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Characteristics of the J Wave

◼ Also referred to as an Osborn wave

◼ A distinct J wave is commonly                              

observed in the baseline ECG of                                

some animal species, including baboons and dogs.

◼ A distinct J wave is rarely observed in humans under 

normal conditions, although an elevated J point is 

commonly encountered

◼ In humans and animals, the appearance of a prominent 

J wave in the ECG is considered pathognomonic of 

hypothermia,  hypercalcemia, the Brugada syndrome, 

early repolarization pattern or other arrhythmogenic

syndromes



Definition and Epidemiology
◼ The ER pattern on the ECG is characterized by ≥0.1mV J point elevation in two contiguous 

inferior and/or lateral ECG leads 

◼ The prevalence estimates for the ER pattern in the general population are highly variable 

and range between 1~13%

◼ ER is significantly more common amongst males, young athletes and patients of African 

descent

◼ For decades, the ER pattern has been regarded as a benign ECG variant. However 

multiple contemporary studies have linked ER as a predictor of lethal arrhythmias that may 

lead to fatal heart conditions 
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Definition of ERS

◼ Early repolarization syndrome (ERS) is a new disease 

entity characterized by high probability of IVF, polymorphic 

VT, SCD/ASCD and ER pattern in the ECG 



Proposed Shanghai Score System for 

diagnosis of early repolarization syndrome



Haissaguerre M. J Am Coll Cardiol. 2009;53:612-619

Male sex, N (%) 46 (87%)

Age, years 44±17

Family history of sudden death, N (%) 7 (13%)

Activity at initial cardiac arrest, N (%)

Sleeping 14 (26%)

Rest 12 (23%)

Physical effort 10 (19%)

Other activities 17 (32%)

Atrial fibrillation, N (%) 12 (23%)

History of electrical storm, N (%)* 9 (17%)

Inducible ventricular fibrillation 15/31 (48%)

Mutation in SCN5A , N (%) 4/29 (14%)

Location of early repolarization, N (%)

Inferior 37 (70%)

Lateral 37 (70%)

Right precordial 11 (21%)

Multiple locations of early repolarization 28 (53%)

Clinical characteristics of 53 patients in Japanese multicentric study

* An electrical storm was defined as ≥3 episodes of VF within 24

hours.

Watanabe H, et al. Int J CardiolI 2012;159:238-240

Genetics of ERS





• SCN5A mutation positive, 4 of 29 (14%) patients with ERS
• Non-functional channel

Watanabe H, et al. Circ Arrhythm Electrophysiol. 2011;4:874-881

Watanabe H, et al. Int J CardiolI 2012;159:238-240
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Zhang ZH, Barajas-Martinez  H, Hu D, et al. JACC: 2021, 78: 1603-1617

◼ Clinical assessment 

and gene sequencing 

were performed in 262 

BrS and 104 ERS 

probands

◼ ERS patients had 

shorter QRS and QTc 

than BrS patients



Zhang ZH, Barajas-Martinez  H, Hu D, et al. JACC: 2021, 78: 1603-1617

◼ Pathogenic SCN5A variants in

70 probands

 60 BrS and 10 ERS

 67 mutations, including 51 missens

e mutations

 New mutations: 2 BrS (Q1695H and

R1826P); ERS 10

◼ SCN5A+ ratio in ERS was lower 

than that in BrS

 9.62% vs. 22.90%

◼ More than two SCN5A

mutations were found in  five 

probands

 PR↑、QRS↑、 MAE↑

◼ ERS type and SCN5A

 ERS3 80%; ERS2 20%; ERS1 0%



Zhang ZH, Barajas-Martinez  H, Hu D, et al. JACC: 2022, 78: 1603-1617



•An S422L mutation in KCNJ8 was identified in a 14-years-old girl 

with no family history of sudden death

Haissaguerre M. J Cardiovasc Electrophysiol. 2009;20:93-98



Barajas-Martinez  Hector ,Dan Hu et al. Heart Rhythm, 2012

• KCNJ8 encodes Kir6.1 subunit of ATP-sensitive K+ channel 

• Hotspot mutation S422L has been identified in 2 ERS 

patients and 4 Brugada patients



Barajas-Martinez  H, Hu D, et al. Heart Rhythm 2011



From Dan Hu, et al. Int J Card: 2014,171:431-42

• ABCC9 encodes SUR2A subunit of ATP-sensitive K+ channel 
• Hotspot mutation, V734I, causes a gain of function in KATP activity by 

reducing sensitivity of KATP channels to ATP

Genetic analysis in 150 patients with Brugada syndrome and/or ERS 



◼ ECGs of 4 ABCC9-V734I variant carriers with ERS 

A: ABCC9-V734I 

C: ABCC9-V734I + SCN5A-G1297Gfsx22

B: ABCC9-V734I 

Hu D, Barajas-Martinez  H, et al. Int J Card: 2014,171:431-42

D: ABCC9-V734I + CACNA1C-P817S



Overlap Syndrome
ERS, BrS, LQTS, SAB 

Gain of Function in IK-ATP due to 

reduced sensitivity of the ABCC9 

(SUR2A)-S1402C  mutant  KATP 

channels to ATP Hu Dan et al.,  Int J Card, 2014



Burashnikov E，Hu D, Heart Rhythm. 2010;7:1872-1882

■

■

• 4 mutations in 3 Ca
2+

channel genes (CACNA1C, CACNA2D1, CACNB2)
• Loss-of-function



Chen X, Barajas-Martinez  H, Hu D, et al. Frontier CVM: 2021, 8:680819.

➢ ECG features

➢ HR slowed down

➢ QTc shortened

➢ TP-E /QT ratio increased



Chen X, Barajas-Martinez  H, Hu D, et al. Frontier CVM: 2021, 8:680819.

➢ Information of single calcium channel mutation was obtained in 8 cases, and 
the incidence of calcium channel mutation was 16.5% in ERS



Chen X, Barajas-Martinez  H, Hu D, et al. Frontier CVM: 2021, 8:680819.



SCN10A Mutations and BrS Dan Hu, et al.  JACC, 2014



ERS3 case – 27 y/o Male, with syncope and aborted SCD,

carried SCN10A Mutation



JCI Insight. 2019, 5;4(23):e131156.

◼ For the first time in GWAS, 

a significant association 

between a gene variant 

and ERP was identified

◼ Not only discover a 

KCND3 locus as a possible 

ERP gene determinant, but 

also provide a promising 

candidate for functional 

studies to understand the 

pathophysiological 

mechanism





Ye et al. Cir: GPM, 2022, accepted



Ye et al. Cir: GPM, 2022, accepted



Ach activates ventricular IKAS

ACh and Ajmaline can induce JWS, and male are more likely to induce ventricular 

arrhythmias than female

Chen et al. Heart Rhythm 2020 Aug 04



Stem cell international, 2021;16:781–790

Establishment and identification of the first hiPSC-CM 

system in ERS patients



Conclusion

•Clinical characteristics of ERS are 

heterogeneous and there have been 

multiple causative genes

•ERS is genetically complicated, but Ito-INa

complex is still the key to pathogenicity

Conclusion



Thank You


