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In some cases with idiopathic ventricular fibrillation, short-coupled premature ventricular contractions
(PVCs) initiate fatal arrhythmia, which has recently been proposed as short-coupled ventricular fibril-
lation (SCVF). In the present case of SCVF, catheter ablation for trigger PVCs originating from the His-
Purkinje system in both ventricles caused transient complete atrioventricular block, and a combination of
quinidine and verapamil suppressed ventricular tachyarrhythmia.
<Learning objective: In some cases with short-coupled ventricular fibrillation, a combination of quini-
dine and verapamil can suppress fatal ventricular tachyarrhythmia.>

© 2021 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.

Introduction

Frequent premature ventricular contractions (PVC) and poly-
morphic ventricular tachycardia (PMVT) arising from hyperex-
citability of the fascicular-Purkinje system in association with
SCN5A variants and responding to quinidine has been de-
fined as multifocal ectopic Purkinje-related premature contrac-
tions (MEPPC) [1, 2]. Recently, short-coupled ventricular fibrillation
(SCVF) has been reported to be a distinct primary arrhythmia syn-
drome [3]. We present an SCVF case with short-coupled PVC fol-
lowed by PMVT originating from the fascicular-Purkinje system in
both ventricles that was suppressed with a combination of quini-
dine and verapamil.

* Corresponding author at: Department of Advanced Arrhythmia and Transla-
tional Medical Science, National Cerebral and Cardiovascular Center, 6-1 Kishibe-
shinmachi, Suita, Osaka 564-8565, Japan.

E-mail address: snagase@ncvc.go.jp (S. Nagase).
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Case Report

A 42-year-old woman was referred to our institution because of
frequent implantable cardioverter-defibrillator (ICD) discharges due
to PMVT. The patient had been diagnosed with idiopathic ventric-
ular fibrillation (VF) at 26 years of age because cardiac echocar-
diography, coronary angiography, both left and right ventriculog-
raphy, and a myocardial biopsy showed no abnormalities. At 30
years of age, the first electrophysiological study was done for elec-
trical storm of PMVT/VF unresponsive to verapamil, atenolol, and
disopyramide. Presystolic Purkinje potentials following PVC/PMVT
were recorded at the left ventricular mid-septum, and radiofre-
quency applications to the earliest Purkinje potentials suppressed
PVC/PMVT. However, 12 years after the first ablation, recurrences
of PMVT/VF with frequent ICD discharges were observed. Sev-
eral antiarrhythmic drugs, including amiodarone, cibenzoline, fle-
cainide, aprindine, bisoprolol, and carvedilol, were ineffective, and
catheter ablation was attempted.

During electrophysiological study, a quadripolar electrode
catheter was positioned at the bundle of His recording region,
and 3.5-mm tip irrigated ablation catheters (Navistar Thermo Cool,
Biosense Webster, Diamond Bar, CA, USA) were introduced into the
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Surface electrocardiograms of premature ventricular contractions and polymorphic ventricular tachycardias. Various patterns of premature ventricular contrac-
tions (PVCs) were recorded; e indicates PVC with right bundle branch block (RBBB) pattern, and M indicates PVC with left bundle branch block (LBBB) pattern.
Polymorphic ventricular tachycardia (PMVT) was initiated from both RBBB- and LBBB-type PVCs. All PVCs appeared with a short coupling interval of 250 to 300

left and right ventricles via the right femoral artery and vein, re-
spectively. The delivery of radiofrequency energy power was 20 to
30 W through the present procedure. In the session, PVCs showed
both right and left bundle branch block (RBBB and LBBB) pat-
terns with various axis deviations (Fig. 1). All PVCs appeared with
a short coupling interval of 250 to 300 ms, manifesting as R-
on-T type. Moreover, PMVT was initiated by PVCs of both RBBB
and LBBB patterns. Accordingly, mapping and then ablation in
both ventricles were planned for the elimination of PVCs initiat-
ing PMVT. Because the most frequent pattern of PVCs was RBBB,
we first mapped the endocardium of the left ventricle for the ear-
liest activation site of PVCs. Frequent fascicular-Purkinje activities
with and without conduction block to the ventricle were recorded
at the proximal site of left bundle branch, preceding the PVC
(Figs 2, 3A). After ablation for fascicular-Purkinje ectopy originat-
ing from the proximal left bundle, RBBB-type PVC markedly de-
creased, while complete LBBB occurred transiently. Thus, mapping
for LBBB-type PVC in the right ventricle was carried out. At the
site where distal right bundle branch potentials were recorded dur-
ing sinus rhythm, abnormal fascicular-Purkinje potentials preced-
ing LBBB-type PVC were observed without the preceding excitation
of the His bundle, meaning it was not true that the retrograde con-
duction of the left bundle excitation conducts the right-side Purk-
inje network (Fig. 3B). After several applications to the distal right
bundle branch, transient complete atrioventricular block occurred
(Fig. 3C); however, PVCs and PMVT still appeared. Because addi-
tional applications to the abnormal fascicular-Purkinje potentials
carried the danger of permanent atrioventricular block, we aban-
doned the procedure. Fortunately, the bundle branch block was
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completely resolved, and QRS duration was normalized on the day
after ablation.

Since the frequent PVCs and PMVTs remained after the proce-
dure, quinidine (300 mg/day) and verapamil (240 mg/day) were
administered orally, and the PVCs were markedly decreased while
PMVT/VF completely disappeared. Either drug alone was insuffi-
cient to suppress PMVT/VE. During the follow-up period of 32
months, no ICD discharges were observed. Genetic testing revealed
that the SCN5A variant was negative.

Discussion

This was a rare case of SCVF accompanied by abnormal
fascicular-Purkinje activity in both ventricles, even though the
SCN5A variant was negative. Catheter ablation failed to eliminate
all abnormal fascicular-Purkinje activities and caused the develop-
ment of transient complete atrioventricular block. Several antiar-
rhythmic drugs were found to be ineffective; however, the combi-
nation of quinidine and verapamil suppressed PVC/PMVT and con-
trolled electrical storm.

Fascicular-Purkinje hyperexcitability and PVC/PMVT

Short-coupled R-on-T type PVC initiating PMVT/VF has been de-
scribed in previous papers. Furthermore, a recent report proposed
SCVF as a distinct primary arrhythmia syndrome [3]. On the other
hand, frequent and intermittent fascicular-Purkinje activity in both
ventricles has been thought to be associated with hyperexcitability
of the fascicular-Purkinje system [1, 2]. Of note in the present case,
given that PVCs in both ventricles were preceded by abnormal
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Frequent fascicular-Purkinje activity in left ventricle. Frequent fascicular-Purkinje activity (arrows) preceding the premature ventricular contractions was recorded
during sinus rhythm in the left ventricle. The ablation catheter (ABL) was positioned at the proximal region of the left bundle. Some fascicular-Purkinje activity

g 2 was blocked.

HRA, high right atrium catheter; A, atrial potential; H, His potential.

fascicular-Purkinje potentials, the ventricular arrhythmias might be
associated with fascicular-Purkinje hyperexcitability, as in MEPPC.
Several papers have described Purkinje-related PMVTs accompa-
nying ischemia or SCN5A variants. However, the present case re-
vealed no evidence of these etiologies, and it may represent what
Haissaguerre et al. have advocated calling “Purkinjopathy” [4].

Catheter ablation for abnormal fascicular-Purkinje activity

In some cases of idiopathic VF, trigger PVCs are initiated from
abnormal Purkinje activity. Catheter ablation for triggered PVCs is
an option for the suppression of PMVT/VF recurrence [5]. However,
intense ablation for abnormal fascicular-Purkinje ectopy sometimes
causes complete atrioventricular block, as occurred in this case [6].
Moreover, the induction of critical PVCs that trigger PMVT and VF
is generally difficult. Accordingly, elimination of PVC/PMVT with
catheter ablation is not always successful in idiopathic VF.

Antiarrhythmic drugs for the abnormal fascicular-Purkinje activities

Itoh and Yamada reported that PMVT originating from the
fascicular-Purkinje system could be successfully controlled by an-
tiarrhythmic drugs, especially with sodium channel blockade like
quinidine [6]. Another recent paper has reported that quinidine is
effective in patients with SCVF [3]. The fascicular-Purkinje hyperex-
citability accompanying ischemia or SCN5A variants also responds
to quinidine [7, 8]. The reasons why quinidine, which is known as
a strong blocker of transient outward potassium current, affects the
fascicular-Purkinje hyperexcitability are proposed as that the tran-
sient outward potassium current channels in fascicular-Purkinje
fibers are highly expressed with different kinetics from those of
the surrounding myocardium [Online references 1, 2]. Addition-
ally, verapamil has also been known as an effective drug inhibiting
fascicular-Purkinje hyperexcitability and short-coupled variant of
torsade de pointes in the setting of post-infarction or SCN5A vari-
ants as reported in numerous studies and guidelines [Online ref-
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erences 3-6]. In the current case, despite having no ischemia and
no SCN5A variants, quinidine and verapamil appeared to reduce
the fascicular-Purkinje hyperexcitability leading to the suppression
of ventricular tachyarrhythmias, while neither drug alone was ef-
fective. We speculated that quinidine was the key player in sup-
pressing fascicular-Purkinje hyperexcitability; however, if quinidine
alone is ineffective or the dose cannot be increased due to side ef-
fects, adding verapamil is an option to be considered. Previous pa-
pers described the effective dose of quinidine for the cases of idio-
pathic ventricular fibrillation is usually 1,000 to 2,000 mg/day [9].
However, because Asians and Westerners have different physiques,
the usage dose for Japanese is sometimes lower than 600 mg/day,
same as the present case, for avoiding side effects [10 and Online
reference 7). This important issue needs careful consideration.

Conclusion

In conclusion, this case with SCVF demonstrates that abnor-
mal fascicular-Purkinje activity resulted in PVC/PMVT in both
ventricles, and combining quinidine and verapamil remarkably
suppressed these potentially fatal arrhythmias. Because extensive
fascicular-Purkinje hyperexcitability was suspected to be the mech-
anism, catheter ablation for the elimination of all trigger PVCs
should be performed carefully to avoid complete atrioventricular
block. In such a case, combined oral administration of quinidine
and verapamil should be attempted to control electrical storm.
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Premature ventricular contractions (PVCs) in both ventricles and atrioventricular block.

The earliest activation site of the fascicular-Purkinje ectopy (arrows) followed by the right bundle branch block type PVC was the proximal region of the left
|78l bundle (LB).

The earliest activation site of the fascicular-Purkinje ectopy (arrow) followed by the left bundle branch block type PVC was the right bundle (RB).

Transient His-ventricular block occurred by mechanical contact of the ablation catheter manipulating besides the RB.
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