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Recent studies suggest that the electrocardiographic (ECG) finding of J-point ST-elevation, the early
repolarization syndrome, is not as benign as earlier believed. Three important articles published
in 2008/2009 suggest that this finding in the inferolateral leads of the ECG may be representing a
risk for subsequent ventricular fibrillation. Although these retrospective studies do justify a careful
evaluation of persons with this electrocardiographic pattern, especially of those with syncope or
ventricular arrhythmias and/or family history of sudden cardiac death, it seems to be unjustified to
consider it today to be a marker for high risk for sudden cardiac deaths in a general population.
Even in athletes, early repolarization was found to increase only minimally their arrhythmic risk. In
spite of certain similarities with the Brugada syndrome, their association is far from being proved.
Prospective studies and further electrophysiological and genetic information will help to clarify the
clinical significance of this syndrome.
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Since the 1930s, several investigators have noted
that ST-segment elevation at the QRS-ST junction
("the J-point") is not infrequently a benign ECG fea-
ture. Grant et al.1 seem to be the ones who first
used the term “early repolarization” (ER) to de-
scribe this electrocardiographic phenomenon and
its benign nature, even if accompanied by a termi-
nal QRS notch, has not been questioned for several
decades (Fig. 1).

An investigation by Haissaguerre and coworkers
reported in May 2008,2 disclosed some surprisingly
new data on ER syndrome. This group reviewed
data from 2006 on subjects from 22 centers from
nine different countries resuscitated after cardiac
arrest due to idiopathic ventricular fibrillation (VF).
ER was defined as an elevation of the QRS-ST junc-
tion of at least 0.1 mV from baseline in the inferior
or lateral lead, manifested as QRS slurring or notch-
ing; this pattern was significantly more frequent in
the case subjects than in control subjects. Further-
more, during a 5-year mean follow-up, defibrillator
monitoring showed a higher incidence of recurrent
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VF in case subjects with repolarization abnormality
than in those without.

Later in 2008, Rosso et al.3 found that J-point el-
evation in the inferior leads and in leads I and aVL
was more common among the 45 patients with id-
iopathic VF than among age- and gender-matched
control subjects: J-point elevation V4–6 occurred
with equal frequency among patients and matched
control subjects. The presence of ST-elevation or
QRS slurring did not add diagnostic value to the
presence of J-point elevation. The authors calcu-
lated that an incidental finding of a J wave during
screening should not be interpreted as a marker
of “increased risk” because the odds for this fatal
disease would still be roughly 1:10,000.

From Finland came the third investigation:
Tikkanen et al. in 2009 found4 J-point elevation
≥0.1 mV in inferior leads in about 6% of the sub-
jects; this finding was associated with a tendency
for increased risk (P = 0.03) of cardiac deaths. With
a J-point elevation >0.2 mV, this risk and deaths
from arrhythmias became statistically significant.
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Figure 1. Upper panel, Holter recording: relatively high terminal QRS notch and J-point ST-elevation, at heart rate of
52/min. Lower panel: Holter recording on the same day, at heart rate of 64/min: notching and J-point elevation hardly
seen.

Editorial comments and Letters to the Editor
demonstrated the great interest these three investi-
gations arose. Dr. Wellens5 seemed to be convinced
by the findings of the Haissaguerre group can be
important to detect high risk for VF of persons with
a history of unexplained syncope or a familial in-
cidence of sudden death at a young age. On the
other hand, Dr. Littmann pointed out that inferior
J-point elevation may signify periinfarction block6

that would indicate latent ischemic heart disease
and therefore this ECG sign should prompt clini-
cians to consider latent ischemic heart disease be-
fore attributing the J-point elevation to a primary
electrical abnormality. Dr. Viskin expressed his
view7 that there is too much overlapping between
VF patients and control subjects in terms of J-wave
amplitude and that asymptomatic patients with J
waves should not undergo further testing.

Merchant et al.8 observed that QRS notching is
more prevalent in the malignant variants of ER
than in the benign cases, findings that could have
important implications for risk stratification of pa-
tients with ER. In the healed phase of myocardial
infarction, patients with implantable cardioverter-
defibrillators (ICDs) had ER pattern in ≥2 leads
significantly more frequently than controls, noted
more commonly in inferior leads.9

TREATMENT OF ER

While no investigations were carried out on the
treatment of ER as long as it was looked upon as a
benign phenomenon without clinical significance,
the recent informations raised interest in a possi-
ble drug therapy of this condition. Haissaguerre
and coworkers,10 based on their experience on
their cohort of 122 patients with idiopathic VF

and ER abnormality in the inferolateral leads,
concluded that the electrical storms in these pa-
tients, all having ICDs implanted, were unrespon-
sive to beta-blockers, lidocaine/mexiletine, and ve-
rapamil, while amiodarone was partially effective
(in three of 10). Two specific drugs were efficient
to abolish and prevent recurrences of VF in these
patients: isoproterenol infusion immediately sup-
pressed electrical storms in all patients used, while
quinidine was successful, decreasing recurrent VF
to nil in all cases used, and also restored a normal
ECG (Table 1).

Implantation of ICDs were mentioned by Benito
et al.11 in their recent review article to be justi-
fied in individuals at “very high risk” and pace-
making to prevent bradycardia or increase resting
heart rate in some “at-risk” individuals, although
no references were provided for the use of these
procedures.

ER: A BRUGADA SYNDROME (BS)
VARIANT?

In the wake of the new observations about ER
creating a hazard for VF, the assumption was raised
that we are dealing with a variant of BS. Although
a relatively recent consensus report on BS de-
fined the ST-elevation of these patients strictly to
the right precordial leads,12 it has subsequently
been reported13 that 11% of the classical BS pa-
tients exhibit spontaneous ER or coved ≥2 mm ST-
elevation pattern in the inferiorlateral leads, while
in three patients, the coved Brugada pattern was
only present in the inferior leads; the authors sug-
gested that such patients should also be diagnosed
with BS. Similar findings and conclusions were re-
ported by Letsas et al.14 (Table 2).
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Table 1. Treatment of Early Repolarization
Syndrome15

Effective

Beta-blockers No
Lidocaine No
Mexiletine No
Verapamil No
Quinidine Yes
Isoproterenol IV Yes

for electrical storms
Amiodarone Partially

While a certain overlap obviously exists between
ER syndrome and BS, a difference was found be-
tween the mode of onset of VF in these two types
of patients. Nam et al.15 found that a transient aug-
mentation was indicative of a highly arrhythmo-
genic substrate heralding multiple episodes of VF in
patients with ER. VT/VF initiation was more com-
monly associated with a short-long-short sequence
and premature ventricular contractions displayed a
shorter coupling interval in patients with ER com-
pared with those with BS (Table 3).

Antzelevitch and Yan in their recent article16 pro-
posed to join ER and BS under the name “J-wave
syndromes” (in plural), as they considered them to
represent a continuous spectrum of phenotypic ex-
pression; they propose three subtypes: type 1, with
the ECG pattern predominantly seen in the lateral
precordial leads is prevalent among healthy male
athletes (see below); type 2, with the ER pattern
seen predominantly in the inferior or inferolateral
leads and is associated with a higher level of risk;
and type 3, in which the ER pattern is displayed
globally in the inferior, lateral, and right precordial
leads, is associated with the highest level of risk
for development of malignant arrhythmias. BS is
the fourth type.

Table 2. Diagnosis of Early Repolarization Syndrome
and Differential Diagnosis with Brugada Syndrome

ER Brugada
Syndrome Syndrome

Right BBB Not requested Requested
ST-elevation In L1, aVL, In V1–2

V4–6
QRS notch or slurring Frequent Absent
Shape of Upper Coved
ST-elevation Concave

Table 3. Mode of Onset of VF in ER Syndrome versus
Brugada Syndrome19

ER Brugada
Syndrome Syndrome P Value

Initiated by PVCs In 72.4% In 15.1% <0.01
with a short-long-
short sequence

Coupling 328 395 <0.01
intervals, ms

ER PATTERN IN ATHLETES

J wave, QRS slurring, and/or ST-segment ele-
vation in athletes with cardiac arrest in the ab-
sence of heart disease, was studied recently by
Cappato et al.17 The first two pathologies, with-
out ST-elevation in the inferior and lateral leads,
were significantly more frequently found in these
subjects than in control athletes. The authors ex-
pressed their opinion that since these changes
could reflect an underlying abnormality of repolar-
ization, their myocardium may be more sensitive
to various, still not well-defined arrhythmogenic
triggers, the incidental finding of a J wave/QRS
slurring in a healthy athlete should be considered
as a marker that minimally increases the arrhyth-
mic risk. Sport-induced rate-dependent repolariza-
tion inhomegeneities also may have been precip-
itating factors in creating the characteristic ECG
patterns, known as ER or “vagotonic heart” in ath-
letes.18 Bianco and Zeppilli19 found ER in the ECG
of 89% of competitive athletes, none of them has
suffered from major ventricular arrhythmias from
the time of their study onward; they considered
ER to be a complete benign phenomenon, even re-
versible after a few months of detraining.

ELECTROPHYSIOLOGICAL
OBSERVATIONS: ER OR LATE

DEPOLARIZATION

As noted, for decades the ST-elevation starting at
or near the J-point, was unequivocally related to the
mechanism of early-phase repolarization and the
transmural voltage gradient during the initial phase
of the ventricular repolarization was described as
the cellular basis of the J wave.20

This unequivocal relation of the J wave appear-
ance to ER was questioned by Wilde et al.20 Al-
though dealing with type 1 BS, the conclusion
of Postema et al.21 that the ECG abnormalities
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can be attributed to localized depolarization ab-
normalities, notably terminal conduction delay in
the right ventricle, with the repolarization derange-
ments secondary to these, can most probably ex-
trapolated to the ER syndrome as well. Indeed,
Drs. Borggrefe and Schimpf 22 devoted their Edito-
rial Comment to “J wave syndromes” (also in plural),
stressing that the two divergent use on the fun-
damental mechanisms underlying the coved-type
diagnostic Brugada ECG, and apparently the ER
syndrome as well, are indicative of our limited
knowledge of the molecular basis and clinical pre-
sentation of a major clinical problem.

As it happens frequently when two mechanisms
are supposed to be at work, we may find out that
actually both are real. Nishii et al.23 found in 135
patients abnormal action potential duration resti-
tution properties and conduction delays and con-
cluded that both repolarization and depolarization
abnormalities are related to the development of VF;
although their conclusion was deducted from endo-
cardial monophasic action potential in BS patients,
we may assume that their conclusion is applicable
for ER patients as well.

WORDS OF CAUTION

In spite of the new evidences about the associa-
tion of ER and the risk of idiopathic VF, Myerburg
and Castellanos24 expressed their opinion that the
data presented so far do not permit distinction be-
tween ER as a single pathophysiological entity with
variable expression, or that ER is a nonspecific
ECG pattern that might be associated with specific
high-risk or low-risk entities. Finally, we should
not discard the opinion of Dr. Borys Surawicz (per-
sonal communication, July 2010) who feels that we
are witnessing the “birth of illegitimate nomencla-
ture” and who discourages the use of “J wave Syn-
dromes” as one that cannot be defined and the use
of “Early Repolarization Syndromes” that have not
been defined by standard ECG terminology.
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