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Abstract
In the great majority of cases the ECG pattern of early repolarization (ERP) is a benign phenomenon
observed predominantly in teenagers, young adults, male athletes and the black race. The universally
accepted criterion for its diagnosis is the presence, in at least two adjoining leads, of ≥ 1 mm or
0.1 mV ST segment elevation. In benign ERP reciprocal ST segment changes are possible only in
lead aVR. In contrast, reciprocal ST segment changes can be observed in several leads in idiopathic
ventricular fibrillation (IVF) and acute coronary syndrome. In benign ERP the ST segment and
T wave patterns have a relative temporal stability.
IVF is an entity with low prevalence, possibly familiar, and characterized by the occurrence of
VF events in a young person. More frequently this occurs in male subjects without structural
heart disease and with otherwise with normal ECG even using high right accessory leads and/
/or after ajmaline injection. Several clinical entities cause ST segment elevation include asthenic
habitus, acute pericarditis, ST segment elevation myocardial infarction, Brugada syndrome,
congenital short QT syndrome, and idiopathic VF. In these circumstances clinical and ECG
data are most important for differential diagnosis. In IVF the modifications could be dramatic
and predominantly at night during vagotonic predominance when J waves > 2 mm in amplitude.
The ST/T abnormalities are dynamic, inconstant, and reversed with isoproterenol.
Convex upward J waves, with horizontal/descending ST segments or “lambda-wave” ST shape
are suggestive of IVF with early repolarization abnormalities. Premature ventricular
contractions with very short coupling and “R on T” phenomenon are characteristics with two
pattern: When originate from right ventricular outflow tract left bundle branch block
morphology and from peripheral Purkinje network, left bundle branch block pattern. The
inherited-familial forms are not frequent in IVF; however mutations were identified in the
genes KCNJ8, DPP6, SCN5A, SCN3B, CACNA1C, CACNB2, and CACNA2D1.
The management of IVF has class I indication for ICD implantation. Ablation therapy is considered
additional to ICD implantation in those patients with repetitive ventricular arrhythmia. Quinidine
is a highly efficient drug that prevents recurrence. (Cardiol J 2012; 19, 4: 337–346)
Key words: early repolarization pattern, idiopathic ventricular fibrillation,
early repolarization syndrome
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The so-called very common benign
early repolarization pattern

Early repolarization pattern (ERP) is an enig-
matic common electrocardiographic (ECG) finding,
occurring in 1% to 2% of the general population [1]
with preponderance in men, young adults, adoles-
cent Africans [2], Afro-descendants (African Ameri-
cans), and athletes’s preponderance. There is
a decreasing prevalence of ERP with advancing age.
The ST-segment elevation in ERP is typical of the
athlete’s ECG. High T wave voltages and predomi-
nant U waves are frequent ECG findings along with
sinus bradycardia in athletes. The frequency of
J-point or J wave elevation among young athletes
is intermediate (higher than seen in healthy adults
but lower than seen in patients with idiopathic ven-
tricular fibrillation (IVF) [3].

Although ERP is more prevalent in African
Americans, it is not predictive of cardiovascular
death in this population, and it may represent a dis-
tinct electrophysiological phenomenon [4].

On the 12-lead ECG the ERP is characterized
as “notching” or “slurring” of the terminal portion
of the R wave and beginning of the ST-segment (i.e.,
the J point*) that produces a positive hump known
as J wave. The J wave is a deflection with a dome
that appears immediately after the end of QRS com-
plex followed by ST-segment elevation ≥ 0.1 mV
(or 1 mm, varying from 1 to 4 mm) above isoelec-
tric line (relative to the subsequent TP interval)
concave upward in at least two contiguous ECG
leads. This ECG finding is most frequently seen in
the precordial leads from V3 to V5 and often in the
inferior leads II, III, and aVF.

ST-segment elevation is occasionally seen only
in right precordial leads or only in the inferior leads
[5]. Additionally, the ST-segment elevation is fol-
lowed by a large, upright and symmetrical T wave
with a broad base (similar in shape on ascending and
descending limb) [6].

In benign ERP reciprocal (or mirror image) ST-
-segment depression is only seen in lead aVR. The
presence of ST segment depression in several other
leads strongly suggests the diagnosis of ST segment
elevation myocardial infarction (STEMI). In these
cases, reciprocal ST segment depression is of consi-
derable value in establishing the ECG diagnosis of
STEMI [7]. Figure 1 shows the typical features of
benign ERP. ERP pattern has been considered a be-
nign and normal ECG variant for over six decades [8].

Critical observations. The J point is some-
times used as a marker for the end of ventricular
depolarization. Comparison of the ECG waveform

with the complete body-surface potential distribu-
tion or, when available, epicardial electrograms,
shows that the J point only approximately marks the
end of depolarization with an overlap of potentials
ending depolarization and beginning repolarization
from 4 to 16 ms [9, 10]. Standard precordial leads
do not accurately predict maximal torso potentials
during the S-T segment, and the degree of overlap
between repolarization and depolarization is not
a major determinant of precordial voltage. Hence,
the term “early repolarization” in healthy individuals
to describe this ECG pattern is not substantiated.

Differential diagnosis of “benign”
early repolarization pattern

Normal ERP should be differentiated from oth-
ers conditions with ST segment elevation such as
asthenic habitus [11, 12], acute pericarditis, STEMI,
Brugada syndrome (BrS), congenital short QT syn-
drome (SQTS), and IVF. Additionally, it is impor-
tant to include in the differential diagnosis others
channelopathies without ST-segment elevation but
with unexpected syncope and cardiac arrest such
as congenital Long QT syndrome (LQTS) and cate-
cholaminergic polymorphic ventricular tachycar-
dia (VT). In ERP the ST-segment elevation tends
to persist unchanged for a period of years, whereas
ST-segment elevation in acute pericarditis and
STEMI evolves over a period of days to weeks.

In BrS ST-segment elevation is confined to the
right precordial leads, is convex upward with a rec-
tilinear descendent and negative T wave (type 1
ECG Brugada pattern, Brugada phenotype or Bru-
gada sign). Additionally, this ECG pattern can be
transient, intermittent and is frequently not present
in the standard precordial leads. It is sometimes
necessary to perform accessory high right precor-
dial leads in the third and second intercostals spac-
es in suspected or uncertain cases. The high right
precordial leads are more sensitive than the conven-
tional 12-lead ECG alone, and initial observations
suggest that they remain specific for BrS, while stan-
dard and high lead V3 offer redundant data. A verti-
cal relationship of type 1 pattern may have a similar
diagnostic value to that of a horizontal pair [13].

Congenital SQTS is observed in young indivi-
duals with features of paroxysmal atrial fibrillation,
syncope, and cardiac arrest. The ECG is character-
ized by extremely short QT intervals (QTc inter-
val £ 330 ms) that are not significantly modified
with heart rate changes (reduced QT interval ad-
aptation to tachycardia during exercise). Also seen
are very tall T waves with narrow bases resembling
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the T wave in a “desert tent” pattern similar to
those seem in hyperkaliemia.

Congenital LQTS, like IVF, is present in young
individuals with unexplained syncope or cardiac
arrest. Syncope during exercise in pediatric patients
should be considered malignant and suspected of
LQT1 variant until otherwise ruled out. Family his-
tory of dizziness or deafness is sometimes a feature.
LQTS is characterized by QT/QTc prolongation. If
the QTc exceeds 440 ms in males and 460 ms in
females, the QT interval should be considered as
prolonged. Unfortunately, this feature has relative
value because in 20% of cases of congenital LQTS
the QTc interval is normal [14]. Another important
ECG feature in the differential diagnosis of LQTS
phenotypes is the characteristic morphology of the
T wave: wide-based T-waves with large amplitude
(LQT1), low amplitude bimodal or notched T waves
(LQT2), and delayed appearance of T waves result-
ing from ST segment prolongation (LQT3). The
hallmark arrhythmia of congenital LQTS is an atypi-
cal polymorphic VT called torsade de pointes. This
VT is usually initiated by a premature ventricular
complex (PVC) with delayed or telediastolic cou-
pling but with R on T phenomenon, frequently af-
ter pauses (“long-short” sequence) or during slow

heart rates. The characteristic QRS pattern shows
typical 180o rotation of the QRS axis around the
baseline with phasic variations in polarity and width
of QRS complexes. The VT may be suppressed by
establishing a faster heart rate.

Catecholaminergic polymorphic VT is a rare
clinically and genetically heterogeneous disease of
uncertain etiology usually observed in the pediat-
ric or juvenile age group. It is characterized by re-
current syncope or sudden cardiac death (SCD) af-
ter physical or acute emotional stress. Familial oc-
currence has been noted in about 30% of cases.
Episodes of VT are usually precipitated by exercise
or other adrenergic stressors. Bidirectional VT is
characterized by beat-to-beat alternations of QRS
morphologies around a 180o QRS axis. Some indi-
viduals also have polymorphic VT without beat-to-
-beat alterations in QRS complexes. The two genes
in which mutations are currently known to cause
catecholaminergic polymorphic VT are RYR 2 (au-
tosomal dominant) and CASQ2 (autosomal reces-
sive). The presence of other as-yet unidentified loci
is postulated. Molecular genetic testing for RYR2
and CASQ2 is available on a clinical basis.

Finally, in IVF the arrhythmias can be dramatic
and occurring predominantly at night during vago-

Figure 1. Typical features of early repolarization pattern. Name: DAS; Age: 24-year-old of age; Sex: Male; Ethnic
group: Afro-descandent; Weight: 82 kg; Height: 1.91 m; Biotype: Athletic; Occupation: Professional basketball
player; ECG diagnosis: Sinus bradycardia, (HR 50 bpm). “Notching” and “slurring” of the terminal portion of the
R wave and beginning of the ST-segment, (J point/J wave) and ST-segment elevation (> 4 mm) in precordial leads
from V3–V5 of concave upward. Above the isoelectric line (relative to the subsequent TP interval); Conclusion: Sinus
bradycardia, early repolarization pattern.
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tonic slowing of heart rate. J waves > 2 mm in am-
plitude in asymptomatic adults are associated with
a threefold increased incidence of arrhythmic death
during long-term follow-up. Individuals with J waves
have some degree of increased dispersion of repo-
larization that places them at increased risk for ar-
rhythmic death, but only in the presence of additional
proarrhythmic factors or triggers. Convex upward
J waves were present in 32% IVF patients [15]. In
addition a “lambda-wave” ST segment shape can be
seen [16, 17]. Horizontal and descending ST seg-
ments were observed in IVF by Rosso et al. [18].

In benign ERP the ST segment and T wave
patterns have a relative temporal stability. Contrar-
ily, in malignant early repolarization syndromes the
ST/T waves are dynamic, inconstant, and dramatic
changes in morphology are the rule. In contrast to
benign ERP where T waves are large, positive and
concordant from V2 to V4, in IVF T waves are dis-
cordant relative to the ST segment deviation. In
benign ERP reciprocal ST changes are seen only
in aVR, whereas in IVF mirror image ST segment
changes can be observed in several leads.

Ventricular myocardium is composed of at least
three electrophysiologically distinct cell types: epi-
cardial, endocardial, and M cells. In ERP the ST
segment elevation is attributed to shortening of
ventricular action potential durations in epicardial
regions resulting in a current similar to the subepi-
cardial injury current of BrS and IVF. ST-segment
elevation in a structurally normal heart is associat-
ed with a J wave which can be observed in benign
ERP, IVF, and BrS. A transmural voltage gradient
during early ventricular repolarization resulting
from the presence of a prominent action potential
notch (spike and dome) mediated by the transient
outward potassium current (Ito) in epicardial cells
but not endocardium, is responsible for the J wave
on the ECG [19, 20]. This partially explains why
exercise and isoproterenol infusion abolishes the
ST segment elevation in benign ERP as well as in
BrS and IVF patients [21].

In IVF the presence of PVCs with very short
coupling and R-on-T phenomenon are characteris-
tic features. Additionally, mapping of these PVCs
show two different origins, which were confirmed by
ablation [22]. Right ventricular outflow tract (RVOT)
and right-sided peripheral Purkinje network PVCs
have a left bundle branch block pattern with superi-
or axis morphology, whereas left-sided Purkinje
PVCs have a right bundle branch block pattern. The
axis of activation show variation from inferior to su-
perior depending on the area of origin from the
Purkinje network and the exit site to the myocar-

dium. Purkinje network PVCs have shorter coupling
interval and QRS durations relative to RVOT PVCs.
Ablation of these typical PVC is feasible in order to
reduce implantable cardioverter-defibrillator (ICD)
shock. Recently, Mittadodla et al. [23] describe
a previously healthy 32-year-old pregnant woman
with recurrent IVF that failed to respond to standard
therapy but terminated with isoproterenol infusion.

ERP with global ST segment elevation in the
inferior, lateral, and right precordial leads is associ-
ated with increased risk for life-threatening arrhyth-
mias. This lethal entity is named the early repolar-
ization syndrome (ERS). ERS and BrS share similar
ECG characteristics, clinical outcomes, risk factors,
as well as a common arrhythmic platform related to
amplification of Ito-mediated J waves. Although BrS
and ERS differ with respect to the magnitude and
lead location of abnormal J waves, according to Ant-
zelevitch and Yan [24], both represent a continuous
spectrum of phenotypic expression termed J-wave
syndromes. These authors proposed three subtypes:
Type 1: ERS observed predominantly in the lateral
precordial leads, prevalent among healthy male ath-
letes and rarely seen in IVF survivors; Type 2: ERS
predominantly in the inferior or inferolateral leads
and associated with a higher level of risk; Type 3:
ERS globally in the inferior, lateral, and right pre-
cordial leads and associated with the highest level
of risk for development of malignant arrhythmias.
Type 3 is often associated with IVF storms.

Benign ERP is an ECG finding characterized
by a distinct J wave and ST-segment elevation in
precordial leads V4–V6. In contrast, IVF is charac-
terized by J waves and ST-segment elevation in the
inferior, inferolateral or globally in the precordial
leads, and the BrS is confined only in right precor-
dial leads. These two entities are the leading caus-
es for SCD in young Southeast Asian males. The
underlying mechanism for such a difference in clin-
ical consequences among these syndromes is due
to a difference in Ito density and Ito-mediated epicar-
dial spike and dome configuration. When Ito is prom-
inent, complete loss of the dome may occur due to
either a decrease in inward currents or an increase
in outward currents leading to phase 2 reentry ca-
pable of initiating ventricular fibrillation (VF) as in
IVF and the BrS. When Ito is relatively small as in
the ERP, partial depression of the dome occurs
without the development of phase 2 reentry [25].

Type 0 ECG Brugada pattern (coved-type ST
elevation without a negative T wave) is characteri-
zed by loss-of-dome type action potentials. The
conversion from type 0 to type 1 ECG pattern
(spike-and-dome action potentials) results in sig-
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nificant action potential heterogeneity that can ini-
tiate VF in BrS [26].

ERP and BrS share many remarkable cellular,
ionic, and ECG similarities and behave similarly in
terms of their response to heart rate, pharmacolog-
ic agents, and neuromodulation. The extent to which
ERP and BrS may overlap remains unclear. Recent-
ly, we presented an illustrated case of a symptoma-
tic patient whose ECG signature evolved spontane-
ously from ERP alone to ERP with a concomitant
Brugada type 1 ECG pattern over a short number of
days. This case lends further strength to the notion
that these 2 ECG patterns may be more closely re-
lated than had been initially thought [27].

IVF is an arrhythmogenic entity characterized
by spontaneous VF occurring in patients with struc-
turally normal hearts [28]. It is a functional abnor-
mality or a pure electrical entity as demonstrated
by transthoracic echocardiography and coronary
angiography. On the ECG frequent J-wave eleva-
tion is seen in the inferolateral leads. These are
strongly augmented during bradycardia, increased
vagal activity, and with nocturnal predominant oc-
currence [29]. As a result unexplained syncope and
sudden death occurs mostly during sleep. Early
repolarization is present in a significant proportion
of patients with IVF [30]. It is often intermittent and
can be more pronounced in IVF patients. Addition-
ally, the QTc interval duration is between 340 ms
and 440 ms. Viskin et al. [31] observed that 35% of
men who where classified as patients with IVF pre-
sented a QTc interval < 360 ms compared with only
10% of healthy control subjects.

Incidence. The annual incidence of SCD has
been decreasing during the second half of the 20th

century coinciding with the decreased mortality
from coronary artery disease. In the United States
it is in the range of 180,000 to 250,000 cases per
year. It is still an important public-health problem
with multiple etiologies, risk factors, and changing
temporal trends [3]. In this population 90% to 95%
have documented structural heart disease. It is es-
timated that IVF accounts for 9000 or 12,500 cases
of SCD per year in the United States [19, 32]. Pa-
tients who die of SCD without structural heart dis-
ease are usually younger than 40 years of age.

Mechanism and genetic basis
of idiopathic ventricular fibrillation

Perez et al. [4] demonstrated spatial heteroge-
neity of action potential durations between the
shorter monophasic action potential durations of the
right ventricular apex and the longer action poten-

tials of the RVOT. Such spatial heterogeneity and
its restitution may facilitate functional reentry, pre-
disposing to VF.

A growing number of sporadic case reports,
basic electrophysiology research, and case-control
studies indicate that in some ERP variants infero-
lateral J-waves are related to an increased risk of
IVF and SCD. Haissaguerre et al. [33] studied data
from 206 patients who were resuscitated from car-
diac arrest due to IVF, compared to 412 age-, sex-,
race-, and physical activity-matched controls with-
out structural heart disease. Patients with short or
long QT intervals and BrS were excluded. ERP was
observed in 64 (31%) of 206 patients compared to
21 (5%) of 412 controls. The magnitude of ERP in
cases was 2.0 mm vs. 1.2 mm in controls. After ad-
justment for age, sex, race, and level of physical
activity, the odds ratio for the presence of ERP in
cases compared to controls was 10.9 (95% confi-
dence interval 6.3–18.9). Patients with ERP were
more likely to be male, to have events during sleep,
and to have a shorter QTc intervals than those with-
out ERP. All patients had an ICD implanted. Ar-
rhythmic recurrences were more frequent in pa-
tients with ERP than in those without (41% vs. 23%,
respectively). Of the 64 patients with ERP, 10 had
a family history of SCD. Among patients with a his-
tory of IVF, there is an increased prevalence of
ERP. Myerburg and Castellanos [34] noted that
case-control associations do not prove causality, and
until prospective population data were available
physicians should continue to view this common
ECG variant as benign. However careful attention
should be paid to patients with ERP and J-point ele-
vations > 2.0 mm, particularly in patients with
otherwise unexplained arrhythmias or a family his-
tory of unexplained SCD. Subsequent studies rein-
forced Haissaguerre results [6, 18]. Additionally,
ERP seems to be associated with ventricular tach-
yarrhythmias in the setting of acute myocardial in-
farction [35]. The presence of J waves on ECGs is
related to IVF with the eponym “Le Syndrome
d’Haissaguerre” [36]. Figure 2 shows a personal
case report, published in 2004 [17].

Abe et al. [15] enrolled 22 IVF patients divided
into two groups according to the presence or absence
of J waves. The following risk markers were assessed:
late potentials (LPs) — a depolarization abnormality
marker for 24 h using a newly developed signal-
-averaging system, T-wave alternans, QT disper-
sion — a repolarization abnormality marker, and
frequency-domain heart rate variability reflecting
autonomic modulation. The results were compared
to 30 control subjects with J waves and 30 control
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subjects without J waves, matched for age and gen-
der to the IVF patients. J waves were present in
32% IVF patients. The incidence of LPs in the IVF
J-wave group was higher than in the IVF non-J-
-wave group. Repolarization abnormality markers
did not differ between the two groups. In the IVF
J-wave group, dynamic changes in LP parameters,
fQRS, RMS (40), LAS (40), were observed and
were pronounced at nighttime; this was not the
case in the IVF non-J-wave group and the control
J-wave group. High-frequency components (vagal
tone index) on frequency-domain heart rate varia-
bility analysis were associated with J waves in IVF
patients. IVF patients with J waves had a high in-
cidence of LP showing circadian variation with
night ascendancy. J waves may be more closely as-
sociated with depolarization abnormality and au-
tonomic modulation than with repolarization abnor-
mality. The authors conclude that IVF patients
with J waves had a high incidence of LPs showing
circadian variation with night-time predominence.
J waves may be more closely associated with de-
polarization abnormality and autonomic modulation
than with repolarization abnormality.

Gussak et al. [37] reported four cases of IVF
in individuals with a family history of SCD that ex-
hibited very short QT intervals. They labeled the
disease: SQTS. A short QT interval has also been
noticed in some patients with other arrhythmic syn-
dromes such as IVF, BrS and ERP. There is a high
prevalence of ERP in patients with SQTS. ERP may
be useful in identifying risk of cardiac events in
SQTS [38], but the role of a short QT interval in
these settings not yet known.

Martinek and Purerfellner [39] presented
a case of a young male with phenotypic combination
of IVF and BrS. The patient had a nearly normal base-
line ECG but had a positive ajmaline drug challenge
including extremely short-coupled (coupling inter-
val 318 ± 21 ms) monomorphic PVCs triggering VF.

ERP with notched or slurred J-point elevations
in the inferolateral leads is not an uncommon find-
ing in BrS (12% of cases) and is not associated with
a worse outcome. Additionally, there are no signi-
ficant differences in spontaneous ECG type 1 Bru-
gada pattern, symptoms, family history of SCD, and
positive genetic tests between subjects with and
without ERP [40].

Figure 2. History: The patient was a young symptomatic (repetitive syncope episodes) Thailand man, with positive
familial background of sudden cardiac death in young first degree relatives. He died 24 h after this ECG was per-
formed. ECG diagnosis: Downsloping ST segment elevation is present in inferior and apical (V6) leads. Idiopathic
J waves or Osborn wave. Mirror image seen in anterior wall. Absence of hypothermia, ischemia or electrolytic
disorders. This J wave was labeled by Gussak as “lambda-wave” [16] because of its similarity with the Greek small
lambda letter.
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Akai et al. [41] screened 25 Japanese patients
with IVF (OMIM number: 603829). The diagnoses
were based on the occurrence of at least one epi-
sode of syncope and/or cardiac arrest and document-
ed VF without structural heart diseases. They iden-
tified a heterozygous missense mutation (Serine
1710 to Leucine) in the human cardiac Na+ channel
alpha-subunit gene (SCN5A) in one symptomatic
IVF patient that did not exhibit the Brugada ECG
pattern. BrS was not present. The mutation showed
marked acceleration in the current decay together
with a large hyperpolarizing shift of steady-state in-
activation and depolarizing shift of activation. The
paternal grandfather and a paternal uncle had died
suddenly in their sixth decade of unknown cause.
The authors conclude that SCN5A is one of the re-
sponsible genes for IVF patients who do not show
typical ECG manifestations of the BrS. An ICD was
implanted. It is unlikely that SCN5A should be at-
tributed to IVF because this report clearly shows
conduction defects (as expected), so this is not IVF
but conduction delay at different levels in the heart.

Potet et al. [42] described a novel Brugada
SCN5A missense (G752R) mutation leading to ST
segment elevation in the inferior or the right pre-
cordial leads (atypical Brugada ECG pattern or IVF).
In the proband, the G752R mutation produced ST
segment elevation and prominent J waves in leads
II, III, and aVF. In four other relatives, ST segment
elevation in the right precordial but not in the infe-
rior leads was observed either spontaneously or
under flecainide challenge. Recombinant G752R
mutant exhibited markedly reduced Na+ current
amplitude and a voltage shift in both activation and
inactivation curves. The mutant was found in all
affected but not in non-affected family members.
One additional gene-carrier had an almost normal
ECG (silent gene-carrier). They provided genetic
demonstration that Brugada ECG anomalies relat-
ed to a unique SCN5A mutation can be observed
either in the inferior or the right precordial leads.

Mohler et al. [43] found that humans with
ankyrin-B mutations display varying degrees of
cardiac dysfunction, including bradycardia, sinus
arrhythmia, IVF, catecholaminergic polymorphic
VT, and increased risk of SCD. However a pro-
longed rate-corrected QT interval was not a con-
sistent feature, indicating that ankyrin-B dysfunc-
tion represents a clinic entity distinct from classic
LQTS. The mutations were localized in the ankyrin-B
regulatory domain, which distinguishes function of
ankyrin-B from ankyrin-G (ANK3; 600465) in car-
diomyocytes. This study supports a previously
undescribed paradigm for human disease due to

abnormal coordination of multiple functionally re-
lated ion channels and transporters, in this case the
Na/KATPase, Na/Ca exchanger, and InsP(3) receptor.

Early repolarization abnormalities in the infe-
rolateral leads have been recognized as a frequent
syndrome associated with IVF. Haissaguerre et al.
[44] reported the case of an adolescent with drama-
tic changes in the ECG in association with recurrent
VF. All examinations including coronary angiogram
with ergonovine injection, magnetic resonance im-
aging, and flecainide or isoproterenol infusion were
normal. The patient had unresponsive electric
storms. Recurrences of VF were associated with
massive accentuation of the ST segment elevation.
Coronary angiography during an episode with 1.2 mV
J-point elevation was normal. Isoproterenol infusion
acutely suppressed electrical storms, while quinidine
eliminated all recurrences of VF and restored a nor-
mal ECG over a follow-up of 65 months. Genomic
DNA sequencing of K(ATP) channel genes showed
missense variant in exon 3 of the KCNJ8 gene,
a subunit of the K(ATP) channel.

Alders et al. [45] identified three probands de-
scendent from the same ancestor with a family his-
tory of IVF present in up to 20% of probands with
the disorder, suggesting that at least a subset of IVF
is hereditary. A genome-wide haplotype-sharing
analysis was performed for identification of the re-
sponsible gene in three distantly related families in
which several individuals had SCD or were success-
fully resuscitated at young age. The authors iden-
tified a haplotype on chromosome 7q36 that was
conserved in these three families and was also
shared by 7 of 42 independent IVF patients. The
shared chromosomal segment harbors part of the
DPP6 gene, which encodes a putative beta-subunit
component of human cardiac Ito current [46]. They
demonstrated a 20-fold increase in DPP6 mRNA
levels in the myocardium of carriers as compared
to controls. Clinical evaluation of 84 risk-haplotype
carriers and 71 noncarriers revealed no ECG or
structural parameters indicative of cardiac disease.
Penetrance of IVF was high; 50% of risk-haplotype
carriers experienced (aborted) SCD before the age
of 58 years (very malignant phenotype). The au-
thors propose DPP6 as a gene for IVF and increased
DPP6 expression as the likely pathogenetic mech-
anism. If there is a positive family history of unex-
plained SCDs and/or PVCs with very short coupling
intervals (ª 300 ± 50 ms) within 40 ms of the
T peak of the preceding beat in the absence of pause-
dependency or other identifiable causes, a link to
the DPP6 gene should be suspected [45]. In 3 re-
lated Dutch families segregating for IVF (VF2;



344

Cardiology Journal 2012, Vol. 19, No. 4

www.cardiologyjournal.org

612956), the authors mapped the disease locus to
a segment of chromosome 7 that includes the DPP6
gene. Direct sequencing of the probands in these
3 families as well as in 42 other Dutch probands seg-
regating IVF identified no mutations in the coding
sequences of DPP6, but a C-to-T transition 340 bases
upstream from the ATG initiation codon of isoform
2 of the DPP6 gene (612956.0001) was identified in
the 3 related probands and in 7 others. The 340C-T
variant was not present in a control group of 350
Dutch individuals. Clinical evaluation of 84 risk-hap-
lotype carriers and 71 noncarriers revealed no ECG
or structural parameters indicative of cardiac disease.
Penetrance of IVF was high; 50% of risk-haplotype
carriers experienced (aborted) SCD before the age
of 58 years. Alders proposed increased DDP6 ex-
pression as the likely pathogenetic mechanism of VF
in these families. The characteristics genetic bases
are: Gene mutation: DPP6 gene. HGNC Approved
Gene Symbol: DPP6 (DIPEPTIDYL PEPTIDASE
VI); Protein: Dipeptidyl aminopeptidase-like protein
6.; Locus: 7q26. (Cytogenetic location: 7q36.2.);
Channel on chromosome: Voltage-gated potassium
channels. DPP6 is putatively involved in the tran-
sient outward potassium current Ito in heart. This
current is active in phase 1 of the cardiac action po-
tential [47]; OMIM NO: 126141.; Phenotype MIM
number: 612956.; Inheritance pattern: autosomal
dominant and gain of channel function.

Loss-of-function mutations in the SCN5A-encod-
ed sodium channel SCN5A or Nav1.5 have been iden-
tified in IVF patients in the absence of BrS phenotype.
Nav1.5 is regulated by four sodium channel auxiliary
beta subunits. Valdivia et al. [48] reported a case with
IVF with a novel mutation in the SCN3B-encoded
sodium channel beta subunit Nav beta3 that causes
a loss of function of Nav1.5 channels in vitro and pro-
vides molecular and cellular evidence implicating
mutations in Nav beta3 as a cause of IVF. Mutation in
this SCN3B gene causes also BrS type 7 [49].

L-type calcium channel (LTCC) mutations
have been associated with BrS, SQTS, and Timo-
thy syndrome (LQT8). Little is known about the
extent to which LTCC mutations contribute to the
J-wave syndromes associated with SCD. Mutations
in the LTCCs are detected in a high percentage of
probands with J-wave syndromes associated with
inherited cardiac arrhythmias, suggesting that ge-
netic screening of Ca(v) genes may be a valuable
diagnostic tool in identifying individuals at risk.

Burashnikov et al. [50] identified CACNA2D1
as a novel BrS susceptibility gene and CACNA1C,
CACNB2, and CACNA2D1 as possible novel ERS
susceptibility genes.

Sinner et al. [51] founded a high prevalence of
ERP in a Finnish community-based sample cohort
of middle-aged individuals. ERP was associated with
about a 2- to 4-fold increased risk of cardiac mor-
tality in individuals between 35 and 54 years. An
inferior localization of ERP was particularly asso-
ciated with a increased risk.

ERP and, in particular, notching in the inferior
leads is associated with increased risk of life-threat-
ening ventricular arrhythmias in patients with
chronic coronary artery disease, even after adjust-
ment for left ventricular ejection fraction. These
findings suggest ERP, and a notching morphology
of the terminal portion of the R wave should be con-
sidered in a risk prediction model for arrhythmias
in patients with coronary artery disease [52].

Management

Symptomatic IVF patients have class I indication
of ICD implantation because recurrence rate is high
(ª 30% in a three year follow up). Multiple recur-
rences occur in about 30% of patients with IVF, and
early repolarization abnormality may be life threat-
ening with isoproterenol as an adjunct in acute cas-
es and quinidine in chronic cases. Although it is one
of the oldest drugs in our armamentarium, quini-
dine continues to have a role in modern cardiology.
Oral quinidine seems more effective than other
antiarrhythmic drugs in this condition. No recur-
rences were reported during 15 years follow up with
this drug The efficacy of quinidine in patients with
IVF and BrS is excellent. Electrophysiologic effi-
cacy-guided quinidine therapy represents a valuable
long-term alternative to ICD therapy in these pa-
tients [53]. There is an isolated case report of IVF
whose arrhythmias were successfully controlled
with phenytoin therapy [54]. Emergency catheter
ablation can be justified in critical patients with an
electrical storm of the ICD or in patients with IVF
[55]. Ablation for IVF that targets short coupled
PVC triggers and Purkinje potentials is associated
with a short-term and long-term freedom from VF
recurrence [56, 57].

Conflict of interest: none declared

References

1. Parisi AF, Beckmann CH, Lancaster MC. The spectrum of ST
segment elevation in the electrocardiograms of healthy adult
men. J Electrocardiol, 1971; 4: 137–144.

2. Di Paolo FM, Schmied C, Zerguini YA. The athlete’s heart in
adolescent Africans: An electrocardiographic and echocardio-
graphic study. J Am Coll Cardiol, 2012; 59: 1029–1036.



345

Andrés Ricardo Pérez-Riera et al., “Benign” early repolarization vs. malignant early abnormalities

www.cardiologyjournal.org

3. Rosso R, Kogan E, Belhassen B et al. J-point elevation in survi-
vors of primary ventricular fibrillation and matched control sub-
jects: incidence and clinical significance. J Am Coll Cardiol, 2008;
52: 1231–1238.

4. Perez MV, Uberoi A, Jain NA, Ashley E, Turakhia MP, Froeli-
cher V. The prognostic value of early repolarization with ST-
-segment elevation in African Americans. Heart Rhythm, 2011
[in press].

5. Edeiken J. Elevation of the RS-T segment, apparent or real, in
the right precordial leads as a probable normal variant. Am Heart J,
1954; 48: 331–339.

6. Wasserburger RH, Alt WJ. The normal RS-T segment elevation
variant. Am J Cardiol, 1961; 8: 184–192.

7. Brady WJ, Perron AD, Syverud SA et al. Reciprocal ST segment
depression: impact on the electrocardiographic diagnosis of ST
segment elevation acute myocardial infarction. Am J Emerg
Med, 2002; 20: 35–38.

8. Benito B, Guasch E, Rivard L, Nattel S. Clinical and mechanistic
issues in early repolarization of normal variants and lethal ar-
rhythmia syndromes. J Am Coll Cardiol, 2010; 56: 1177–1186.

9. Spach MS, Barr RC, Benson W, Walston A 2nd, Warren RB,
Edwards SB. Body surface low-level potentials during ventricu-
lar repolarization with analysis of the ST segment: variability in
normal subjects. Circulation, 1979; 59: 822–836.

10. Mirvis DM. Evaluation of normal variations in S-T segment pat-
terns by body surface isopotential mapping: S-T segment eleva-
tion in absence of heart disease. Am J Cardiol, 1982; 50: 122–128.

11. Fenichel NN. A long term study of concave RS-T elevation:
A normal variant of the electrocardiogram. Angiology, 1962;
13: 360–366.

12. Nakamoto K, Yonezawa A, Iwamoto H. Psychosomatic signifi-
cance of a concave rs-t elevation in chemically normal hearts.
Jpn Cir J, 1965; 29: 223–241.

13. Govindan M, Batchvarov VN, Raju H et al. Utility of high and
standard right precordial leads during ajmaline testing for the
diagnosis of Brugada syndrome. Heart, 2010; 96: 1904–1908.

14. Schwartz PJ, Priori SG, Spazzolini C et al. Genotype-phenotype
correlation in the long-QT syndrome: gene-specific triggers for
life-threatening arrhythmias. Circulation, 2001; 103: 89–95.

15. Abe A, Ikeda T, Tsukada T, Ishiguro H, Miwa Y, Miyakoshi M.
Circadian variation of late potentials in idiopathic ventricular
fibrillation associated with J waves: Insights into alternative
pathophysiology and risk stratification. Heart Rhythm, 2010; 7:
675–682.

16. Gussak I, Bjerregaard P, Kostis J. Electrocardiographic “lambda”
wave and primary idiopathic cardiac asystole: a new clinical syn-
drome? J Electrocardiol, 2004; 37: 105–107.

17. Riera AR, Ferreira C, Schapachnik E, Sanches PC, Moffa PJ.
Brugada syndrome with atypical ECG: Downsloping ST-segment
elevation in inferior leads. J Electrocardiol, 2004; 37: 101–104.

18. Rosso R, Glikson E, Belhassen B et al. Distinguishing “benign”
from “malignant early repolarization”: the value of the ST-seg-
ment morphology. Heart Rhythm, 2012; 9: 225–229.

19. Yan GX, Antzelevitch C. Cellular basis for the electrocardio-
graphic J wave. Circulation, 1996; 93: 372–379.

20. Hlaing T, DiMino T, Kowey PR, Yan GX. ECG repolarization
waves: their genesis and clinical implications. Ann Noninvasive
Electrocardiol, 2005; 10: 211–223.

21. Bernard A, Genée O, Grimard C, Sacher F, Fauchier L, Babuty D.
Electrical storm reversible by isoproterenol infusion in a striking
case of early repolarization. J Interv Card Electrophysiol, 2009;
25: 123–127.

22. Sacher F, Victor J, Hocini M et al. Characterization of premature
ventricular contraction initiating ventricular fibrillation. Arch
Mal Coeur Vaiss, 2005; 98: 867–873.

23. Mittadodla PS, Salen PN, Traub DM. Isoproterenol as an adjunct
for treatment of idiopathic ventricular fibrillation storm in a preg-
nant woman. Am J Emerg Med, 2012; 30: 251.e3–5.

24. Antzelevitch C, Yan GX. J-wave syndromes. from cell to bed-
side. J Electrocardiol, 2011; 44: 656–661.

25. Shu J, Zhu T, Yang L, Cui C, Yan GX. ST-segment elevation in
the early repolarization syndrome, idiopathic ventricular fibrilla-
tion, and the Brugada syndrome: cellular and clinical linkage.
J Electrocardiol, 2005; 38: 26–32.

26. Take Y, Morita H, Wu J et al. Spontaneous electrocardiogram
alterations predict ventricular fibrillation in Brugada syndrome.
Heart Rhythm, 2011; 8: 1014–1021.

27. McIntyre WF, Pérez-Riera AR, Femenía F, Baranchuk A. Coexi-
sting early repolarization pattern and Brugada syndrome: reco-
gnition of potentially overlapping entities. J Electrocardiol, 2012;
45: 199–202.

28. Hofman N, van Lochem LT, Wilde AA. Genetic basis of malig-
nant channelopathies and ventricular fibrillation in the structur-
ally normal heart. Future Cardiol, 2010; 6: 395–408.

29. Mizumaki K, Nishida K, Iwamoto J et al. Vagal activity modu-
lates spontaneous augmentation of J-wave elevation in patients
with idiopathic ventricular fibrillation. Heart Rhythm, 2012; 9:
249–255.

30. Derval N, Simpson CS, Birnie DH et al. Prevalence and chara-
cteristics of early repolarization in the CASPER registry: Cardiac
arrest survivors with preserved ejection fraction registry.
J Am Coll Cardiol, 2011; 58: 722–728.

31. Viskin S, Zeltser D, Ish-Shalom M et al. Is idiopathic ventricular
fibrillation a short QT syndrome? Comparison of QT intervals of
patients with idiopathic ventricular fibrillation and healthy con-
trols. Heart Rhythm, 2004; 1: 587–591.

32. Deo R, Albert CM. Epidemiology and genetics of sudden cardiac
death. Circulation, 2012;125: 620–637.

33. Haissaguerre M, Derval N, Sacher Fet al. Sudden cardiac arrest
associated with early repolarization. N Engl J Med, 2008; 358:
2016–2023.

34. Myerburg RJ, Castellanos A. Early repolarization and sudden
cardiac arrest: theme or variation on a theme? Nature Clin Pract,
2008; 5: 760–761.

35. Rudic B, Veltmann C, Kuntz E et al. Early repolarization pattern
is associated with ventricular fibrillation in patients with acute myo-
cardial infarction. Heart Rhythm, 2012 [Epub ahead of print].

36. Viskin S. Idiopathic ventricular fibrillation “Le Syndrome
d’Haissaguerre” and the fear of J waves. J Am Coll Cardiol,
2009; 53: 620–622.

37. Gussak I, Brugada P, Brugada J et al. Idiopathic short QT interval:
A new clinical syndrome? Cardiology, 2000; 94: 99–102.

38. Watanabe H, Makiyama T, Koyama T et al. High prevalence of
early repolarization in short QT syndrome. Heart Rhythm, 2010;
7: 647–652.

39. Martinek M, Purerfellner H. A phenotypic combination of idio-
pathic VF and Brugada syndrome. Pacing Clin Electrophysiol,
2010; 33: e 84–e87.

40. Letsas KP, Sacher F, Probst V et al. Prevalence of early repola-
rization pattern in inferolateral leads in patients with Brugada
syndrome. Heart Rhythm, 2008; 5: 1685–1689.

41. Akai J, Makita N, Sakurada H et al. A novel SCN5A mutation
associated with idiopathic ventricular fibrillation without typical
ECG findings of Brugada syndrome. FEBS Lett, 2000; 479: 29–34.



346

Cardiology Journal 2012, Vol. 19, No. 4

www.cardiologyjournal.org

42. Potet F, Mabo P, Le Coq G et al. Novel Brugada SCN5A muta-
tion leading to ST segment elevation in the inferior or the right
precordial leads. J Cardiovasc Electrophysiol, 2003; 14: 2000–
–2003.

43. Mohler PJ, Splawski I, Napolitano C et al. A cardiac arrhythmia
syndrome caused by loss of ankyrin-B function. Proc Nat Acad
Sci, 2004; 101: 9137–9142.

44. Haïssaguerre M, Chatel S, Sacher F et al. Ventricular fibrillation
with prominent early repolarization associated with a rare variant
of KCNJ8/KATP channel. J Cardiovasc Electrophysiol, 2009; 20:
93–98.

45. Alders M, Koopmann TT, Christiaans I et al. Haplotype-sharing
analysis implicates chromosome 7q36 harboring DPP6 in familial
idiopathic ventricular fibrillation. Am J Hum Genet, 2009; 84:
468–476.

46. Radicke S, Cotella D, Sblattero D, Ravens U, Santoro C, Wettwer E.
The transmembrane beta-subunits KCNE1, KCNE2, and DPP6
modify pharmacological effects of the antiarrhythmic agent te-
disamil on the transient outward current Ito. Naunyn Schmiede-
bergs Arch Pharmacol, 2009; 379: 617–626.

47. Radicke S, Cotella D, Graf EM, Ravens U, Wettwer E. Expres-
sion and function of dipeptidyl-aminopeptidase-like protein 6 as
a putative beta-subunit of human cardiac transient outward cur-
rent encoded by Kv4.3. J Physiol, 2005; 565: 751–756.

48. Valdivia CR, Medeiros-Domingo A, Ye B et al. Loss-of-function
mutation of the SCN3B-encoded sodium channel beta3 subunit
associated with a case of idiopathic ventricular fibrillation. Car-
diovasc Res, 2010; 86: 392–400.

49. Hu D, Barajas-Martinez H, Burashnikov E et al. A mutation in
the beta-3 subunit of the cardiac sodium channel associated with
Brugada ECG phenotype. Circ Cardiovasc Genet, 2009; 2: 270–278.

50. Burashnikov E, Pfeiffer R, Barajas-Martinez H et al. Mutations
in the cardiac L-type calcium channel associated with inherited
J-wave syndromes and sudden cardiac death. Heart Rhythm,
2010; 7: 1872–1882.

51. Sinner MF, Reinhard W, Müller M et al. Association of early
repolarization pattern on ECG with risk of cardiac and all-cause
mortality: a population-based prospective cohort study (MONICA/
/KORA). PLoS Med, 2010; 7: e1000314.

52. Patel RB, Ng J, Reddy V et al. Early repolarization associated
with ventricular arrhythmias in patients with chronic coronary
artery disease. Circ Arrhythm Electrophysiol, 2010; 3: 489–495.

53. Belhassen B, Glick A, Viskin S. Excellent long-term reproduci-
bility of the electrophysiologic efficacy of quinidine in patients
with idiopathic ventricular fibrillation and Brugada syndrome.
Pacing Clin Electrophysiol, 2009; 32: 294–301.

54. Golian M, Bhagirath KM, Sapp JL, Jassal DS, Khadem A. Idio-
pathic ventricular fibrillation controlled successfully with pheny-
toin. J Cardiovasc Electrophysiol, 2011; 22: 472–474.

55. Tebbenjohanns J, Rühmkorf K. Emergency catheter ablation in
critical patients. J Emerg Trauma Shock, 2010; 3: 160–163.

56. Knecht S, Sacher F, Wright M et al. Long-term follow-up of
idiopathic ventricular fibrillation ablation: A multicenter study.
J Am Coll Cardiol, 2009; 54: 522–528.

57. Wright M, Sacher F, Haissaguerre M. Catheter ablation for patients
with ventricular fibrillation. Curr Opin Cardiol, 2009; 24: 56–60.


