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BACKGROUND: The implications of a drug-induced type 1 Brugada ECG pattern following sodium channel blocker provocation
(SCBP) are not fully understood.

METHODS: Baseline clinical and ECG data were obtained from consecutive unexplained cardiac arrest survivors undergoing
SCBP at 3 centers. A further 15 SCBP positive (SCBP+) unexplained cardiac arrest survivors were recruited from 3
additional centers to explore ventricular fibrillation recurrence.

RESULTS: A total of 121 consecutive unexplained cardiac arrest survivors underwent SCBP. The yield of the drug-induced type
1 Brugada ECG pattern was 17%. A baseline type 2/3 Brugada pattern (T2/3BP) (adjusted odds ratio, 19.36 [2.74-136.61];
P=0.003) and PR interval (odds ratio, 1.03 [1.01=1.05] per ms; P=0.017) were independent predictors of SCBP+ response.
A pathogenic SCNBA variant was identified in 36% of the SCBP+ group versus 0% in the SCBP— group (F<0.001).
Amongst SCBP+ patients, a spontaneous type 1 Brugada pattern was identified in 19% during follow up and in 24% a type
1 Brugada pattern was identified in a relative. Prior syncope (adjusted hazard ratio, 3.83 [1.36—10.78]; A=0.011) and the
presence of global early repolarization (hazard ratio, 791 [3.22-19.44]; <0.001) were independent predictors of 5-year
ventricular fibrillation recurrence. There was a nonsignificant trend toward greater b-year ventricular fibrillation recurrence in
the SCBP— group (23/95 [24%)] versus 3/34 [9%]; P=0.055).

CONCLUSIONS: The yield of the drug-induced type 1 Brugada ECG pattern in consecutive unexplained cardiac arrest survivors
undergoing SCBP is 17%. A baseline T2/3BP and PR interval were independent predictors of the drug-induced type
1 Brugada ECG pattern. Greater heritability of BrS phenotype in this group was evidenced by a greater prevalence of
pathogenic SCN5A variants and relatives with a type 1 Brugada pattern. A history of prior syncope and the presence of
global early repolarization were independent predictors of ventricular fibrillation recurrence.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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atients surviving an unexpected cardiac arrest due  or transthoracic echocardiography (TTE) will provide
Pto ventricular fibrillation (VF) are subjected to thor- a diagnosis. However, in those without a clear struc-
ough cardiovascular assessment in order to identify  tural, toxicological, or metabolic abnormality, or a base-
a potential cause. In most cases, coronary angiography line electrical disorder, further investigations are often
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WHAT IS KNOWN?

* There are concerns regarding the potential for a
false positive response to sodium channel provoca-
tion with ajmaline.

* Previous studies have indicated a significantly
higher yield of the drug-induced type 1 Brugada
pattern (DI-T1BP) with ajmaline compared to pro-
cainamide across a wide clinical spectrum, but
there are no direct head-to-head trials.

WHAT THE STUDY ADDS

* Sodium channel provocation in a survivor of an unex-
plained cardiac arrest may uncover a DI-T1BP in 17%.

¢ In this cohort of patients, there is no statistical dif-
ference in DI-T1IBP yield between procainamide
and ajmaline.

» The 5-year ventricular fibrillation (VF) recurrence
rate in those with an unexplained VF arrest was 20%
and those with a prior history of syncope or global
early repolarization are at the greatest risk, but there
is no difference in the incidence of VF recurrence
between those with the DI-T1BP and those a nega-
tive response to sodium channel provocation.

¢ In those with the DI-T1BP, the yield a pathogenic
SCNBA variant is identified in 34% and 27% dis-
played a spontaneous T1BP during follow up.

Nonstandard Abbreviations and Acronyms

DI-T1IBP  drug-induced type 1 Brugada pattern
ERP early repolarization pattern

ERS early repolarization syndrome

HRs hazard ratios

ICD implantable cardiac defibrillator

IVF idiopathic ventricular fibrillation

OR odds ratio

SCBP sodium channel blocker provocation
SCBP+ sodium channel blocker positive
SCBP—  sodium channel blocker negative

TTE transthoracic echocardiography

T2/3BP  type 2/3 Brugada ECG pattern
UCA unexplained cardiac arrest
VF ventricular fibrillation

required. In some cases, advanced cardiac imaging with
contrast-enhanced cardiac magnetic resonance may
identify areas of myocardial fibrosis or motion abnormali-
ties not appreciated on TTE, exercise stress testing, or
provocation with epinephrine in those not able to perform
exercise stress testing, may unmask long QT syndrome
or catecholaminergic polymorphic ventricular tachycardia
and sodium channel blocker provocation (SCBP) may
identify a concealed form of Brugada syndrome.'?
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National registry data suggests the yield of the drug-
induced type 1 Brugada pattern (DI-T1BP) following
SCBP with procainamide is 6.9% in cardiac arrest sur-
vivors with preserved ejection fraction,® while the yield
of the DI-T1BP following SCBP with ajmaline has been
described in relatives of sudden arrhythmic death syn-
drome victims, its utility in a large consecutive cohort of
cardiac arrest survivors has yet to be reported.*” Fur-
thermore, the potential for false positives with ajmaline
provocation has been highlighted by a Turkish study
in which 27.1% of patients with atrio-ventricular nodal
re-entrant tachycardia and 4.5% of unrelated controls
developed the DI-T1BP following ajmaline provocation.®

Following the systematic assessment described
above, those patients without a reversible metabolic or
toxic cause and not fulfilling the diagnostic criteria for
a recognized structural or electrical cardiac disorder
may be classified as suffering from idiopathic ventricu-
lar fibrillation (IVF). The most recent consensus-derived
diagnosis of IVF relies on the exclusion of an alternative
structural or primary electrical disorder following com-
prehensive evaluation.! A meta-analysis of long-term
outcomes in patients with IVF suggests the estimated
recurrent event rate may be as high at 31% during an
average follow-up period of b years.®

We aimed to determine the yield and significance of the
DI-T1BP in a consecutive cohort of survivors with other-
wise unexplained cardiac arrest (UCA) undergoing SCBP
with either ajmaline or procainamide. We also investigated
whether baseline clinical and ECG parameters predict
either response to SCBP or the recurrence of VR

METHODS

Patient Enrolment

UCA patients were defined as survivors of VF arrest who did
not fulfil the diagnostic criteria for a cardiac disorder following:
ECG, coronary angiography, cardiac imaging with TTExcardiac
magnetic resonance, and exercise stress testingtepinephrine
challenge. Consecutive UCA patients undergoing SCBP were
identified at 3 arrhythmia centers: St Georges University Hospital,
London, UK; The University of Western Ontario, London, Canada;
and the University of British Colombia, Vancouver, Canada.
Detailed clinical information and ECGs were shared securely
and anonymously with appropriate patient informed consent and
local ethical approval was obtained in order to conduct this study.
A baseline early repolarization pattern (ERP) was not deemed a
contraindication to SCBP and these patients were included in
this study. A positive response to SCBP (SCBP+) was defined
as the development of the DI-T1BP. The data that support the
findings of this study are available from the corresponding author
upon reasonable request.

Any future meta-analyses should consider the patients
undergoing SCBP with ajmaline as unique to this study;
however, a proportion of the patients undergoing SCBP with
procainamide have previously been reported as part of ear-
lier registries.?®
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Electrocardiographic Analysis

A resting supine standard 12 lead ECG obtained during the
index presentation and prior to the initiation of drug therapy
was analyzed for each patient. ECGs acquired in the imme-
diate period following the VF arrest were excluded to avoid
the effects of transient metabolic disturbances. A high right
precordial lead ECG was used to exclude the presence of a
spontaneous T1BP pre-SCBP; however, lead labeling varied
between centers and was not used for the 12 lead ECG analy-
sis. Standard electrocardiographic intervals and durations were
measured: RR (ms), PR (ms), QT (ms), Bazetts corrected QTc
(ms), and QRS (ms). Brugada type 1 and 2/3 patterns were
reported according to the standard definitions'® (see Figure 1).

An early repolarization pattern, ERP, was defined according
to the accepted ECG criteria'" as J-point elevation 20.1 mV
irrespective of concomitant ST segment elevation and included
terminal QRS slurring and QRS notching in an anterior, infer-
olateral, or global ECG distribution. Quantitively, ST segment
elevation was measured at 100 ms after the J-point and was
subdivided into upsloping and downsloping ST segment, see
Figure 1. Mean ST elevation was calculated according to the
ECG lead groups as follows: anterior - V1 to V4; lateral - |, aVL,
V5, and V6; inferior - I, Ill, and aVF.

Early repolarization syndrome (ERS) was defined as, an
ERP, as described above, in at least 2 contiguous inferolateral
leads in an SCBP— patient.'?

Recurrent Events

In order to investigate VF recurrence, an additional group of
SCBP+ UCA survivors were recruited from 3 arrhythmia cen-
ters; Imperial College, London, UK; Royal Victoria Hospital,
Belfast, UK; and Copenhagen University Hospital, Copenhagen,

Recurrent Sudden Cardiac Arrest

Denmark. These UCA survivors underwent an identical investi-
gative pathway as those in the consecutive cohort.

Statistical Analysis

Data were analyzed with IBM SPSS Statistics version 27.
Categorical variables were compared using the y? or Fisher
exact test where appropriate. The Kolmogorov—Smirnov test
was used to test the distribution of data. Normally distributed
continuous variables were analyzed using a Students T test
and are reported as mean (£SD) The Mann-Whitney was per-
formed to compare differences between nonnormally distrib-
uted continuous variables, which are reported as median [1st
quartile to 3rd quartile].

A univariate analysis for the response to SCBP in the con-
secutive cohort and recurrence of VF in the final overall cohort
was performed. Variables demonstrating significant association
on univariate analysis (/A<0.10) were included in a multivariable
logistic regression model.

Future event rates are reported as the proportion of the
cohort experiencing the primary end point (first implantable
cardiac defibrillator [ICD] shock for VF) over a 5-year follow-up
period. Those not followed up beyond index presentation were
not included in the analysis. A Cox proportional hazards model
was used to analyze VF recurrence over a b-year follow-up
period. Hazard ratios (HRs) and 95% Cls are presented. A value
of A0.05 was considered statistically significant. Cumulative
hazard rates were plotted against time from initial presentation.

RESULTS

We identified 121 consecutive UCA survivors under-
going SCBP: the consecutive cohort. An additional 15

A B

V2
V2

/
VF

c D

—-\/V\’—

V2 I

100 ms

V5

Figure 1. Electrocardiographic patterns.

A, Type 1 Brugada pattern; B, Type 2 Brugada pattern; C, Type 3 Brugada pattern; D, Terminal QRS notching with downsloping ST segment;
E, Terminal QRS notching with upsloping QRS ST segment; F, Terminal QRS slurring with horizontal ST segment; G, Upsloping ST segment;

H, ST elevation (*) measured at 100 ms from J point.
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Yield of the Type 1 Brugada ECG Pattern

In the consecutive cohort, 21 of 121 patients (17.4%)
developed the DI-T1BP with SCBP (see Table 1).

The characteristics of SCBP+ versus SCBP—
patients showed no significant differences in mean age
at index presentation, 41 (16) years versus 39 (14)
years (P=0.610), respectively; and male proportion, 15
of 21 patients (719%) versus 60 of 100 patients (60%;

SCBP+ UCA survivors from the 3 additional centers were
included in the final overall cohort and were included in
the analysis of VF recurrence. Table 1 describes the con-
secutive cohort. Univariate and multivariable regression
analyses for factors associated with SCBP+ response
are shown in Figures 2 and 3, respectively.

Across the entire cohort, all patients underwent cor-
onary assessment and a TTE. Two patients were unable
to exercise and underwent epinephrine provocation

Recurrent Sudden Cardiac Arrest

with no finding. A cardiac magnetic resonance was
performed in 125 of 136 patients (91.9%) and no
major or diagnostic abnormalities were identified. In
the 9 patients without cardiac magnetic resonance, the
resting TTE was normal.

Of note, 14 of 21 (67%) SCBP+ patients and 43
of 100 (43%) SCBP— patients underwent genetic
testing. A pathogenic SCN5A variant was identified in
5 of 14 (36%) SCBP+ patients while no pathogenic
variants in any gene were identified in any SCBP—
patients, A<0.001.

There was a family history of sudden cardiac death
in a 1st or 2nd degree relative in 6 of 21 (29%)
SCBP+ patients versus 1 of 100 (1%) SCBP—
patients, A<0.001. In addition, prior to presentation, 2
of 21 (10%) SCBP+ patients had a family history of
BrS. In contrast, there were no SCBP— patients with
a family history of BrS, A=0.002. Subsequent famil-
ial evaluation revealed a DI-T1BP in a relative in 3
of 21 (149%) SCBP+ patients versus 2 of 100 (2%)

Table 1. Baseline Characteristics of the Consecutive Cohort
SCBP+ SCBP—
Clinical and electrocardiographic characteristics N=21 (17.4%) N=100 (82.6%) Overall N=121 P value
Mean age at presentation, y (SD) 41 (16) 39 (14) 40 (14) 0.610
Male % (N) 71% (15) 60% (60) 62% (75) 0.327
Caucasian ethnicity % (N) 76% (16) 819% (81) 80% (97) 0.615
Prior syncope % (N) 5% (1) 9% (9) 8% (10) 0.521
Baseline type 2/3 ECG pattern % (N) 38% (8) 2% (2) 8% (10) <0.001
Underwent genetic testing 67% (14) 43% (43) 47% (57) 0.048
Pathogenic SCN5A variant yield 36% (5) 0% (0) 9% (5) <0.001
Family history of SCD prior to presentation 29% (6) 1% (1) 6% (7) <0.001
Family history of BrS prior to presentation 10% (2) 0% (0) 2% (2) 0.002
DI-T1BP in a relative following family screening 14% (3) 2% (2) 4% (5) 0.010
Overall family history of BrS 24% (5) 2% (2) 6% (7) <0.001
Spontaneous T1BP during follow up 19% (4) 0% (0) 3% (4) <0.001
Early repolarization % (N) 48% (10) 36% (36) 38% (46) 0.319
Anterior early repolarization % (N) 24% (5) 20% (20) 219% (25) 0.699
Inferolateral early repolarization % (N) 249% (5) 229% (22) 229% (27) 0.695
Global repolarization % (N) 5% (1) 13% (13) 12% (14) 0.256
Upsloping ST segment elevation % (N) 249% (5) 23% (28) 23% (28) 0.936
Downsloping ST segment elevation % (N) 24% (5) 22% (22) 22% (27) 0.857
Terminal QRS notching % (N) 5% (1) 19% (19) 17% (20) 0.073
Terminal QRS slurring % (N) 19% (4) 10% (10) 12% (14) 0.266
Mean PR interval, ms (SD) 183 (46) 157 (24) 162 (30) 0.019
Mean QRS duration, ms (SD) 109 (22) 96 (16) 98 (18) 0.002
Mean inferior ST elevation, mm (SD) 0.01 (0.05) 0.07 (0.36) 0.05 (0.33) 0.487
Mean lateral ST elevation, mm (SD) 0.01 (0.05) 0.20 (0.61) 0.16 (0.55) 0.003
Mean anterior ST elevation, mm (SD) 1.00 (1.19) 0.32 (0.82) 0.43 (0.93) 0.019

Comparing the baseline clinical and electrocardiographic characteristics between SCBP+ and SCBP- patients in the consecutive

cohort.

DI-T1BP indicates drug-induced type 1 Brugada pattern; SCBP+, sodium channel blocker positive; SCBP—, sodium channel blocker

negative; and SCD, sudden cardiac death.
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Male gender
Caucasian

Prior syncope

1.66 [0.6- 4.65] p = 0.327
0.751 [0.245 - 2.304] p = 0.615

SCB with Ajmaline
SCB with Procainamide
Baseline Type 2/3
Early Repolarisation
Anterior ER
Inferolateral ER

Global ER

0.506 [0.061 - 4.22] p =0.521
1.65 [0.64 - 4.255] p =0.296

0.6 [0.236 - 1.56] p = 0.296
30.154 [5.768 - 157.635] p = <.001
1.616 [0.626 - 4.174] p = 0.319
1.25 [0.409 - 3.821] p = 0.699
0.804 [0.269 - 2.402] p = 0.695

Upsloping ST elevation
Downsloping ST elevation
Terminal QRS nothcing

0.335 [0.041 - 2.709] p = 0.256
1.046 [0.346 - 3.165] p = 0.936
1.108 [0.365 - 3.362] p = 0.857

Terminal QRS slurring
Mean Age in years *

Mean QRS duration in ms *

Mean PR interval in ms *

Mean anterior ST elevation in mm *

Mean Inferior 5T elevation in mm*

AL }H \

0.213 [0.027 - 1.689] p = 0.073
2.11[0.595 - 7.541] p = 0.266

. 1.009 [0.976 - 1.043] p = 0.61
- 1.036 [1.01 - 1.063] p = 0.002
- 1.028 [1.01 - 1.046] p = 0.002

1.854 [1.206 - 2.849] p = 0.005

Mean lateral 5T elevation in mm*

0.285 [0.005 - 17.3] p = 0.549

0.001 0.01 01

* 0dds ratio per 1 unit increase
in variable

0.183 [0.005 - 6.196] p = 0.345

1 10 100

0Odds Ratio Log scale

Figure 2. Univariate analysis for the development of the drug-induced type 1 Brugada pattern (DI-T1BP).

A Forrest plot displaying the odds ratios obtained from the univariate analysis of baseline clinical and electrocardiographic characteristics and
sodium channel blockade. A baseline type 2/3 Brugada pattern demonstrated a statistically significant association with the development of the
type 1 Brugada pattern, £<0.05. The mean baseline PR interval (ms) and QRS duration (ms) were significantly longer in SCBP+ vs SCBP-
patients. ER indicates early repolarization; and SCBP, sodium channel blockade.

SCBP— patients, ~=0.010. Overall, there was at least
one additional family member with a diagnosis of BrS
in 5 of 21 (24%) SCBP+ patients versus 2 of 100
(2%) SCBP— patients, £<0.001.

Fifty-one patients in the consecutive cohort (42%)
underwent provocation using ajmaline, while 70 of 121
(568%) patients were investigated with procainamide.

Twenty-two percent (11/51) of those who received
ajmaline developed the DI-T1BP compared to 14%
(10/70) of patients in patients who underwent provo-
cation with procainamide (P=0.211). There were no
significant differences in the clinical characteristics of
ajmaline-SCBP+ patients and procainamide-SCBP+
patients (Table 2).

Terminal QRS notching .

Mean Anterior Elevation (mm) *

PR interval *

QRS duration *

Baseline Type 2/3

*Adjusted Odds Ratio per 0.01 0.10
1 unit increase in variable

Adjusted Odds Ratio Log
Scale

0.24 [0.02 - 2.50] p = .234

1.59 [0.88 - 2.87] p=.128

1.03 [1.01-1.05] p =.017

1.02 [0.98 - 1.06] p = .404

. 19.36 [2.74 - 136.61] p = .003

10.00 100.00

Figure 3. Multivariable analysis and outcome of sodium channel blockade.
Factors with a £<0.1 in the univariate analysis were included in a multivariable logistic regression model. A baseline type 2/3 Brugada
pattern and the mean baseline PR interval (ms) were independently associated with the DI-T1BP. DI-T1BP indicates drug-induced type 1

Brugada pattern.
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Table 2. Comparing Sodium Channel Agents

Recurrent Sudden Cardiac Arrest

Characteristics Ajmaline N=51 (42%) Procainamide N=70 (58%) P value
SCBP+ % (N) 229% (11) 14% (10) 0.211
Mean age at presentation, y (SD) 37 (12) 42 15) 0.510
Male % (N) 65% (33) 61% (43) 0.640
Caucasian ethnicity % (N) 71% (36) 89% (62) 0.024
Prior syncope % (N) 4% (2) 11% (8) 0.150

Ajmaline SCBP+ve N=11 Procainamide SCBP+ve N=10

Underwent genetic testing 8/ 11 (73%) 6/ 10 (60%) 0.543
SCNbA yield 3/ 8 (38%) 2/6 (33%) 0.872
Family history of SCD prior to presentation 3/ 11 (27%) 3/10 (30%) 0.702
Prior family history of BrS prior to presentation 0/ 11 (0%) 2/ 10 (20%) 0.121
DI-T1BP in a relative following family screening 2/ 11 (18%) 1/ 10 (10%) 0.608
Overall family history of BrS 2/ 11 (18%) 3/10 (30%) 0.532
Spontaneous T1BP during follow up 3/ 11 (27%) 1/10 (10%) 0.311

Comparison of the yield of the type 1 Brugada pattern between sodium channel agents and a comparison.
DI-T1BP indicates drug-induced type 1 Brugada pattern; SCBP+, sodium channel blocker positive; and SCD, sudden cardiac death.

Electrocardiographic Analysis

The overall prevalence of a baseline type 2/3 Brugada
ECG pattern (T2/3BP) across the entire consecutive
cohort was 8% (10/121). There was a significantly
higher proportion of patients with a baseline T2/3BP
within the SCBP+ compared to the SCBP— group (8/21
[38%)] versus 2/100 [2%]; £<0.001).

The mean baseline PR interval was significantly
longer in SCBP+ group of patients compared to
SCBP— patients, (183 ms [46 ms] versus 157 ms
[24 ms]; P=0.019, respectively). The mean QRS
duration was also significantly longer in the SCBP+
group (109 ms [22 ms] versus 96 ms [16 ms],
P=0.002).

An ERP was observed in 46 of 121 patients (38%)
of the consecutive cohort. There was no significant dif-
ference in its overall prevalence of an ERP between
SCBP+ versus SCBP— patients (10/21 [48%)] versus
36/100 [36%)], respectively; P=0.319).

Mean lateral ST segment elevation was signifi-
cantly greater in SCBP— patients compared to SCBP+
patients (0.20 mm [0.61 mm] versus 0.01 mm [0.05
mm]; P=0.003). Conversely mean anterior ST eleva-
tion in SCBP+ patients was significantly greater than
SCBP— patients (1.00 mm [1.19] versus 0.32 mm
[0.82]; P=0.019). There was no significant difference
in mean inferior ST elevation between SCBP— and
SCBP+ patients (0.07 mm [SD=0.36] versus 0.01 mm
[SD=0.05]; P=0.487; see Table 1).

There was a higher proportion of patients exhibiting
inferolateral terminal QRS slurring in the SCBP+ group
compared to the SCBP— group, although this was not
statistically significant (4/21 [19%] versus 10/100
[10%], respectively; P=0.266). Conversely, inferolat-
eral terminal QRS notching was more prevalent in the
SCBP— group versus SCBP+ group, but this did not

achieve statistical significance (19/100 [19%] versus
1/21 [6%], P=0.073).

Predicting the Response to SCBP

In the univariate analysis, a baseline T2/3BP was a
strong predictor of the development of a DI-T1BP
(odds ratio [OR], 30.15 [5.77-157.64]; ”<0.001). A 1
mm (0.1 mV) increase in ST segment elevation in the
anterior leads (OR, 1.85 [1.21-2.85]; P=0.005), a 1
ms increment in PR interval (OR, 1.03 [1.01-1.05];
P=0.002), and 1 ms increment in QRS duration (OR,
1.04 [1.01-1.06]; P=0.006) were associated with an
increased likelihood of developing the DI-T1BP in the
univariate analysis (Figure 2).

In the multivariable logistic regression model (Fig-
ure 3), a baseline T2/3BP was an independent pre-
dictor of the positive response to SCBP (adjusted
OR, 19.36 [2.74-135.61]; P=0.003). A 1 ms increase
in PR interval continued to be associated with a 3%
increasing risk of developing the DI-T1BP (adjusted
OR, 1.03 [1.01-1.05]; ”~=0.017).

VF Recurrence

The characteristics of the additional cohort of 156 SCBP+
UCA patients are described in the Supplemental Mate-
rial. The ICD implant rate across the final cohort of 136
patients was 100%. Follow-up data were available for
129 of 136 (95%) patients with a median follow-up
period of 6.20 years (3.24-9.75 years).

Over a b-year follow-up period, 26 of 129 patients
(20%) experienced an appropriate ICD shock for VF.
The mean time to recurrence of VF was 2.13 years
(1.87 years). There was a trend toward an increased
risk of VF recurrence over the b-year follow-up period
in the SCBP— group (23/95 [24%] versus 3/34 [9%)]);

Circ Arrhythm Electrophysiol. 2022;15:e011263. DOI: 10.1161/CIRCER.122.011263 December 2022 828
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however, this did not reach statistical significance (HR,
2.54 [0.76-8.47] versus 0.31, [0.04-2.28]; P=0.128).

An analysis of the ICD electrocardiograms of those
experiencing VF during a b-year follow-up period iden-
tified short-coupled premature ventricular contrac-
tions (coupling interval <3560 ms) triggering VF storm
in 67% (2/3) of SCBP+ patients and 52% (12/23) of
SCBP— patients.

Predicting VF Recurrence

A history of prior syncope (HR, 267 [1.01-713];
P=0.047), an ERP in an inferolateral distribution (HR, 2.49
[1.15-5.38]; ~=0.021) and global distribution (HR, 5.78
[2.48-13.45]; A<0.001), along with increasing lateral ST
elevation (HR, 1.75 [1.12-2.72]; £=0.13) were predictors
of a recurrence of VF in the univariate analysis (Figure 4).
In the multivariable model, prior syncope (HR, 3.83 [1.36—
10.78]; P=0.01) and the presence of a global ERP (HR
778, [3.18-19.02]; /<0.001) were independent predictors
of VF recurrence over a 5-year period (Figure 5).
Cumulative b-year survival analysis for SCBP out-
come, prior syncope, and global ER are shown in Figure 6.

DISCUSSION

In this multicenter retrospective study, we identified 121
consecutive patients undergoing SCBP after UCA. The
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overall yield of the DI-T1BP was 17.3% with no signifi-
cant difference between ajmaline (22%) and procain-
amide (149%). The presence of a baseline T2/3BP was
a strong and independent predictor of SCBP+ response
(DI-T1BP), as was PR interval (ms). Across the entire
final cohort, 20% experienced a recurrence of VF over a
5-year follow-up period with a trend toward an increased
risk of recurrence in the SCBP— group. A history of prior
syncope and the presence of an ERP in a global distri-
bution on the baseline 12-lead ECG were independent
predictors of VF recurrence.

False Positive or True Positive?

Currently, a DI-T1BP and a history of aborted cardiac
arrest are sufficient to make a diagnosis of BrS and thus
21 of 121 patients (17%) of our cohort fulfilled this cri-
terion.'®'* However, considering the reported potential
for false positive outcomes with SCBPR? especially with
ajmaline, we sought to provide additional evidence in
support of a true positive result and diagnosis of BrS in
those developing the DI-T1BF.

First, 36% of the SCBP+ patients in our study were
found to have pathogenic SCNBSA variants following
clinical genetic testing. This is higher than the overall
reported yield of 20% to 25%. The utility of genetic test-
ing in those without a diagnosis following an UCA is lim-
ited, as such only 43% of our SCBP— cohort underwent
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SCB +ve

. 1.00[.98-1.03]p=.774
91[.41-2.01] p = .815
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3.06 .72 - 12.94] p = .075
39[.12-1.31] p=.128

SCB -ve
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Baseline Type 2/3 ECG pattern -

2.54[.76-8.47] p=.128
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Early Repolarisation
Anterior ER
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Downsloping ST segment elevation
Terminal QRS notching
Terminal QRS slurring -

31[.04-2.28] p =.249
1.63[.75-3.53] p=.215
1.91[.83-4.41] p=.128
2.49[1.15-5.38] p=.021
5.78 [2.48 - 13.45] p < .001

PR interval (ms) *

QRS duration (ms) *

Inferior ST elevation (mm) *
Lateral ST elevation (mm) *
Anterior ST elevation (mm) *
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Figure 4. Baseline clinical and electrocardiographic factors predicting the 5-year recurrence of ventricular fibrillation.

A Forrest plot displaying the hazard ratios obtained from the univariate analysis of a clinical and electrocardiographic characteristics and
recurrence of ventricular fibrillation (VF) over a 5-year follow-up period. Prior syncope, early repolarization (ER) in a global or inferolateral
distribution and degree of ST segment elevation in the lateral leads were associated with an increased risk VF recurrence. SCBP indicates

sodium channel blockade.
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SCB +ve ] 0.39[0.12-1.31] p = 0.129

SCB -ve - 2.54[0.76 - 8.47] p=0.129
Caucasian Ethnicity - 3.34[0.78 - 14.22] p = 0.103
Prior Syncope —_— 3.83 [1.36 - 10.78] p = 0.011

Inferolateral ER e e 1.94 [0.66 - 5.73] p = 0.228
Global ER — 7.91[3.22-19.44] p < 0.001
Mean Lateral ST elevation N 0.99 [0.51 - 1.93] p = 0.980

Adjusted Hazards Ratio Log Scale

10 100

Figure 5. Multivariable analysis and 5-year recurrence of ventricular fibrillation.

Factors with a £<0.1 in the univariate analysis were included in a multivariable logistic regression model with sodium channel outcome and
Caucasian ethnicity as co-variates. Prior syncope and global early repolarization (ER) were independent predictors of ventricular fibrillation
recurrence over a 5-year follow-up period. SCBP indicates sodium channel blockade.

clinical genetic panel testing, with no pathogenic variants
being identified.

In accordance with the current guidance, screening
with SCBP in family members of our SCBP+ patients
was undertaken consistently, and we observed a DI-
T1BP in at least one relative in 14% of this group. In
contrast, the extent of phenotypic evaluation in the
SCBP— cohort varied and while we observed the DI-
T1BP in only 2 relatives of separate unrelated SCBP—
patients, the yield may have been higher if SCBP
had been systematically applied in this group. These
2 cases have previously been described in a study by
Mellor et al.’® In families 2 and 3 of this study, a relative
of the UCA survivor was found to have a type 2 BrS
on subsequent family screening, which converted to a
T1BP with ajmaline. In both cases, SCBP in the UCA
survivor was repeated and remained negative. Overall,
Mellor et al identified a DI-T1BP in at least one family
member in 12 UCA probands giving an overall positive
rate of 25% (3/12) at the family level. Whether this
represents a false positive DI-T1BP in the relative or a
false negative in the UCA survivor is difficult to deter-
mine. This outcome may be affected by several factors,
including the age of the UCA victims, all <21 years of
age. Variable expressivity mediated by common genetic
variation or environmental factors might influence the
outcome of SCBP in these subjects.’®

Circ Arrhythm Electrophysiol. 2022;15:e011263. DOI: 10.1161/CIRCER.122.011263

While we also observed that 10% (2/21) of SCBP+
patients had a family history of BrS prior to presenting
with an UCA, neither of these subjects had previously
been screened for BrS. There was no prior history of BrS
in the SCBP— group.

Overall, 19% (4/21) of the SCBP+ cohort were
found to have a spontaneous T1BP observed on a
resting ECG during follow up, as opposed to ambula-
tory ECGs. Gray et al'” reported a burden of the spon-
taneous T1BP in patients with a DI-T1BP of 34%
(11/32). However, the utility of a high lead ambulatory
ECG recording in a patient already receiving an ICD
is uncertain and was thus not performed routinely in
our study. The presence of a spontaneous T1BP, how-
ever, strengthens the diagnosis of BrS in a fifth of our
SCBP+ cohort.

Taken together these data support an enrichment of
the DI-T1BP group for BrS as a diagnosis, although in
the absence of a gold standard, the possibility of false
positives and false negatives remains.

Ajmaline Versus Procainamide

While there is no direct head-to-head or cross over trial
data, previous studies have reported a consistently higher
yield of the DI-T1BP with ajmaline in comparison with
procainamide across clinical indications. Papadakis et
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Figure 6. Cumulative survival plots.
Survival plots comparing 5-year recurrence of ventricular fibrillation against time from index presentation for (A) sodium channel blocker outcome,
(B) prior syncope, (C) global early repolarization. ER indicates early repolarization; HR, hazard ratio; and SCB, sodium channel blockade.

al* observed the ajmaline DI-T1BP in 15.9% of patients ~ 14% in family members of sudden arrhythmic death syn-
undergoing SCBP following a diagnosis of sudden  drome/UCA victims. Somani et al® reported a yield of the
arrhythmic death syndrome in a relative. Similarly, Tadros DI-1TBP in 6.9% in a mixed cohort undergoing SCBP
et al® reported a yield of 20.4% in UCA probands and  with procainamide.
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In this current study, the yield of the DI-T1BP observed
in the group receiving procainamide was higher than pre-
viously reported with this SCBP agent in similar cohorts,
and while the trend to a higher yield with ajmaline con-
tinued, this was not statistically significant. This may sug-
gest that the yields of the 2 agents are comparable when
applied to those deemed to carry the greatest a priori
chance of having a more penetrant form of Br§, that is,
presenting with an otherwise unexplained cardiac arrest.

There were no other differences in the clinical char-
acteristics in ajmaline-SCBP+ and procainamide-
SCBP+ patients, with similar yields following genetic
testing and familial evaluation. There was a trend toward
a greater proportion of procainamide SCBP+ patients
having a family history of BrS, but this was not signifi-
cant. A spontaneous T1BP was seen during follow-up
in an ajmaline-SCBP+ patient more frequently than in a
procainamide-SCBP+ patient, but this was not statisti-
cally significant.

SCBP Positive Versus SCBP Negative:
Electrocardiographic Comparisons
SCBP+ patients, as expected, displayed a higher prev-
alence of the T2/3BP at baseline, a greater mean ST
elevation (mm) in the anterior leads and longer mean
PR (ms) intervals and mean QRS (ms) durations, while
SCBP negative patients demonstrated a greater mean
lateral ST elevation (mm). Baseline T2/3BP and an
increasing PR interval, a novel finding, were independent
predictors of the positive response to SCBP.
Prolongation of the QRS duration and PR inter-
val have previously been reported in patients with BrS
and are both associated with an increased incidence of
major arrhythmic events (syncope, ventricular tachycar-
dia, VF, and appropriate ICD shocks).'®22 The associa-
tion between major arrhythmic events and QRS duration
and PR interval prolongation in BrS patients in general
appears to be irrespective of genetic status; however, a
relationship between SCNBA pathogenic variants and
cardiac conduction disease in BrS is well described.'®
However, all patients in our series had already suffered a
cardiac arrest. These ECG parameters, therefore, appear
less relevant as risk makers for recurrence of V.
Five-year VF recurrence rates, time to recurrence, and
estimated 5-year cumulative survival rates were statisti-
cally comparable between the 2 groups, although there
was trend toward greater risk of 5-year VF recurrence
rates in the SCBP— group (HR, 2.54 [0.76-8.47] versus
HR, 0.39 [0.12-1.31]; P=0.129).

Early Repolarization

The first description of ERS relied on the presence of
elevation of the QRS-ST segment 21 mV in at least 2
contiguous leads in patients with UCA.?* Subsequent
electrocardiographic refinement included an assess-
ment of the ST segment slope, upsloping or downslop-
ing, with the latter having a greater arrhythmic risk

Circ Arrhythm Electrophysiol. 2022;15:e011263. DOI: 10.1161/CIRCER.122.011263
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especially if located in the inferior and or lateral leads in
the general population® and a greater risk of VF recur-
rence in UCA survivors. The current consensus defini-
tion accepts that an ERP may exist in the absence of ST
segment elevation if there is J point elevation >0.1 mV
either as a notch or as slurring within the terminal QRS
(central illustration). In our study, 22% of the SCBP—
group had inferolateral ER >2 contiguous leads on the
baseline ECG at presentation and would therefore fulfil
the current consensus definition of ERS.'® However, a
similar proportion of the SCBP+ group also displayed
baseline inferolateral ER, 24%, P=0.695.

Antzelevitch et al?®?” have previously sought to clas-
sify ER into subtypes based on spatial distribution and
increasing arrhythmic risk with type 1 being benign ER
isolated to the lateral precordial leads, type 2 associated
with a greater risk and present in the inferolateral leads,
type 3 showing a global distribution, and type 4 being
J-point elevation related to the DI-T1BP.

We explored the influence of the individual compo-
nents of ER. Mean lateral ST segment elevation was
significantly greater in the SCBP— group in contrast to
a greater degree of anterior ST elevation in the SCBP+
group. The pattern of distribution of ST segment eleva-
tion was comparable between the groups; however, the
SCBP— group demonstrated a trend toward a greater
prevalence of global ST segment elevation, which was
the only electrocardiographic feature with a significant
independent association with VF recurrence. This is
consistent with type 3 ERS described by Antzelevitch
et al. However, the HRs for VF recurrence were compa-
rable between the upsloping and downsloping subtypes
of ST elevation. This differs from prior work by Rosso
et al,?® although the comparator group was an athletic
control and the patient group was smaller than that pre-
sented here.

Syncope

While the overall prevalence of prior syncope across
the entire population was low (8%), it did prove to be
an independent predictor of VF recurrence across our
population (adjusted HR, 3.83 [1.36-10.78], ~=0.011).
The prevalence of syncope pre-enrolment in BrS regis-
tries has been reported to be between 21% and 349%.%°"
32 However, much of these data are from those without
prior cardiac arrest. Nevertheless, in those with syncope,
a significantly higher incidence of VF or appropriate ICD
therapy was observed.

The Cardiac Arrest Survivors With Preserved Ejec-
tion Fraction Registry reported a higher prevalence of
prearrest syncope than that observed in our study; 35%
across the entire cohort and 32% in those in whom the
final diagnosis was IVF and 37% in those with an alter-
native diagnosis? However, a recent subgroup analy-
sis by Steinberg et al®® noted an absence of prearrest
syncope in IVF patients with VF recurrence triggered by
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short-coupled premature ventricular contractions (<350
ms coupling interval). The authors excluded those with a
diagnosis of ERS. Our cohort may reflect an intermediate
or mixed phenotype as we did not exclude SCA survi-
vors with triggering short-coupled premature ventricular
contractions.

Clinical and Mechanistic Implications

The development of a DI-T1BP in UCA survivors does
not appear to be associated with an increased risk of
further VF and one could argue that the utility of SCBP
in this setting is therefore limited. However, with 14%
of SCBP+ patients having at least one relative with a
DI-T1BP on subsequent cascade screening, as well as
the greater prevalence of a FH of sudden cardiac death
and BrS and pathogenic genetic variants, SCBP remains
an important tool in the identification or exclusion of a
heritable trait.

Previous work by Nademanee et al®* in a cohort of
patients with recurrent VF, ER £ co-existing Brugada
ECG patterns, identified the presence of epicardial low
voltage and fractionated late potentials in the RVOT
and inferolateral RV in those exhibiting both patterns.
The timing of these late potentials corresponded to the
presence of J point elevation on the surface ECG (pre-
dominantly in the inferolateral leads) and subsequent
substrate ablation resulted in a drastic reduction in VF
recurrence. We observed a similar inferolateral distribu-
tion of J-point ST segment elevation in 28% of our final
cohort, which was associated with an increased risk of
VF recurrence within the b-year follow-up period in the
univariate analysis (HR, 2.49 [1.156-5.38]; A=0.021).

Histopathologic assessment of biopsied tissue from a
patient with ERS identified extensive myocardial fibrosis,
which corresponded with fractionated potentials, delayed
activation, and repolarization abnormalities during epi-
cardial mapping of the inferior right ventricular free wall,
which were associated with an ER pattern on the surface
electrocardiogram.® Ablation of these regions resulted
in a reduction in arrhythmia recurrence and normalization
of the ECG. Furthermore, genetic studies have shown
that SCNBA pathogenic variants are important in ERS
as well as BrS patients. Zhang et al® reported a 10%
yield of likely pathogenic and pathogenic SCN5A vari-
ants in a cohort of ERS probands compared with a yield
of 23% in BrS probands. Similarities in the clinical and
demographic characteristics between these groups were
noted but electrocardiographic differences with the BrS
SCNbBA positive probands demonstrating significantly
longer QRS durations, shorter PR intervals, longer QTc
intervals, and a lower prevalence of bradycardia com-
pared to the ERS SCNbA positive group. Interestingly,
the authors also described a patient with a fever-induced
ERS phenotype with a SCN5A pathogenic variant and
fever-induced BrS phenotype in another patient with the
same variant.

Circ Arrhythm Electrophysiol. 2022;15:e011263. DOI: 10.1161/CIRCER.122.011263
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The evidence suggests that ERS and BrS may in part
share common histopathological substrates and mecha-
nisms for arrhythmogenesis, which are manifested by
J-wave changes on the surface ECG. Our study suggests
that the location and extent of these J waves, some of
which may be augmented by SCBP challenge and some
not, appears to determine the risk of recurrence of VF.
We, therefore, need to change our approach to the cat-
egorization and management of UCA patients as syn-
dromes, and better understand the underlying epicardial
substrate of the J wave syndrome. In this way, we will be
able to manage patients for their individual risk for VF
and recurrence and offer catheter ablation of substrates
in an effective way.

Study Limitations

The centers participating in this study are either national
or regional referral centers for inherited arrhythmia syn-
dromes. There may be patients referred with an UCA in
whom we were able to find a cause without the need for
SCBP. These patients were not included in this study.
Additionally, it would be difficult to determine whether
there were eligible UCA patients who were not referred.
As such the true number of patients presenting with an
UCA is unknown and we were unable to provide any
prevalence data.

While statistical power may be a potential reason for
the lack of statistically significant associations for certain
analysis. The number of patients in the SCBP+ and VF
recurrence groups were small and represented <20% of
the total cohort. This may overestimate the strength of
the effect in the multivariable analysis; however, there are
few comparable studies of this size investigating similar
cohorts or phenotypes in this manner.

While our cohort of patients were thoroughly investi-
gated at the point of presentation, there is evidence to
support the late development of structural disorders in
patients given an initial diagnosis of IVF3” We report on
recurrent event rates our cohort, but data regarding the
evolution of structural disorders were not available.

Conclusions

This study has identified a 17% of the DI-T1BP in con-
secutive UCA survivors undergoing SCBPF, with no sig-
nificant difference observed between SCBP agents. The
presence of a baseline T2/3BP was an independent
predictor of a DI-T1BP as was an increasing PR interval
suggesting a greater degree of conduction abnormality
in this group. Prior syncope and global ER were indepen-
dent predictors of VF recurrence. A DI-T1BP response
did not, however, show an independent association with
recurrence but may be a marker of a more heritable form
of the condition. This may be consistent with the accu-
mulating view that many IVF survivors share a similar
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epicardial fibrotic substrate, the extent and location of
which may mediate their risk for VF recurrence. This
needs to be studied to enable accurate risk evaluation in
less severely affected individuals with BrS and ERS and
their family members.

ARTICLE INFORMATION
Received June 3, 2022; accepted November 10, 2022.

Affiliations

Cardiology Clinical Academic Group, St George's University Hospitals NHS Foun-
dation Trust, London, United Kingdom (B.E, C.S, ERB.). Institute of Molecular
and Clinical Sciences, St George's University of London, United Kingdom (BE,
C.S, ERB). Center for Cardiovascular Innovation, Division of Cardiology, Univer-
sity of British Columbia, Vancouver (C.C.C, AD.K). Section of Cardiac Electro-
physiology, Division of Cardiology, Department of Medicine, Western University,
London, Ontario, Canada (FA, J.D.R.). Department of Cardiology, Rigshospitalet,
Copenhagen, Denmark (B.G.W, J.T-H.). Royal Victoria Hospital, Belfast, United
Kingdom (PB., AM.). Imperial College Healthcare NHS Trust, London, United
Kingdom (K.L, A.V.). Section of Forensic Genetics, Department of Forensic Medi-
cine, Copenhagen University, Denmark (J.T.-H.).

Sources of Funding
This work is supported by The Robert Lancaster Memorial Fund sponsored by

McColl's Research Group (B. Ensam, C. Scrocco, and E. Behr) and the Heart and
Stroke Foundation of Canada (A. Krahn).

Disclosures
None.

Supplemental Material
Table S1

REFERENCES

1. Priori SG, Blomstrém-Lundquist C, Mazzanti A, Blom N, Borggrefe M,
Camm J, Elliott PM, Fitzsimons D, Hatala R, Hindricks G, et al.; ESC Sci-
entific Document Group. 2015 ESC guidelines for the management of
patients with ventricular arrhythmias and the prevention of sudden car-
diac death: The task force for the management of patients with ventricular
arrhythmias and the prevention of sudden cardiac death of the European
Society of Cardiology (ESC). endorsed by: association for European Paedi-
atric and Congenital Cardiology (AEPC). Eur Heart J. 2015;36:2793-2867.
doi: 10.1093/eurheartj/ehv316

2. Krahn AD, Healey JS, Chauhan V, Birnie DH, Simpson CS, Champagne J,
Gardner M, Sanatani S, Exner DV, Klein GJ, et al. Systematic assessment of
patients with unexplained cardiac arrest: cardiac Arrest Survivors with Pre-
served Ejection Fraction Registry (CASPER). Circulation. 2009;120:278~
285. doi: 10.1161/CIRCULATIONAHA.109.853143

3. Somani R, Krahn AD, Healey JS, Chauhan VS, Birnie DH, Champagne J,
Sanatani S, Angaran P, Gow RM, Chakrabarti S, et al. Procainamide infusion
in the evaluation of unexplained cardiac arrest: from the Cardiac Arrest Sur-
vivors With Preserved Ejection Fraction Registry (CASPER). Heart Rhythm.
2014;11:1047-1054. doi: 10.1016/}hrthm.2014.03.022

4. Papadakis M, Papatheodorou E, Mellor G, Raju H, Bastiaenen R,
Wijeyeratne Y, Wasim S, Ensam B, Finocchiaro G, Gray B, et al. The diag-
nostic yield of brugada syndrome after sudden death with normal autopsy. J
Am Coll Cardiol. 2018;71:1204-1214. doi: 10.1016/jjacc.2018.01.031

5. Kumar S, Peters S, Thompson T, Morgan N, Maccicoca |, Trainer A,
Zentner D, Kalman JM, Winship |, Vohra JK. Familial cardiological and
targeted genetic evaluation: low yield in sudden unexplained death
and high yield in unexplained cardiac arrest syndromes. Heart Rhythm.
2013;10:1663-1060. doi: 10.1016/j.hrthm.2013.08.022

6. Tadros R, Nannenberg EA, Lieve KV, Skoric’-MiIosavaevic’ D, Lahrouchi N,
Lekanne Deprez RH, Vendrik J, Reckman YJ, Postema PG, Amin AS, et
al. Yield and pitfalls of ajmaline testing in the evaluation of unexplained
cardiac arrest and sudden unexplained death: Single-center experience
with 482 families. JACC Clin Electrophysiol. 2017;3:1400-1408. doi:
10.1016/jjacep.2017.04.005

Circ Arrhythm Electrophysiol. 2022;15:e011263. DOI: 10.1161/CIRCER.122.011263

20.

21.

22.

Recurrent Sudden Cardiac Arrest

. Wong LC, Roses-Noguer F, Till JA, Behr ER. Cardiac evaluation of pedi-

atric relatives in sudden arrhythmic death syndrome: a 2-center expe-
rience. Circ Arthythm Electrophysiol. 2014;7:800-806. doi: 10.1161/
CIRCER114.001818

. Hasdemir C, Payzin S, Kocabas U, Sahin H, Yildiim N, Alp A, Aydin M,

Pfeiffer R, Burashnikov E, Wu Y, et al. High prevalence of concealed brugada
syndrome in patients with atrioventricular nodal reentrant tachycardia. Heart
Rhythm. 2015;12:1584-1594. doi: 10.1016/}hrthm.2015.03.015

. Herman AR, Cheung C, Gerull B, Simpson CS, Birnie DH, Klein GJ,

Champagne J, Healey JS, Gibbs K, Talajic M, et al. Outcome of appar-
ently unexplained cardiac arrest: Results from investigation and follow-up
of the prospective cardiac arrest survivors with preserved ejection frac-
tion registry. Circ Arrhythm Electrophysiol. 2016;9:E003619. doi: 10.1161/
CIRCER.115.003619

. Antzelevitch C, Yan GX, Ackerman MJ, Borggrefe M, Corrado D, Guo J,

Gussak |, Hasdemir C, Horie M, Huikuri H, et al. J-wave syndromes expert
consensus conference report: emerging concepts and gaps in knowledge.
Europace. 2017;19:665-694. doi: 10.1093/europace/euw235

. Macfarlane PW, Antzelevitch C, Haissaguerre M, Huikuri HV, Potse M,

Rosso R, Sacher F, Tikkanen JT, Wellens H, Yan GX. The early repolariza-
tion pattern: A consensus paper. J Am Coll Cardiol. 2015;66:470—-477. doi:
10.1016/}jacc.2015.06.033

. Priori SG, Wilde AA, Horie M, Cho Y, Behr ER, Berul C, Blom N, Brugada J,

Chiang CE, Huikuri H, et al. Executive Summary: Hrs/Ehra/Aphrs expert
consensus statement on the diagnosis and management of patients with
inherited primary arrhythmia syndromes. Heart Rhythm. 2013;10:e85E85—
€8e108. doi: 10.1016/j.hrthm.2013.07.021

. Priori SG, Wilde AA, Horie M, Cho Y, Behr ER, Berul C, Blom N, Brugada J,

Chiang CE, Huikuri H, et al; Document Reviewers. Executive summary:
HRS/EHRA/APHRS expert consensus statement on the diagnosis and
management of patients with inherited primary arrhythmia syndromes.
Europace. 2013;15:1389-1406. doi: 10.1093/europace/eut272

. Antzelevitch C, Yan GX, Ackerman MJ, Borggrefe M, Corrado D, Guo J,

Gussak |, Hasdemir C, Horie M, Huikuri H, et al. J-wave syndromes expert
consensus conference report: emerging concepts and gaps in knowl-
edge. Heart Rhythm. 2016;13:e295E295-e295e324. doi: 10.1016/j.
hrthm.2016.05.024

. Mellor GJ, Blom LJ, Groeneveld SA, Winkel BG, Ensam B, Bargehr J,

Van Rees B, Scrocco C, Krapels IPC, Volders PGA, et al. Familial evalu-
ation in idiopathic ventricular fibrillation: diagnostic yield and significance
of J wave syndromes. Circ Arrhythm Electrophysiol. 2021;14:E009089. doi:
10.1161/CIRCER.120.009089

. Tadros R, Tan HL, El Mathari S, Kors JA, Postema PG, Lahrouchi N,

Beekman L, Radivojkov-Blagojevic M, Amin AS, Meitinger T, et al; ESCAPE-
NET Investigators. Predicting cardiac electrical response to sodium-channel
blockade and brugada syndrome using polygenic risk scores. Eur Heart J.
2019;40:3097-3107. doi: 10.1093/eurheartj/ehz435

. Gray B, Kirby A, Kabunga P, Freedman SB, Yeates L, Kanthan A,

Medi C, Keech A, Semsarian C, Sy RW. Twelve-lead ambulatory elec-
trocardiographic monitoring in brugada syndrome: Potential diagnos-
tic and prognostic implications. Heart Rhythm. 2017;14:866-874. doi:
10.1016/j.hrthm.2017.02.026

. Maury P, Rollin A, Sacher F, Gourraud JB, Raczka F, Pasquié JL, Duparc A,

Mondoly P, Cardin C, Delay M, et al. Prevalence and prognostic role of vari-
ous conduction disturbances in patients with the brugada syndrome. Am J
Cardiol. 2013;112:1384-1389. doi: 10.1016/j.amjcard.2013.06.033

. Migliore F Testolina M, Zorzi A, Bertaglia E, Silvano M, Leoni L,

Bellin A, Basso C, Thiene G, Allocca G, et al. First-degree atrioventricu-
lar block on basal electrocardiogram predicts future arrhythmic events in
patients with Brugada syndrome: a long-term follow-up study from the
Veneto region of Northeastern ltaly. Europace. 2019;21:322-331. doi:
10.1093/europace/euy 144

Morita H, Watanabe A, Kawada S, Miyamoto M, Morimoto Y,
Nakagawa K, Nishii N, Nakamura K, Ito H. Identification of electrocardio-
graphic risk markers for the initial and recurrent episodes of ventricular
fibrillation in patients with Brugada syndrome. J Cardiovasc Electrophysiol.
2018;29:107-114. doi: 10.1111/jce.13349

Ohkubo K, Watanabe I, Okumura Y, Ashino S, Kofune M, Nagashima K|
Kofune T, Nakai T, Kunimoto S, Kasamaki Y, et al. Prolonged QRS duration
in lead V2 and risk of life-threatening ventricular arrhythmia in patients with
brugada syndrome. Int Heart J. 2011;62:98-102. doi: 10.1536/ih|.52.98
Tokioka K, Kusano KF, Morita H, Miura D, Nishii N, Nagase S, Nakamura K,
Kohno K, Ito H, Ohe T. Electrocardiographic parameters and fatal arrhythmic
events in patients with Brugada syndrome: combination of depolarization

December 2022 834



Ensam et al

23.

24,

25.

26.

27.

28.

29.

30.

Circ Arrhythm Electrophysiol. 2022;15:e011263. DOI: 10.1161/CIRCER.122.011263

and repolarization abnormalities. J Am Coll Cardiol. 2014,63:2131-2138.
doi: 10.1016/}jacc.2014.01.072

Yamagata K, Horie M, Aiba T, Ogawa S, Aizawa Y, Ohe T,
Yamagishi M, Makita N, Sakurada H, Tanaka T, et al. Genotype-pheno-
type correlation of SCNBA mutation for the clinical and electrocardio-
graphic characteristics of probands with brugada syndrome: a Japanese
multicenter registry. Circulation. 2017;135:22565-2270. doi: 10.1161/
CIRCULATIONAHA.117.027983

Haissaguerre M, Derval N, Sacher F Jesel L, Deisenhofer |, De Roy L,
Pasquié JL, Nogami A, Babuty D, Yli-Mayry S, et al. Sudden cardiac arrest
associated with early repolarization. N Engl J Med. 2008;358:2016-2023.
doi: 10.1056/NEJMoa071968

Tikkanen JT, Junttila MJ, Anttonen O, Aro AL, Luttinen S, Kerola T,
Sager SJ, Rissanen HA, Myerburg RJ, Reunanen A, et al. Early repo-
larization: electrocardiographic phenotypes associated with favorable
long-term outcome. Circulation. 2011;123:2666-2673. doi: 10.1161/
CIRCULATIONAHA.110.014068

Antzelevitch C, Yan G-X. J Wave syndromes. Heart Rhythm. 2010;7:549-
558. doi: 10.1016/j.hrthm.2009.12.006

Antzelevitch C, Yan GX, Viskin S. Rationale for the use of the terms j-wave
syndromes and early repolarization. J Am Coll Cardiol. 2011;57:1587-1590.
doi: 10.1016/jjacc.2010.11.038

Rosso R, Glikson E, Belhassen B, Katz A, Halkin A, Steinvil A, Viskin
S. Distinguishing “benign” from “malignant early repolarization”: the value
of the st-segment morphology. Heart Rhythm. 2012;9:225-229. doi:
10.1016/jhrthm.2011.09.012

Delise P, Allocca G, Marras E, Giustetto C, Gaita F, Sciarra L, Calo L,
Proclemer A, Marziali M, Rebellato L, et al. Risk stratification in individuals
with the Brugada type 1 Ecg pattern without previous cardiac arrest: useful-
ness of a combined clinical and electrophysiologic approach. Eur Heart J.
2011;32:169-176. doi: 10.1093/eurheartj/ehq381

Priori SG, Gasparini M, Napolitano C, Della Bella P, Ottonelli AG,
Sassone B, Giordano U, Pappone C, Mascioli G, , et al. Risk stratification
in brugada syndrome: Results of the PRELUDE (Programmed Electrical

31.

32.

33.

34.

35.

36.

37.

Recurrent Sudden Cardiac Arrest

Stimulation Predictive Value) registry. J Am Coll Cardiol. 2012;59:37-45.
doi: 10.1016/jjacc.2011.08.064

Probst V, Veltmann C, Eckardt L, Meregalli PG, Gaita F, Tan HL, Babuty D,
Sacher F, Giustetto C, Schulze-Bahr E, et al. Long-term prognosis of patients
diagnosed with brugada syndrome: Results from the FINGER Bru-
gada syndrome registry. Circulation. 2010;121:635-643. doi: 10.1161/
CIRCULATIONAHA.109.887026

Brugada P, Brugada R, Mont L, Rivero M, Geelen P, Brugada J. Natural his-
tory of Brugada syndrome: the prognostic value of programmed electrical
stimulation of the heart. J Cardiovasc Electrophysiol. 2003;14:455—457. doi:
10.1046/}.1640-8167.2003.02517x

Steinberg C, Davies B, Mellor G, Tadros R, Laksman ZW, Roberts JD,
Green M, Algarawi W, Angaran P, Healey J, et al. Short-coupled ventricular
fibrillation represents a distinct phenotype among latent causes of unex-
plained cardiac arrest: a report from the CASPER registry. Eur Heart J.
2021,;42:2827-2838. doi: 10.1093/eurheartj/ehab275

Nademanee K, Haissaguerre M, Hocini M, Nogami A, Cheniti G, Duchateau
J, Behr ER, Saba M, Bokan R, Lou Q, et al. Mapping and ablation of ven-
tricular fibrillation associated with early repolarization syndrome. Circulation.
2019;140:1477-1490. doi: 10.1161/CIRCULATIONAHA.118.039022
Boukens BJ, Benjacholamas V, Van Amersfoort S, Meijborg VM,
Schumacher C, Jensen B, Haissaguerre M, Wilde A, Prechawat S, Huntrakul
A, et al. Structurally abnormal myocardium underlies ventricular fibrillation
storms in a patient diagnosed with the early repolarization pattern. JACC
Clin Electrophysiol. 2020,6:1395-1404. doi: 10.1016/jjacep.2020.06.027
Zhang ZH, Barajas-Martinez H, Xia H, Li B, Capra JA, Clatot J, Chen GX,
Chen X, Yang B, Jiang H, et al. Distinct features of probands with
early repolarization and brugada syndromes carrying SCN5A patho-
genic variants. J Am Coll Cardiol. 2021;78:1603-1617. doi: 10.1016/j.
jacc.2021.08.024

Visser M, Van Der Heijden JF, Van Der Smagt JJ, Doevendans PA, Wilde
AA, Loh P, Hassink RJ. Long-term outcome of patients initially diagnosed
with idiopathic ventricular fibrillation: a descriptive study. Circ Arrhythm Elec-
trophysiol. 2016;9:e004258. doi: 10.1161/CIRCER.116.004258

December 2022 835



