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Early repolarization syndrome (ERS) was previously considered as a benign variant, but it has recently
emerged as a risk marker for idiopathic ventricular fibrillation (VF) and sudden death. As measured
by electrocardiogram (ECG), early repolarization is characterized by an elevation of the ] point
and/or ST segment from the baseline by at least 0.1 mV in at least two adjoining leads. In particular,
early repolarization detected by inferior ECG leads was found to be associated with idiopathic
VF and has been termed as ERS. This condition is mainly observed in young men, athletes, and
blacks. Also, it has become evident that electrocardiographic territory, degree of J-point elevation,
and ST-segment morphology are associated with different levels of risk for subsequent ventricular
arrhythmia. However, it is unclear whether ) waves are more strongly associated with a depolarization
abnormality rather than a repolarization abnormality. Several clinical entities can cause ST-segment
elevation. Therefore, clinical and ECG data are essential for differential diagnosis. At present, the
data set is insufficient to allow risk stratification in asymptomatic individuals. ERS, idiopathic VF,
and Brugada syndrome (known as J-wave syndromes) are three clinical conditions that share many
common ECG features; however, their clinical consequences are remarkably different. This review
summarizes the current electrocardiographic data concerning ERS with clinical implications.
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Primary electrophysiological disorders with known
(long and short QT syndrome, Brugada syndrome,
catecholaminergic polymorphic ventricular tachy-
cardia) or unknown (early repolarization syndrome
[ERS], idiopathic ventricular fibrillation [VF]) ion-
channel abnormalities are responsible for 10% of
sudden cardiac deaths (SCDs).!"* In the majority
of cases, the electrocardiogram (ECG) pattern
of early repolarization is a benign phenomenon,
which is observed predominantly in teenagers,
young adults, male athletes, and the black race.
However, in recent years, it has emerged as a
marker of risk for idiopathic VF and SCD.* The
universally accepted criterion for the diagnosis of

early repolarization involves the presence of an
elevated junction between the end of the QRS
complex and the beginning of the ST segment
(i.e., the ] point). Specifically, this condition is
characterized by an elevation from baseline in
the ST segment of >1 mm or 0.1 mV in at
least two adjoining leads on standard 12-lead
ECG. In particular, early repolarization in the
inferior ECG leads has been associated with
idiopathic VF and has been termed as ERS. Several
clinical entities can cause ST-segment elevation,
including asthenic habitus, acute pericarditis, ST-
segment elevation myocardial infarction, Brugada
syndrome, congenital short QT syndrome, and
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idiopathic VF. Therefore, ECG and clinical data
are essential for differential diagnoses. Although
there are similarities between ERS and Brugada
syndrome, there is insufficient evidence to support
their association. This review summarizes the
current electrocardiographic data concerning ERS
with clinical implications.

HISTORY OF EARLY
REPOLARIZATION

An early repolarization pattern (ERP) was first
described in 1936 as a slurring or notching
of the terminal part of the ORS complex on
ECG.® Two years later, Tomaszewski described
the J wave (also known as the Osborn wave),
which was considered to be a benign ECG sign.®
However, during the past decade, ERS has been
suggested to be a nonbenign condition, and was
described as an “"abnormal” finding in patients
diagnosed with idiopathic VF.”° The potential
arrhythmogenicity of early repolarization has also
been demonstrated in experimental studies.!%!? In
fact, a high prevalence of early repolarization was
reported in patients with idiopathic VF in 2007 and
2008.1* Although these findings have supported
the need for careful evaluation of individuals
displaying ERPs, especially those with syncope
or ventricular arrhythmias and/or family history
of sudden death, it might not be reasonable to
consider early repolarization as a general risk
marker for SCDs in the general population. Even
in athletes, early repolarization was found to only
minimally increase their arrhythmic risk.

PREVALENCE OF ERS

The prevalence of ERS in the general population
varies from <1% to 13%, depending on age
(predominant in young adults), race (highest among
black populations), sex (predominant in males), and
the criterion used to measure J-point elevation (0.05
vs. 0.1 mV).**15 In patients with documented
idiopathic VF and a structurally normal heart, the
overall prevalence of ERS is approximately 31%.*
However, the prevalence of the ERS pattern with J-
wave elevation >0.2 mV in patients with idiopathic
VF was found to be 16%.'* The prevalence of
early repolarization is significantly higher than
previous estimates among asymptomatic young
adults, and the majority of early repolarization

regressed by middle age.!® It seems that black race,
lower body mass index, lowerserum triglyceride
levels, and longer ORS duration are independently
associated with maintenance of early repolarization
over time.!°

MECHANISMS OF EARLY
REPOLARIZATION

Although the ] wave has been described as
synonymous with early repolarization abnormali-
ties, the mechanistic understanding of the J-wave
signature on surface ECG remains incomplete. In
fact, it is unclear whether J waves are more strongly
associated with depolarization or repolarization
abnormalities.

Despite of some similarities observed between
ERS and Brugada syndrome (like gender, arrhyth-
mia triggers, and response of early repolarization
to sodium-channel blockers) there is a differential
mechanism between early repolarization in the
inferolateral leads and ST elevation in the right
precordial leads.!” Ajmaline significantly decreases
the J-wave amplitude in early repolarization
and prolongs the ORS width significantly less
than in patients with Brugada syndrome;!® In
addition, there is a heterogeneous response to
isoproterenol;!? this could indicates a different
pathogenesis for both disorders.

Although ERS, idiopathic VF, and Brugada syn-
drome share common ECG features, they display
remarkably different clinical consequences. Early
repolarization is a benign ECG finding character-
ized by a distinct ] wave and ST segment in left
precordial leads (V4-Vg¢). In contrast, idiopathic
VF and Brugada syndrome are the leading causes
of SCD in young South-East Asian males and
are characterized by ] wave and ST-segment
elevations in the inferior and right precordial leads,
respectively.

In 1991, the J wave was suggested to result
from transmural differences occurring in early
phases of the cardiac action potentials (phases 1
and 2).!® An arrhythmogenic platform could be
created by disproportionate amplification of the
repolarizing current in the epicardial myocardium
due to either a decrease in the inward sodium
or calcium channel currents or an increase in
the outward potassium currents mediated by ion
channels (e.g., Ito, IK-ATP, and/or IK-Ach). The
trigger and substrates driving phase 2 reentry
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and ventricular tachycardia/VF eventually produce
transmural dispersion in the duration of cardiac
action potentials.!*

It is likely that the J-wave signature is coincident
with phase 1 of the cardiac action potential in the
epicardial region of the ventricular myocardium
and precedes phase 1 in endo- and midmyocardial
cells, generating an early gradient in repolarization
currents within the ventricles.’*2° In fact, the ]
wave should be considered as a repolarization
phenomenon rather than a late depolarization
event because of its slower inscription and
its spontaneous/rate-dependent fluctuation in a
morphologic pattern or amplitude within stable
ORS complexes (i.e., increased pattern at slow
heart rate, decreased pattern at faster heart rate).'*
In addition, its amplitude varies concurrently with
the ST segment.!*

The occurrence of | wave related arrhythmias
is mediated by phase 2 reentry. The stability
of the action potential dome in the ventricular
epicardium is dependent on the prominence of
the action potential phase 1 notch.?! Also, it has
been suggested that differences in Ito density and
Ito-mediated epicardial “spike and dome" are the
underlying mechanisms that lead to the distinct
clinical consequences of these syndromes. Indeed,
when Ito is prominent, a complete loss of the
dome can result from either decreased inward
currents or increased outward currents, which
can consequently lead to a phase 2 reentry that
is capable of initiating VF in either idiopathic
VF or Brugada syndrome. When Ito density is
reduced, as in ERS, partial depression of the
dome occurs without the development of phase 2
reentry. Thus, a strong genetic component could
underlie the ERP. In this regard, it has been
suggested that ERS is polygenic and influenced
by environmental factors.!* Moreover, ERS could
be inherited through autosomal dominant trans-
mission and might be considered a real inherited
arrhythmia syndrome.?? Familial investigation can
be facilitated by using the Valsalva maneuver to
reveal the electrocardiographic pattern in family
members.??

There were identified reductions in heart rate
and cardiac conduction in patients with idiopathic
VF associated with early repolarization related
to SCN5A mutations; it seems that these mutant
channels did not generate any currents.?*> SCN5A
is a disease gene for idiopathic VF associated with
early repolarization;?® it might play a role in the

Figure 1. Electrocardiographic pattern of J-point eleva-
tion in early repolarization.

electrocardiographic characteristics of idiopathic
VF.

An ERP can develop during the radiofrequency
ablation of the left accessory pathway; the
mechanisms might be increased vagal tone due to
chest pain or direct vagal stimulation.?*

However, the exact mechanisms that drive early
repolarization remain unknown. For this reason,
future research should be aimed at identifying the
various underlying mechanisms involved in early
repolarization as well as characterizing depolariza-
tion abnormalities as potential risk stratifiers.

ELECTROCARDIOGRAPHIC
DIAGNOSIS OF ERS

ERS is defined as an elevation of the ] point
(the junction between the end of the QRS complex
and the beginning of the ST segment) and/or ST
segment by at least 0.1 mV from baseline. J-point
elevation can manifest as either QRS slurring (at the
transition from the QRS segment to the ST segment)
or notching (a positive deflection inscribed on the
terminal S wave), resulting in ST-segment elevation
with upper concavity and prominent T waves in at
least two contiguous leads (Fig. 1).!* In benign ERS,
reciprocal ST-segment changes are only possible in
aVR and the ST segments when T-wave patterns
display a relative temporal stability.

Accurate measurement of early repolarization is
dependent on a sharp transition from the terminal
ORS complex to the ST segment. This is usually
straightforward in notched early repolarization,
but frequently unclear in cases of slurred early
repolarization. Therefore, when there is a gradual
transition at the end of the QRS complex, definition
of the J point is more subjective. In this situation,
the discrepancy between repeated QRS interval
measurements has been shown to approach as
much as 40 ms.?° In addition, the QRS complex
may begin and end at different times in different
ECG leads. In this regard, leads that display the
earliest QRS wave are often distinct from those



4« AN.E. » xxxx 2013 = Vol. 00, No. O * Rezus, et al. * Early Repolarization Syndrome

ik § 5 ’ 55 G Y B | R |

Figure 2. Downsloping ST-segment elevation is present
in inferior leads and labeled as “lambda-wave.”

showing ORS ending last, with up to a 20-ms
difference.?® Thus, what may appear as notching
of the terminal ORS and early repolarization in one
ECG territory may look like QRS fragmentation
and conduction delay in another.

Patients with idiopathic VF do not display struc-
tural heart disease based on echocardiographic
biventricular dimensions and function. In addition,
they do not have detectable coronary artery disease
or known repolarization abnormalities. Idiopathic
VF is a low prevalence condition, which is possibly
familiar and is characterized by the occurrence of
VF events in young individuals, particularly males.
It occurs in the absence of structural heart disease
in subjects with otherwise normal ECG readings,
even when high right accessory leads and/or
ajmaline injection are used. VF can be dramatic,
predominantly occurring at night during vagotonic
predominance when ] waves are >2 mm in
amplitude. These ST/T abnormalities are dynamic,
inconstant, and reversed with isoproterenol. These
changes are characterized by the presence of
convex upward ] waves, which display either
horizontal/descending ST segments or a "lambda-
wave" ST shape (labeled by Gussak based on
similarity with lower case Greek lambda?®) and
occur in the absence of hypothermia, ischemia,
or electrolytic disorders (Fig. 2). Convex up-
ward ] waves, with horizontal/descending ST
segments or “lambda-wave” ST shape are sug-
gestive of idiopathic VF with early repolarization
abnormalities.”” Premature ventricular contrac-
tions with very short coupling and "R on T
phenomenon are characteristics with two patterns:
when originate from right ventricular outflow
tract, left bundle branch block morphology; and
from peripheral Purkinje network, left bundle
branch block pattern. The combination of ] waves
with horizontal/descending ST segment it seems

to improve the ability to distinguish patients with
idiopathic VF from controls matched by gender and
age.?8

Cases of primary electrical disorders should be
excluded if the QT interval corrected for heart
rate (QTc) is <340 ms (short QT interval) or >440
ms (long QT interval) at baseline prior to
arrhythmia.! Notably, ERS and Brugada syndrome
seem to share some similar electrocardiographic
characteristics, clinical outcomes, and risk factors.
In addition, they display common arrhythmic
platforms related to amplification of Ito-mediated ]
waves. Although Brugada syndrome and ERS differ
with respect to magnitude and lead location for
abnormal J-wave manifestation, they both repre-
sent conditions within the phenotypic spectrum
of J-wave syndromes. Brugada syndrome is an
inherited cardiac disease first described in 1992.
Patients with the condition exhibit a characteristic
electrocardiographic pattern consisting of a ]
wave that mimics a right bundle branch block
with typical ST-segment elevation (>0.2 mV) in
at least two precordial leads (V;-V3), which
occurs in the absence of intervention or following
infusion of a sodium-channel blocker.® Although
this ECG signature was believed to be a normal
repolarization variant for more than three decades,
the syndrome is now known to be associated
with a high incidence of life-threatening ventricular
tachyarrhythmias and is responsible for numerous
sudden deaths in young adults worldwide. More-
over, the ERP can be detected with inferolateral
leads in Brugada syndrome patients; however, this
is a rare finding.?° Therefore, Brugada syndrome
should also be excluded during diagnosis of ERS.

In addition, patients with catecholaminergic
arrhythmias, which are defined as arrhythmias
that occurring during catecholamine infusion or
exercise testing, should be included as differential
diagnoses. Notably, J-point elevation and ST
elevation in V,-V,; are commonly observed in
highly trained athletes, and confusion should
be avoided when examining such individuals.
Anterior ST-segment elevation during myocardial
infarction can be difficult to differentiate from
ERS on the ECG. However, R-wave amplitude is
lower, ST-segment elevation is greater, and QTc
is longer for subtle anterior ST-segment elevation
myocardial infarction versus early repolarization.*’
Also, the ERS pattern may coexist with a number
of cardiac or extracardiac conditions, such as
hypothermia.
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ERS can be divided into three subtypes®': Type
1, which is predominantly characterized by an
ERP that is detected with lateral precordial leads,
is prevalent among healthy male athletes and
rarely seen in VF survivors, Type 2, which is
predominantly detected through the inferior or
inferolateral leads, is associated with a higher level
of arrhythmia risk than type 1 ERS; and Type 3,
which involves ERPs that are observed globally
through the inferior, lateral, and right precordial
leads, is associated with the highest level of risk for
malignant arrhythmias and often associated with
VF storms.

ERS patients had an abnormal repolarization
dynamics with a continuously depressed diurnal
and nocturnal adaptation of the QT interval to
the heart rate;* this might provide a substrate for
reentry and be an important element for developing
VF. It seems that there is a possible relationship
between hypokalemia and VF in ERS.*3

RISK STRATIFICATION OF VF IN
PATIENTS WITH ERS

Although ERS is a common entity, unexplained
SCD in young adults is very rare. For this reason,
the incidental discovery of a ] wave on routine
screening should not be interpreted as a marker
of "high risk” for sudden death because the odds
for this fatal disease would be approximately
1:10,000.** However, close follow-up should be
offered to patients that display ERS along with a
personal history of unexplained syncope and/or a
family history of unexplained SCD.

The magnitude of the J-point elevation might
constitute a discriminator of risk. In this regard,
a J-point elevation >0.2 mV seems to be rare in the
normal population.®® Also, it must be noted that
the magnitude of J-wave elevation can fluctuate,
even without drug provocation or exercise, which
means that a low-magnitude ] wave should not be
considered as a static entity.*°

Spontaneous accentuation of the J-wave ampli-
tude was found to precede an electrical storm, and
beat-to-beat fluctuation in the morphologic pattern
of ERS along with a consistent and marked increase
in the amplitude of the | wave were observed.*
Moreover, transient J-wave augmentation can
indicate high risk of VF in patients with early
repolarization.'*

In normal subjects, early repolarization is mostly
confined to the inferior leads, lateral leads, or left
precordial leads. Almost half of all patients with
ERS and VF (so-called malignant early repolariza-
tion) displayed an ERP in both inferior and lateral
leads (i.e., a much more diffuse repolarization
abnormality).* Moreover, in a small study, it was
recently observed that left precordial terminal QRS
notching was more prevalent in malignant variants
of ERS than in benign cases.?” Nevertheless, more
work will be needed to determine whether this
information could be used as a tool for risk
stratification.

The accentuation of repolarization before the
onset of arrhythmia and the origin of triggering
beats from the region of early repolarization
underlie the link between ECG pattern and the site
of malignant arrhythmia. The early repolarization
abnormality can either be limited to a single
region in the ventricles or extend beyond, involving
more than one region simultaneously.* In patients
diagnosed with idiopathic ventricular arrhythmias
and early repolarization, an alarm should be raised
if the origin of the arrhythmia, as identified
by the morphology of VF—initiating ventricular
foci, is concordant with the location of early
repolarization.*

It appears that patients with idiopathic VF and
J waves have a high incidence of late potentials,
which show a circadian variation with night
ascendancy.®® Therefore, detection of these late
potentials using a signal-averaged system and 24-
hour Holter electrogram could represent a useful
technique for identifying those at high risk for
arrhythmia.

As transmural dispersion of repolarization mark-
ers, Tpeak-Tend interval and Tp-Te/QT ratio are
significantly increased in patients with J-wave
syndromes compared to age and sex-matched
uneventful early repolarization.3® 3°

Patients with early repolarization do not seem
to display significantly higher inducibility in
comparison to those without early repolarization.*
Moreover, electrophysiologic study is less sensitive
for risk stratification of symptomatic patients.*

L-type calcium channel mutations are detected
in a high percentage of probands with J-wave
syndromes associated with inherited cardiac ar-
rhythmias, suggesting that genetic screening of
Cav genes may be a valuable diagnostic tool in
identifying individuals at risk.*
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The presence of early repolarization seems to
increase the wvulnerability to fatal arrhythmia
during acute myocardial ischemia;*!~*® this could
provide a plausible mechanistic link between this
ECG pattern and higher arrhythmic mortality of
middle-aged/elderly patients.** In addition, early
repolarization could be an independent predictor
of occurrences of VF in the very early phase of
acute myocardial infarction.*?

Many questions about the pathogenesis of J-wave
patterns, and the associated magnitudes of risk,
remain unanswered, especially in regard to the risk
implications in certain high-prevalence subpopula-
tions such as athletes, children, and adolescents.*®
To estimate the magnitude of mortality and SCD
risk associated with J-point elevations and ] waves,
in what has become known as ERPs, is still a
problem. The patterns of J-point elevations and ]
waves or ERPs appear to reflect a continuum of risk
for arrhythmias. The estimated cardiac mortality
risk associated with the corresponding electrocar-
diography pattern (the highest risk in patients with
extensive repolarization abnormalities, followed by
the horizontal/descending ST segment >0.2 mV in
inferior leads, horizontal/descending ST segment
0.1-0.2 mV in inferior leads, horizontal/descending
ST segment of 0.1 mV in lateral leads, and the
lowest for rapidly ascending ST segment with tall R
waves in inferolateral leads) seems to be inversely
with the estimated prevalence of the ERP in general
population.*®

EARLY REPOLARIZATION: BENIGN
OR MALIGNANT?

In the general population, the benign form of
ERS is associated with younger age, increased ECG
evidence of voltage criteria for left ventricular
hypertrophy, and lower heart rate/blood pressure,
which is indicative of a younger, healthier, and
physically active phenotype. In contrast, the malig-
nant form of ERS, involving horizontal/descending
ST-segment variation, is associated with older
age and increased ECG signs of coronary artery
disease.*® In addition, benign early repolarization
is associated with a significantly shorter QTc
interval, whereas malignant early repolarization is
associated with a significantly longer QRS duration.
Thus, these early repolarization types likely
represent two different processes. Classical benign
early repolarization appears to reflect earlier onset

of repolarization, whereas malignant early repo-
larization might reflect abnormal depolarization,
possibly due to a subtle underlying structural
disease.*® It appears that we can continue to
consider classical Wasserberger ER with a rapidly
ascending ST segment as a benign finding.*” J-
point elevation with a horizontal ST segment was
suggested as a malignant feature of the ERP; the
prevalence of ERP with a horizontal ST segment
is higher in patients with aborted sudden cardiac
arrest.*8 It seems that ST-segment morphology
could distinguish “benign” from "malignant early
repolarization.”?®*® However, we are still unable
to determine who is at significant risk when
presenting with slurred or notched ER morphology
unless they have already suffered a cardiac arrest.*

Inferolateral ERS comprised of heterogeneous
early repolarization subtypes with and without
non-type 1 anterior early repolarization; coexis-
tence of non-type 1 anterior early repolarization
seems to be a key predictor of poor outcome
in patients with ERS.° Recently was shown that
patients with Brugada syndrome and documented
VF have the prevalence of early repolarization in
inferolateral leads high; persistent or intermittent
early repolarization in these patients was an
independent predictor of fatal arrhythmic events.!

A recent meta-analysis showed that ERP is
associated with increased risk and a low-to-
intermediate absolute incidence rate of arrhythmia
death, but we still do not know which subgroups
of subjects with the ERP are at higher risk
for arrhythmia death.®? Large debates about
"malignant” form and its value for risk stratification
in early repolarization or pitfalls of the meta-
analysis regarding ERP are ongoing.%3 %

CONCLUSION

ERS has emerged as a marker of risk for
idiopathic VF and sudden death. However, the in-
cidental discovery of a ] wave on routine screening
should not be interpreted as a marker of "high risk”
for sudden death. Nevertheless, close follow-up
should be offered to patients that display ERS along
a personal history of unexplained syncope or a
family history of unexplained sudden death. There
are still major unanswered questions relating to
our limited ability to determine which individuals
with common electrocardiographic variant are at
risk for sudden death. However, our understanding
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underlying mechanisms is incomplete, the

information regarding genetic determinants and
therapeutic responses is inadequate, and the
relationship between early repolarization and other
conditions involving accelerated repolarization and
sudden arrhythmic death, such as Brugada and
short QT syndromes, is unclear.
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