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Abstract

Objective Although early repolarization pattern (ERP) has been recognized as a benign variant, in recent studies have shown that it is associated with life-threatening arrhythmias. 
There are different studies demonstrated that there is a strong relationship between life-threatening arrhythmias and the severity of coronary artery disease (CAD). In this 
study, we aimed to determine whether Gensini Score (GS) values are higher in patients with ERP.. ( Sakarya Med J 2019, 9(1):112-119 )

Materials and 
Methods

Totally 110 patients with ERP and 90 control subjects were enrolled to the study. GS was calculated for each patient. p values < 0.05 were considered significant

Results GS was significantly higher in the ERP patients compared with the control group (19.5±20.2 vs 2.15±4.1; p<0.001). There was significant correlation between GS and age 
(r=0.507, p<0.001). GS was an independent predictor of ERP in multivariate logistic regression analysis (OR=0.655, 95% CI=0.557-0.769, p<0.001). In addition to, age and 
low-density lipoprotein cholesterol were independent predictors associated with GS in linear regression analysis (OR=0.370, 95% CI=0.085-0.655, p=0.011 and OR= -0.094, 
95% CI= (-0.176-0.013), p=0.024, respectively).

Conclusions An increase in the severity of CAD may be shown as a mechanism that leads to the emergence of ERP.
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Öz

Amaç Erken repolarizasyon paterni (ERP) iyi huylu bir varyant olarak kabul edilmesine rağmen, son zamanlarda yapılan çalışmalarda hayatı tehdit eden aritmilerle ilişkili olduğu gösterilmiştir. 
Hayatı tehdit eden aritmi ve koroner arter hastalığının (KAH) şiddeti arasında güçlü bir ilişki olduğunu gösteren farklı çalışmalar vardır. Bu çalışmada, ERP’li hastalarda Gensini Skoru (GS) 
değerlerinin daha yüksek olup olmadığını belirlemeyi amaçladık.  ( Sakarya Tıp Dergisi 2019, 9(1):112-119 )

Gereç ve 
Yöntemler Çalışmaya ERP’li toplam 110 hasta ve 90 kontrol grubu alındı. Her hasta için GS hesaplandı. p< 0.05 anlamlı kabul edildi.

Bulgular GS, ERP’li hastalarda kontrol grubuna göre anlamlı derecede yüksekti (19.5±20.2 ve 2.15±4.1; p <0.001). GS ile yaş arasında anlamlı ilişki vardı (r= 0.507, p< 0.001). GS, çok değişkenli 
lojistik regresyon analizinde bağımsız bir ERP belirleyicisidir (OR= 0.655,% 95 CI= 0.557-0.769, p <0.001). Ek olarak, yaş ve düşük yoğunluklu lipoprotein kolesterolü, lineer regresyon 
analizinde GS ile ilişkili bağımsız öngörücülerdi (OR= 0.370,%95 CI= 0.085-0.655, p= 0.011 ve OR= -0.094,%95 CI= (-0.176 -0.013), sırasıyla p= 0.024).

Sonuçlar KAH’nın ciddiyetindeki artış, ERP’nin ortaya çıkmasına yol açan bir mekanizma olarak gösterilebilir.
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INTRODUCTION
Early repolarization pattern (ERP) is characterized by a 
J-point (between the end of the QRS complex and the be-
ginning of the ST segment) elevation of at least one mm in 
two contiguous leads with a “notching” type appearance 
or a “slurring” in the inferior, lateral, or inferolateral leads 
on a surface electrocardiogram (ECG).1 It has been recog-
nized as a benign variant, especially in healthy young male 
subjects, although recent studies have shown that ERP is 
associated with an increased risk of cardiovascular death 
and sudden cardiac death (SCD).2-5 However, few studies 
have investigated the relationship between atherosclerotic 
heart disease and ERP. Th ese studies have investigated the 
association between ERP and the risk of ventricular tach-
ycardia (VT)/ventricular fibrillation (VF) and SCD in pa-
tients with acute coronary syndrome and have suggested 
that ERP might increase the risk of VT/VF.6,7

Diff erent studies confirmed a strong and consistent associ-
ation between life-threatening arrhythmias and coronary 
artery disease (CAD).8,9 Gensini Score (GS) is used to de-
termine the extent and severity of CAD. GS is a scoring 
system which is primarily calculated based on the involved 
artery, the extent of atherosclerosis, and the existence of 
collateral.10 Th e aim of this study was to determine whet-
her the GS value is higher in patients with ERP compared 
patients without ERP.

MATERIALS and METHODS
Study Design

Th e present study is a cross-sectional descriptive study.

Study Population
A total of 200 patients with stable angina pectoris (110 pa-
tients with ERP [55 men; mean age, 60.0±8.0 years] and 90 
patients without ERP in the control group [41 men; mean 
age, 58.4±8.9]) who were admitted to the cardiology clinic 
and emergency services department from March 2012 to 
December 2017 were included in the study. Th e patients 
were included in the study when they presented to the car-

diology clinic for the first-line control. All patients recrui-
ted for the study had objective signs of ischemia (treadmill 
exercise or myocardial single-photon emission computed 
tomography [SPECT]) and were referred for coronary 
angiography. Patients presenting with acute myocardi-
al infarction, a history of PCI or coronary artery bypass 
graft ing, end-stage renal disease, cardiomyopathies, mo-
derate to severe valvular heart diseases, heart failure, atri-
al fibrillation, complete right or left  bundle branch block, 
channelopathies, including long QT syndrome, Brugada 
Syndrome, and malignancy were excluded from the study. 
Patients taking medications known to have eff ect on QT 
interval, such as tricyclic antidepressants, β-blockers, cal-
cium channel blockers or antiarrhythmics were also exclu-
ded. Patients with hypertension were under the treatment 
of angiotensin converting enzyme inhibitors or angioten-
sin receptor blockers. Approval was obtained from the lo-
cal ethics committee for this study, and complied with the 
Declaration of Helsinki.

Electrocardiographic and Echocardiographic 
Examination

Twelve-lead ECGs were obtained from all subjects in a 
supine position at a paper speed of 25 mm/sec and a ca-
libration of 10 mm/mV. ECGs were obtained by the same 
investigator using the same ECG recorder (Nihon Kohden 
ECG-9020K, Japan). Baseline ECGs were simultaneously 
evaluated in random order by two experienced cardio-
logists for the presence of ERP. ERP was defined as ele-
vation of the J point (ie, the junction of the QRS complex 
and ST-segment) by 0.1 mV above the baseline with either 
QRS slurring or notching in the inferior leads (II, III, and 
aVF), the lateral leads (I, aVL, and V4 to V6), or both.

All echocardiography examinations (General Electric Vi-
vid S5, Milwaukee, WI, USA) were performed by an ex-
perienced cardiologist in all subjects using a 2.5–3.5 MHz 
transducer in the left  decubitus position. Left  ventricular 
ejection fraction (LVEF) was assessed using Simpson’s 
method.
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Coronary Angiography and Severity and Extent 
of Coronary Artery Disease 

All patients underwent selective right and left  coronary 
angiography through the right femoral artery using the 
standard Judkins technique with a MEGALIX Cat plus 
125/40/90-121 GW model angiography device (Siemens 
Artis Zee, Forchheim, Germany). Iohexol 350/100 was 
used as a contrast agent, and approximately 6–8 ml of the 
contrast medium was injected manually for each expo-
sure. Th e coronary arteries were imaged in the right and 
left  oblique position using cranial and caudal angulati-
ons. Th e severity and extent of coronary atherosclerosis 
in patients was assessed using the GS, which grades the 
narrowing of the lumen of the coronary arteries as 1 for 
1%-25% narrowing, 2 for 26%-50% narrowing, 4 for 51%-
75% narrowing, 8 for 76%-90% narrowing, 16 for 91%-
99% narrowing, and 32 for total occlusion. Th is score is 
then multiplied by a factor that takes into account the im-
portance of the lesion’s position in the coronary arterial 
tree; for example: 5 for the left  main coronary artery, 2.5 
for the proximal left  anterior descending (LAD) coronary 
artery or proximal left  circumfl ex (LCX) coronary artery, 
1.5 for the mid-region of LAD, and 1 for the distal LAD or 
mid-distal region of the LCX. Th e GS was expressed as the 
total of the scores for all coronary arteries.

Statistical Analysis
All tests were performed by using PASW Statistics (SPSS 
18.0 for Windows, Inc., Chicago, IL, USA). Continuous 
variables were expressed as mean±standard deviation, and 
the qualitative variables were expressed as a percentage or 
ratio. Compliance of the variables with normal distribu-
tion was assessed using the Kolmogorow-Smirnov test. 
Continuous variables were compared between groups 
using either the Student’s t-test or the Mann–Whitney U 
test, depending on the variable’s compliance with the nor-
mal distribution. For the qualitative variables, the chi-squ-
are test was used. Pearson correlation test was used for 
exploring the correlation state of some variables. Multiva-
riate linear regression analysis was used to analyze inde-
pendent predictors of GS. Multivariate logistic regression 
analysis was used to identify the independent predictors of 
ERP and independent variables that diff ered significantly 
in the univariate analyses (p < 0.1). A p value of less than 
0.05 was considered statistically significant.

RESULTS
Demographic and other characteristics of the ERP and 
control groups are shown in Table 1. Th ere was no statisti-
cally significant diff erence between the ERP and the cont-
rol groups with respect to age, gender, glucose, creatinine, 

Table-1: Baseline characteristics, laboratory and echocardiographic parameters of the study groups
Age, years 60.2±8.1 58.8±8.9 0.225
Male, n (%) 69 (62.7) 42 (46.7) 0.059
Systolic BP, mmHg 110.2±11.4 111.±9.4 0.330
Creatinin, mg/dL 0.88±0.39 0.88±0.35 0.868
Glucose, mg/dL 92.8±9.4 90.1±8.4 0.451
Total cholesterol, mg/dL 168.2±66.7 174±50.9 0.462
LDL cholesterol, mg/dL 100.2±40.4 106.2±36.0 0.269
LVEF, (%) 63.5±4.7 63.3±5.2 0.458
Magnesium, mg/dL 2.18±0.43 2.12±0.38 0.329
Calcium, mg/dL 9.28±0.65 9.17±0.53 0.198
Sodium, mmol/L 138.7±4.1 138.9±4.2 0.716
Potassium, mmol/L 4.52±0.54 4.38±0.60 0.084
Gensini score 19.5±20.2 2.15±4.1 <0.001
BP: blood pressure; LDL: low-density lipoprotein; LVEF: left  ventricular ejection fraction. Numerical variables with a nor-
mal distribution were presented as mean±standard deviation, or n (%).
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LVEF, total cholesterol, and low-density lipoprotein cho-
lesterol values. In addition, there was no significant dif-
ference between the groups in terms of electrolytes, such 
as sodium, potassium, calcium, and magnesium (Table 1).
GS was significantly higher in the ERP patients compared 
with the control group (19.5±20.2 vs 2.15±4.1; p<0.001) 
(Fig. 1). Pearson’s correlation test was used to determine 
the variables associated with the GS. Pearson’s correlation 
analysis revealed positive relationship between GS and age 
(r=0.507, p<0.001), male sex (r=0.215, p=0.002). However, 
there was no correlation among GS, systolic blood pressu-
re, serum glucose, serum creatinin, total cholesterol, and 
LDL cholesterol.

Univariate and multivariate logistic regression analyses for 
the predictors of ERP in the study population are presented 
in Table 2. In the univariate analysis, potassium level and 
GS were associated with ERP. Variables with a p value less 
than 0.1 in univariate analysis were included in the mul-
tivariate model. Multivariate logistic regression analysis 
demonstrated that the GS was an independent predictor of 
ERP (OR=0.654, 95% CI=0.556-0.769, p<0.001). In addi-
tion to, age and LDL cholesterol were independent predic-
tors associated with GS in linear regression analysis (OR= 
0.370, 95% CI=0.085-0.655, p=0.011 and OR= -0.094, 95% 
CI= (-0.176-0.013), p=0.024, respectively) (Table 3).

Table-2: Univariate and multivariate analysis for the predictors of ERP
Univariate analysis Multivariate analysis*

OR (95% CI) p OR (95% CI) p
Age 0.980 (0.948-1.013) 0.224 - -
Magnesium 0.709 (0.356-1.412) 0.328 - -
Calcium 0.735 (0.460-1.174) 0.198 - -
Sodium 1.013 (0.946-1.084) 0.714 - -
Potassium 0.649 (0.396-1.063) 0.086 0.729 (0.385-1.380) 0.331
Gensini score 0.655 (0.557–0.769) <0.001 0.654 (0.556-0.769) <0.001
CI: confi dence interval; ERP: early repolarization pattern; OR: odds ratio. 
*Variables with a p < 0.1 in univariate analysis were included in the multivariate model.

Table 3: Linear regression analysis for the predictors of Gensini score
Linear regression analysis

OR (95% CI) p
Male sex 3.370 (-1,543-8.282) 0.178
Age 0.370 (0.085-0.655) 0.011
Total cholesterol 0.040 (-0.019-0.100) 0.183
LDL cholesterol -0.094 (-0.176-0.013) 0.024
CI: confi dence interval; LDL: low-density lipoprotein; OR: odds ratio.

Figure 1: Mean Gensini values between 
the study groups
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DISCUSSION
In the present study, it was demonstrated that the GS is 
increased in patients with ERP when compared to those 
in subjects without ERP. In addition, GS was an indepen-
dent predictor of ERP. Th us, these findings suggest that an 
increase in the GS might worsen the stage of myocardial 
repolarization. 

ERP is characterized by a prominent elevation of the 
J-point between the end of the QRS complex and the be-
ginning of the ST segment on surface ECG.1 ERP has a 
range of 1-13% in the general population, depending on 
age (predominant in young adults), race (predominant in 
black populations), and sex (predominant in males).11 Alt-
hough ERP is considered a benign ECG finding, current 
studies have shown that it increases the risk of ventricular 
arrhythmia and SCD.12-14 Th e underlying pathophysiologic 
mechanism of ERP remains elusive and most likely has a 
complex structure. Experimental studies suggest that J-po-
int elevation indicates increased transmural distribution 
of myocardial repolarization which contributes a suscep-
tibility to ventricular arrhythmias.15 Th e second possible 
mechanism is the dysregulation of the autonomic nervous 
system, and autonomic tonus may play an important role 
in the formation of VTs associated with ERP. Th e reason 
for this is that many events have been shown to occur 
during an increased vagal tone, such as while sleeping or 
post-meal.16

Under certain conditions known to aff ect the distributi-
on of myocardial repolarization, such as ischemic heart 
disease, patients with ERP may be at an increased risk 
of arrhythmia.17 Atherosclerosis is a systemic disease as-
sociated with infl ammation, and there is a strong relati-
onship between atherosclerosis and endothelial dysfunc-
tion. Endothelial dysfunction may lead to fl uctuations in 
microvascular resistance. Atherosclerotic CAD caused 
by endothelial dysfunction may lead to ischemia and, in 
turn, to circulatory disturbances at the microvascular level 

during the ongoing process.18,19 Myocardial repolarization 
parameters may be aff ected by ischemia as a result of the 
extent and severity of CAD.8 Th e GS was established to 
expose the severity and extent of coronary atherosclerosis. 
Many studies have demonstrated the relationship between 
myocardial repolarization and coronary atherosclerosis; 
however, to our knowledge, there are not yet suff icient data 
about the relationship between ERP and the severity of co-
ronary atherosclerosis. 

Th e QT interval encompasses both depolarization and re-
polarization, whereas the Tpeak and Tend (Tp-e) interval 
represents transmural dispersion of myocardial repolariza-
tion.20,21 Previous studies have investigated the relationship 
between CAD and myocardial repolarization. It has been 
shown that a prolonged QT dispersion (QTd) is associated 
with an increased risk of dangerous ventricular arrhythmi-
as in patients with CAD.22 Goodhart et al.23 found that re-
vascularization in chronic total occlusion (CTO) resulted 
in a decrease in QTd, which was sustained at six months 
and also associated with improved global left  ventricular 
function. On the other hand, in a study by Cetin et al.9, it 
was found that the Tp-e interval decreased aft er succes-
sful percutaneous CTO revascularization. Th ese studies 
suggest that patients with increased CAD severity have an 
increased electrical imbalance in their myocardium.
 
J waves, including ERP, are associated with the occurrence 
of lethal arrhythmic events in patients with Brugada synd-
rome, ischemic heart disease, and hypertrophic cardiom-
yopathy.24,25 Recently, some researchers have investigated 
the relationship between ERP and cardiovascular events. 
Tikkanen et al.26 have shown that patients with ERP have a 
higher risk of having ischemic events and ischemic VF. In 
another study, Rudic et al.6 have suggested that ERP seems 
to be associated with VTs in the setting of acute myocar-
dial infarction. In addition to this information, ERP may 
point to peri-infarction block, which would indicate latent 
ischemic heart disease. Th erefore, ERP should prompt 
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clinicians to consider latent ischemic heart disease befo-
re attributing the J-point elevation to a primary electrical 
abnormality.27 However, there is currently no study inves-
tigating the relationship between CAD severity and ERP.

Study Limitations
Our study had some limitations. First, our study was single 
centered and included a small number of patients. Th ere-
fore, statistical power was limited. Th e results should be 
verified in a larger prospective cohort study. Second, be-
cause we did not have other ambulatory Holter measures, 
such as heart rate variability and heart rate turbulence, we 
could not investigate the relationship between the autono-
mic nervous system and ERP. Th ird, we did not have data 
on cardiac event rates for this study because we could not 
follow the study population for prospective arrhythmic 
events. Further comprehensive studies should be conduc-
ted with a larger number of patients and a longer follow-up 
time to increase the consistency of our results.

Conclusion
Th e increased severity of CAD is associated with an inc-
reased risk of ventricular arrhythmias. An increase in the 
severity of CAD may be indicative of a mechanism that 
leads to the formation of ERP by causing deterioration in 
the distribution of ventricular repolarization.
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