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KEY TEACHING POINTS

� Appearance of a late P1 potential during sinus
rhythm may indicate occurrence of catheter-
induced mechanical block during catheter ablation
for idiopathic left ventricular tachycardia.

� If catheter-induced mechanical block is suspected,
the intracardiac electrogram and 3-dimensional
mapping system used during the procedure should
be retrospectively reviewed to analyze the electrical
potentials and positional information at the
moment of the bump phenomenon.

� Appearance of 2 types of post–QRS wave P1
potentials during sinus rhythm might provide
additional guidance for identifying the optimal
ablation site after the bump phenomenon occurs.
Introduction
Verapamil-sensitive left posterior fascicular ventricular
tachycardia (LPF-VT) was first described in 1979.1 This
tachycardia is characterized by a right bundle branch block
morphology with left and superior axis deviation and origi-
nates in the region of the left posterior fascicle of the left
bundle. Previous studies have also shown that the tachycardia
is often sensitive to verapamil.2,3 To determine the optimal
ablation site for LPF-VT during ventricular tachycardia
(VT), it is important to locate the diastolic potential (P1). If
visible, the optimal ablation site is where both a P1 and a pre-
systolic potential (P2) can be recorded simultaneously, and
the interval between them is shortest. If P1 cannot be visual-
ized, the optimal ablation site is where the earliest P2 during
VT can be recorded.4

Catheter ablation of LPF-VT is highly successful, but
there is a major limitation to the use of this strategy. The
VT must be inducible to allow for mapping and searching
for the optimal ablation site. If catheter-induced mechanical
block, known as the “bump” phenomenon, occurs, it may
be impossible to induce the tachycardia and difficult to deter-
mine the ablation site.

To the best of our knowledge, the case presented here is
the first to demonstrate a novel ablation strategy for
verapamil-sensitive LPF-VT in which P1 potentials appear-
ing after the QRS wave are used for guidance after the
bump phenomenon has occurred.
KEYWORDS Verapamil-sensitive left fascicular ventricular tachycardia; Late
P1 potential; Catheter-induced mechanical block; Bump phenomenon;
Playback ablation
(Heart Rhythm Case Reports 2023;9:671–675)

Address reprint requests and correspondence: Dr Yuhei Kasai, North 49,
East 16, 8-1, Higashi Ward, Sapporo, Hokkaido 007-0849, Japan. E-mail
address: yuheikasai_1025@yahoo.co.jp.

2214-0271/© 2023 Heart Rhythm Society. Published by Elsevier Inc. This is an op
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4
Case report
A 19-year-old woman visited our hospital complaining of
frequent palpitations. An electrocardiogram revealed wide
QRS tachycardia (cycle length, 430 ms), the morphology
of which showed a right bundle branch block configuration
and a superior axis (Figure 1). Intravenous administration
of verapamil 2.5 mg terminated the tachycardia with deceler-
ation of heart rate. She had no history of syncope or family
history of sudden cardiac death, and the echocardiogram
indicated a structurally normal heart without valvular dis-
ease. The tachycardia was thought to be LPF-VT. After
informed written consent was obtained, we performed cath-
eter ablation for LPF-VT. For the electrophysiologic study,
we placed a 5F quadripolar electrode catheter at the high right
atrium (HRA) and a 14-polar electrode catheter from the right
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Figure 1 Twelve-lead electrocardiogram (left, ventricular tachycardia; right, sinus rhythm). HIS5 bundle of His; HRA5 high right atrium; LAO, left anterior
oblique; RV 5 right ventricle.
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ventricular apex (RVA) to the His bundle area via the right
femoral vein. The CARTO3 electroanatomic mapping sys-
tem (Biosense Webster, Diamond Bar, CA) was used during
the procedure. The atrio-Hisian and His-ventricular intervals
were 84 ms and 36 ms, respectively. The tachycardia
occurred spontaneously and incessantly, and we adminis-
tered 20 mg of adenosine intravenously to distinguish be-
tween VT and supraventricular tachycardia. After the
infusion, atrioventricular dissociation occurred without
termination of the tachycardia. During the VT, entrainment
pacing was performed from the RVA; however, the VT
terminated and could not be evaluated. Considering that
this patient had no structural heart disease and her tachy-
cardia showed characteristics of verapamil sensitivity and
right bundle branch block with left axis deviation, we diag-
nosed verapamil-sensitive LPF-VT.

Therefore, we attempted to map the posterior septal wall
of the left ventricle (LV), manipulating the steerable decapo-
lar catheter with 2-8-2-mm interelectrode spacing (DEC-
ANAV; Biosense Webster) via a retrograde aortic approach.

Immediately after the DECANAV catheter was placed in
the LV longitudinally, LPF-VT was no longer inducible,
even in response to an isoproterenol infusion and a pro-
grammed stimulus from both the HRA and RVA. Specif-
ically, our VT stimulation protocol involved continuous
stimulation (in both HRA and RVA, ranging from 600 ms
to 240 ms), single premature extrastimulation (in both
HRA and RVA, S1 at 600 ms or 450 ms, S2 from 400 ms
to the effective refractory period [ERP]), and double prema-
ture extrastimulations (in both HRA and RVA, S1 at 600 ms
or 450 ms, S2 from 300 ms to ERP, S3 from 300 ms to ERP).
Under the administration of isoproterenol, the same stimula-
tion protocol was used in an attempt to induce VT. Based on
these observations, we suspected catheter-induced mechani-
cal block (ie, the bump phenomenon).

We looked retrospectively at the position of the DEC-
ANAV catheter when the bump phenomenon occurred. On
the intracardiac electrogram, the P1 potential was observed
before the P2 potential during a premature ventricular
contraction (PVC), which might have been the initiation of
the LPF-VT (shown in the first beat on Figure 2A). The
next beat was a catheter-induced PVC (shown in the second
beat of Figure 2A), and the subsequent PVC had the same
morphology as the LPF-VT (shown in the third beat of
Figure 2A).

Immediately after the bump phenomenon, a late-
appearing P1 potential, which is one of the indicators of suc-
cessful catheter ablation for verapamil-sensitive LPF-VT,
was recorded during sinus rhythm by the DECANAV cath-
eter and was reproducible (Figure 2A). We removed the
DECANAV catheter from the LV for 30 minutes. The
bump phenomenon still occurred after 30 minutes of
follow-up; the late-appearing P1 potential was still observed
and we could not induce LPF-VT even by an isoproterenol
infusion and a programmed stimulus from both the HRA
and RVA. Atrial programmed pacing demonstrated decre-
mental conduction in the late-appearing P1 potential
(Figure 2B).

Therefore, we decided to perform catheter ablation using
an anatomical approach and guided by the late-appearing
P1 potential during sinus rhythm. Interestingly, 2 types of
isolated P1 potentials were observed after the His potential,
appearing at 110–120 ms and 340–350 ms, respectively
(Figure 2C); these P1 potentials were respectively labeled
the “early-to-mid-appearing P1 potential” and the “late-ap-
pearing P1 potential.” We also retrospectively reviewed the
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Figure 2 A: Intracardiac electrogram and fluoroscopic image at the moment of the “bump” phenomenon. B: Atrial programmed pacing that demonstrates
decremental conduction in the late-appearing P1 potential.C: Two types of delayed P1 potentials, recorded by the DECANAV (DECA) catheter in the CARTO3
system (Biosense Webster, Diamond Bar, CA). The left panel displays the site recorded for the early-to-mid-appearing P1 potential, marked with a light blue tag,
while the right panel displays the site recorded for the late-appearing P1 potential, marked with a green tag.D: The upper panel displays the local potentials of the
ablation catheter at the beginning of radiofrequency ablation. The presumed bump site is identified by the blue tag and the ablation sites are identified by red or
pink tags in the lower panel. E: Best pace map at the ablation site.
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position of the DECANAV catheter in the CARTO3 system
at the time when the bump phenomenon occurred andmarked
it with a blue tag (Figure 2D).

An irrigated contact force ablation catheter (ThermoCool
SmartTouch SF; Biosense Webster) was inserted into the LV
transaortically, and radiofrequency energy was applied at the
site where both the early-to-mid-appearing and the late-
appearing P1 potentials were simultaneously recorded. In
view of the high score of 95 points (Figure 2E) obtained at
this location using an automatic pace-mapping algorithm
(PASO�; CARTO; Biosense Webster), we started radiofre-
quency ablation at this site. Using the conventional anatom-
ical approach, we performed additional ablation targeting the
mid-to-inferior septum in a linear fashion using radiofre-
quency energy positioned approximately two-thirds toward
the apex and perpendicular to the septal plane (Figure 2D).
Radiofrequency energy of 30–40 W was applied for 60 sec-
onds for each to obtain an impedance drop of 10 U. Neither
left bundle branch block nor a prolonged PQ interval was
observed following the procedure.

After ablation, we performed postablation mapping using
the DECANAV catheter and confirmed that the early-to-mid-
appearing P1 potential could no longer be observed and that
only the late-appearing P1 potential remained. Left posterior
fascicular block was not observed. LPF-VT could not be pro-
voked even by isoproterenol infusion and a programmed
stimulus from both the HRA and RVA. The ablation session
was ended without any complications. There has been no
recurrence of LPF-VT during a year of follow-up.
Discussion
Although the P1 potential is the usual target for catheter abla-
tion of LPF-VT, it cannot be recorded in up to one-third of
cases, even when using a linear catheter.5 In patients without
a recorded P1 potential, radiofrequency energy should be
delivered at the location of the earliest P2 potential during
LPF-VT.5 However, both of these indicators require induc-
tion of VT during the procedure, which is a limitation.
When VT cannot be induced or sustained, an anatomical
approach to ablation has been reported to be safe, though
development of left posterior fascicular block was observed
in 2 out of 6 cases.6 The ablation site in our case was indeed
similar to the one suggested by an anatomical approach, and
the appearance of 2 types of post-QRS wave P1 potentials
provided further guidance for our ablation.

It is not unusual for idiopathic left VT to become nonsus-
tained or even noninducible as a result of catheter-induced
mechanical block occurring during the mapping process. In
our case, immediately after insertion of the mapping catheter
into the LV, the VT could no longer be induced because of
the bump phenomenon. However, the moment when the
bump phenomenon occurred could be identified during the
procedure by reviewing the intracardiac electrogram and



Figure 3 A: Illustration showing the appearance of the P1 potential in typical idiopathic left ventricular tachycardia (left, ventricular tachycardia; right, sinus
rhythm). B: Illustration showing the mechanisms that cause the 2 types of delayed P1 potentials (left, before ablation; right, after ablation). ABL5 ablation; LAF
5 left anterior fascicle; LB 5 left bundle; LPF 5 left posterior fascicle; RB 5 right bundle; SR 5 sinus rhythm; VT 5 ventricular tachycardia.
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identifying the post–QRSwave P1 potentials. After the bump
was recognized, the DECANAV catheter was immediately
removed from the LV. When the DECANAV catheter was
reinserted and placed in the green tag and light blue tag areas
(Figure 2C), 2 different reproducible types of post–QRS
wave P1 potentials were recorded consistently during sinus
rhythm. Given that these observations were made before ra-
diofrequency ablation, it is reasonable to speculate that the
delay in the P1 potential was caused by catheter-induced me-
chanical block. By careful mapping of the area of interest us-
ing the DECANAV catheter, 2 different types of reproducible
post–QRS wave P1 potentials at different phases were re-
corded. Figure 3A and 3B illustrates the mechanism bywhich
these different potentials could be recorded. The late-
appearing P1 potential in this case corresponds to a His po-
tential–to–P1 interval of 340–350 ms, which is consistent
with the definition of the late-appearing P1 potential in a pre-
vious study4 and considered one of the indicators of success-
ful ablation.

Regarding the early-to-mid-appearing P1 potential, it is
possible that the 30-minute interval before reinserting the
mapping catheter allowed for recovery of the
catheter-induced mechanical block, resulting in formation
of a slow conduction zone and appearance of the early-to-
mid P1 potential (Figure 3B). Moreover, by performing ra-
diofrequency ablation, the slow conduction zone was modi-
fied to a complete unidirectional block, which resulted in
disappearance of the early-to-mid-appearing P1 potential
and left only the late-appearing P1 potential (Figure 3B).

Although there are no reports on the recurrence rate in pa-
tients who have experienced the bump phenomenon during
catheter ablation for idiopathic left VT, a previous study
found that catheter-induced mechanical block in an accessory
pathway was associated with a less favorable late outcome
and that the recurrence rate was significantly higher than in
patients without this type of block.7

A previous report described a method called “playback”
ablation, in which the positional information of catheters in
a 3-dimensional mapping system and the local potential of
catheters are recorded continuously.8 This method allows
the physician to locate the bump site using a 3-dimensional
mapping system and perform ablation, even if the catheter
moves away from the bump site. In our case, the location
where both the early-to-mid-appearing and late-appearing
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P1 potentials were recorded closely matched the bump site
identified by retrospective review and was the site targeted
for ablation. The occurrence of the bump phenomenon during
the procedure resulted in loss of inducibility of VT, which is
the most reliable indicator of success. In addition to the tradi-
tional anatomical approach and retrospective identification of
the bump site using the 3-dimensional mapping system, anal-
ysis of Purkinje potentials after catheter-induced mechanical
block on the intracardiac electrogram may further improve
the success rate of ablation of verapamil-sensitive idiopathic
left VT.

Lastly, previous reports suggest that the HV interval dur-
ing VT can be used to find the ablation site.9,10 In our case,
the retrograde His wave during VT could not be recorded.
Nonetheless, based on the average HV interval during VT
or PVCs from a previous report (-4.5 ms),9 the value of the
earliest retrograde presystolic potential can be predicted as
15.75 ms. This value is indeed consistent with 16 ms, as re-
corded using the ablation catheter (Figure 2D). Thus, our
ablation site can be further backed up from this perspective.

Conclusion
When an irreversible bump phenomenon occurs during LPF-
VT ablation procedure, it is important to carefully observe the
Purkinje potentials and to recognize the moment of the bump
phenomenon if possible. Dual post–QRS wave P1 potentials
may provide additional guidance for identifying the optimal
ablation site.
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