changes

Figure 38.7: Post-pace interval during bundle branch reentry. Tracings,
from top to bottom, include surface ECG leads 1, 2 and V1, and
intracardiac recordings from the right atrium (RA), His-bundle (His),
and right ventricular apex (RVA). This figure shows a post-pace interval
(PPI) of 250 ms after a train of ventricular pacing from the RV apex
(first four beats of the figure). A similar PPI from this pacing site as the
cycle length of tachycardia is consistent with bundle branch reentry

Figure 38.8: Interfascicular reentrant tachycardia. Displayed from top
to bottom are surface ECG leads 1,2 and V1 and intracardiac recordings
from the right atrium (RA), proximal and distal His-bundle (HB, and
HBy), right ventricle (RV), left bundle branch (LB), and time lines (T).
Intracardiac recordings during interfascicular tachycardia show the
appropriate sequence of His-Purkinje system activation: the left
bundle branch is activated first, followed by simultaneous activation
of the HB and the RB. The HV interval (not labeled) is 25 ms shorter
than in sinus rhythm, a finding consistent with this mechanism of
tachycardia. The QRS morphology is right bundle branch block (RBBB).
In bundle branch reentry with the same QRS pattern (e.g., RBBB), the
opposite sequence of activation would be expected (e.g., RB, followed
by HB, followed by LB)
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scar-related VT. Perhaps, the most important factor in the
diagnosis of BBR-VT is to suspect it in the appropriate clinical
setting.

This type of VT, with retrograde activation of the HPS, is
the most important consideration and should always be
differentiated from BBR-VT. In most scar-related VTs, the HB
activation is “obscured” by the local ventricular EGM, and it
is not usually seen. However, in some VTs, the HB potential
may be recorded before the local ventricular EGM but after
the onset of the QRS in the 12-lead ECG, which rules out BBR.
In other VTs, an HB or BB potential may appear to precede
the onset of the surface QRS, a finding similar to BBR-VT
(Figure 38.9). In these cases, and in contrast to BBR, changes
in V-V intervals will precede subsequent changes in H-H
intervals. In addition, given the same QRS morphology
(i.e., RBBB), analysis of the sequence of HPS activation may
be helpful as it may differ between myocardial VT, where
the HB may be activated retrogradely by the LBB, and
BBR-VT, where the HB also is activated retrogradely, but by
the RBB. Finally, if myocardial VT is suspected, RV pacing
during SR at the same cycle length as the VT may be helpful
to demonstrate retrograde HPS activation (Figures 38.10A
and B), a finding that would support a myocardial VT.

Patients with BBR almost never exhibit 1:1 AV conduction
during tachycardia. In addition, the sequenee of activation

5]

Figure 38.9: Incidental activation of the His-bundle during myocardial
ventricular tachycardia initiated after catheter ablation of the right
bundle branchyTracings, from top to bottom, are surface ECG
leads | and ¥1; high right atrium (HRA) and proximal and distal His-
bundle recordings (HB, and HBy); and time lines (T). All intervals are
in milliseconds. During induced sustained ventricular tachycardia
with(a left bundle branch block QRS configuration, each ventricular
electtogram is preceded by a His-bundle potential. However,
retregrade activation of the His-Purkinje system is coincidental, and
changes in V-V intervals precede or are unrelated to changes in H-H
intérvals, as expected during myocardial ventricular tachycardia.
In this case, activation of the His-bundle is retrograde through the
left bundle branch, the conduction of which was severely impaired.
(From Blanck Z, et al. Bundle Branch Reentrant Ventricular Tachycardia:
Cummulative Experience in 48 Patients. J Cardiovasc Electrophysiol
1993;4:253-63. Used with permission from John Wiley and Sons)

Figures 38.10A and B: Tracings, from top to bottom, show surface ECG leads 1, 2 and V1, and intracardiac recordings from proximal and distal
right bundle branch (RB, and RBy) and time lines (T). Panel A shows the RB potentials in sinus rhythm. Panel B displays the end of a ventricular
pacing drive (first 4 beats) followed by ongoing ventricular tachycardia (VT). Note that the RB is captured during ventricular pacing, with a similar
sequence as during VT, a finding consistent with myocardial, scar-related VT

5
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of the HPS is different: in supraventricular tachycardia, the
HPS is activated antegradely, with a similar sequence as in
sinus rhythm. In contrast, during BBR, the HPS sequence of
activation is retrograde usually via the LBB.

In this tachycardia, ventricular activation also is by way
of the RBB,2® and the HB is activated retrogradely, as in
BBR. However, the sequence of HPS activation is different
in both tachycardias: in BBR with an LBBB pattern, the HB
is activated before the RBB, and the opposite sequence is
seen in atriofascicular reentry. Also, the atrium is part of
the atriofascicular reentry circuit, and most patients with
atriofascicular reentry do not have structural heart disease.
Atrial pacing in patients with atriofascicular reentry may
show pre-excitation.

BBR-VT should always be suspected in patients with
nonischemic cardiomyopathy presenting with syncope or
sudden death. It also should be suspected in patients with
inducible SMVT and conduction abnormalities, or when
the VT has an LBBB pattern.

TREATMENT OF BBR-VT

Radiofrequency catheter ablation of the RBB is the treat-
ment of choice for BBR-VT® (Figures 38.11A to C). This
procedure will eliminate both types of BBR (LBBB and RBBB)
by creating complete conduction block in the RBB.1%912
In this ablation, a catheter is placed in the septum until an
RBB potential is recorded. The nature of this potential is
confirmed by the absence 6f an atrial EGM and an H-RB
interval of at least 20 ms#&'%Inadvertent ablation of the HB
will result in complete AV, blo€k and persistent inducibility

Figures 38.11A to C: Termination of sustained bundle branch reentrant tachycardia during catheter ablation of the right bundle branch using
radiofrequency current. Displayed from top to bottom are ECG leads 1, 2, and V1; intracardiac recordings from the right atrium (RA), proximal and
distal ablating catheter (RFp, RF,), and right ventricle electrogram (RV); and time lines (T). All intervals are in milliseconds. In Panel A, activation
of the right bundle branch is recorded in the distal bipole of the ablating catheter during sinus rhythm. Panel B shows bundle branch reentrant
ventricular tachycardia with a left bundle branch block pattern and a cycle length of 310 ms. Activation of the right bundle branch is recorded
in the ablating catheter. In Panel C, ablation of the right bundle branch and termination of the tachycardia occur within 6 seconds of energy
application. Note the expected complete right bundle branch block QRS morphology in the first sinus beat after terminating the tachycardia.
(From Blanck Z, et al. Bundle Branch Reentrant Ventricular Tachycardia: Cumulative Experience in 48 Patients. J Cardiovasc Electrophysiol

1993;4:253-63. Used with permission from John Wiley and Sons)



Chapter 38: Bundle Branch Reentry: Mechanisms, Diagnosis and Management

of BBR. Given the anatomic features of the RBB (relatively
thin and superficially located in the sub-endocardium) this
procedure is easily performed and successful in the majority
of patients.?®

Although catheter ablation of the LBB is technically more
challenging than RBB ablation, it can be attempted in select
patients with BBR or in patients with IF-VT, as described
previously (Figure 38.5).16242627,30 patients with complete
antegrade LBBB (i.e., QRS duration >140 ms) may benefit
more from LBB ablation as this will eliminate retrograde
conduction in the LBB, eliminate induction of BBR, and
prevent complete AV block, a likely complication of RBB
ablation in the presence of a complete LBBB.!¢

After RBB ablation, prophylactic pacemaker implantation
was carried out only if the HV interval prolonged significantly
(>90-100 ms), or infra-His block could be documented
during atrial stimulation.® However, with the advent of
biventricular pacing, the role of prophylactic pacing and
defibrillator implantation has changed over the years,
and the presence of LV dysfunction and congestive heart
failure are additional considerations for prophylactic
device implantation in these patients. Of note, in 25% of
our patients with BBR, a concomitant scar-related SMVT
also was induced,'® another factor when considering device
implantation post-ablation.
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The authors who have taught the electrophysiology community about this unique and fascinating arrhythmia
—bundle-branch reentrant tachycardia—provide a well-referenced and well-illustrated summary that is enjoy-
able to read. Although not a common arrhythmia, bundle-branch reentry is imminently treatable and is a
veritable microcosm of all invasive arrhythmia diagnosis. The principles of reset, attempting to find what is
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pseudo intervals (the HV during tachycardia and proximal His-V during bundle-branch reentry) are all
represented and clearly discussed in this chapter. The early student of invasive electrophysiology would do
well to read this chapter along with those on AV node reentry (Chapter 17) and diagnostic maneuvers both for
SVT (Chapters 15 and 16) and entrainment (Chapter 43) for a comprehensive foray into the art and science of
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EDITORS' SUMMARY

diagnostic maneuvers for arrhythmia diagnosis.
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