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Abstract

Electrical storm can be caused by structural heart diseases and/or functional electrical abnormalities. We report a young boy
without cardiac risk factors, having a positive family history of sudden cardiac death who presented with electrical storm.
Stepwise diagnostic approach was not fruitful to determine previously known causes as the origin of the electrical storm. A new

genotype related to the current electrical storm has been found, and intracardiac pacing ceased it.
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Key points:

Question: What would be your next step in the approach to electrical storm when all the work-ups for struc-
tural heart disease and analysis of previous ion-channelopathies gene mutations are not significant?Findings:
The result of our case report illustrates that USH2A and GJB2 genes mutation can be novel genetic causes
of the electrical storm, and they should be considered for genetic analysis in a stepwise diagnostic ap-
proach.Meaning: A novel genotype responsible for the electrical storm has been reported for the first time
in research.

Abstract

Electrical storm can be caused by structural heart diseases and/or functional electrical abnormalities. We
report a young boy without cardiac risk factors, having a positive family history of sudden cardiac death
who presented with electrical storm. Stepwise diagnostic approach was not fruitful to determine previously
known causes as the origin of the electrical storm. A new genotype related to the current electrical storm
has been found, and intracardiac pacing ceased it.

Abbreviations list :

VT: ventricular tachycardia

VF: ventricular fibrillation

ICD: implantable cardioverter-defibrillator
ECG: electrocardiogram

BPM: beats per minute

SCD: sudden cardiac death

TTE: transthoracic echocardiography

RV: right ventricular

ARVC: Arrhythmogenic right ventricular cardiomyopathy
Cx: Connexin

Learning objectives

1. To introduce USH2A and GJB2 genes mutation as possible new causes of primary genetical electrical
storm

2. To demonstrate the unique presentation of this genotype by refractory ventricular storm, J wave in the
electrocardiogram, non-significant result of echocardiography, pharmacological provocation test, and
genetic analysis of previously known genes related to the electrical storm

3. To illustrate the intracardiac pacing as proper management to terminate the electrical storm caused
by these novel genes

Introduction



Electrical storm is defined by three or more sustained episodes of ventricular tachycardia (VT), ventricular
fibrillation (VF), or appropriate shocks from an implantable cardioverter-defibrillator (ICD) within 24 hours
(1). Despite the large proportion of structural heart diseases, such as coronary artery disease, cardiomy-
opathies, congenital and valvular heart disease that lead to the electrical storm, it can be induced due to
inherited channelopathies, electrolyte disturbances, endocrinologic abnormalities, and other secondary causes
(2). In this case report, we present refractory ventricular storm in a young boy, which was not related to
previously known causes of electrical storm and was so challenging to manage. Two gene mutations related
to electrical storm have been found and reported for the first time.

Case presentation

On January 1%, 2020, a non-smoker 17-year-old Iranian boy, with a previous history of migraine headaches,
as the only significant past medical history, referred to a local hospital with complaints of abrupt loss of
consciousness before admission. Standardized approach to syncope was done, and electrocardiogram (ECG)
showed ventricular tachyarrhythmia as the possible cause of syncopal attack; thus, the patient had been
transferred to our tertiary center for ICD insertion, after stabilization. On admission, his vital signs showed
a blood pressure of 105/70 mmHg, heart rate of 120 beats per minute (BPM), respiratory rate of 22 breaths
per minute, and temperature of 36.7 C. Physical examination was unremarkable. Following the ICD insertion
(Figure 1), he was discharged with propranolol 10mg twice daily. After 2 weeks, he was readmitted to the
hospital with discharged ICD generator due to recurrent episodes of shock releasing. Electrical storm was
diagnosed regarding 16 appropriate ICD therapies for ventricular tachyarrhythmia in 24 hours. He was
born from consanguineous marriage. The patient declared 2 cases of sudden cardiac death (SCD) with an
unknown specific cause in his aunt and cousin (both on his father’s side) at the age of 25 and 30 years,
respectively; therefore, transthoracic echocardiography (TTE) was done to rule out the structural heart
disease as the result of normal biventricular size and function (ejection fraction of 55%). Functional electrical
abnormalities were considered the main cause. The patient denied taking any medication or substance, and
laboratory data ruled out the electrolyte and endocrinologic abnormalities (Table 1), so ion channelopathies
were evaluated. Although the baseline ECG (Figure2A, B) demonstrated * J wave ’, the patient experienced
episodes of torsades the point (Figure 2C-F) during the cardiac care unit course; thus, pharmacological
provocation tests using procainamide and epinephrine were done respectively to diagnose J wave syndrome,
long QT syndrome, and catecholaminergic polymorphic ventricular tachycardia. Provocative drug tests did
not specify any causes of the storm. ICD reprogramming and medical treatment including amiodarone,
beta-blockers, verapamil, and magnesium to control refractory VT /VF storm failed; therefore, the patient
was brought to the catheterization laboratory for radiofrequency ablation. No arrhythmic focus was observed
in epicardial and endocardial 3-dimensional mapping for ablation. We were forced to use deep sedation and
general anesthesia to control the electrical storm. Empirical testing of the intracardiac pacing with a rate
of 90 bpm was fruitful to cease the subsequent VT storm. Controlling the electrical storm via pacing was
in favor of long QT syndrome as the cause of the storm. Thus, genetic analysis to identify the related long
QT syndrome genes was assessed. Surprisingly whole-exome sequencing (using Next Generation Illumina
Sequencing) did not reveal any pathogenic mutations related to ion channelopathies; nevertheless, two known
(bi-allelic) heterozygous mutations in USH2A (NM_206933:exon29:c.C5836T:p.R1946X) and GJB2 (NM_-
004004:exon2:c.G71A:p.W24X) genes were detected. Up to now, good condition without facing the previous
syncope and palpitation events, and normal ECG (Figure 2G) have been documented in follow-up visits
to the outpatient clinic. The university ethics committee approved the study protocol. The patient gave
written informed consent.

Discussion

Our case was so challenging and had a complicated scenario. At first, rapid screening was done by 12-leads
ECG, laboratory analysis, and TTE. No evidence of electrolyte disturbances, infections, hyperthyroidism,
intoxication, and substance abuse was shown in laboratory parameters. TTE indicated no sign of heart
failure, valvular heart disease, and wall motion abnormalities. The patient had no indications to undergo
coronary angiography and revascularization due to negative history of chest pain and dyspnea, not elevated



cardiac biomarkers, and lack of ischemic changes in ECG; also, atherosclerosis and coronary artery disease
in a 17-year-old boy was rare. There was no reason to carry out cardiac magnetic resonance due to the
absence of structural heart disease clues in TTE. Also, the absence of scar formation structure in epicardial
and endocardial 3-dimensional mapping ruled out structural heart disease such as ARVC. Primary inherited
genetic abnormalities remained as the main cause. The most confusing point about this case was that
ECG, containing the normal QTc interval and J wave, was in favor of J wave syndrome, e.g. Brugada
syndrome, while termination of electrical storm via intracardiac pacing was in agreement with long QT
syndromes, according to the guideline (3). In contrast to all of these interpretations, pharmacological
provocation test did not reveal any causes, and whole-exome sequencing revealed mutations in USH2A and
GJB2 genes that were responsible for the current electrical storm. Nevertheless, no literature has announced
the relationship between USH2A (responsible for type 2 Usher syndrome) and GJB2 genes and refractory
electrical storm. Usher, a genetic syndrome that consists of visual impairment due to retinitis pigmentosa
and varying levels of deafness, mainly caused by impairment in usherin (4). Usherin which is encoded
by the USH2A gene has been recognized as a basement membrane protein in retinal photoreceptors and
cochlear hair cells (5), but Bhattacharya et al. (6) announced usherin can be presented in other tissues
of organs, despite not being affected in usher syndrome. Even though in his work there was no sign of
usherin in cardiac tissue, however, the role of usherin in the basement membrane of myocyte can not be
ruled out firmly. A recent paper elucidated the association between usher syndrome and tachyarrhythmia by
claiming the myocytes’ disconnection (7). Thus the defect in the cell by cell electrical propagation, a result of
intercellular connection disruption, can be concluded as a consequence of their basement membrane alteration
due to USH2A mutation. Direct communication among the two cells e.g. transmembrane signaling via ions
exchange between adjacent cells, is mediated by gap junction. Gap junction as a channel is constructed by
two docked connexons of apposing cells and each connexon consist of six connexins (an integral membrane
protein) subunits. Connexin (Cx) proteins as a crucial element for communication are expressed in different
tissues. Cx43 (expressed by GJA1), Cx40 (GJA5), and Cx37 (GJA4) participate to form intercalated disk
(gap junctions) in the ventricle, atrium, and vascular tree, whereas Cx 26 (GJB2) is expressed in the inner
ear and is responsible for homeostasis of the cochlear fluids (8). It is known that pathogenic variants
in GJB2 are the most frequently identified causes of autosomal recessive sensorineural hearing loss (9).
Mutations in Cx genes that formed proteins of gap junction complex result in decreasing the intercellular
connection and eventually leads to abnormal electrical cell by cell conductance, e.g. some patients with GJA1
mutations experienced tachycardia (8). Due to the genetic variants, the possibility of Cx 26 presentation
in the intercalated disc(gap junction) between myocytes could be supposed for the patient. Our case did
not suffer from any hearing and visual impairment, so it supported our hypothesis that the expression of
genes is mostly related to myocytes and their intercalated disc rather than the retinal photoreceptors and
cochlear hair cells (however cardiac tissue biopsy was not applicable due to patient dissatisfaction). The
most probable mechanism to justify the phenotype (electrical storm) and its genotype is combined mutation
in USH2A and GJB2 change the basement membrane and intercalated disc of myocytes, and eventually leads
to impairment of electrical cellular conductance. After confirmation of the presence of these genes variants
in his parents, association between USH2A and GJB2 genes with electrical storm was concluded. However,
the question that which gene is more important to induce electrical storm or can it be caused by each of
them separately, remains unclear and more research is needed.

Conclusion

This case illustrated USH2A and GJB2 genes as novel genetic causes of the electrical storm for the first time
in research; also, intracardiac pacing has been declared as the proper management to cease the ventricular
storm, which is caused by this novel arrhythmic genotype. We recommend this novel genotype should be
named 'BEMAN syndrome’. Further investigation is needed to determine the exact mechanism.
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Figure legends.
Figure 1. ICD has been inserted in the proper place.

Figure 2 . Electrocardiogram on admission indicating the J wave and normal QTc (A, B) 12-lead ECG at
the onset of electrical storm (C, D) Episodes of torsades the point at another time (E, F) Final ECG after
intracardiac pacing in follow-up visits (G).
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