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a b s t r a c t

A 51-year-old male developed recurrent episodes of palpitations and pre-syncope after surgical aortic
valve replacement. Electrocardiograms after surgery revealed a wide complex tachycardia with alter-
nating left bundle branch and right bundle branch block morphologies. An electrophysiology study (EPS)
demonstrated typical bundle branch reentry ventricular tachycardia (BBRVT) treated successfully with
right bundle ablation. We demonstrate the key diagnostic features of BBRVT on EPS, describe the circuit
of BBRVT with explanation of the HV pseudointerval, and highlight the association of BBRVT and valve
replacement.
Copyright © 2021, Indian Heart Rhythm Society. Production and hosting by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Case

A 51-year-old male presented to the emergency department
with persistent palpitations and pre-syncope. The patient had a
history of hypertension and bicuspid aortic stenosis with an
ascending aortic aneurysm and had undergone mechanical aortic
valve replacement and graft replacement one month before pre-
sentation. Prior to surgery, an echocardiogram was notable for se-
vere aortic stenosis with preserved left ventricular ejection fraction
(LVEF) and a coronary angiogram revealed no significant coronary
artery disease. On arrival, his blood pressure was 100/65 mmHg
and heart rate 198 beats per min. A 12-lead ECG showed a mono-
morphic wide complex tachycardia (WCT) with right bundle
branch block (RBBB) morphology (Fig. 1A). Pre-syncopal symptoms
persisted with hypotension, and the patient subsequently under-
went successful cardioversion with a 200J transthoracic shock. No
adenosine, verapamil, or anti-arrhythmic drugs were given prior to
cardioversion. An electrocardiogram (ECG) after cardioversion
action; WCT, wide complex
ardiogram; LBBB, left bundle
icular nodal reentrant tachy-
ogy study; HPS, His-Purkinje
hycardia.
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showed normal sinus rhythm with prolonged PR interval (246 ms)
and incomplete RBBB (Fig. 1B). Echocardiogram demonstrated
preserved EF and normally functioning prosthetic aortic valve with
mean gradient 8 mmHg. On review of previous ECGs, the PR in-
terval and QRS duration were normal prior to surgery. Immediately
after surgery, the ECG showed sinus rhythm with prolonged PR
interval and LBBB. On post-operative day two, the patient devel-
oped a WCT with LBBB morphology at a rate of 156 bpm that
spontaneously terminated after approximately 10 minutes
(Fig. 1C). It was presumed to be a supraventricular tachycardia with
LBBB aberrancy, for which the patient was started on low-dose beta
blocker, although he did not continue it following discharge. On the
day of discharge the ECG revealed sinus rhythm, prolonged PR in-
terval, and a similar RBBB pattern as later seen in the presenting
WCT (Fig. 1D). What is the mechanism and treatment of this
tachycardia?

The differential diagnosis forWCTgenerally includes ventricular
tachycardia (VT), supraventricular tachycardia (SVT) with aber-
rancy or pre-existing bundle branch block, and antidromic atrio-
ventricular reentrant tachycardia (AVRT). On careful inspection of
Fig. 1A, AV dissociation is present, most evident in lead II. The
presence of atrioventricular (AV) dissociation excludes AVRT, while
VT and other types of SVT with aberrancy or pre-existing bundle
branch block still remain, such as atrioventricular nodal reentrant
tachycardia (AVNRT) or junctional tachycardia (JT). Given the
alternating BBB patterns and symptomaticWCT, hewas referred for
electrophysiology study (EPS) and pacemaker implantation on the
day of hospital presentation. Nomedications were initiated prior to
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
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Fig. 1. A. Presenting ECG: WCT with RBBB morphology. B. Post-cardioversion: NSR, prolonged PR interval, and incomplete RBBB. C. Post-SAVR: WCT with LBBB morphology. D. Day
of discharge after SAVR: NSR, prolonged PR interval with RBBB morphology.
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Fig. 2. A. 12-lead ECG of WCT induced during EPS. LBBB-type morphology with negative concordance in the precordial leads and left superior axis. B. Consistent His bundle
potential was not obtained. RB potential (as measured on Abl-D) to V interval during sinus rhythm measures 42 ms, while the RB-V is longer during tachycardia (78 ms). C. Changes
in the RB-RB interval precedes the changes in the VeV interval.
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Fig. 3. Schematic representation of BBRVT. A.) During LBBB-BBRVT, the impulse is
conducted anterogradely through the RBB and retrogradely through the LBB. B.)
During RBBB-BRVT, the activation pattern is reversed. Note the His is activated retro-
gradely and not involved in the BBRVT circuit.
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the EPS.
At baseline, the patient was in normal sinus rhythm with evi-

dence of conduction delay in the His-Purkinje system (HPS) with a
prolonged HV interval of 70ms. A consistent right-sided His bundle
potential recording could not be obtained. However, a proximal
right bundle (RB) potential recording was obtained via a sensor-
enabled ablation catheter. Ventricular programmed extra-
stimulation repeatedly induced a WCT at a cycle length of 310 ms
with a LBBB morphology, left superior axis, and negative concor-
dance in the precordial leads (Fig. 2A). There was clear evidence of
AV dissociation during tachycardiawith earliest activation at the RV
apex, ruling out atrioventricular reentrant tachycardia. The
remaining possibilities included ventricular tachycardia and the
rare possibilities of JT with retrograde block and aberrancy, AVNRT
with upper common pathway block and aberrancy, and antidromic
reentrant tachycardia using a nodofascicular or nodoventricular
194
pathway with retrograde block. Attempts at pacing entrainment
from the right ventricular (RV) apex repeatedly terminated the
tachycardia, as did His-refractory premature ventricular extra-
stimuli, ruling against AVNRT and JT. Furthermore, there was no
evidence of dual atrioventricular nodal physiology during atrial
pacing. Intravenous adenosine failed to terminate the tachycardia
ruling out a nodofascicular or nodoventricular tachycardia. During
tachycardia, there was a 1:1 relationship with the RB potential and
ventricular electrograms and the RB-V interval was longer
compared to sinus rhythm (Fig. 2B). The onset of ventricular de-
polarization was preceded by the RB potential and changes in the
RB-RB interval preceded changes in the VeV interval, indicating
that His-Purkinje activation drives the tachycardia (Fig. 2C). The
findings were consistent with bundle branch reentrant ventricular
tachycardia (BBRVT) with a counterclockwise circuit, the most
common form of macro-reentry using the HPS. The ablation cath-
eter was then advanced into the RV, where a RB potential was
identified and radiofrequency energy was applied. The incomplete
RBBB pattern on ECG at baseline then became a complete RBBB,
after which BBRVT was no longer inducible. There was no evidence
of AV block after ablation, however given previous evidence of
alternating bundle branch block, the patient received a dual-
chamber pacemaker. At six-month follow-up our patient had no
recurrence of VT on routine pacemaker interrogation.

2. Discussion

BBRVT is an uncommon, potentially life-threatening form of
macro-reentrant VT, incorporating both bundle branches and the
intervening septal ventricular myocardium into a macro-reentry
circuit. Patients typically present with heart rates above 200 bpm,
and with pre-syncope, syncope or sudden death, particularly in
those with underlying structural heart disease. BBRVT is seen in
patients with HPS dysfunction, such as those with dilated cardio-
myopathy, myotonic dystrophy, or valvular heart disease following
transcatheter or surgical aortic valve replacement (SAVR) [1,2].
BBRVT typically occurs within a month after SAVR and most have
preserved LVEF. It is thought that valve implantation causes con-
duction disturbances (i.e. slow conduction) within the HPS facili-
tating reentry due to its close proximity to the valvular annulus.

BBRVT may be misdiagnosed as SVT with aberrancy given
typical left or right bundle branch block morphology. The patient
had clinical presentations of both typical (counterclockwise, LBBB
pattern) and suspected atypical (clockwise, RBBB pattern) BBRVT.
LBBB pattern is most commonly seen in BBRVT, as the activation
wave front propagates anterogradely down the RBB, followed by
transseptal myocardial conduction, retrograde conduction using
the LBB, and finally reentering the conduction system at the LB and
RB Purkinje fiber-myocardial junction located infra-Hisian (Fig. 3A).
Since the RB refractory period is usually longer than that of the LB,
RV extrastimulus pacing can lead to retrograde conduction delay
and block in the RBB, followed by impulse propagation retrogradely
up the LBB. The atypical form of BBRVT presents with a RBBB
pattern when the activation pattern is reversed, as suspected to
have occurred in the presenting arrhythmia (Fig. 3B). RBBB-BBRVT
can be induced through LV pacing or incremental atrial pacing,
although atrial PES pacing did not induce tachycardia in the present
case [3]. Of note, atypical BBRVT was not induced on EPS, thus
concomitant interfascicular reentrant VT was not completely ruled
out. Interfascicular VT can be distinguished from BBRVT usually
with a shorter HV interval during VTcompared to sinus rhythm and
by demonstrating that the RB is not part of the circuit. Several
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reports have demonstrated inducibility of interfascicular VT
immediately after RBB ablation [4,5]. However, RBBB-WCT was not
induced before or after ablation in the present case. Therefore,
further ablation of the anterior or posterior fascicle was not
performed.

It is important to note that the His bundle is not part of the
BBRVT circuit. The HV interval during BBRVT represents the retro-
grade conduction time to the His bundle via the turnaround site at
the proximal bundle branches plus the antegrade conduction time
back to the turnaround site and then to the ventricular exit site, and
thus represents a pseudo-interval. Hence, the relationship between
the HV interval in sinus rhythm and tachycardia is unreliable, as it
may be longer in tachycardia or sinus rhythm in some cases. On the
other hand, the RB-V interval has been shown to consistently
prolong during tachycardia, perhaps contributing to the mainte-
nance of BBRVT [6].

The key diagnostic features of BBRVT include: 1) QRS
morphology exhibiting typical BBB pattern similar to sinus rhythm
with AV dissociation; 2) LB-HB-RB activation sequence in typical
BBRVTor RB-HB-LB in atypical BBRVT; 3) variations in the HeH, RB-
RB, or LB-LB interval precedes changes in the VeV interval; and 4)
non-inducible tachycardia after RBB ablation. Entrainment from the
RV apex is another diagnostic pacingmaneuver in BBRVTwith LBBB
pattern that proves useful when a stable His cannot be recorded. A
post-pacing interval minus tachycardia cycle length (PPI-
TCL) < 30 ms suggests BBBRT and excludes AVNRT and JT [7].
Radiofrequency ablation of the RB is considered first-line therapy
with high long-term success rates [8].

The present case describes a rare case of BBRVT with both
typical and atypical forms suspected to have observed clinically
with curative ablation of the right bundle branch following SAVR in
a patient with preserved ejection fraction.
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