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Abstract 

Background:  

Late potentials (LPs) identified on the signal averaged electrocardiogram (SAECG) are a marker for an 

increased risk of arrhythmias in Brugada syndrome (BrS). Procainamide is a sodium channel blocker used 

to diagnose BrS.  The effects of Procainamide on the SAECG in those with BrS and the significance of 40 

Procainamide-induced LPs are unknown. 

Methods:  

Procainamide provocation was performed for suspected BrS with 12-lead and SAECG pre- and post- 

infusion. Filtered QRS duration (fQRSd), duration of low amplitude signals <40μV (LAS40) and root-

mean-square voltage in the terminal 40 ms (RMS40) were determined. 45 

Results: 

Data from 150 patients were included in the analysis (mean age 44.5 years, 109 males). Procainamide 

increased fQRSd (Pre 118.8±10.5ms, post 121.2±10.2ms, p<0.001) and LAS40 (Pre 38.7±9.8ms, post 

40.2±10.5ms, p=0.005) and decreased RMS40 (Pre 24.6±12ms, post 22.8±12ms, p=0.002). LPs were 

present in 68/150 (45%) at baseline.  Fifteen patients with negative baseline SAECGs had LPs unmasked 50 

by Procainamide, but six patients had LPs at baseline that were no longer present following 

Procainamide. Comparing those with normal hearts (n=48) to those with a final diagnosis of BrS (n=38), 

Procainamide prolonged fQRSd to a greater extent in those with BrS.  Comparing those with 

Procainamide-induced LPs to those with no LPs at any time did not highlight any aspect of phenotype 

and did not correlate with a history of ventricular arrhythmias. 55 

Conclusions: 

Procainamide influences the SAECG, provoking LPs in a small proportion of patients.  However, there is 

no evidence that Procainamide-induced LPs provide additional diagnostic information or aid risk 

stratification. 

Keywords: Brugada, Procainamide, SAECG, late potentials  60 
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Abbreviations 

ECG Electrocardiogram 

SAECG Signal-averaged electrocardiogram 

LP Late potential 

BrS Brugada syndrome 

MRI Magnetic resonance imaging 

ICS Intercostal space 

fQRSd Filtered QRS duration 

RMS40 Root mean square of the terminal 40ms of the filtered QRS complex 

LAS40 Duration of low amplitude signals < 40 µV 

ICS Intercostal space 
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Introduction 

Brugada syndrome (BrS) is a rare inherited arrhythmia syndrome associated with a characteristic ECG 

abnormality of coved ST-segment elevation and T-wave inversion in the precordial leads1. BrS is 

frequently associated with variants in SCN5A, the gene encoding the cardiac sodium current INa , though  

the underlying genetic variant or variants remain elusive in many affected individuals 2.  These variants 70 

typically decrease INa, although the extent of sodium current loss is only weakly correlated with 

phenotype3. Pharmacological suppression of INa can be used for diagnosis using sodium channel blockers 

such as Procainamide, Flecainide or Ajmaline to unmask a BrS ECG pattern that is hidden at baseline4. 

Although BrS is associated with a risk of ventricular arrhythmias and sudden death, these potentially 

catastrophic events occur in only a minority of those with the condition5. Identifying those at higher risk 75 

is of vital importance. Those with a history of prior arrhythmias or syncope are widely acknowledged to 

have a higher risk of future events, but risk stratification in those at intermediate or low risk remains 

suboptimal4.  

In an attempt to improve risk stratification, many diagnostic tests including the signal averaged ECG 

(SAECG) have been evaluated.6 Late potentials (LP) on SAECG – abnormal low amplitude signals present 80 

in the terminal portion of the QRS complex – are more commonly seen in BrS patients with a history of 

ventricular arrhythmias than those without, although the positive predictive value remains low7. While 

the mechanism underlying late potentials in BrS remains controversial, it is likely that sodium channel 

dysfunction plays a key role8,9. 

Conceivably, the sodium current blocking effects of Procainamide might reveal late potentials in those 85 

with BrS that were otherwise latent. In a group of patients referred for provocation testing for 

suspected BrS, we hypothesised that (1) Procainamide would reveal late potentials in a proportion of 

those tested, (2) late potentials would be revealed more frequently in those with BrS than those 

without. 

  90 
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Methods 

Patient population 

This study was approved by the UBC-Providence Health Care Research Ethics Board.  Patients  

undergoing Procainamide provocation for evaluation of suspected BrS at Saint Paul’s Hospital, 

Vancouver, between December 2016 and July 2021 were eligible for inclusion10. Patients were excluded 95 

if QRS duration was >120ms on baseline ECG, as a high rate of false positives has been reported in this 

group11. Records were reviewed retrospectively by JW and CMP.  Twelve lead and signal averaged ECGs 

were stored as high-resolution digital files. Baseline SAECG and 12-lead ECG recordings were compared 

with those generated 10 minutes post-infusion.  Variant pathogenicity was assessed using American 

College of Medical Genetics criteria12.  100 

Procainamide provocation 

Informed consent was obtained from all patients. Pre-existing medications were cross-referenced with 

www.brugadadrugs.org to ensure they had no effect on test outcome. Provocation was conducted as 

previously described13. Procainamide was infused through a peripheral intravenous line with continuous 

ECG monitoring at a dose of 15 mg/kg over 20 minutes at a maximum rate and dose of 50 mg/min and 105 

1g respectively. SAECG recordings were conducted at baseline and 10 minutes post-infusion. Standard 

ECG recordings were conducted at baseline, at 10 and 20 minutes during the infusion, and post-infusion 

at 10 minutes, 30 minutes and 60 minutes. High lead ECG recordings were conducted at baseline, at 10 

and 20 minutes during the infusion, and post-infusion at 10 minutes. High lead ECG monitoring 

consisted of V1 and V2 elevated to the 2nd and 3rd intercostal space (ICS) respectively14. 110 

The infusion was terminated if the QRS complex prolonged by ≥130% of baseline value, if frequent 

premature ventricular complexes or ventricular arrhythmias were seen, if systolic blood pressure (SBP) < 

90 mmHg or symptoms of hypotension and SBP < 100 mmHg occurred, or if any other significant side 

effects secondary to the infusion were experienced. Isoproterenol was available at the bedside and 

infused at 2 mcg/min for 30 minutes with continuous ECG monitoring if ventricular arrhythmias were 115 

observed.  

Provocation was defined as positive if V1 or V2 within the 2nd, 3rd or 4th ICS demonstrated a Type 1 BrS 

ECG characterized by J-point elevation ≥2mm and a coved ST segment15. A type 2 BrS ECG pattern 

(T2ECG) was recorded if J-point elevation ≥2mm was followed by  ≥0.5mm saddle-back ST segment15. 
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Signal averaged ECG acquisition 120 

SAECGs were recorded via the MAC VU resting ECG analysis system (GE Health Care, Chicago, Illinois) in 

sinus rhythm using Frank X, Y, Z corrected orthogonal leads. A minimum of 250 beats were averaged for 

each recording with a noise level < 0.7 µV and bandpass filter frequency of 40-250Hz. The following 

parameters were analysed: filtered QRS duration (fQRSd), root mean square of the terminal 40ms of the 

filtered QRS complex (RMS40), and duration of low amplitude signals <40 µV duration (LAS40). LPs were 125 

deemed positive if 2 of the following 3 criteria were met: fQRSd >114 ms, RMS40 < 20 µV or LAS40 > 38 

ms 16. 

Statistical analysis 

Statistical analysis was performed using Microsoft Excel and IBM SPSS Statistics for Windows, version 

26.0 (IBM Corporation, Armonk, NY). Data are presented as mean ± standard deviation or n(%) unless 130 

otherwise indicated. Comparisons within groups were made via the paired t-test or Wilcoxon signed 

rank test as appropriate. For comparisons across groups, continuous variables were evaluated via 

student’s t-test or Welch’s t-test if normally distributed, and via the Mann-Whitney U test if not 

normally distributed. Categorical variables were compared using the Chi-squared test for unpaired data 

and McNemar’s test for paired data. P < 0.05 was considered significant.  135 
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Results 

172 consecutive patients underwent Procainamide provocation testing.  22 patients were excluded 

(missing pre-or post SAECG n=10, noise>0.7 µV n=1, infusion terminated early n=1, baseline QRS >120ms 

n=10).  150 patients were therefore included in this analysis (Table 1). Indications for Procainamide 140 

testing were an ECG suspicious for BrS without type 1 pattern (n=83), unexplained cardiac arrest (n=26), 

family history of unexplained cardiac arrest (n=22), family history of BrS (n=16), or investigation of an 

incidentally found SCN5A variant (n=3). Genetic testing was performed in 53 patients, identifying SCN5A 

variants in seven patients (Supplemental Table 1). 

Procainamide provocation induced a type 1 BrS ECG pattern in 36/114 (24%) cases.  Ten cases had 145 

spontaneous Type 1 ECGs during follow up including two with negative Procainamide provocation. In 

total 38 patients received a diagnosis of Brugada syndrome. 75 patients had a normal Procainamide 

challenge and no history of arrhythmias or any other cardiac diagnosis. Of these, 48 had undergone 

cardiac imaging with echocardiography and/or cardiac MRI that demonstrated structurally normal 

hearts. This group of 48 patients served as a control cohort of normal hearts for subsequent analyses. 150 

Effects of Procainamide on signal averaged and 12 lead ECG 

Prior to infusion of Procainamide, 68/150 (45%) participants had SAECGs that met criteria for positive 

late potentials (Figure 1). Infusion of Procainamide increased the filtered QRS duration (fQRSd) in 

122/150 (81%) patients. Overall, mean fQRSd increased by 2.4±5.6 ms (2.1%). LAS40 increased in 91/150 

(61%) patients with a mean increase of 1.6±6.8 ms (5.7%). RMS40 decreased in 94/150 (63%) patients 155 

with a mean reduction of 1.9±7.2 ms (5.2%) (Table 2).  

After Procainamide, 15 of the 72 patients with negative baseline SAECGs developed late potentials 

(21%), but interestingly 6 patients with late potentials on baseline SAECG had a negative SAECG post- 

Procainamide.  On analysis of 12 lead ECGs, Procainamide increased heart rate, PR interval, QRS 

duration, and the absolute and corrected QT intervals (Table 2). 160 

Differential effects of Procainamide in BrS vs. Control 

We next asked whether those with BrS exhibited a more pronounced effect of Procainamide on SAECG. 

Stratifying electrocardiographic findings by clinical cohorts, 38 patients with a final diagnosis of BrS were 

compared with a control group of 48 patients with normal hearts.  At baseline, patients with BrS had 

longer QRS durations on 12-lead but similar SAECG parameters. Procainamide  prolonged fQRSd and the 165 
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QT interval to a greater extent in those with BrS (Figure 2).  Other parameters were similar between 

groups.   (Table 3).   

We then asked whether identifying late potentials pre- or post- Procainamide identified any aspect of 

phenotype (Table 4). Compared to those who did not exhibit late potentials at any time, those with late 

potentials at baseline or after Procainamide were more likely to be male. No other aspect of phenotype, 170 

including persence of structural heart disease or history of prior cardiac arrest  was associated with late 

potentials before or after Procainamide.  

We finally asked whether an exaggerated response to Procainamide was associated with any patient 

characteristics. Participants showing an absolute change in fQRSd greater than the 90th centile (>7 ms) 

had similar characteristics to the population as a whole, as were those with an absolute change in LAS40 175 

over the 90th percentile (>10 ms), and those with a change in RMS40 more negative than the 10th 

percentile (<-9µV) (Supplemental Table 2).   

Sensitivity analyses 

To explore whether more pronounced changes might be seen in those with a more severe phenotype, 

we reanalysed the data including only the ten patients with BrS who manifested a spontaneous Type 1 180 

ECG (ST1) during follow up.  Those with a ST1 had longer fQRSd on SAECG and PR and QRSd on 12 lead 

ECG than control. The SAECG response to Procainamide was numerically greater  than that seen in the 

primary analysis but did not reach statistical significance (Supplemental Table 3). 

As it has been suggested that the accuracy of the SAECG for identifying late potentials may be impaired 

at higher noise levels, we  repeated the analysis including only patients whose SAECG had a noise level 185 

<0.3mcV (normal heart n=38, BrS n=29).  Results were similar to those seen in the primary analysis. 

Discussion 

We examined the effects of a procainamide challenge on SAECG findings in patients suspected to have 

Brugada syndrome. The main findings were: (1) Procainamide increases fQRSd and LAS40 and decreases 

RMS40 thereby meeting the criteria for late potentials in a subset of the patients. (2) Procainamide  has 190 

a greater effect on fQRSd and QT interval in those with BrS. (3) Procainamide-induced late potentials do 

not seem to identify any specific subgroup of patients. 
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In BrS the mechanisms underlying the late potentials are likely to differ from those causing late 

potentials in patients with gross structural heart disease. In early reports post myocardial infarction, late 

potentials were thought to represent delayed activation of regions of scarred myocardium17. Whilst 195 

right ventricular outflow tract (RVOT) fibrosis has been described in BrS 18, many patients with BrS have 

no identifiable structural abnormalities. In the present study, late potentials were no more likely to be 

seen in those with myocardial scarring as evidenced by late gadolinium enhancement on cMRI.   

Instead, potential mechanisms for late potentials in BrS include delayed activation of the RVOT caused 

by sodium current loss (the depolarisation hypothesis)19,20, or a second depolarisation generated by the 200 

accentuated action potential dome found in the epicardial RVOT facilitated by an increased transient 

outward potassium current (the repolarisation hypothesis)21.  These competing hypotheses are similar 

to those underlying arrhythmogenesis and the characteristic ECG pattern seen in BrS, as reviewed by 

Behr et al9. A common feature of both these mechanisms is a change in the balance of inward to 

outward currents which might both slow conduction and exaggerate the action potential notch.   205 

In the present study, Procainamide prolonged fQRSd and LAS40 and attenuated RMS40, consistent with 

previous work in humans22 and dogs23 post myocardial infarction. This may have occurred secondary to 

the depolarisation or repolarisation mechanisms described above. The effects of Procainamide were 

variable and a small minority of participants experienced a paradoxical shortening of fQRSd and LAS40, 

with the range of effects approximating a normal distribution.  210 

We hypothesised that the late potential-amplifying effects of Procainamide would occur less frequently 

in those without BrS, analogous to the minor effects of Procainamide on the surface ECG in those with 

structurally normal hearts, compared to the unmasking of a Type 1 ECG pattern in those with BrS.  

However, in the present study, those with BrS were no more likely to show Procainamide-induced late 

potentials than those with apparently normal hearts.  Only 5 patients were identified with a pathogenic 215 

SCN5A variant making it impossible to draw firm conclusions about  this small subset. 

One possible explanation for this finding is that Procainamide might cause a similar relative decrease in 

sodium current in those with normal or impaired baseline sodium channel function. Secondly, some 

cases of BrS may be unrelated to a sodium channelopathy but instead be due to calcium or potassium 

handling defects. Thirdly, as Procainamide also inhibits potassium channels, a complex effect on the still 220 

disputed mechanism of late potentials is possible.   
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Signal-averaged ECG has been suggested to enhance risk-stratification in BrS. In 2001, Ikeda et. al 

reported that 74% of a cohort of 33 patients with BrS had late potentials compared to 3% of age and sex 

matched controls 24. Furthermore, those with late potentials were more likely to experience arrhythmias 

during follow up. These findings have been repeated in subsequent larger series, also associating late 225 

potentials with symptoms, inducible arrhythmias, and appropriate ICD discharges7,25,26.  In our cohort as 

a whole comprising patients with multiple pathologies, similar proportions of patients with prior cardiac 

arrest were seen in those with late potentials pre- or post- Procainamide compared to those with no late 

potentials at any time. Whilst it would be useful to explore whether Procainamide-induced late 

potentials improve risk stratification in a pure BrS cohort, only a single patient with BrS in this study had 230 

a history of ventricular arrhythmias. It is therefore not possible to draw any solid conclusions regarding 

the prognostic value of Procainamide-induced late potentials in BrS. 

Limitations 

The majority of patients with BrS included in this study had a mild phenotype, potentially 

underestimating the differential effects of Procainamide that might have been seen had a cohort with a 235 

more severe phenotype been studied.  However, similar results to the primary analysis were seen in the 

sensitivity analysis including patients with spontaneous Type 1 BrS ECG pattern during follow up, 

supporting the validity of our findings. 

The cutoffs used to define late potentials are arguably arbitrary. The values are based on the distribution 

seen in healthy cohorts, values which vary according to the population studied and the recording 240 

equipment used27. The meaning of a small shift in value from one side of a binary cutoff to another 

could be questioned. However, the values we have used follow consensus definitions16.  

Other agents used for provocative testing such as Ajmaline and Flecainide have been shown to be more 

sensitive than Procainamide for identifying BrS and therefore may have led to better separation of 

groups and potentially had a greater effect on the SAECG14. However, a higher rate of false positives has 245 

been described with these agents, negating the benefits of greater sensitivity9. 

The cohort of patients used as controls, although having no apparent cardiac according to the 

investigations perfromed, included patients with a family history of arrhythmias.  These patients could 

have had concealed forms of channelopathies, potentially masking a true difference between groups.  

Finally, this study had an adequate number of patients to detect large differences between those with 250 

BrS and those without, but small differences may have been missed due to a lack of statistical power.  
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Conclusions 

Procainamide influences the signal-averaged ECG, increasing the fQRSd and LAS40, decreasing RMS40, 

and in a subset of patients shifting these values sufficiently to meet commonly accepted criteria for late 

potentials. Those with BrS exhibit a greater degree of Procainamide-induced fQRSd prolongation but 255 

wer no more likely to have Procainamide-induced late potentials. In a mixed cohort including patients 

with a mild phenotype of Brugada syndrome, identification of Procainamide-induced late potentials 

does not appear helpful as a marker for specific patient groups. 
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Figures 265 

 

 

Figure 1 - Recordings from a 63 year-old South East Asian female with a positive Procainamide 

provocation test. 12-lead and signal averaged electrocardiogram recordings at  (A) baseline and (B) 

following Procainamide infusion showing drug-induced Type 1 Brugada pattern and late potentials. 270 

 

 

Figure 2 – Beeswarm plots showing effects of Procainamide on SAECG indices comparing those with 

normal hearts and Brugada syndrome.  A – fQRSD, B LAS40, C – RMS40.  * - p<0.05, NS - not significant, 

BrS – Brugada syndrome 275 
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Tables 280 

Age (years) 44.5 ± 14.7 

Male (n, %) 109/150 (72.7%) 

Southeast asian (n, %) 32/150 (21.3%) 

FHx of BrS (n, %) 16/150 (10.7%) 

FHx of sudden death (n, %) 31/150 (20.7%) 

    

Smoker (n, %) 22/128 (17.2%) 

Coronary artery disease (n, %) 7/150 (4.7%) 

Diabetes (n, %) 6/150 (4%) 

Hypertension (n, %) 23/150 (15.3%) 

Paroxysmal atrial fibrillation (n, %) 6/150 (4%) 

LV ejection fraction (%) 60.5 ± 5.2 

LGE on cMRI (n, %) 5/35 (14.3%) 

BMI (kg.m-2) 25 ± 4.2 

Pacemaker (n, %) 1/150 (0.7%) 

ICD (n, %) 25/150 (16.7%) 

    

Palpitations (n, %) 28/150 (18.7%) 

Pre-syncope (n, %) 22/150 (14.7%) 

Syncope (n, %) 48/150 (32%) 

Cardiac arrest (n, %) 25/150 (16.7%) 

    

Genetic testing performed (n, %) 53/150 (35.3%) 

SCN5A variant identified (n, %) 7/53 (13.2%) 

Path/LPath SCN5A variant identified (n, %) 5/53 (9.4%) 

Non-SCN5A variant (n, %)  14/53 (26.4%) 

 
Table 1 - Demographics of study participants. FHx – family history, BrS – Brugada syndrome, LV – left 
ventricle, BMI – body mass index, LGE – late gadolinium enhancement, cMRI – cardiac magnetic 
resonance imaging, ICD – implantable cardioverter defibrillator, Path/LPath – American College of 
Medical Geneticists grade pathogenic or likely pathogenic.  285 
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  Baseline Post-Procainamide p 

SAECG    

Filtered QRS duration (ms) 118.8 ± 10.5 121.2 ± 10.2 <0.001 

LAS40 (ms) 38.7 ± 9.8 40.2 ± 10.5 0.005 

RMS40 (µV) 24.6 ± 12 22.8 ± 12 0.002 

Abnormal parameters (n) 1.5 ± 1.2 1.7 ± 1.2 <0.001 

2+ Abnormal parameters (n) 68/150 (45.3%) 77/150 (51.3%) 0.08  

12 lead ECG    

Heart rate (min-1) 62.4 ± 9.8 70.3 ± 10.6 <0.001 

PR interval (ms) 166.6 ± 24.4 177.8 ± 21.8 <0.001 

QRS duration (ms) 97 ± 9.7 104.8 ± 12.8 <0.001 

QT interval (ms) 405.6 ± 28.4 433.5 ± 33 <0.001 

QTc (ms) 410.6 ± 26 465.6 ± 27.9 <0.001 

 
Table 2 – Effects of Procainamide on signal averaged and 12 lead ECGs. 290 
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Normal heart (n=48) BrS (n=38) 

 
Mean ± SD Mean ± SD p  

Signal Averaged ECG 
 

Baseline 
   

fQRSd (ms) 120.3 ± 10.4 123.8 ± 9 0.11 

LAS40 (ms) 40.5 ± 9.2 41.9 ± 11.7 0.54 

RMS40 (µV) 23.8 ± 12.1 20.3 ± 9.9 0.16 

fQRSd >114ms (n) 32/48 (66.7%) 34/38 (89.5%) 0.01 

LAS40 >38ms (n) 24/48 (50%) 21/38 (55.3%) 0.63 

RMS40 <20µV (n) 21/48 (43.8%) 21/38 (55.3%) 0.29 

LPs at baseline 21/48 (43.8%) 21/38 (55.3%) 0.28 

Post-Procainamide 
  

fQRSd (ms) 120.3 ± 10.4 123.8 ± 9 0.11 

LAS40 (ms) 40.5 ± 9.2 41.9 ± 11.7 0.54 

RMS40 (mcV) 23.8 ± 12.1 20.3 ± 9.9 0.16 

fQRSd >114ms (n) 32/48 (66.7%) 34/38 (89.5%) 0.01 

LAS40 >38ms (n) 24/48 (50%) 21/38 (55.3%) 0.63 

RMS40 <20mcV (n) 21/48 (43.8%) 21/38 (55.3%) 0.29 

LPs post procainamide 24/48 (50%) 21/38 (55.3%) 0.54 

Difference 
  

∆fQRSd (ms) 1.8 ± 6.4 4.4 ± 5 0.04 

∆LAS40 (ms) 2.4 ± 6.8 2.4 ± 8.2 0.99 

∆RMS40 (mcV) -2.6 ± 8.1 -1.4 ± 6.5 0.49 

Induced LPs 4/27 (14.8%) 3/17 (17.6%) 0.80 

12 Lead ECG 
  

Baseline 
   

Heart rate (min-1) 61.9 ± 10.3 64.2 ± 10.5 0.32 

PR (ms) 166.5 ± 21.8 169.3 ± 22.9 0.57 

QRS (ms) 94.9 ± 9.3 99.8 ± 9.8 0.02 

QT (ms) 404.5 ± 28.1 401.6 ± 28.5 0.64 

QTc (ms) 407.5 ± 26.4 411.7 ± 23.3 0.45 
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Post-Procainamide 
  

Heart rate (min-1) 68.9 ± 9.6 72.5 ± 12.9 0.14 

PR (ms) 176.2 ± 23.5 179.8 ± 20.4 0.45 

QRS (ms) 102.1 ± 9.2 109.4 ± 15.6 0.01 

QT (ms) 429 ± 30.4 438.1 ± 40.7 0.24 

QTc (ms) 456.5 ± 27.2 476.1 ± 27.2 <0.01 

Difference 
  

∆HR (min-1) 7 ± 7.2 8.3 ± 6.8 0.39 

∆PR (ms) 9.6 ± 13.1 10.5 ± 13.5 0.75 

∆QRS (ms) 7.3 ± 5.5 9.5 ± 12.5 0.26 

∆QT (ms) 24.5 ± 23.3 36.5 ± 19.8 0.01 

∆QTc (ms) 49 ± 21.9 64.4 ± 22.9 <0.01 

Table 3– Changes in signal averaged and 12 lead ECGs stratified by patient group. LPs – late potentials.   
 

  



19 
 

  No LPs LPs at baseline LPs post 
Procainamide Induced LPs 

  Mean ± SD or 
n p Mean ± SD or 

n p Mean ± SD 
or n p 

Age (years) 43 ± 15.3 45.4 ± 13.4 0.33 46.1 ± 14.4 0.21 46.8 ± 17.5 0.4 

Male (n) 42/67 (62.7%) 56/68 (82.4%) 0.01 61/77 (79.2%) 0.03 11/15 
(73.3%) 

0.44 

Coronary artery 
disease (n) 

2/67 (3%) 4/68 (5.9%) 0.41 5/77 (6.5%) 0.33 1/15 (6.7%) 0.49 

Brugada 
syndrome (n) 

14/67 (20.9%) 21/68 (30.9%) 0.16 21/77 (27.2%) 0.34 3/15 (20%) 0.95 

Cardiac arrest (n) 14/67 (20.9%) 8/68 (11.8%) 0.15 10/77 (13%) 0.2 3/15 (20%) 0.94 

EF (%) 60 ± 4.9 61.2 ± 4.4 0.19 60.8 ± 5.5 0.39 60 ± 8.5 0.98 

EF <55% (n) 5/55 (9.1%) 2/46 (4.3%) 0.35 4/55 (7.3%) 0.73 2/12 (16.7%) 0.44 

LGE on cMRI (n) 4/17 (23.5%) 1/15 (6.7%) 0.19 1/18 (5.6%) 0.13 0/3 (0%) 0.35 

Any SCN5A 
variant (n) 

3/23 (13%) 2/24 (8.3%) 0.6 3/27 (11.1%) 0.83 2/6 (33.3%) 0.24 

Path or LPath 
SCN5A variant 
(n) 

3/23 (13%) 1/24 (4.2%) 0.28 1/27 (3.7%) 0.23 1/6 (16.7%) 0.82 

Non-SCN5A 
variant (n) 

7/23 (30.4%) 6/24 (25%) 0.68 6/27 (22.2%) 0.51 1/6 (16.7%) 0.5 

Table 3 – Patient characteristics stratified by presence of late potentials. LGE – late gadolinium 295 
enhancement, cMRI – cardiac magnetic resonance imaging, LPs – late potentials, Path – pathogenic, 
LPath – likely pathogenic. 
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