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Abstract

After observing a case of Sudden Death (SD) of unexplained cause with an electrocardiographic pattern of Early
repolarization (ERP), we set out to demonstrate the characteristics that re-late this entity to the reports of SD, in order
to clarify which patients are at higher risk of malignant arrhythmic events.
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Introduction

The prevalence of ERP in the general population ranges from 3%
to 24% according to the different registries, with a predominance in
the male sex. Likewise, in Western countries, up to 2% of all SD are
secondary to arrhythmic disorders, among which are the different
channelopathies, such as long QT syndrome, short QT syndrome,
catecholaminergic polymorphic ventricular tachycardia and J-wave
syndromes: Brugada Syndrome (BrS) and Early repolarization
Syndrome (ERS) [1]. ERP has been observed in up to 33 15% of

cases of SD due to idiopathic ventricular fibrillation, especially
in people aged 35 to 45 years [2,3]. The study of the relationship
between ERP and SD has increased exponentially in the last 10
years, in an attempt to identify its pathophysiological mechanism
and its role in triggering ventricular arrhythmia [4,5].

Case Report

The patient was a 38-year-old male smoker with no personal
or family history of pathology. He lived with his wife and children,
whom he saw at night before going to bed, without symptoms. In

the early morning he was found lifeless by his relatives, who called
the emergency services. He was in bed in the prone position, the
emergency services did advance cardiopulmonary resuscitation,
but after 30 minutes of unsuccessful manoeuvres the resuscitation
was discontinued, and death was established. As there was no
apparent cause of death and the patient was under 40 years of age,
the case was classified as sudden unexplained death syndrome
(SUDS) and was included in the Balearic Islands Sudden Death
Protocol (MUSIB) for study. The MUSIB is a programme for the
study of patients under 50 years of age who died of non-violent
sudden death, through post-mortem studies including molecular
autopsy by massive next generation sequencing (NGS), followed
by a cascade family study in cases that merit it, in the territory of
the Balearic Islands [6]. An autopsy was performed, and the heart
was found to weigh 468 g. Macroscopically, it did not appear to
present valvular or coronary artery lesions. The only relevant
histopathological finding was mild interstitial and perivascular
subendocardial fibrosis and focal myocyte hypertrophy. After
partial study of the main structures of the conduction system,
partial fibrosis of the sinus node was identified (Figure 1). The rest
of the autopsy was without pathological findings.

Figure 1B: Interstitial and perivascular fibrosis together with focal myocardiocyte hypertrophy.

As part of the protocol, a toxicological examination was
performed, on which tetrahydrocannabinol was detected in the
blood and urine at low concentrations. Genetic analysis of 118
genes related to SUDS using NGS did not reveal any pathogenic
genetic variants (Table 1). The results of previous cardiological
studies were requested, revealing an electrocardiogram (ECG) in
sinus rhythm, AQRS +60, p 80 msec, PR 120 msec, QRS 80 msec,
ascending st segment suprathreshold in inferior and anterior face

(Figure 2). Based on the recognition of an ERP on the ECG, we
decided to extend the genetic panel to include KCND2 and DPP10,
which were also normal. Subsequently, the family group was
evaluated in cascade, studying both parents, two sisters and two
children, showing no apparent structural or arrhythmogenic heart
disease, including ERP, except for a case of sudden infant death in a
third-degree relative (Figure 3).
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Table 1: Sudden Death Genetic Panel.

Genetic Panel

ABCCY, ACTC1, ACTN2, ANK2, BAG3, CACNA1C, CACNB2, CALM1, CASQ2, COX15, CSRP3, DES, DMD, DSC2, DSG2, DSP, EYA4, FHL1, FKTN, GAA, GLA, HADHA,
HCN4, HFE, HRAS, JUB KCNE1, KCNE2, KCNE3, KCNHZ2, KCNJ2, KCNJ5, KCNQ1, KRAS, LAMP2, LDB3, LMNA, MAP2K1, MAP2K2, MYBPC3, MYH6, MYH?7,
MYL2, MYL3, NEXN, NRAS, PKP2, PLN, PRKAG2, PTPN11, RAF1, RBM20, RYR2, SCN10A, SCN5A, SDHA, SGCD, SHOC2, SLC25A4, SOS1, TAZ, TCAR, TMEM43,
TNNC1, TNNI3, TNNTZ, TPM1, TRDN, TTN, TTR, VCL, ACTA1, ANKRD1, BRAF, CACNA2D1, CBL, CRYAB, DNAJC19, DOLK, FKRPE FXN, GATAD1, JPHZ, KCNJ8,
LAMA2, MYLK2, MYPN, SCN1B, SNTA1, TRPM4, AKAP9, ALMS1, CALR3, CAV3, DTNA, EMD, GJA5, GPD1L, ILK, KCNA5, KCND3, KLF10, LAMA4, MIB1, MY0Z2,

NKX2-5, NPPA, PDLIM3, PRDM16, RANGRE, SCN3B, SCN4B, SGCB, SGCG, TBX20, TGFB3, TMPO, TXNRD.
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Figure 2: Electrocardiogram of the deceased 1 year prior to sudden death. Sinus rhythm, AQRS +60, p 80 msec, PR 120 msec,
QRS 80 msec, ascending st segment suprathreshold in inferior and anterior face.
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Figure 3: Family tree: The index patient is shown with an arrow.

ERS affected and sudden death. Not affected E1 Echocardiogram: (- negative)/ (+ positive) E2 ECG (- negative)/ (+ positive).

Citation: Tomas Ripoll Vera*, Fiama Caimi Martinez, Guido Antoniutti, Rocio Blanco, Jorge Alvarez Rubio etc all. What do we know now

N
about the Relationship Between Early Repolarization and Malignant Ventricular Arrhythmia? About a Case Report. Peer Re ] Foren & Gen
Sci 4(3)- 2022. PRJFGS.MS.ID.000190. DOI: 10.32474 /PRJFGS.2022.04.000190.


http://dx.doi.org/10.32474/PRJFGS.2022.04.000190

Peer Rev ] Foren & Gen Sci

Volume 4 - Issue 3

Copyrights @ Tomas Ripoll Vera

Discussion

Unexplained SD syndrome is defined as a death occurring
in an individual older than 1 year with negative pathological
and toxicological evaluation, and cardiac SD when death occurs
within 1 hour of the onset of symptoms in witnessed cases, and
within 24 hours after the last time the individual was seen alive
when the death was not witnessed [7]. The cause of SD is cardiac
in 53% and unexplained in 24% of cases, of which up to 70%
present some genetic variant that suggests the aetiology of the SD,
a fact that demonstrates the value of molecular study [6,8]. On the
other hand, reports of ERP date back to 1936, when Shipley and
Hallaran described ERP as a variant of normality [9]. Since then,
several dissimilar definitions of this entity have been published,
describing its value as a differential diagnostic pattern of other
entities, which in the absence of precordial pain, was interpreted
as a variant of normality [10,12]. In 1984, Otto, et al. [13] identified
the abnormal transition of the STQRS segment as a possible marker
of increased arrhythmic risk; in turn, in 1993, a Japanese group
described the presence of notching (notch at the end of the QRS)
in patients with idiopathic ventricular fibrillation [14,15]. Only
in 2008 did Haissaguerre et al. demonstrate, using a registry of
patients with sudden death events, the presence of ] wave slurring
(QRS elongation) and notching. In these terms demonstrate ERP
regardless of the ST-segment elevation for diagnosis, as a novel
observation [16]. In 2011, a classification of ECG patterns and
their association with ventricular arrhythmia was published,
designating patterns as ERP or BrS according to the region of the
heartresponsible for the arrhythmogenic substrate. This interprets

1936 Shipley

these patterns as representing a spectrum of phenotypic expression
under the denomination of J-wave syndromes [17].

The classifications are as follows:

a) Type 1: ERP exclusively in lateral precordial leads, high
prevalence in healthy athletes, and associated with a low risk of
arrhythmic events.

b) Type 2: ERP present in inferior or inferolateral leads,
associated with a moderate level of risk.

c¢) Type 3: ERP in inferior, lateral and right precordial
leads, associated with the highest level of arrhythmic risk and
electrical storm.

d) Type 4: Electrocardiographic pattern limited to right
precordial leads, corresponding to BrS.

This classification has been widely criticised due to its lack of
pathophysiological support to explain it (Figure 4). ERP is defined
if the following electrocardiographic pattern is recognized: (1)
final QRS notch (J wave) on the downslope of a prominent R wave,
with or without ST-segment elevation; (2) peak notch or ] wave
20.1 mV in 22 contiguous 12-lead ECG leads, excluding leads V1-
V3; and (3) QRS duration (measured in leads in which there is no
notch or ligature) of 120 ms. This fact decentralized the ST-segment
suprathreshold to the | point as the focus. On the other hand, ERS
was defined in those patients meeting the Shanghai criteria, which
was developed later (Figure 5) [4].
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Figure 4: Timeline of research on ERP and its relationship with ventricular arrhythmia.

Pathophysiology

Thecurrentunderstandingofthe pathophysiologicalmechanism
of ERP is incomplete. It is likely that an intraventricular transmural
voltage gradient or dispersion between the epicardium and
endocardium occurs during the action potential, which manifests as
a] wave on the surface ECG [18,20]. Electrical heterogeneity results
in phase 2 re-entries, creating an arrhythmogenic surface capable
of provoking ventricular arrhythmias [21]. In turn, reasons for the

pathophysiological differences between groups are postulated;
for example, the increased frequency in the male sex could be
attributed to higher testosterone levels relative to women, resulting
in abnormal potassium ion channel current and increased J-point
elevation. Other differences between population groups remain
poorly understood in terms of their pathophysiological basis, such
as the higher prevalence of PR in smokers and athletes compared
to the general population [22,24]. Parallel to the description of the
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electrical basis of the pathogenicity of early repolarization, it is
unknown whether this phenomenon coexists with structural heart
disease. In this regard, the coexistence of fibrosis with BrS has
been described, with which it shares the denomination of J-wave
syndromes. However, it does not present significant interactions
with respect to the location of fibrosis or the compromised
tissue layer. More evidence regarding structural heart disease is
essential in order to obtain an objective tool for follow-up and risk
stratification and to demonstrate a conclusive relationship [25].

Therefore, it is not possible to conclude that there is a relationship
between conduction system fibrosis and ERS in the case presented.
Regarding the genetic basis of this disease, the current knowledge
is limited to case reports, in which KCNJ8, ABCC9, CACNA1C,
CACNB2, CACNA2D1, ANK3, ISCN5A and SCN10A, and with lower
prevalence, KCNd2 and DPP10, are most frequently involved
[26,30]. The evidence is limited and based mainly on case reports,
with limited and poor demonstration of familial segregation.
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Figure 5: Different manifestations of early repolarization.

Prognosis

At first, ERP was catalogued as an arrhythmic risk factor in
patients with coronary artery disease, in whom the prevalence
is higher compared to the general population (20.1% vs. 6.2%),
with a higher rate of arrhythmic events [31,33]. Subsequently, a
Finnish registry associated ERP with arrhythmic risk in patients
with non-ischemic cardiac SD, where one in five SD victims (20.7%)
presented an ECG with an inferolateral ERP pattern, compared
to 5.3% in the general population [34]. On the other hand, other
studies have reported a higher incidence of SD events in patients
younger than 50 years with an ERP, compared to those older than
50 years, with no differences with respect to sex, ethnicity, or family
history of ERP [35,38]. Based on these data, the Shanghai score
has been developed in order to clarify which patients with an ECG
pattern of ER are at high risk of SD through clinical variables, ECG,
ambulatory ECG monitoring, family history and genetic testing.
This score classifies as ERS those patients with at least one ECG
finding meeting and with 5 or more points [4]. Our presented case
meets 5 points in order to define it as ERS associated with SD of
unexplained cause. On the other hand, there are other variables
not considered in the Shanghai score that are considered to be of
prognostic value:

a) Notchin QRS

b) Coexistence with short QT syndrome or BrS

c) Increased ] wave amplitude, increased in response to
sympathetic stimulation

d) Persistent pattern in exercise testing

e) Electrophysiological provocation study with abnormally
short activation-recovery intervals in the inferior and lateral
ventricular regions in patients with ERP, the substrate of
ventricular arrhythmias [39,44]. It is possible that certain
conditions that predispose a patient to repolarization
heterogeneity, such as ST-elevation myocardial infarction,
sympathetic hyperactivation, hypokalemia and heart failure,
increase the arrhythmogenic potential of ERP [45].

Undoubtedly, there is sufficient evidence to link the presence
of ERP with an arrhythmogenic substrate, independently of the
underlying pathophysiology [46]. Through evaluation based
on the Shanghai score and other prognostic variables, allows
us, through our interpretation, to classify patients into groups
using the following approach (Figure 6). The starting point in
the diagnosis of the ERP pattern is the differential diagnosis of
entities that present with ST-segment elevation, such as ischemic
heart disease, pericardial syndromes and BrS [47-49]. Secondly,
there is the classification as ERS using the Shanghai score, with
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the intention of identifying its prognostic stratification. Finally, the  (ICD) is assessed. There are no reports regarding the usefulness of
need for preventive pharmacological treatment and implantation of ~ other techniques, such as radiofrequency ablation (Figure 7).
a subcutaneous holter and clinical follow-up or cardio defibrillator
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Figure 6: Classification of patients with ERP according to their risk of ventricular arrhythmia.
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Figure 7: Approach to patients with ERP.
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Medical treatment with drugs such as quinidine or
hydroquinidine has been shown to achieve long-term suppression
of ventricular fibrillation and ventricular tachycardia, although
the evidence is limited and discordant. In the case of other
antiarrhythmic drugs such as amiodarone, mexiletine, verapamil,
beta-blockers, and class IC drugs, they have shown no or very modest
results in the prevention of arrhythmias in this patient population.
Finally, extrapolating similarities with the pathophysiology of BrS,
cilostazol, milrinone and isoproterenol may be able to suppress
arrhythmogenesis associated with ERP, although large-scale
randomized studies are needed in order to demonstrate this
[50,51]. Regarding treatment for the secondary prevention of
J-wave syndromes, the indication for ICD implantation is clear, and

in primary prevention it is described in

i. Patients with recovered SD or documentation of
ventricular tachycardia (VT)/ ventricular fibrillation (VF), with
or without syncope (Class I).

ii.  Patients with symptoms of syncope, nocturnal agonal
breathing and family history of sudden death at an early age,
presumably of arrhythmic aetiology (Class IIb).

iii. Asymptomatic patients with a high-risk
electrocardiographic pattern and family history of sudden
death at an early age, presumably of arrhythmic aetiology

(Class 1Ib) [4].
Conclusion

There is a probable relationship between SD, ERP and
conduction system fibrosis in the clinical case presented, given the
various variables and their relationship with malignant ventricular
arrhythmia in the presence of SUDS without other aetiological
data explaining his death. While there are few patient registries
concerning ERP, the high prevalence in the general population
and low rate of serious arrhythmic events, coupled with a lack of
specificity in the determination of arrhythmic risk, underlie the
practical difficulty for prognostic stratification. Future clinical
and experimental studies should focus on long-term prognostic
estimation, emphasising the genetic origin and relationship with
structural heart disease, and evidence of fibrosis.
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