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1 | INTRODUCTION

Early repolarization (ER) syndrome is a rare pathology characterized
by J-point and ST-segment elevation in 2 or more contiguous leads
of the surface electrocardiogram (ECG) (Macfarlane et al., 2015). ER
patterns can be observed approximately between 2% and 31% of
the general population, with a higher incidence in athletes and ado-
lescents (Mahida et al., 2015). Despite being usually considered as an
ECG benign activity or normal variant, recent evidence shows that
ER pattern might be related to ventricular arrhythmias (VA) and even
sudden cardiac death (SCD) (Mahida, 2015; Tikkanen et al., 2011).
Apart from structural heart diseases, approximately 10% of SCD
events are associated with a primary electrical disorder or ion chan-
nel disease (Zipes et al., 2006). Microvolt T-wave alternans (MTWA)
is a cardiovascular index reflecting heart electrical repolarization
heterogeneities; it refers to subtle beat-to-beat fluctuation of the ST

segment and/or T wave and has emerged as an ECG marker for VA
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Despite early repolarization (ER) syndrome being usually considered benign, its
association with severe/malignant ventricular arrhythmias (VA) was also reported.
Microvolt T-wave alternans (MTWA) is an electrocardiographic marker for the
development of VA, butits role in ER syndrome remains unknown. A 90-second 6-lead
electrocardiogram from an ER syndrome patient, acquired with the Kardia recorder,
was analyzed by the enhanced adaptive matched filter for MTWA quantification. On
average, MTWA was 50V, higher than what was previously observed on healthy
subjects using the same method. In our ER syndrome patient, MTWA plays a potential

role in VA development in ER syndrome.

early repolarization syndrome, electrocardiogram, implantable cardioverter defibrillator,
sudden cardiac death, T-wave alternans, ventricular arrhythmias

in cardiovascular diseases (Verrier et al., 2011). Still, the incidence of
MTWA in ER syndrome is quite unknown. Thus, in this report, our
aim was to investigate the possible interplay between MTWA and
the risk of VA in ER syndrome.

2 | CASE REPORT

A 54-year-old woman showed up at the cardiology outpatient
clinic with symptoms of chest discomfort and palpitation, which
were restricting her regular activity. Previously, she had been
taking candesartan and bisoprolol for blood pressure control
and simvastatin for dyslipidemia. She reported no family history
of heart disease and SCD. Physical examination and laboratory
results, including serum electrolytes, were within normal ranges.
Echocardiographic examination revealed an ejection fraction of 66%,

no valve abnormality, and no regional wall motion abnormality. She
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also performed a treadmill test while the ECG was being recorded.
The initial ECG (Figure 1) showed sinus rhythm and a normal QTc
interval of 431ms with notched type J wave and ST-segment
elevation in leads Il, Ill, and aVF. However, during the maximum load
of exercise testing, she reported no chest pain, but, suddenly, she felt
dizziness and fell into presyncope so that the test was interrupted.
Analysis of the ECG (Figure 2) highlighted a wide QRS-complex
tachycardia episode that lasted less than 1 minute and terminated
spontaneously; afterward, no ST-segment changes occurred.
Then, the patient was referred to the tertiary hospital for further
workup. The standard 12-lead ECG examination was performed
and indicated a peculiar ER pattern in the inferior leads. A 6-lead
(1, 11, 11, aVR, aVL, and aVF) digital ECG signal was recorded for 90s
using the commercial KardiaMobile 6 L™ portable internet-enabled
ECG device (300Hz sampling frequency and 14-bit resolution;
Alivecor, Inc.) and analyzed for MTWA detection using the enhanced
adaptive matched filter (EAMF) method (Marcantoni et al.,, 2021).
Our patient showed MTWA of 47, 56, and 47V for leads |, aVR,
and aVL, respectively. MTWA was not measurable in leads I, 11l, and
aVF due to the presence of artifacts. Coronary angiography was also
performed to exclude ischemic precursors: Nonsignificant coronary
artery disease resulted, with only 20% of distal stenosis in the right
coronary artery. Eventually, the negative provocative acetylcholine
test and flecainide test ruled out vasospastic angina and Brugada
syndrome, respectively. Considering the potentially unstable and
high-risk nature of the VA associated with ER syndrome, a single-
chamber implantable cardioverter defibrillator (ICD) was implanted
for secondary prevention of VA and SCD. Postprocedural ECG
(Figure 3) showed a persisting ER pattern, similarly to the initial

ECG, with frequent premature ventricular complexes that may serve

as trigger for VA. Therefore, the patient was maintained with oral
amiodarone. The patient recovered and was discharged 3 days later

without complications.

3 | DISCUSSION

Our patient's ECG showed end-QRS notch with ST-segment
elevation, suggestive of ER pattern with descending ST segment in
leads I, Ill, and aVF. Prior studies have indicated that ER patterns,
especially in the inferior and/or lateral lead area, may highlight
a higher risk of subsequent VA (Bourier et al., 2018; Macfarlane
et al., 2015; Mahida et al., 2015). The pathophysiology of the ER
pattern is associated with an increase in epicardial net outward
current as a result of electrical imbalances between epicardial and
endocardial ion channels and thus creating a J-point elevation (You
et al.,, 2021). This condition can also be induced by a high degree
of vagal tone. Thus, the dispersion of repolarization may augment
sensitivity to phase 2 re-entry, which leads to VA events (Bourier
et al., 2018). ER syndrome is also thought to be related to genetic
mutations, especially mutations of KCNJ8 and SCN5A genes, which
are associated with potassium and calcium channel abnormality that
induces VA (Bourier et al., 2018).

The ACC/AHA/ESC 2006 guidelines and the International
Society for Holter and Noninvasive Electrophysiology in 2011
recommended MTWA as an electrocardiographic marker for risk-
stratifying malignant VA and predicting SCD (Verrier et al., 2011,
Zipes et al., 2006). MTWA reflects the beat-to-beat fluctuation in
the morphology, amplitude, and timing of the ST segment and/or

T wave. It reflects spatial or temporal dispersion of repolarization,
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FIGURE 1 Initial 12-lead electrocardiogram revealed sinus rhythm with notched type J wave and >0.1mV ST-segment elevation at

inferior leads.
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FIGURE 3 Electrocardiogram after implantable cardioverter defibrillation implantation showed persisting early repolarization patterns in
the inferior leads similar to the initial examination accompanied with bigeminy premature ventricular complex.

which may lead to VA. MTWA has been analyzed in several dis-
eases, such as coronary artery disease, heart failure, long QT syn-
drome, electrolyte imbalances, vasospastic angina, and a plethora
of other cardiovascular and noncardiovascular diseases alike (Aro
etal., 2016; Verrier et al., 2011). However, there is limited evidence
of the association between MTWA and ER syndrome patients with
a higher risk of VA. Various methods exist and have been tested
to measure MTWA (Burattini et al., 2008; Martinez, 2005; Verrier
et al., 2011; You et al., 2021), not limited to the spectral method
(Smith et al., 1988) and modified moving average method (Nearing
& Verrier, 2002), which are integrated into commercial ambulatory
ECG monitors or exercise testing workstations. Differences among
MTWA measures obtained by different methods are well known in
the literature (Bini & Burattini, 2013; Burattini et al., 2009, 2011;
Marcantoni et al., 2020). Herewith, we described the possibility

of measuring MTWA more conveniently from shorter data sig-
nals acquired from portable ECG systems, using the novel EAMF
algorithm, in line with the upcoming trend of utilizing digital de-
vices in arrhythmia detection guidelines (Marcantoni et al., 2021;
Nurmainiet al., 2021; Svennberg et al., 2022). The EAMF method is
an enhanced version of the adaptive matched filter (AMF) method
introduced in 2008 and used in several methodological and clin-
ical studies (Burattini et al., 2008; Man et al., 2011). The EAMF
method keeps the core and the theoretical approach of the AMF
method but optimizes the preprocessing phase by forcing to base-
line all ECG waves but the T wave to avoid reciprocal influence
among possible different concurrent manifestations of ECG alter-
nans, which are P-wave alternans, QRS-complex alternans, and T-
wave alternans (Marcantoni et al., 2021). Normal female values
of MTWA detected by the EAMF are around 10uV (Marcantoni
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et al., 2022). Thus, this case report interestingly suggests that high
(47-56 uV) MTWA is associated with ER, and thus, that MTWA is a
potentially useful index to predict VA in ER syndrome. This finding
is different from what reported in a previous study (Octavianus
et al., 2012) that reported no MTWA increment in ER compared
with normal, when MTWA is measured by means of the modified
moving average method.

The previous consensus from the 2013 HRS/EHRA/APHRS
stated that ICD implantation is recommended in ER syndrome who
have survived a cardiac arrest. In addition, ICD therapy should also
be considered in ER syndrome patients at high risk for the recurrence
of unstable VA (Priori et al., 2013). Monomorphic ventricular tachy-
cardia in ER syndrome, similar to what we have observed in the pa-
tient analyzed here, has been previously reported, although it is not
as common as its polymorphic counterpart (Vasquez et al., 2021).
Hence, according to our results, we propose that MTWA analysis
could be potentially used to identify individuals at higher risk in ER
syndrome population and those who may benefit more from ICD
therapy. However, there is still a lack of data about the correlation
between MTWA and ER patterns for predicting VA. Further studies

are needed to validate this suggestion.

4 | CONCLUSIONS

ER pattern in ECG is not always a benign pattern; therefore,
physicians should be more aware of ER pattern variations that may
lead to fatal VA. Early investigation and monitoring are essential to
prevent VA in ER syndrome patients. High MTWA could become an
auxiliary ECG marker to identify individuals with a higher risk for
VA in ER syndrome patients. More studies with a higher sample
population and further research are needed to provide more

regarding this matter.
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