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KEY TEACHING POINTS

� In patients with incessant atrial and/or ventricular
arrhythmias resistant to multiple medications,
genetic evaluation should be performed to inform
etiology and guide management.

� Mutations in the SCN5A gene may have mixed
effects on the peak and late sodium currents, with
implications for choice of antiarrhythmic therapy.

� In arrhythmias related to the Purkinje system,
failing other antiarrhythmic medications and/or
Introduction
Mutations in SCN5A, which encodes the voltage-gated
Nav1.5 channel, cause a variety of genetic arrhythmia syn-
dromes, including long QT syndrome type 3,1 Brugada syn-
drome,2 sinus node dysfunction,3 atrial fibrillation,4

progressive conduction system disease,5 dilated cardiomyop-
athy,6 and overlap syndromes.7 Recently, a syndrome charac-
terized by multifocal ectopic Purkinje potential contractions
(MEPPC) has been described.8 We present here 2 unrelated
patients with nearly identical clinical presentations of
initially incessant atrial and subsequently ventricular tachy-
cardia (VT), carrying the same novel SCN5A mutation. We
believe that this represents a new SCN5A-related entity.
catheter ablation, treatment with quinidine should
be strongly considered.
Case report
Case 1
Anow 16-year-old female patient of Asian-Pacific origin pre-
sented at 20 months of age with persistent ectopic atrial
tachycardia (EAT) at 180 beats per minute (bpm), with nar-
row QRS (Figure 1A). Various antiarrhythmic medications
including propranolol, digoxin, sotalol, flecainide, and com-
binations of the above at therapeutic doses were ineffective.
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Amiodarone was started at 6 years of age and achieved rate
control at 100–110 bpm, but with persistent EAT. Between
6 and 10 years of age, she underwent 4 unsuccessful attempts
at radiofrequency ablation by 3 operators. During these pro-
cedures, she had multiple ectopic foci in both right and left
atria, including the right atrial appendage, limbus of fossa
ovalis, superior vena cava/right atrial junction, left side of
atrial septum, roof of left atrium, and left upper pulmonary
vein. Figure 1B–1D demonstrates various locations of EAT
foci by electroanatomic mapping and Figure 1E shows intra-
cardiac electrograms from 1 of the EAT locations. Each abla-
tion attempt resulted in acceleration of the tachycardia
followed by a shift to a different focus. She remained in
incessant EAT, without any periods of sinus rhythm. Because
of a decrease in her diffusion capacity (68% of predicted),
amiodarone was discontinued and sotalol and verapamil
were started without success. Her left ventricular (LV)
en access article
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Figure 1 A: Twelve-lead electrocardiogram of ectopic atrial tachycardia at presentation with narrow QRS (60 ms). B–D: Electroanatomic maps during atrial
tachycardia showing earliest atrial activation in the right atrial appendage (B), superior vena cava–right atrium junction (C), and roof of left atrium (D). E: Intra-
cardiac electrograms during one of the ablation attempts in the right atrial appendage.
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function, which was previously normal, started to decline
(LV ejection fraction [LVEF] of 38%). In the meantime,
her electrocardiogram changed to right bundle branch block
with AV dissociation. This was initially misdiagnosed as
junctional ectopic tachycardia with right bundle branch
block, but later diagnosed as VT. A trial of ivabradine in
addition to sotalol and verapamil was followed by hemody-
namic collapse and requirement of extracorporeal membrane
oxygenation (ECMO). Two attempts were made to ablate her
VT, 1 during ECMO support and 1 after decannulation, but
again, during all ablation attempts, tachycardia accelerated
and moved to a different focus without termination. Various
morphologies of tachycardia and locations of ablation
attempts are shown in Figure 2A–2C. In at least 1 of the
locations in anterior RV, Purkinje potentials were recorded
prior to the QRS (Figure 2D).

She was successfully weaned from ECMO. She had tran-
sient termination of tachycardia with brief asystole and a
dual-chamber pacemaker was implanted. After discussion
with an expert panel (Sudden Arrhythmic Death Syndrome
advisory board), quinidine was started while continuing pro-
pranolol at 3 mg/kg/day. She initially responded well to quin-
idine at a dose of 100 mg every 6 hours (10 mg/kg/day), with
resultant AV sequential paced rhythm, and remained stable
for 7 months after discharge from the hospital. She was noted
to have recurrence of EAT and VT and her LVEF started to
decline. Her quinidine dose was gradually increased to 300
mg every 6 hours with a quinidine level of 2.7 mcg/mL



Figure 2 Radiographic images, 12-lead electrocardiograms, and intracardiac electrograms during ventricular tachycardia showing various morphologies and
ablation location attempts.A:Anterior right ventricle (RV) wall.B:RV apex.C: Left ventricular septum.D: Purkinje-like potentials preceding the QRS onset at a
site in the anterior RV.
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(therapeutic range 2–5 mcg/mL). She remained clinically sta-
ble until she presented with an episode of apparent cardiac ar-
rest, requiring cardiopulmonary resuscitation. Interrogation
of her pacemaker did not reveal any high-rate episodes.
She was placed in the transplant list and underwent success-
ful orthotopic heart transplantation 3 weeks later.

The explanted heart had normal size, with mild cellular
hypertrophy and mild interstitial fibrosis, without significant
inflammation. The previous sites of ablation were noted in
both ventricles and in the right atrial appendage. There was
moderate hypertrophy of the right atrium.

Genetic testing identified a heterozygous likely patho-
genic mutation in SCN5A [c.2816T.C (p.Leu939Pro)].
Both parents were negative for this variant.
Case 2
A now 20-year-old male patient of Greek origin presented at
3.5 months of age with incessant EAT, with heart rate of 218
bpm, QRS duration 80 ms, and normal cardiac anatomy and
ventricular function. Several medications were tried,
including digoxin, propranolol, propafenone, sotalol, amio-
darone, and verapamil, alone and in various combinations,
at therapeutic doses without complete success. The combina-
tion of amiodarone and verapamil achieved rate control with
a mean heart rate of 120 bpm. He underwent 3 ablations at 3,
7, and 8 years of age at 2 institutions, during which multiple
ectopic atrial foci were found (roof and posterior wall of left
atrium and right upper pulmonary vein). Each time a radiofre-
quency application was made, there was acceleration of the
tachycardia with a change in focus, without actual termina-
tion of tachycardia. He was maintained on amiodarone and
propranolol with LV function at the lower normal range. At
15 years of age, he presented with incessant VT, which
was resistant to intravenous lidocaine and procainamide,
and he underwent 2 unsuccessful ablations at 15 and 16 years
of age. During both of these procedures, 3 different morphol-
ogies with early foci were found at the base of both LV



Figure 2 (continued).
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papillary muscles and the inferior septum, with early
Purkinje-like potentials preceding QRS onset by as much
as 38 ms in some of these sites. Despite multiple applications
with standard and irrigated ablation catheters, tachycardia
could not be terminated, but there was shifting to different
foci.

He was discharged on amiodarone, flecainide, and pro-
pranolol, with decreased ventricular rate, but incessant tachy-
cardia. He developed tachycardia-induced cardiomyopathy
with an LV ejection fraction of 19%. Amiodarone was dis-
continued because of hyperthyroidism. It was decided to
attempt treatment with quinidine. After 2 doses of hydroqui-
nidine 300 mg, his tachycardia stopped and he remained in
sinus rhythm with first-degree AV block. Several days later,
he was found to be in slow VT again despite treatment with
hydroquinidine 300 mg 4 times per day and propranolol 40
mg 3 times per day. Amiodarone was added at 100 mg per
day and an implantable defibrillator was placed. He subse-
quently remained in normal sinus rhythm with first-degree
AV block and his echocardiogram 6 months later demon-
strated a normal LVEF of 56%.

He underwent genetic testing, which demonstrated a het-
erozygous likely pathogenic mutation in SCN5A
[c.2816T.C (p.Leu939Pro)]. Parents were not genetically
tested.
Functional studies
The L939P mutation was introduced into an SCN5A expres-
sion plasmid,9 and wild-type (WT) and L939P plasmids were
transiently transfected into Chinese hamster ovary cells and
studied by manual whole-cell patch clamping, as previously
described.10 Compared to WT, L939P showed a w75%
decrease in peak current density at -30 mV (119.5 6 16.7
pA/pF for WT vs 30.3 6 4.2 pA/pF for L939P, P , .01,
Figure 3). In addition, L939P had a marked increase in late
current at -30 mV (0.2% 6 0.04% of peak current for WT
vs 6.1% 6 1.6% of peak current for L939P, P , .01,



Figure 3 A: Representative sodium currents recorded in Chinese hamster ovary (CHO) cells transfected with human cardiac wild-type SCN5A. B: Represen-
tative sodium currents recorded in CHO cells transfected with L939P.C: Summary of the current-voltage relationships of the activations of the 2 groups of sodium
current. The voltage-clamp protocol is shown as an insert.
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Supplemental Figure 1A–1C); even uncorrected for peak cur-
rent, the late current size for L939P was significantly
increased (127.5 6 33.9 pA vs WT 7.5 6 1.5 pA, P ,
.01). Treatment with a late current blocker GS-967
completely eliminated the late current (Supplemental
Figure 1D). Thus, L939P has pronounced loss- and gain-
of-function in vitro functional features and may be consid-
ered an “overlap” mutation.11

Our further study of the effect of quinidine on the mutation
L939P found that quinidine at 10 mM (within its therapeutic
concentrations) reduced both peak and late currents
generated by L939P (Supplemental Figure 1E). However,
quinidine suppressed late current more than peak current
(Supplemental Figure 1F): late current reduced by 76% 6
6% vs peak current reduced by 56% 6 13%.
Discussion
The 2 patients we described, although totally unrelated, have
remarkable similarities:
(1) Early onset of incessant atrial tachycardias in the first 2
years of life.

(2) Clinical picture dominated initially by ectopic atrial
tachycardia for several years, with later onset of incessant
VT, leading to tachycardia-induced cardiomyopathy.

(3) Resistance to multiple antiarrhythmic drugs, responding
finally to quinidine, but requiring addition of amiodarone
for complete control of tachycardia in 1 of the patients.

(4) Resistance to multiple ablation attempts both for the
atrial tachycardia and the VT

(5) Identical mutation in the SCN5A gene.

SCN5A L939P is a novel variant, absent from the genome
aggregation database (gnomAD)12 and, to our knowledge,
from the cardiac genetics literature.13 Our patients did not
have typical features of the previously described arrhythmia
syndromes related to SCN5A.1–8 Specifically, they did not
have QT prolongation at baseline. They also did not have
signs of Brugada syndrome, even while on sodium channel
blocking drugs. Despite their incessant VT, they did not
have immediately life-threatening arrhythmias (torsade des
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pointes or polymorphic VT, which characterize long QT syn-
drome and Brugada syndrome, respectively). Their arrhyth-
mias were incessant (with no presence of sinus rhythm at
any time) and not in the form of frequent ectopic activity,
as is seen in the MEPPC syndrome.8,14 However, they share
some features with the MEPPC syndrome, which include the
multifocal nature of the ventricular arrhythmias, which ap-
peared to arise from the Purkinje fibers. Unlike some of the
patients with the MEPPC syndrome,8 our patients did not
respond to flecainide, but they had an immediate response
to quinidine.8,14 However, as the amiodarone effect waned,
arrhythmias reappeared in both of our patients, and addition
of a small dose of amiodarone in 1 of our patients resulted in
excellent control. Quinidine has also been reported to be
effective in other arrhythmias related to Purkinje system irri-
tation, such as after catheter ablation, myocardial infarction,
or coronary revascularization procedures.15

In regard to the ventricular dysfunction, this was most
likely related to incessant VT, at least in the second patient,
as it resolved completely upon adequate arrhythmia control.
However, the first patient developed an episode of sudden se-
vere ventricular dysfunction requiring ECMO support, and
she also had an episode of out-of-hospital cardiac arrest,
not explained by any tachyarrhythmia based on interrogation
of her pacemaker. It is possible that the second episode was
also due to sudden severe ventricular dysfunction, as the
one previously documented. This second episode led us to
proceed with heart transplantation, as it was thought that a
defibrillator would not adequately protect her. The second
patient received a defibrillator because of the possibility of
a life-threatening arrhythmia, as he also had a very low ejec-
tion fraction at that time.

Wewould like to emphasize the complete lack of response
to catheter ablation of either the atrial or the ventricular ar-
rhythmias. This is in accordance with the reports of MEPPC
in the literature.8,14 Even though at any time a single
morphology of tachycardia was present, whenever an early
atrial or ventricular focus was tried there was acceleration
of the tachycardia and switching to a different focus. At
several of the ventricular sites there were Purkinje potentials
at the early sites, but there was never even transient tachy-
cardia termination.

As far as the underlying genetic abnormality is concerned,
the 2 patients carry an identical mutation in SCN5A (Leu929-
Pro) with a mixed effect: loss of function in the peak sodium
current and gain-of-function effect in the late sodium cur-
rent.11 The effect in the late sodium current is more signifi-
cant and may thus explain the efficacy of quinidine, which
had a much more significant effect on the late current.
Conclusion
We believe that we have described a new genetic arrhythmia
syndrome related to SCN5A that is characterized by incessant
atrial and later onset of VT, resistant to all antiarrhythmic
medications and ablation and responsive to quinidine.
Awareness of this entity will help other clinicians to make
timely therapeutic decisions and avoid potential worsening
of ventricular function and dangerous complications of mul-
tiple medications and catheter interventions.
Appendix
Supplementary data
Supplementary data associated with this article can be found
in the online version at https://doi.org/10.1016/j.hrcr.2021.
08.013.
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