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Abstract

Introduction: Repolarization dispersion in the right ventricular outflow tract
(RVOT) contributes to the type-1 electrocardiographic (ECG) phenotype of
Brugada syndrome (BrS), while data on the significance and feasibility of mapping
repolarization dispersion in BrS patients are scarce. Moreover, the role of
endocardial repolarization dispersion in BrS is poorly investigated. We aimed to
assess endocardial repolarization patterns through an automated calculation of
activation recovery interval (ARI) estimated on unipolar electrograms (UEGS) in
spontaneous type-1 BrS patients and controls; we also investigated the relation
between ARI and right ventricle activation time (RVAT), and T-wave peak-to-end
interval (Tpe) in BrS patients.

Methods: Patients underwent endocardial high-density electroanatomical mapping
(HDEAM); BrS showing an overt type-1 ECG were defined as OType1l, while those
without (latent type-1 ECG and LType1) received ajmaline infusion. BrS patients only
underwent programmed ventricular stimulation (PVS). Data were elaborated to
obtain ARI corrected with the Bazett formula (ARIc), while RVAT was derived from
activation maps.

Results: 39 BrS subjects (24 OTypel and 15 LTtypel) and 4 controls were enrolled.
OTypel and post-ajmaline LTypel showed longer mean ARIc than controls
(306 +27.3ms and 333.3+16.3ms vs. 281.7+10.3 ms, p=.05 and p<.001,
respectively). Ajmaline induced a significant prolongation of ARIc compared to
pre-ajmaline LTtypel (333.3+16.3vs. 303.4+20.7ms, p<.001) and OTypel

Abbreviations: ARI, activation recovery interval; ARIc, activation recovery interval corrected for the Bazett formula; ARIQ3, activation recovery interval at the 75% of the distribution corrected
for the Bazett formula; BrS, Brugada syndrome; EAM, electroanatomical mapping; ECG, electrocardiogram; EPS, electrophysiological study; HDEAM, high-density right ventricular
electroanatomical mapping; ICD, implantable cardioverter-defibrillator; LAT, local activation time; LTypel, latent type-1 electrocardiographic pattern during electrophysiological study;
OTypel, overt type-1 electrocardiographic pattern during electrophysiological study; PVS, Programmed ventricular stimulation; PVS+, ventricular tachycardia/fibrillation inducible during
programmed ventricular stimulation; PVS-, ventricular tachycardia/fibrillation not inducible during programmed ventricular stimulation; ROI, region of interest; RV, right ventricle; RVAT, right
ventricular activation time; RVOT, right ventricular outflow tract; SCD, sudden cardiac death; Tpe, Tpeak-Tend interval; Tpec, Tpeak-Tend interval corrected for the Bazett formula; UEG,
unipolar electrogram; VF, ventricular fibrillation; VGD, voltage gradient dispersion; VT, ventricular tachycardia.
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1 | INTRODUCTION

Brugada syndrome (BrS) is defined by the presence of a coved-type J-
point elevation in right precordial leads on surface electrocardiogram
(ECG) and is characterized by an increased risk of sudden cardiac
death (SCD).! Both depolarization and repolarization abnormalities
have been described in BrS patients, and their interplay with regard
to the electrophysiological basis of the disease is controversial.?
Previous clinical studies suggested that a varying degree of J-point
elevation observed in different BrS patients may reflect right
ventricular outflow tract (RVOT) different conduction abnormalities,
as well as repolarization heterogeneity.®

The repolarization hypothesis states that both the ECG phenotype
and arrhythmogenic mechanism may be due to transmural and epicardial
repolarization dispersion in BrS.2 Tpeak-Tend (Tpe) interval is widely
used as an index of transmural dispersion of repolarization.* A recent
meta-analysis has shown that Tpe prolongation is associated with higher
arrhythmic risk in BrS patients, although a cut-off value to identify high-
risk patients still needs to be defined.> Activation recovery interval (ARI)
estimates action potential duration® and has previously been used to
evaluate spatial repolarization dispersion in BrS.”~** However, data on the
significance and feasibility of repolarization dispersion mapping in BrS
patients are scarce. Moreover, the role of endocardial repolarization
dispersion on BrS electrical substrate is poorly investigated.

Therefore, we aimed to: (1) evaluate endocardial repolarization
dispersion using an automated calculation of ARI from endocardial
unipolar electrograms (UEGs) derived from RV high-density
electroanatomic mapping (RV-HDEAM) in BrS patients and con-
trols; (2) investigate the relation between ARI distribution and RV
activation, as well as Tpeak-Tend interval (Tpe) in BrS patients with

type-1 phenotype.

2 | MATERIALS AND METHODS
2.1 | Study population

The methods of the study are summarized in Figure 1. Consecutive
BrS patients with previously documented spontaneous type-1

(306 £27.3ms, p<.001). In patients with type-1 ECG (OTtypel and post-ajmaline
LTypel) ARlc correlated with RVAT (r=.34, p=.04) and Tpec (r=.60, p <.001),
especially in OTypel subjects (r=.55, p=.008 and r=.65 p <.001, respectively).
Conclusion: ARIc mapping demonstrates increased endocardial repolarization
dispersion in RVOT in BrS. Endocardial ARIc positively correlates with RVAT and
Tpec, especially in OTypel.

activation recovery interval, Brugada syndrome, electroanatomic substrate, endocardial
mapping, repolarization dispersion, Tpeak-Tend interval

patterns were enrolled. Matched healthy patients undergoing EPS
for atrioventricular nodal reentrant tachycardia, atrioventricular
reciprocating tachycardia, or atrial fibrillation/flutter provided control
data. Exclusion criteria were: the presence of overt cardiac structural
disease, age <16 years, and informed consent denial. The diagnosis of
BrS was based on current recommendations.?*2 Genetic testing was
performed using lllumina Nextera TruSight™ Cardio Sequencing kit on
an lllumina NextSeq™ 550 system (lllumina). All patients underwent
an electrophysiological study (EPS) combined with RV endocardial
HDEAM using the CARTO®3 system (Biosense Webster Inc.).
Patients showing an overt type-1 ECG during EPS were defined
OTypel; those without were defined LTypel and received ajmaline
challenge!® during HDEAM. All BrS subjects underwent PVS after
RV-HDEAM (in the LTypel subgroup, PVS was performed after
complete recovery of ECG modifications induced by ajmaline). The
induction protocol was carried out from RV apex and RVOT at two
drive trains (eight stimuli at 600 and 400 ms) with up to two
extrastimuli until refractoriness or a 200-ms coupling interval was
reached.'* PVS was considered positive (PVS+) when the patient
developed VF, VT lasting >30s or requiring direct current shock
because of hemodynamic instability. Noninducible patients were
defined as PVS-.

All participants provided written informed consent for the
study. The study was conducted following the 2013 Helsinki
Declaration.

2.2 | HDEAM data export and ARI calculation

RV-HDEAM was performed during sinus rhythm using the CARTO®3
(Biosense Webster Inc.) mapping system, as previously described.*> A
linear multipolar DecaNav® catheter with 2-8-2 interelectrode
spacing was used for RV mapping. The 11th electrode of DecaNav®
catheter was used as unipolar reference. An ablator catheter with a
force sensor (SmartTouch®, Biosense Webster Inc.) was then used to
verify the validity of electrograms obtained with the mapping
catheter. Confidense®mapping software (Biosense Webster Inc.)
was set to acquire exclusively points having position stability
<6 mm, LAT stability <6 ms, pattern matching with sinus rhythm
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FIGURE 1 Workflow for data export and calculation. Workflow summarizing the process used to export data from the CARTO®3 system, to
analyze it, and to calculate ARl and Tpe for each BrS patient and each control subject. See the main text for more details. ARI indicates activation
recovery interval; BrS, Brugada syndrome; LType1, latent type-1 Brugada patient; OType1, overt type-1 Brugada patient; ROI, region of interest;

Tpe, Tpeak-Tend interval.

pattern and contact force 5-25g. The Fill&Color® interpolation
threshold for electroanatomical mapping was set at 6 mm. A
minimum of 700 points were acquired.

Unipolar signals were filtered at 1-240 Hz. Amplitude, duration,
relation to surface QRS, and multiple components of the signals were
simultaneously analyzed. For each patient, local activation maps
(LATSs) were used to calculate right ventricular activation time (RVAT),
defined as the interval between the beginning of surface QRS and the
latest depolarizing point in RV.

Data acquired during RV-HDEAM were exported and OpenEP
software® was used to convert data into MatLab® (MathWorks Inc.)
format. Paraview software provided the selection of a specific region
of interest (ROI) in RVOT. MatLab® was used to create an automated
algorithm for ARI calculation using endocardial UEGs at each point of
the ROI. ARI was calculated starting from the minimum dV/dt of the
unipolar QRS to the maximum dV/dt of the following T wave, as

previously described by Wyatt.® In case of noise, the presence of a
premature ventricular beat, or abnormal T-wave morphologies, the
UEG was discarded.

For each patient, the mean ARI corrected for heart rate according
to the Bazett formula (ARIc) was calculated. ARIQS refers to the ARIc
value at 75% of ARIc distribution; the ARIQ3 extension (as the
percentage with respect to the whole ROI) was also calculated. These
two parameters were used to address and compare between groups
the regions having the longest repolarization; furthermore, the ARIQ3
extension highlights the topographic representation of the zones
having the highest depolarization dispersion into the ROI. ARI values

7 on a three-

of each point were interpolated using Paraview!
dimensional mesh. A color code was set for a specific ARI duration to
create ARIc maps. A two-color map was created by setting the
threshold at ARIQ3 to visualize the spatial extension of ARIQ3 for

each patient.
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2.3 | Tpeak-Tend interval calculation

Tpeak-Tend interval (Tpe) was calculated only in BrS with type-1 ECG
phenotype (OTypel and post-ajmaline LTypel). Tpe was measured
on 20 low-noise beats recorded during the procedure using a multi-
stage, dedicated automated algorithm.

For Tpe calculation, data was exported from the CARTO®3
system to MatLab®. Using MatLab®, heartbeat detection on
surface ECG was first performed, and heart rate was determined.
Non-sinus beats were discarded through morphological cluster-
ing. Twenty low-noise sinus beats were then extracted and
averaged, obtaining an average beat for each lead. Tpe was
calculated on V1, V2, and V3 (which mainly reflect RV
repolarization),'® using an algorithm based on the tangent
method.® An operator checked the accuracy of the calculation
of each Tpe value with a custom graphic user interface, correcting
the starting/ending point of the interval if needed or discarding
the lead if Tpe was not measurable due to abnormal T wave
morphology. For each patient, the mean value of Tpe of V1, V2,
and V3 was calculated. Mean corrected Tpe (Tpec) was deter-

mined using the Bazett formula.

2.4 | Treatment and follow-up

ICD implantation for primary prevention was proposed to PVS+ and
to selected PVS- patients with familial history and suspicious
symptoms. Patients underwent follow-up with ECG monitoring and
half-yearly ICD check in recipients unless symptoms appearance,

arrhythmias documentation, or ICD intervention.

2.5 | Statistical analysis

Continuous variables were reported as mean + standard deviation or
median and interquartile range according to the data distribution,
assessed with the Shapiro test. Discrete variables were expressed as
numbers and/or percentages.

For comparison between two groups, unpaired t test or
nonparametric Mann-Whitney U test was used depending
on the variable distribution. ANOVA or Kruskal-Wallis, with
Tukey's range test, was used to compare more than two groups.
For the comparison of a group before and after ajmaline injection,
paired t test or Wilcoxon test was used as appropriate.
Correlation between continuous variables was tested using
Pearson R correlation coefficient or Spearman coefficient, as
appropriate, and corrected using the Benjamini-Hochberg (BH)
procedure.

Differences were considered significant when p value <.05.
Statistical analysis and graphs were performed using R software
(version R 2023.03.1+446, R Development Core Team).

TABLE 1 Clinical features of the study population.
BrS OTypel LTypel
(n=39) (n=24) (n=15)
Age 41+11 41+11 41+12
Male (%) 33 (85) 21 (88) 12 (80)
Family history of 6 (15) 3(13) 2 (13)
BrS (%)
Family history of 7 (18) 4 (17) 3 (20)
SCD (%)
VT/VF during 2 (5) 1(4) 1(7)
follow-up (%)
Syncope (%) 12 (31) 6 (25) 6 (40)
ICD (%) 19 (49) 13 (54) 6 (40)
Appropriate shock (%) 1(3) - 1(7)
Inappropriate 1(3) 1(4) -
shock (%)
Infection (%) 1(3) 1(4) -

Note: Data presented as mean * standard deviation.

Abbreviations: BrS, Brugada Syndrome; ICD, implantable cardioverter-
defibrillator; LTypel, latent type-1 phenotype; OTypel, overt type-1
phenotype; SCD, sudden cardiac death; VF, ventricular fibrillation;
VT, ventricular tachycardia.

3 | RESULTS
3.1 | Study population

The study population included 39 BrS patients and 4 controls
(Table 1). The selection process of BrS patients is summarized in
Supporting Information: Figure A.1 and that of controls in Supporting
Information: Figure A.2. BrS population included 24 OType1 patients
(62%) and 15 LType1 (38%). Nine patients (23%) had VT/VF inducible
at PVS (7,29%, OType1l; 2,13%, LTypel, p = .06). Genetic testing was
performed on 30 patients, 2 (7%) carrying a SCN5A pathogenic

mutation.

3.2 | Endocardial mapping analysis, ARI, and
Tpe calculation

On average, 959 points per map were acquired during HDEAM. ARI
analyses are summarized in Table 2 and Figure 2. Among BrS patients
studied during type-1 ECG pattern, both post-ajmaline LTypel and
OTypel showed longer ARIc values compared to controls
(333.3+16.3; and 306 +27.3 vs. controls: 281.7 +10.3ms, p=.02
and p = .05, respectively). Ajmaline induced a significant prolongation
of ARIc as compared either to pre-ajmaline LTypel (303.4 +20.7 vs.
333.3+16.3ms, p <.001) or OType1l (306 +27.3 vs. 333.3 £ 16.3 ms,

p =.001) subjects. Ajmaline administration determined a prolongation
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TABLE 2 Electrophysiological data of the study population.

Controls (n=4)

OTypel (n=24)

Pre-ajmaline
LTypel (n=15)

969
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Post-ajmaline
LTypel (n=15)

Mean ARlIc, ms 281.7+10.3 306+27.3 303.4+20.7 333.3+16.3
Mean ARIQ3, ms 312.7+£15.1 335.1+£28.3 331.7+23.3 366.2+20.2
ARIQ3 area, 22.8 23.1 221 21.9

% ROI

RVAT, ms 75 (7.5) 111 (44.3) 89 (13) 101 (22.5)
Tpec, ms - 78.3+12.8 - 98.4+129

Note: Data presented as mean + standard deviation, or median (interquartile range).

Abbreviations: ARIc, activation recovery interval corrected for the Bazett formula; ARIQ3, activation recovery interval at the 75% of the distribution
corrected for the Bazett formula; LTypel, latent type-1 Brugada patient; OTypel, overt type-1 Brugada patient; ROI, region of interest; RVAT, right

ventricular activation time; Tpec, Tpeak-Tend interval corrected for the Bazett formula.
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FIGURE 2 Boxplot of ARIc differences between groups. Boxplot
showing the differences of ARlc between controls, pre-ajmaline
LTypel and OTypel (left panel), and pre-ajmaline and post-ajmaline
LType1l patients (right panel). OType1 patients had significantly
longer ARIc values compared to controls (p =.05). No significant
differences were observed between pre-ajmaline LTypel and
controls, nor between OTypel and LTypel. Ajmaline administration
determined a significant prolongation of ARIc in LTypel patients

(b <.001). Ajm, ajmaline; ARlc, activation recovery interval corrected
for the Bazett formula; LTypel, latent type-1 Brugada patient;
OTypel, overt type-1 Brugada patient.

of individual mean ARIc in all but one patient. Through the
interpolation of ARIc values, ARIc maps were reconstructed
(Figure 3).

ARIQ3 analysis is reported in Table 2. ARIQ3 analysis revealed
localized longer ARIc mainly in the anterior and subpulmonary portion of
RVOT (Figure 4). In controls, ARIQ3 zones had shorter ARIc values than
BrS subjects (312.7+15.1 vs. 347.1+29.5ms, p=.03). In OTypel
subjects, ARIQ3 was 335.1 + 28.3 ms and the ARIQ3 area was 23.1% of
the whole ROl In LTypel patients, ajmaline induced significant
prolongation of ARIQ3 (331.7 +23.3 vs. 366.2 + 20.2 ms, p =.002), but
the extension of ARIQ3 values did not differ between pre- and post-
ajmaline administration (22.1% vs. 21.9%, p = .85).

PVS- patients had an ARIc of 318.5 + 24.3 ms and an ARIQ3 of
349.2 +26.4 ms; PVS+ patients had an ARIc of 309.8 +35.5 ms and

an ARIQ3 of 339.8 + 39.1 ms. There were no differences for ARlc nor
ARIQ3 between these two groups (p =.48 and p = .61, respectively).

RVAT values are summarized in Table 2. No significant
differences in RVAT between OTypel and pre-ajmaline LTypel
(p =.19) were found. Considering LType1l subjects, ajmaline admin-
istration induced a significant prolongation of RVAT (89 +13 vs.
101 +£22.5ms, p =.02).

Tpec values, assessed in patients with type-1 ECG pattern
(OTypel and post-ajmaline LTypel), are summarized in Table 2. In
OTypel patients, the average Tpe was 74 + 9.5 ms, while the average
Tpec was 78.3+12.8ms. Post-ajmaline LTypel patients had an
average Tpe of 86.5+11.7ms and Tpec of 98.3+129ms. A
significant difference between groups was present both for Tpe
and Tpec (p =.002 and p <.001, respectively).

3.3 | Correlation analysis

Correlation plots are reported in Figures 5 and 6. In OType1 patients,
a linear correlation was found between ARIc and RVAT (r=.55;
p =.008) (Figure 5), and between ARIc and Tpec (r = .65 with p <.001)
(Figure 6). Considering the whole type-1 ECG BrS population, ARIc
and Tpec still had a good correlation (r=.60; p <.001), while the
correlation between ARIc and RVAT was significant but weak
(r=.34; p=.04).

ARIc showed a stronger correlation both with RVAT and Tpec
compared to ARIQ3 values, except for Tpec in OTypel patients
(r=.73; p<.001).

4 | DISCUSSION

Our novel algorithm was able to evaluate in an automatic,
standardized manner repolarization maps through high-density
point-by-point ARI analysis on endocardial UEGs in a BrS population.
The main findings are the following:
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FIGURE 3 ARIc maps ARIc maps of (A) control 1 (control, mean ARIc 275.2 ms), (B) subject 1 (OTypel with an appropriate shock during
follow-up, mean ARIc 323.9 ms), (C) subject 2 (OType1, mean ARlc 320.4 ms) and subject 3 (D) pre-ajmaline Ltypel and (E) post-ajmaline LTypel
(mean ARIc 301 ms and 340.7 ms). The control patient presents shorter and more homogeneous ARIc values. Ajmaline administration
determines a prolongation of ARIc in subject 3. Zones of dispersion of repolarization are present in subject 1, subject 2, and subject 3 (pointed by
the black arrows). ARlIc, activation recovery interval corrected for the Bazett formula; BrS, Brugada Syndrome; LType1, latent type-1 Brugada

patient; OTypel, overt type-1 Brugada patient.

1. BrS subjects, both with latent and overt type-1 phenotype,
exhibited endocardial RVOT areas presenting with marked
repolarization dispersion, as highlighted by longer ARIc values
compared to controls.

2. Type-1 phenotype evoked by sodium channel blockade was
associated with a marked increase of endocardial repolarization
dispersion coherently with a remarkable mean ARIc prolongation.

3. BrS type-1 phenotype showed prolonged ARIlc values mainly in
the anterior wall of RVOT.

4. A linear correlation was present between ARIc and RVAT, as well
as between ARIc and Tpec in BrS patients with type-1 ECG,
namely in patients with overt type-1 phenotype.

4.1 | Activation recovery interval

The repolarization hypothesis has been demonstrated in experimen-

19

tal models,”” while in vivo data in BrS patients are scarce. ARI

evaluated by UEGs estimates local action potential duration®?° and
represents a measure of myocardial repolarization properties.
Previous studies have demonstrated the existence of repolarization
dispersion in BrS patients with type-1 ECG phenotype.”*° By
creating high-density ARl maps, we found differences in spatial
repolarization in RVOT endocardium among healthy control subjects,
BrS patients with an overt type-1 pattern and those with a latent
type-1 pattern. It is known that in the healthy heart, the normal
propagation of the impulse generates a right ventricular apico-basal
gradient of ARIs, with the early activating regions having the longest
ARI and the late activating regions having the shortest. This enables a
spatial synchronization of repolarization which prevents reentry
phenomena.?! ARI maps in controls (Figure 3) revealed a relatively
homogenous distribution, with zones of longer ARI in the anterior
part of RVOT. Both OTypel and post-ajmaline LTypel subjects
exhibited significantly longer mean ARIc and localized ARIQ3 values
than control subjects. Ajmaline administration induced a significant
prolongation of ARIc and a marked increase of localized ARIc, as
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represented by ARIQ3 analysis. Our findings are in line with other
studies demonstrating an impact of RVOT repolarization dispersion
on the genesis of type-1 phenotype in BrS.”?° Nagase et al.’
assessed ARIc from UEGs in the endocardial and epicardial RVOT of
19 BrS subjects undergoing pilsicainide; they reported an ARIc
prolongation after pilsicainide administration specifically in epicardial
RVOT, but not in the endocardium. We found, instead, a significant
impact of ajmaline administration in endocardial ARI dispersion. This
could be explained by the increase in spatial resolution provided by a
high density of points analyzed (on average, 959 per map), which
allowed a detailed repolarization map. Furthermore, a possible
aggregation of action potentials in the epi-endocardial layers may
create a sort of “averaging effect”; moreover, since the myocardium
acts as a syncytium, changes in the endocardium might be influenced

by epicardial action potential modification.

Considering type-1 phenotype populations, we observed that
patients undergoing ajmaline infusion presented significantly longer ARIc
values than those with spontaneous BrS patterns. It is known that a
prolongation of ARIc may be due to the presence of an increase in
transient potassium outward current, which produces a deep phase-1
notch and a preferential epicardial prolongation of action potentials
(depending on the extent of the phase-O depolarization upstroke). Such
current is mainly expressed in RVOT rather than other RV or left ventricle
zones in BrS subjects.” The significant ARIs prolongation after sodium-
channel blockade compared to OType1 could be due to the extent of the
sodium channels inactivated, which determines a consequent different
impact on the transient potassium outward current: while in spontaneous
type-1 subjects, only a part of these channels might be inactive, in
ajmaline-induced type-1 pattern all sodium channels available could be

blocked provoking a sort of “extremization response.”
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FIGURE 5 Correlation plots between RVAT and ARlc. Correlation graphs between RVAT and ARIc in (A) patients during type-1 BrS pattern
(OTypel + post-ajmaline LType patients), (B) OTypel patients, (C) pre-ajmaline LType patients and (D) post-ajmaline LType patients. A
significant correlation between these variables was seen in the whole type-1 BrS population (r =.34 p =.04) and especially in OTypel patients
(r=.55 p <.008). Ajm, ajmaline; ARIc, activation recovery interval corrected for the Bazett formula; BrS, Brugada Syndrome; LTypel, latent
type-1 Brugada patient; OTypel, overt type-1 Brugada patient; RVAT, right ventricular activation time.

4.2 | Correlation analysis

Considering BrS population with type-1 ECG (OTypel and post-ajmaline
LTypel subjects), a linear correlation was found between ARIc and RVAT
(r=.34; p=.038). The significance of this correlation increased consider-
ing patients with spontaneous type-1 phenotype (r=.54; p =.008). No
correlation between ARIc and RVAT was found in post-ajmaline LTypel
subjects. The relationship between RV conduction abnormalities and
repolarization dispersion in BrS has been poorly investigated in the
literature. Some studies supported the conclusion that BrS phenotype
was generated by conduction delay in RVOT, as depolarization dispersion
assessed through localized ARI prolongation in RVOT was not related to
J-point elevation on ECG.** The authors concluded that the presence of
localized conduction slowing, late, and fragmented potentials in the
epicardial RVOT was secondary to conduction delays, supporting the
“depolarization hypothesis.”??? Other authors observed a predominant

role of repolarization abnormalities: the association of localized “loss of
dome” during phase-1 and prolongation of action potential in other zones
may induce a concealed phase-2 reentry, which accounted for epicardial
fractionated and late potentials.?>?* Our data confirm the relationship
between repolarization dispersion and RV conduction in OTtypel
patients, but do not enable us to determine whether the former is
caused by the latter—or vice versa. No correlation was observed between
ARIc and RVAT in post-ajmaline LTypel.

This study shows a significant linear correlation between ARIc
and Tpec (r=.60; p <.001) in the whole type-1 ECG BrS population.
This correlation is mainly driven by OTypel patients (r=.65 with
p <.001) while no relationship between ARlc and Tpe was seen in
post-ajmaline LType-1 subjects. Yan and Antzelevitch were the first
to suggest the use of the Tpe interval as a measure of transmural
dispersion of repolarization.!? Given that Tpe interval is an accepted

marker of repolarization dispersion, the good linear correlation
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between Tpec and ARIc observed in our study confirms the reliability
of our model in the high-density repolarization mapping. This concept
is furthermore supported by the good correlation between ARIQ3
and Tpec (r=.73; p <.001).

Clinical studies have demonstrated that Tpe prolongation was
significantly associated with a high risk of ventricular tachyarrhythmias
and/or SCD in BrS.2> Moreover, a recent meta-analysis including 1740
BrS patients demonstrated that high-risk BrS individuals present longer
Tpe intervals.” Interestingly, the presence of a linear correlation between
ARIc and Tpec especially in OTypel patients seems coherent with the
known prognostic role of spontaneous type-1 ECG pattern.

Finally, no significant differences in ARIc were seen when
considering PVS+ and PVS- patients. Both patients of our cohort
who experienced arrhythmic events during follow-up were PVS-;
one patient received appropriate ICD intervention while the other
refused the ICD implant and died suddenly due to VF. This
observation is in line with previous studies that questioned the role
of PVS alone in the prognostic evaluation of BrS patients?® paving the
way to a multiparametric model of risk stratification considering
clinical and electrophysiological parameters, especially in asympto-
matic BrS with a spontaneous type-1 ECG.

Since BrS is an epicardial disease, further studies are needed to
address the role of endocardial repolarization dispersion, and in
particular, whether it is a component of the BrS electrical substrate
directly involved in arrhythmogenicity or it could be used to indirectly

assess the electrical epicardial disease.

4.3 | Study limitations

Epicardial mapping was not performed and ARIs were estimated
from endocardial unipolar electrograms; as BrS abnormalities are

mainly detected in RVOT epicardium and have been linked to

arrhythmogenesis in the syndrome, the absence of a direct epicardial
ARI assessment might limit the clinical implication of the present
study. Automatic ARIc and Tpec calculation still require the
inspection of an operator to check possible pitfalls due to signal
artifacts or T wave flattening. Background noise was responsible for
discarding one lead in eight cases for Tpe calculation. The low rate of
SCN5A mutation carriers did not allow a selective evaluation of ARIs
in this group. Furthermore, regarding the study population, a broader
control group could improve the study's generalizability and a higher
number of arrhythmic events at follow-up could elucidate the

prognostic role of endocardial ARIc prolongation.

5 | CONCLUSION

ARIlc mapping through a high-density endocardial UEG automated
analysis demonstrates an increase in local repolarization dispersion in
RVOT of BrS subjects. In BrS patients with type-1 ECG, especially in
OTypel, ARIc positively correlates with abnormal RV depolarization
and repolarization dispersion on surface ECG (through Tpe analysis),
unveiling the location and the extension of abnormal electrical
substrate. Further studies are needed to evaluate the prognostic
impact of ARl mapping in a multiparametric model including other
clinical and electrophysiological parameters, especially in asympto-

matic BrS patients.
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