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ABSTRACT 1 

Background: Hydroquinidine reduces arrhythmic events in patients with Brugada syndrome 2 

(BrS). The mechanism by which it exerts antiarrhythmic benefit and its electrophysiological 3 

effects on BrS substrate remain incompletely understood.  4 

Objective: This study aimed to determine the effect of Hydroquinidine on ventricular 5 

depolarisation and repolarisation in patients with BrS in vivo. 6 

Methods: Twelve patients with BrS underwent electrocardiogram (standard, high-lead and 7 

signal averaged) and electrocardiographic imaging (ECGi) at baseline and “on-treatment” with 8 

Hydroquinidine 300mg twice daily. ST-segment elevation, activation time (AT), repolarisation 9 

time (RT) and activation-recovery intervals (ARI) were computed for the ventricles and the 10 

right ventricular outflow tract (RVOT). Serum Hydroquinidine levels were determined, and 11 

adverse drug events captured through medication survey. 12 

Results: Hydroquinidine increased RT (301.1 ± 24.1ms vs 348.8 ± 28.3ms, p <0.001), 13 

repolarisation gradients (1.1 ± 0.4 ms/mm vs 1.6 ± 0.4 ms/mm, p<0.001) and ARI (241.3 ± 18.1 14 

ms vs 284.8 ± 21.5 ms, p<0.001) in the RVOT, with a greater change in the RVOT compared to 15 

the rest of the ventricles. In contrast, activation parameters did not change significantly on-16 

treatment with Hydroquinidine, although there was a subtle increase in ST-segment elevation 17 

over the RVOT (1.5 ± 0.7mV vs 1.8 ± 0.8mV; P<0.001). Hydroquinidine levels did not correlate 18 

with electrophysiological changes or occurrence of adverse drug reactions. One patient 19 

developed frequent non-sustained ventricular tachycardia on-treatment with 20 

Hydroquinidine. 21 
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Conclusions: Hydroquinidine primarily effects ventricular repolarisation and action potential 22 

duration (indicated by ARI) in patients with BrS and demonstrates regional variation with 23 

more significant changes in the RVOT.   24 



 4 
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activation, ventricular repolarisation, activation-recovery interval.  27 
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INTRODUCTION 28 

Quinidine (in its various formulations, including Hydroquinidine) has been shown to reduce 29 

the inducibility of arrhythmia on programmed stimulation and the frequency of clinical 30 

ventricular arrhythmias in patients with Brugada syndrome (BrS).1-3 Despite challenges with 31 

access3 and poor tolerance due to side effects1, 4, it is the only medication recommended for 32 

long-term reduction of arrhythmic events in BrS.5 However, the specific mechanism by which 33 

Quinidine reduces arrhythmia in BrS remains incompletely understood.  34 

 35 

The mechanistic uncertainty around Quinidine’s antiarrhythmic effects in BrS parallels 36 

ongoing debate regarding the underlying pathophysiology of the condition itself, which 37 

centres around two main hypotheses. The abnormal depolarisation hypothesis, supported by 38 

fractionated local electrograms frequently observed in the RVOT of patients with BrS, holds 39 

that intermittent activation failure and resultant unidirectional block provides substrate for 40 

arrhythmia.6-8 The repolarisation hypothesis asserts that accentuation of the already 41 

prominent phase 1 notch in RVOT epicardial myocytes, through a reduction in INa and/or 42 

increase in ITo, shortens the epicardial action potential, setting up a transmural gradient and 43 

a propensity for phase 2 re-entry and ventricular arrhythmia.9, 10 While there has been a 44 

degree of convergence between these two hypotheses, the relative contributions of 45 

depolarisation and repolarisation abnormalities remain unclear. 46 

 47 

Early identification of Quinidine’s inhibition of the inward sodium current (INa) led to its 48 

classification as a class 1 antiarrhythmic agent, but it also inhibits the transient outward 49 

current (ITo) and delayed rectifier current (IKr).11-14 Heterogeneity of its effect across the 50 
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epicardium and endocardium has also been described.15  In vivo, Quinidine prolongs action 51 

potential duration, repolarisation and refractory periods in healthy subjects13, 16 and has been 52 

reported to variably attenuate ST elevation in BrS.2, 4, 17 Investigations into its mechanism as 53 

an antiarrhythmic agent in BrS have largely been based on models related to the 54 

‘repolarisation hypothesis’.9 Importantly, the potential effects of Quinidine on depolarisation 55 

in BrS have not been systematically reported and regional variations in its effect in the RVOT 56 

compared to the rest of the ventricles have not been systematically studied. 57 

 58 

The aim of this study was to investigate the in vivo electrophysiological effects of 59 

Hydroquinidine in patients with BrS using non-invasive evaluation including 60 

electrocardiographic imaging (ECGi).    61 
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METHODS 62 

Patient selection 63 

Study participants were recruited from the Genetic Heart Disease clinic at Royal Prince Alfred 64 

Hospital, Sydney, Australia between 2019 and 2021. Patients were invited to participate if 65 

they were over 18 years of age, not taking Quinidine at the time of enrolment, and had either 66 

a spontaneous type 1 Brugada ECG pattern, or history of cardiac arrest with drug-induced 67 

type 1 Brugada ECG pattern. Exclusion criteria can be found in Supplemental Methods. This 68 

study was approved by the Sydney local health district human research committee (X19-69 

0258), registered with the Australian New Zealand Clinical Trials Registry (ACTRN 70 

12620000934943) and all patients provided written informed consent to participate.  71 

 72 

Study Protocol 73 

The study protocol is shown in Supplemental Figure 1. Participants received sustained release 74 

Hydroquinidine (Hydroquinidine hydrochloride, Serecor 300mg capsules, Sanofi-Aventis, 75 

Paris, France) 300mg twice daily for 14±7 days to reach steady state prior to “on-treatment” 76 

assessment. Serum Hydroquinidine levels were determined at the on-treatment visit with 77 

levels from 3 to 6µmol/L considered to be in the therapeutic range.4 Baseline and on-78 

treatment assessments were performed at the same time of day (morning) to minimise 79 

potential confounding from diurnal variability.  80 

 81 

Standard and high praecordial lead 12-lead electrocardiograms (ECG) and signal-averaged 82 

ECG (SAECG) were performed at baseline and on-treatment assessments. Non-invasive 83 

electroanatomical mapping was performed at baseline and on-treatment assessments using 84 
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ECG imaging (ECGi). Participants completed a medication survey at the time of the on-85 

treatment visit to monitor for medication adherence and side effects. Holter monitors were 86 

performed at baseline and on-treatment given the potential for proarrhythmia with 87 

Hydroquinidine and a prior report of non-sustained monomorphic VT on therapy.2 All patients 88 

underwent genetic testing of SCN5A and variants were classified according to American 89 

College of Medical Genetics and Genomics (ACMG) criteria. Patients with pathogenic or likely 90 

pathogenic variants were considered SCN5A (+). 91 

 92 

ECG Imaging using CardioInsightTM 93 

ECGi was performed using the CardioInsight™ non-invasive 3-dimensional mapping system 94 

(Medtronic Inc, Minneapolis, MN). ECGi methodology has been reported previously and is 95 

described in detail in supplementary data.18, 19 Briefly, mapping was performed in sinus 96 

rhythm. Manual segmentation of ventricular anatomy from contrast computed tomography 97 

scans was performed and integrated with body surface signals. ST-segment elevation, 98 

activation times (AT), repolarisation times (RT corrected for heart rate) and activation-99 

recovery interval (ARI where ARI = RT- AT) were computed using previously reported methods 100 

and details can be found in Supplemental Methods.7, 20 Isochronal electroanatomical maps 101 

were created from computed values. Global activation gradients and repolarisation gradients 102 

as well as EGM T-wave width and amplitude were computed for the entire ventricles.  The 103 

pathological changes in BrS are thought to be localised to the RVOT and thus regional analysis 104 

of metrics was performed to examine the electrophysiological properties of the biventricular 105 

mass excluding the RVOT (BiV) and RVOT.6, 7 Mean AT in the areas of late activation (later 106 

than 80ms) was also calculated as described previously.7 107 
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Statistics 108 

GraphPad Prism Version 9.1.2 (GraphPad Software, San Diego, California USA) was used for 109 

statistical analysis. Descriptive statistics were used to determine the characteristics of the 110 

cohort with continuous variables reported as means and standard deviations and categorical 111 

variables as counts and percentages of available data. Continuous variables were compared 112 

using paired Student t-tests. Statistical significance was defined as p-value <0.05. 113 

114 



 10 

RESULTS 115 

Cohort characteristics 116 

The clinical characteristics of the cohort are reported in Table 1. Eleven of 12 participants 117 

(91.7%) were male, and the mean age was 47.6 ± 10.9 years. All participants had a 118 

documented spontaneous type 1 BrS pattern ECG, except for one cardiac arrest survivor who 119 

had an inducible type 1 ECG following Ajmaline challenge. Three patients had survived cardiac 120 

arrest while two had a history of syncope of unclear aetiology. Two patients had frameshift 121 

variants in SCN5A (p.Glu955Aspfs*74 and p.Gln646Argfs*5) which were classified as likely 122 

pathogenic or pathogenic, respectively. Other patients did not have suspicious variants in 123 

SCN5A. 124 

 125 

ECG Parameters 126 

On-treatment, there was a significant increase in corrected QT interval (369.5msec vs 127 

434.8msec, p<0.0001) as well as a smaller but statistically significant increase in QRS duration 128 

(110.7msec vs 117.8msec, p=0.004). Seven of 11 (63.6%) patients (the patient with baseline 129 

right bundle branch block was excluded from SAECG analysis) had late potentials on SAECG 130 

(as previously defined 21) at baseline. One of these patients did not have late potentials on-131 

treatment, while another patient developed late potentials on-treatment. There were no 132 

significant changes in other ECG or signal-averaged ECG parameters on-treatment (Table 2).  133 

 134 

ECGi Parameters: ST-segment elevation 135 

At baseline, there was significantly greater ST-segment elevation in the RVOT compared to 136 

the BiV (1.5 ± 0.7mV vs 0.4 ± 0.1mV, p< 0.001) (Table 2 and Figure 1A). Compared to baseline, 137 

treatment with hydroquinidine resulted in a small but statistically significant increase in ST-138 
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segment elevation in the RVOT (1.5 ± 0.7mV at baseline vs 1.8 ± 0.8mV on-treatment; 139 

P<0.001; mean change 0.3mV, range 0.1-0.7mV) but no change was seen in the ST-segment 140 

potential in the BiV mass (Table 2 and Figure 1B). 141 

 142 

ECGi Parameters: ventricular activation 143 

Baseline activation maps showed a consistent area of delayed activation in the RVOT in all 144 

participants (representative maps shown in Figure 2A). Mean AT was longer and activation 145 

gradients were twice as steep in the RVOT compared to the BiV at baseline (Table 2). 146 

Activation gradient maps suggested that late activation in the RVOT was due to an area of 147 

steep deceleration of the activation wavefront in the border zones of the RVOT rather than 148 

progressive delay throughout the RVOT (Figure 2A).  149 

 150 

There was no significant change in activation pattern or global activation parameters in 151 

response to Hydroquinidine, with mean AT and activation gradients in RVOT and BiV 152 

unchanged on-treatment (Figure 2B and Table 2). There was a statistically significant increase 153 

in mean AT in areas of late activation (Table 2), but this effect was largely driven by 3 outliers 154 

(one patient with RBBB and two SCN5A (+) patients, discussed below). Morphology and 155 

degree of fractionation of low-amplitude electrograms from areas of late activation in the 156 

RVOT were similar between baseline and on-treatment assessments (Supplemental Figure 157 

2).  Ventricular activation was similar between patients with therapeutic and sub-therapeutic 158 

Hydroquinidine levels (Supplemental Table 1).   159 
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ECGi Parameters:  ventricular repolarisation 160 

At baseline, mean RT was longer in the RVOT than BiV (301.1 ± 24.1 vs 258.2 ± 18.2, p <0.001). 161 

There were marked changes in ventricular repolarisation in response to Hydroquinidine 162 

(Figure 3). Mean RT prolonged in the RVOT and the BiV, with a proportionally greater increase 163 

in the RVOT than the BiV on-treatment (mean difference in RT RVOT – BiV, 42.9 ± 10.6 vs 66.0 164 

± 13.0, p <0.001) (Table 2). The repolarisation gradient increased in both the RVOT and BiV 165 

(RVOT: 1.1 ± 0.4 vs 1.6 ± 0.4, p<0.001, BiV:1.2 ± 0.4 vs 1.9 ± 0.5, p<0.001), Table 2. EGM T-166 

wave amplitude decreased, and T-wave width increased throughout the myocardium on-167 

treatment (Table 2 and Supplemental Figure 3). Changes in ventricular repolarisation in 168 

response to Hydroquinidine were independent of serum Hydroquinidine levels 169 

(Supplemental Table 1). 170 

 171 

ECGi Parameters: activation-recovery interval 172 

Activation-recovery interval, a surrogate for local action potential duration, prolonged with 173 

Hydroquinidine (Figure 4), with a proportionally greater lengthening in the RVOT (mean ARI 174 

RVOT-BiV 17.2 ± 9.1ms vs 37.9 ± 12.6ms p=0.001, Table 2). Changes in mean ARI with 175 

Hydroquinidine were independent of serum Hydroquinidine levels. (Supplemental Table 1). 176 

 177 

Serum Hydroquinidine levels and side effects of therapy 178 

Five patients (42%) had therapeutic serum Hydroquinidine levels on-treatment. Mean serum 179 

Hydroquinidine level was 3.0 ± 1.0µmol/L (range 1.3-4.7µmol/L). Eight out of 12 (75%) 180 

participants reported a suspected side effect, most commonly, diarrhoea (n=5). No significant 181 

difference in serum Hydroquinidine level was detected between those who experienced side 182 

effects and those who did not (2.9µmol vs 3.1µmol, p=0.790). No patients discontinued 183 



 13 

Hydroquinidine due to side effects. No clinically significant blood dyscrasias or impairment of 184 

liver function occurred on-treatment.  185 

 186 

SCN5A positive patients 187 

One patient (BEU6) developed frequent, non-sustained monomorphic ventricular tachycardia 188 

originating from the RVOT on-treatment, detected on Holter monitoring (Figure 5). The 189 

patient was asymptomatic with serum Hydroquinidine level of 2.87 µmol/L and QTc was 190 

429ms. BEU6 was one of 2 patients with a pathogenic frameshift variant in SCN5A. Surface 191 

ECGs from Holter recording and ECGi maps of patient BEU6 are shown in Figure 5. When 192 

compared to the mean response in the cohort, BEU6 exhibited a greater increase in the 193 

activation gradient with Hydroquinidine therapy (0.8ms/mm at baseline; 1.5ms/mm on-194 

treatment) and mean AT in the area of late activation also increased to a greater extent during 195 

Hydroquinidine (86.5ms at baseline; 120ms on-treatment). Interestingly, a similar pattern 196 

was also seen in the other patient with a pathogenic variant in SCN5A, but no arrhythmia 197 

observed on Holter. (Figure 6). In contrast, the effect of Hydroquinidine on ST-segment 198 

elevation and repolarisation parameters was similar in SCN5A (+) patients compared to SCN5A 199 

(-) patients.   200 
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DISCUSSION 201 

This study sheds new light on the in vivo electrophysiological characteristics of patients with 202 

BrS, and the effects of Hydroquinidine. The key findings were as follows: 1) there is significant 203 

slowing of activation and repolarisation as well as prolongation of ARI at the border zone of 204 

the RVOT in BrS; 2) Hydroquinidine does not significantly alter myocardial activation in the 205 

RVOT or more generally in the ventricles but a subtle increase in ST-segment elevation was 206 

observed in RVOT during treatment; 3) Hydroquinidine prolongs action potential duration 207 

(APD) evidenced by an increase in ARI; 4) the RVOT exhibited a greater increase in 208 

repolarisation on Hydroquinidine compared to the rest of the ventricles; 5) similar 209 

electrophysiological changes and frequency of side effects were observed in patients with 210 

‘sub-therapeutic’ and ‘therapeutic’ drug levels. 211 

 212 

Imbalance between depolarisation and repolarisation in the RVOT in BrS 213 

Our data confirm delayed activation in the RVOT, similar to that described in previous BrS 214 

cohorts.18, 22 Isochronal crowding on activation maps and steep increase in activation gradient 215 

suggest marked deceleration in the activation wavefront between the RV body and RVOT, 216 

rather than homogenous delay throughout the RVOT. Significant ST-segment elevation was 217 

also confined to the RVOT, consistent with previous studies using isolated human hearts, 218 

computer models and epicardial mapping that have indicated that the ST-segment elevation 219 

in electrograms over the RVOT may be caused by local excitation failure in the 220 

subepicardium.7, 23 Interestingly, ARI maps also reveal a band of increased ARI and region of 221 

steep repolarisation gradients at the border of the RVOT in this cohort.  In normal 222 

myocardium, ARI is inversely proportional to activation time (ARI = RT – AT) resulting in 223 
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relative regional homogeneity of repolarisation times.24 An increase in ARI reveals an 224 

imbalance between activation and repolarisation with a proportionally greater delay in 225 

repolarisation than depolarisation. This band-like region of increased ARI and steep 226 

repolarisation gradients was noted to be a distinguishing feature in patients with BrS from 227 

those with RBBB previously.18 Given fibrosis is well described in BrS 25, it is notable that ARI 228 

prolongation and dispersion of repolarisation have also been demonstrated in scar border 229 

zones of patients without BrS and variations in scar location between myocardial layers 230 

results in transmural heterogeneity of APD, and may be important in arrhythmogenesis.26  231 

 232 

Modulation of repolarisation by Quinidine is a potential antiarrhythmic mechanism in BrS 233 

Although it could be expected that Quinidine’s inhibition of the sodium current may 234 

exacerbate any pre-existing impairment of myocardial activation (especially in the RVOT), 235 

inhibition of ITo by Quinidine may increase the source current and actually prevent activation 236 

failure, staving off the unidirectional block that causes arrhythmia.27 In the present study, 237 

there was a small but statistically significant increase in the ST-segment potential (mean 238 

0.3mV) in the RVOT electrograms during treatment with Hydroquinidine, but there was no 239 

significant change in regional (RVOT) or global activation time in response to Hydroquinidine 240 

on ECGi.  ST-segment elevation in the RVOT is exacerbated by sodium-channel blocking agents 241 

such as Ajmaline and this has been demonstrated to be due to epicardial excitation failure.7 242 

Hence, it is plausible that Hydroquinidine may also have a subtle effect on transmural 243 

activation to account for the small increase in ST-segment potential over the RVOT during 244 

treatment. However, this may not have been sufficient to affect regional RVOT activation 245 

times. In contrast, our data show a generalised increase in ARI and RT with Hydroquinidine. 246 

Prolongation of the APD (observed here as increased ARI) increases the effective refractory 247 
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period (ERP) of tissue and may reduce susceptibility to re-entry. Moreover, changes in APD 248 

and RT also demonstrated regional variation, with proportionally greater on-treatment effect 249 

in the RVOT compared to the rest of the ventricles. This is particularly noteworthy given the 250 

RVOT has been shown to be the region of arrhythmia initiation in BrS.28, 29 It is possible that 251 

regional variations in the effect of Hydroquinidine contribute to its specific benefits in BrS. 252 

This hypothesis is supported by a previous study showing significantly shorter RVOT-ERP and 253 

RVOT-APD in patients with BrS compared to control patients, and correction of the RVOT-APD 254 

with Quinidine therapy, resulting in reduced VF inducibility.30 Based on these observations, 255 

we speculate that the antiarrhythmic effect of Quinidine in BrS may be primarily due to 256 

modulation of repolarisation, especially in the RVOT.  257 

 258 

Drug monitoring and adverse effects 259 

We did not observe a difference in electrophysiological effect between patients with 260 

therapeutic serum Hydroquinidine levels and patients with subtherapeutic Hydroquinidine 261 

levels. While the absence of statistically significant difference should be interpreted with 262 

caution given the small numbers in this study, it is interesting to note that this finding parallels 263 

a previous report that serum drug level was similar between patients rendered non-inducible 264 

with Hydroquinidine and those who had persistent inducibility of arrhythmia on therapy (2.7 265 

± 1.3 µmol/l vs 2.8 ± 1.6 µmol/l).2 Notably, the mean serum levels in both groups fell below 266 

the traditional “therapeutic range” of Hydroquinidine (3 to 6µmol/L).2, 4 While it is possible 267 

that the electrophysiological effects of Hydroquinidine and/or suppression of inducible 268 

arrhythmia are truly not linked to serum drug level, a more likely explanation is that 269 

Hydroquinidine exerts antiarrhythmic effects at lower does that traditionally expected. This 270 

notion is supported by observational studies but ideally it should be validated with 271 
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prospective studies specifically evaluating the effects of different dosing.31, 32 Despite the 272 

relatively low dose of Hydroquinidine used in this study, two thirds of patients experienced 273 

side effects attributed to the drug, unrelated to serum level. Hence, monitoring serum 274 

Hydroquinidine levels does not appear to correlate with efficacy or safety, and we agree with 275 

previous authors that QTc is a simple but valuable marker of adherence to therapy.2  276 

 277 

The development of monomorphic ventricular tachycardia during Hydroquinidine therapy in 278 

patient BEU6 was a concerning finding. The ventricular tachycardia was likely attributable to 279 

Hydroquinidine given the absence of any arrhythmia at baseline and high burden on 280 

treatment. Monomorphic ventricular tachycardia has been described in BrS in the absence of 281 

Quinidine therapy but Quinidine has also been associated with proarrhythmia.2, 4, 33 282 

Importantly, Quinidine’s prolongation of the QT interval only rarely appears to be associated 283 

with proarrhythmia.1, 2, 4, 34 Indeed, QTc was normal and the effect of Hydroquinidine on 284 

repolarisation parameters in BEU6 were comparable to the rest of the cohort. However, there 285 

was an increase in the activation gradient in the border-zone of the RVOT and mean activation 286 

in the region of latest activation with Hydroquinidine therapy was quite different to the rest 287 

of the cohort. One may speculate that these changes on Hydroquinidine may predispose to 288 

re-entrant arrhythmia from the RVOT.  289 

 290 

Interestingly, the effect of Hydroquinidine on activation in the RVOT appeared to be more 291 

apparent in patients with disease-causing SCN5A variants, whereas this was either absent or 292 

less marked in patients without any deleterious variants in SCN5A. It is possible that patients 293 

with functionally abnormal cardiac sodium channel may have an altered response to the 294 

effects of Quinidine, for example, being more sensitive to the inhibition of the INa. Our 295 
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findings, albeit in only two patients, parallel the observations of Pannone et al, who showed 296 

greater delay in AT in the RVOT with Ajmaline in SCN5A (+) patients compared to SCN5A (-) 297 

patients.35 The impact of genotype on differential effects of Hydroquinidine in BrS warrants 298 

further exploration.    299 
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LIMITATIONS 300 

The number of subjects in this pilot study was low and thus adjustment for differences in 301 

demographic characteristics, clinical presentation and genotype was not possible in the 302 

evaluation of electrophysiological effects of Hydroquinidine. ECGi records body surface 303 

potentials and then uses an inverse problem to reconstruct unipolar electrograms of 304 

transmural electrical activity on an epicardial shell. ECGi does not distinguish which 305 

myocardial layer predominately contributes to the signal.36 Thus, while abnormal substrate 306 

with delayed activation and ST-segment elevation were clearly demonstrated in the RVOT in 307 

our cohort, the transmural heterogeneity and specific epicardial or endocardial effects of 308 

Hydroquinidine could not be assessed. While such differences are best studied with combined 309 

epicardial and endocardial mapping (eg. in patients undergoing catheter ablation), a slightly 310 

‘less invasive’ approach for evaluation in future studies may be simultaneous endocardial 311 

mapping and ECGi with signal subtraction to model transmural electrical gradients. ECGi 312 

analysis is also limited by its spatial resolution (Supplemental Table 2), and there are inherent 313 

challenges with studying heterogeneities on a submillimeter level using currently available 314 

clinical mapping techniques. Nevertheless, the current study demonstrates that non-invasive 315 

mapping may have a role in evaluating and monitoring the effect of drug therapy in BrS.   316 

 317 

Segmentation of the RVOT was based on anatomical landmarks, and this may not mirror the 318 

extent of the abnormal ‘electrical substrate’ in the RVOT in BrS patients, leading to potential 319 

errors in comparative analysis of regional activity in the RVOT. The dose of the Hydroquinidine 320 

was relatively low (but similar to previous clinical studies); hence, future studies investigating 321 

in vivo effects at different doses would be useful given that different ion channel effects may 322 
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be observed at higher doses.14 Furthermore, serum drug levels may not accurately reflect 323 

cellular drug concentrations.  324 

 325 

CONCLUSION 326 

The dominant electrophysiological effect of Hydroquinidine in patients with BrS is alteration 327 

of ventricular repolarisation, evidence by prolongation of RT and APD. These changes could 328 

explain the antiarrhythmic effect of Hydroquinidine observed in BrS. Further investigation is 329 

required to determine any transmural differences, as well as other potential modifiers of 330 

effect such as drug-dosing and disease-causing variants in SCN5A.  331 
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TABLES 
 
Table 1: Cohort Characteristics 
 

 BrS Patients (n=12) 

Male 11 (91.7) 

Age (years) 47.6 ± 10.9 

Body mass index  24.2 ± 2.1 

Ethnicity 

• North-West European 

• North-East Asian 

• Southern/Central Asian 

• South-East Asian 

- 

5 (41.7) 

3 (25.0) 

3 (25.0) 

1 (8.3) 

Spontaneous type 1 ECG  11 (91.7) 

History of cardiac arrest 3 (25.0) 

History of syncope of unclear aetiology 2 (16.7) 

Shanghai Score 4.6 ± 1.4 

Family history of BrS 1 (8.3) 

Family history of sudden cardiac death 1 (8.3)  

Defibrillator in situ 4 (33.3) 

Pathogenic or likely pathogenic SCN5A variant 2 (16.7) 

Values are given as n (%) or mean ± SD. 
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Table 2. Non-invasive parameters at baseline and on-treatment 
 

 Baseline On-treatment P-value 
ECG    

Heart rate (bpm) 65.5 ± 7.5 65.3 ± 8.3 0.895 

PR interval (ms) 180.6 ± 28.3 185.3 ± 22.5 0.239 

QRS duration (ms) 110.7 ±16.1 117.8 ± 17.8 0.004 

QT (ms) 378.3 ± 25.2 418.8 ± 32.8 <0.001 

QTc (ms) 369.5 ± 26.0 434.8 ± 27.2 <0.001 

Tpeak-Tend (ms) 90.7 ± 10.2 92.2 ± 15.6 0.790 

Maximum J-point elevation (mV) 2.2 ± 1.1 2.1 ± 1.1 0.647 

SAECG*    

Filtered QRS duration (ms) 112.1 ± 10.4 113.9 ± 9.9 0.567 

Root mean squared voltage of terminal 40msec 
(μV) 

19.1 ± 13.4 17.6 ± 10.1 0.722 

Duration of terminal QRS <40µv (ms) 43.0 ± 11.3 44.8 ± 9.7 0.556 

Number of patients with late potentials (%) 7 (63.6) 7 (63.6) >0.999 

ECGi    

Mean ST elevation BiV (mV) 0.4 ± 0.1 0.4 ± 0.1 0.214 

Mean ST elevation RVOT (mV) 1.5 ± 0.7 1.8 ± 0.8 <0.001 

    
Mean AT BiV (ms) 33.8 ± 6.3 35.4 ± 7.0 0.141 

Mean AT RVOT (ms) 59.4 ± 13.5 63.8 ± 19.2 0.066 

Mean AT RVOT-BIV (ms)  25.7 ± 10.7 28.3 ± 14.2 0.201 

Activation gradient BiV (ms/mm) 0.5 ± 0.1 0.5 ± 0.1  0.087 

Activation gradient RVOT (ms/mm) 1.1 ± 0.4  1.2 ± 0.6 0.150 
Mean AT in late activated area (ms) 91.4 ± 11.4 101.1 ± 21.6 0.043 

    

Mean RT BiV (ms) 258.2 ± 18.2 282.7 ± 24.3 <0.001 

Mean RT RVOT (ms) 301.1 ± 24.1 348.8 ± 28.3 <0.001 

Mean RT RVOT-BIV (ms) 42.9 ± 10.6 66.0 ± 13.0 <0.001 

Repolarisation gradient BiV (ms/mm) 1.2 ± 0.4 1.9 ± 0.5 <0.001 

Repolarisation gradient RVOT (ms/mm) 1.1 ± 0.4 1.6 ± 0.4 <0.001 

    

T-wave amplitude BiV (mV) 0.48 ± 0.15 0.33 ± 0.10 <0.001 

T-wave amplitude RVOT (mV) 0.97 ± 0.30 0.76 ± 0.23 0.017 

T-wave width BiV (ms) 126.0 ± 7.5 152.0 ± 11.4 <0.001 
T-wave width RVOT (ms) 138.6 ± 10.4 175.5 ± 7.2 <0.001 

    

Mean ARI BiV (ms) 224.1 ± 14.7 247.0 ± 21.2 0.001 

Mean ARI RVOT (ms) 241.3 ± 18.1 284.8 ± 21.5 <0.001 

Mean ARI RVOT-BiV (ms) 17.2 ± 9.1 37.9 ± 12.6 0.001 

Values are given as n (%) or mean ± SD. 
*Patient DBR1 removed from SAECG analysis due to right bundle branch block. 
Abbreviations: AT, activation time; ARI, activation-recovery interval; BiV, biventricular mass excluding RVOT; 
RT, repolarisation time; RVOT, right ventricular outflow tract.  
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FIGURE LEGEND 

Figure 1: ST-segment elevation 

ST-segment elevation was greater in the RVOT at baseline, with a statistically significant 

increase on-treatment. ECGi maps from a representative patient are presented in panel A, 

showing ST-segment elevation in mV at baseline and on-treatment, for entire BiV (left 

panel) and RVOT (right panel). Panel B shows comparative analysis of ST-segment elevation 

in the BiV (left panel) and RVOT (right panel) at baseline and on-treatment across the 

cohort. 

 

Figure 2: Ventricular activation 

Activation is delayed in RVOT at baseline with no significant change in the mean AT in the 

RVOT on-treatment. ECGi maps from a representative patient are presented in panel A, 

showing activation maps at baseline and on-treatment as well as maps of activation 

gradient, demonstrating a zone of wavefront deceleration into the RVOT at baseline and on-

treatment. Panel B shows comparative analysis of mean activation time (left panel) and 

activation gradient (right panel) in the RVOT at baseline and on-treatment across the 

cohort.  

 

Figure 3: Ventricular repolarisation 

Repolarisation times were prolonged in the RVOT at baseline, with further delay on-

treatment. ECGi maps from a representative patient are presented in panel A 

demonstrating a zone of steep repolarisation gradient in the region of the RVOT at baseline 
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and increasing on-treatment. Panel B shows analysis of mean repolarisation time (left panel) 

and repolarisation gradients (right panel) in the RVOT. 

 

Figure 4: Activation-recovery intervals 

The activation-recovery interval prolongs in the presence of Hydroquinidine. Panel A shows 

isochronal maps of activation-recovery interval from a representative patient at baseline 

and on-treatment. Panel B shows mean activation-recovery interval within the RVOT across 

the cohort. 

 

Figure 5: Patient BEU6 developed monomorphic ventricular tachycardia on 

Hydroquinidine 

12-lead Holter monitor tracing (with high praecordial lead placement) and ECGi maps at 

baseline and on-treatment for patient BEU6 who developed monomorphic ventricular 

tachycardia after starting Hydroquinidine.  

 

Figure 6: Effect of Hydroquinidine in SCN5A (+) patients compared to SCN5A (-) patients 

Results of analysis of ECGi at baseline and on-treatment with SCN5A (-) patients in grey and 

SCN5A (+) patients highlighted with BEU6 in red and CEE2 in orange. Activation maps for 

SCN5A (+) patients and a representative SCN5A (-) patient can be found in Supplemental 

Figure 5. 

 

Abbreviations: ARI: activation-recovery interval; AT: activation time; EGM: electrogram; RT: 

repolarisation time; RVOT: right ventricular outflow tract. 
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Figure 1 
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Figure 4 
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Figure 5 
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Figure 6 
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