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ABSTRACT
Background Early repolarisation (ER) on ECG, which
was initially believed to be benign, has of late been
considered otherwise. Brugada syndrome has recently been
thought to be an extension of the ER spectrum, and the
familial tendency of the ER pattern is being highlighted.
With attention being drawn to ER’s association with
idiopathic ventricular fibrillation (VF), the prognosis and
lineage of patients with an ER pattern are under scrutiny.
Aims To analyse ER patterns on ECG, their presence in
first-degree relatives and their association with structural
heart disease. To classify different types of ER and estimate
the prevalence of the high-risk notch/slur pattern in the
population studied.
Methods We screened all patients presenting to our
department from December 2011 to July 2014 for ER
patterns. We excluded patients with other causes of ST
elevation that mimicked the ER pattern, those aged
<18 years, and those not willing to participate in the
study. A complete physical examination, 12-lead ECG and
echocardiography were performed on all study patients.
Willing first-degree relatives were screened with a 12-lead
ECG. Of the 963 patients with ER that we initially
screened, 843 completed the study. A total of 4116
relatives were screened.
Results Of the 843 patients who completed the study,
687 (81.5%) were male and 156 (18.5%) were female.
The majority were asymptomatic (70.11%), but had been
referred for ECG abnormalities. Fifteen patients with chest
pain were inadvertently thrombolysed and were later
diagnosed to have ER. Their ER pattern was exaggerated
during chest pain, which made this error highly likely.
Among the 48 patients who had acute coronary syndrome
(ACS), ER pattern was noticed in a different lead than
those affected by ACS. Of these, 27 (56.25%) had
ventricular tachycardia/VF during the acute phase. Six
patients had electrical storm without evidence of ACS, and
all had a global ER pattern with prominent notching/
slurring on baseline ECG. The most common type of ER
pattern was type I (lateral leads; 55.87%). Twenty-one
patients had a Brugada pattern. Of all the patients with
ER, only a third (34.16%) had the possibly high-risk
notched/slurred ECG pattern. The majority (82.92%) had a
structurally normal heart. We found that mitral valve
prolapse (MVP), as assessed by >2 mm leaflet prolapse
from the annulus, was more common in patients with ER
(11.39%). Of the 4116 relatives screened, 2625 (63.78%)
had an ER pattern; a quarter of family members had the
inferolateral variety and over 60% of relatives had the
lateral variety. We also noticed different ER patterns in the
same family.
Conclusions We found that exaggeration of the ER
pattern during chest pain may lead to inadvertent

thrombolysis. A notched/slurred ER pattern is found in only
a third of patients, who need to be grouped separately, as
they may constitute a high-risk category. Patients with ER
had MVP at a higher prevalence (almost double) than the
general population, probably explaining the high incidence
of sudden cardiac death associated with MVP. A familial
tendency to an ER pattern was found in more than half of
first-degree relatives, with different ER patterns, even the
Brugada pattern, found in the same family. This may be
because Brugada and other ER patterns belong to the
same spectrum and may share the same prognosis. Thus
we conclude that further studies regarding ER, its
association with MVP, risk stratification by notched ECG
pattern, and familial distribution along with gene analysis
are warranted.

BACKGROUND
Early repolarisation (ER) on ECG was detected as
early as 19361 and was considered benign for a
long time.2–5 In 1984, the malignant nature of ER
was first noted6 and was confirmed by several
studies,7–18 including the seminal paper of
Haïssaguerre et al19 on ER’s association with idio-
pathic ventricular fibrillation (VF). Brugada syn-
drome20 has been proposed to be an extension of
the ER pattern21 and has become an indication for
an implantable cardioverter defibrillator. Bearing
this fact in mind and considering that ER has a
familial tendency,22–26 we analysed ECG patterns
of patients with ER presenting to our hospital,
along with familial tendency to ER and its associ-
ation with any structural heart disease. We were
also inspired by the fact that ER is a current ‘hot’
topic and not many studies on ER have been
reported from this part of the country.

METHODS
We analysed the ECGs of all patients presenting to
the Department of Cardiology, Government T D
Medical College Hospital, Alappuzha, Kerala,
South India from December 2011 to July 2014 for
ER change. For our study, ER was defined as ‘an
ECG change characterised by J-point elevation and
rapidly upsloping or normal ST segment of ≥1 mm
(0.1 mV) above the isoelectric line and present in at
least two contiguous leads’ and was derived from
American Heart Association/American College of
Cardiology Foundation/Heart Rhythm Society
recommendations for the standardisation and inter-
pretation of the ECG published in Circulation
(2009).27 Exclusion criteria were <18 years of age,
not willing to sign the informed consent form, and
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other proven causes for ST elevation. Patients whose investiga-
tions could not be completed were also excluded. The majority
of patients were referrals from other departments, especially the
Department of Anaesthesia, for ECG abnormalities. Of the 963
patients initially screened, 843 completed all the necessary
investigations and gave informed consent. All these patients had
a complete physical examination, 12-lead ECG, and echocardi-
ography. Other investigations were performed according to rele-
vance on a case-by-case basis. First-degree relatives also signed
an informed consent form and were screened with 12-lead ECG
alone. The total number of relatives screened was 4116. The

results were tabulated, and relevant statistical analysis was
performed.

RESULTS
Of the 963 patients recruited, 843 were included in the study; 687
(81.5%) were male and 156 (18.5%) were female. The mean age of
the study population was 47.3 years for men and 44.7 years for
women. The average heart rate was 57/min for women and 62/min
for men. The vast majority were asymptomatic (70.11%) and were
referred from other departments for ECG abnormalities, mainly
detected during preoperative evaluation (figure 1). The next most
common presentation was chest pain, the majority of which was
atypical pain. Fifteen of these patients were inadvertently thrombo-
lysed and later diagnosed with ER syndrome, as echocardiography,
troponin and coronary angiography (CAG) results were negative.
We also noted that the ER pattern in these patients was exaggerated
during chest pain, which made this error highly likely. Forty-two
patients presented with syncope, but neither their history nor ECG
or Holter monitor results suggested significant arrhythmias.
Forty-eight patients had acute coronary syndrome (ACS) and an ER
pattern in a different lead from those affected by ACS. Of these, 27
(56.25%) had ventricular tachycardia (VT)/VF during the acute
phase. However, we did not notice any association between any par-
ticular type of ER and VT/VF. Six patients had electrical storm
without evidence of ACS as documented by enzyme assay or echo-
cardiography. These patients ultimately died. We convinced the rela-
tives of three such patients to allow an autopsy, which showed a
flabby heart without evidence of ACS. All had a global ER pattern
with prominent notching/slurring on the baseline ECG.

Among the ECG patterns of ER (table 1), the most common
was type I—that is, involving lateral leads (55.87%). We found
21 patients with a Brugada pattern (all three types in total),
which we grouped with other ER patterns, as the sample size
was small. We also grouped patients with a notched/slurred
ECG pattern (figure 2) separately to determine its relative preva-
lence in each type of ER (figure 3).

Echocardiography was performed in all patients to detect
structural heart disease (table 2). The majority (82.92%) had a
structurally normal heart. We found mitral valve prolapse

Figure 1 Presentation of patients with early repolarisation. ACS,
acute coronary syndrome; VF, ventricular fibrillation; VT, ventricular
tachycardia.

Table 1 ECG patterns in patients with early repolarisation

Lead involved No of patients (n=843) Percentage 95% CI

Lateral 471 55.87 50.06 to 61.68
Inferior 162 19.22 14.61 to 23.83
Inferolateral 141 16.73 12.37 to 21.09
Global 6 0.71 −0.27 to 1.69
Other patterns 63 7.47 4.4 to 10.54

Figure 2 Examples of notched/
slurred ECG patterns.
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(MVP), as assessed by >2 mm leaflet prolapse from the annulus,
to be more common in patients with ER (11.39%). A total of
117 patients underwent CAG, of which only 48 had significant
coronary artery disease (CAD).

To estimate the familial tendency of ER patterns, we screened
willing first-degree relatives of the patients with a 12-lead ECG.
If at least one of the screened relatives had an ER pattern in any
of the leads, it was considered a familial tendency. Of the 4116
relatives screened in total, 2625 (63.78%) had an ER pattern. A
quarter of family members with the inferolateral variety and
over 60% of relatives with the lateral variety had familial ER
patterns (table 3 and figure 4). We also noted that the ER
pattern was not necessarily the same in all family members
(table 4). Of the 4116 first-degree relatives screened, 2625 had
an ER pattern in one of the leads. The first column in table 4
shows the ER pattern in index cases, and the following columns
depict the ER pattern found in relatives of each of the ER pat-
terns in the first column.

DISCUSSION
ER syndrome is an as yet unexplored subject, and the potential
danger associated with ER was only discovered recently.7–18 ER
has been classified into three types.21 Type I has the best prog-
nosis, with ECG changes confined to lateral leads. Type II has
moderate risk and has changes confined to inferior or inferolat-
eral leads. Type III has global ER changes and has the worst
prognosis. The Brugada pattern is at present considered to be
an extension of the ER pattern.21 Brugada syndrome has been
proven to be arrythmogenic and a definite familial relation has

been established, while the three subgroups of ER have no
defined management protocols.

Of the ER patients presenting to our department, the major-
ity were asymptomatic, as all surgical patients were screened
with an ECG before surgery. Most patients with chest pain had
atypical pain, and screening for CAD proved negative in the
majority. Fifteen patients were inadvertently thrombolysed, as
there was an augmentation of ER changes mimicking ST eleva-
tion myocardial infarction during their chest pain. This augmen-
tation just before the onset of arrhythmia is well
documented.28–35 A total of 117 patients underwent CAG.
Only 48 of these patients had significant CAD and were
managed accordingly. We did not perform a vasoreactive test to
rule out vasospastic angina in any of these patients, as it was not
considered essential and hence not cleared by the institutional
ethics committee.

We also noticed that it is possible to have both ACS and ER
changes on the same ECG but in different leads. Of the 48 patients
with ACS, 27 developed VT/VF during ACS. Interestingly, all 27
had a notched/slurred QRS pattern, and 15 of them had ER
changes in inferior leads. Many studies that suggested an associ-
ation of idiopathic VF with ER pattern also found notching on
ECGs of affected patients.4 6 9 11 13 17–19 23 33–35 This is also true
with Brugada syndrome,20 where right bundle branch block is
associated with ST elevation. The six patients in our study with
idiopathic VT/VF also had a global ER pattern with notching of
QRS. Thus we categorised patients with a notched ECG pattern
separately to determine its relative prevalence and found that
fewer than 35% of the total patients with ER had a notched ECG.
Thus, if notching proves to be a reliable indicator of higher risk in
patients with ER, the majority of ER patterns will remain benign
(65% in our study). This could again help in risk stratification.17

The most common type of ER pattern was type I (confined to
lateral leads), and the most common population was young
men. This has also been documented in other larger studies.2–5

From echocardiography results, we found the majority of

Figure 3 Notched/slurred ECG patterns relative to lead involved.

Table 2 Echocardiographic findings in the 843 study patients

Echo

Male

95% CI

Female

95% CI

Total

95% CIn % n % n %

Normal 585 85.15 80.54 to 89.76 114 73.08 61.02 to 85.14 699 82.92 78.52 to 87.32
MVP 69 10.04 6.15 to 13.93 27 17.31 7.03 to 27.59 96 11.39 7.68 to 15.1
RWMA 21 3.06 0.83 to 5.29 9 5.77 −0.57 to 12.11 30 3.56 1.39 to 5.73
Other valves 12 1.75 0.05 to 3.45 6 3.85 −1.38 to 9.08 18 2.14 0.45 to 3.83
Total 687 156 843

MVP, mitral valve prolapse; RWMA, regional wall motion abnormality.

Table 3 Familial pattern of ER in relatives of index ER patients
(cumulative of all patterns)

Pattern Patients with familial pattern Percentage

Lateral 285/471 60.51
Inferior 84/162 51.85
Inferolateral 36/141 25.53
Other patterns 33/69 47.83
Total 438/843 51.96

The number of patients whose relatives were screened for ER and at least one of
them had an ER pattern in any of the leads is shown.
ER, Early repolarisation.
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patients to have a structurally normal heart, as expected.
However, the most interesting finding was that MVP was asso-
ciated with ER (11.39%) at a higher prevalence than in the
general population36–37 (maximum of 5%). This probably
explains the higher incidence of palpitations and SCD associated
with MVP.38–41 Further studies in this regard may help to find a
definite and clear association.

However, the most interesting part of our study was the mag-
nitude of familial tendency in these patients. Around 51.96%
had an ER pattern running in the family. The most common
was a lateral pattern and the least common an inferolateral
pattern. Another finding was that the same family can harbour
different ER patterns. Patients with a lateral ER pattern on ECG
had relatives with an inferior, inferolateral or even a Brugada
pattern. This may point to the fact that at least some of the ER
patterns may in fact be a continuum of Brugada syndrome and
may share the same prognosis. This needs further study.

CONCLUSION
The shift in concept of ER from being benign to being malig-
nant has revived interest in ER. We noticed that exaggeration
of the ER pattern during chest pain in certain patients may
mimic ACS, which may lead to inadvertent thrombolysis.
These patients usually do not have reciprocal changes in other
leads, and echocardiography and troponin investigations will
be negative. Patients with a notch/slur ER pattern need to be
grouped separately, as they may constitute a high-risk category.
Further studies may clarify this, which may help in risk stratifi-
cation of patients with ER. Another interesting finding was the
higher prevalence of MVP (almost double) in patients with ER
than in the general population. This probably explains the
higher incidence of SCD in MVP. Familial tendency of an ER
pattern was found in more than half of the first-degree

relatives. The most interesting point was that the ER pattern
could vary in the same family, and a Brugada pattern could
even be found alongside other patterns. Consequently, the pos-
sibility of Brugada and other ER patterns belonging to the
same spectrum has to be considered and may even a share
similar prognosis. Hence this study lays the foundation for
further population-based studies on ER, its association with
MVP, risk stratification by notch/slur ECG pattern, genetic
screening and familial distribution.
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