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This editorial refers to ‘Brugada syndrome genetics is associated with phenotype severity’†, by G. Ciconte et al., on page

1082.

Brugada syndrome (BrS) is a relatively rare arrhythmia disorder that
can lead to sudden cardiac death (SCD) due to ventricular tachycar-
dia/fibrillation (VT/VF), predominantly in adults. Despite being con-
sidered an inherited disease, the genetic basis of BrS appears to be
considerably more complex than other genetic cardiac conditions

such as long QT syndrome (LQTS) and hypertrophic cardiomyop-
athy (HCM) that have a more prominent Mendelian-like inheritance.
Although rare variants in numerous genes encoding ion channels and
related proteins have been implicated in BrS, recent re-evaluation of
the evidence for these associations has downgraded all but one gene,
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SCN5A, to disputed status.1 Rare pathogenic variants in SCN5A, which
encodes for the NaV1.5 sodium channel, are detected in only about
20% of BrS cases of European descent however (with diagnostic
yields lower still in East Asian populations where BrS is much more
prevalent). It is now believed that most BrS patients, particularly
those without a rare SCN5A variant, are likely to have a complex aeti-
ology comprising multiple genetic and non-genetic factors rather
than as yet undiscovered Mendelian causes of disease. Genome-wide
association studies (GWAS) have identified an unexpectedly strong
contribution of common genetic variants to the BrS phenotype, with
common non-coding variants at the SCN5A locus being particularly
prominent.2

Genetic testing to identify rare pathogenic variants in SCN5A can be
pursued in patients with BrS with a Class IIa recommendation.3 While
the identification of a causative rare variant may be used for identifying at
risk family members through cascade genetic screening, knowledge of
the genetic status plays little role in the clinical management or prognosis
for BrS patients.3 This is despite the fact that the presence of a rare
pathogenic SCN5A variant has been associated with a more severe
phenotype in BrS patients, including a higher occurrence of major ar-
rhythmic events.4 While it is not atypical in cardiac disease for worse out-
comes to be associated with the presence of rare pathogenic variants
(HCM patients with pathogenic variants in sarcomere genes also have a
poorer prognosis than those without5), the mechanism underlying this in
BrS patients is not fully understood. Now, a new study by Ciconte and
colleagues has investigated this issue through the analysis of a critical
intermediate phenotype, the epicardial arrhythmogenic substrate area, in
a cohort of BrS patients with and without SCN5A variants.6

In their paper, Ciconte and colleagues share with us their data on
BrS patients referred to the San Donato hospital, Milan, Italy, because
of their inferred high-risk features. From the 195 included patients, 49
(25%) appeared to harbour a pathogenic or likely pathogenic SCN5A
variant. All patients had an implantable cardioverter defibrillator (ICD)
and underwent endocardial and epicardial mapping and ablation to
modify their arrhythmogenic substrate to the example of the pioneer-
ing study of Nademanee and colleagues in Bangkok, Thailand.7

Noteworthy, the San Donato experience with this procedure is now
possibly one of the largest in the world. The mapping and ablation pro-
cedure described in the study is well structured and conducted sys-
tematically, including endocardial right ventricular (RV) mapping
followed by epicardial mapping with a decapolar catheter to assess the
area with wide, low voltage and fragmented electrograms and local
late potentials (predominantly at the RV outflow tract [RVOT]).
Subsequently, ajmaline was administered to evaluate enlargement of
this area by additional sodium channel blockade, thereby defining the
arrhythmogenic substrate and setting the target area for ablation. This
protocol mirrors the protocol used in multiple centres.8,9 Although
not specifically addressed in this paper, the target area would then be
modified by the application of RF energy to, ideally, reach a non-
inducible type-1 ECG after resolution of the initial ST-segment changes
after epicardial ablation. This non-inducibility of the type-1 ECG is
believed to mirror a (vast) reduction in arrhythmogenic risk.

Concerning the impact of genotype on phenotypic expression in
these patients, already at baseline a notable difference in conduction
delay was apparent; patients with a pathogenic or likely pathogenic
SCN5A variant had at mean 30 ms longer PR intervals, 10 ms longer
filtered QRS complex durations, while the other parameters from

signal averaged ECGs were also worse in the SCN5A variant positive
patients. This resembles previous reports on conduction slowing in
BrS.10,11 In their study, Ciconte et al. for the first time now also dem-
onstrate that invasive epicardial measures of conduction delay, al-
ready apparent in all BrS cases, are exaggerated in patients with a
pathogenic or likely pathogenic SCN5A variant, translating to larger
substrates and longer electrogram durations. (Ultra)structural abnor-
malities are believed to play an important role in the occurrence of
conduction delay and the arrhythmogenic BrS substrate.12,13 In
patients with an SCN5A variant, such abnormalities likely conspire
with the reduced sodium current to determine the ultimate charac-
teristics and severity of the substrate. Interestingly, in patients with-
out a current type-1 ECG, abnormal electrograms can also be seen
at the epicardial RVOT. This resembles the notion that additional ex-
citation failure at the RVOT epicardium is obligatory to reach a type-
1 ECG, while such excitation failure is dependent on structural
abnormalities coinciding with sufficiently reduced conductivity13 (and
the latter can be initiated by, e.g., ajmaline).

While this study provides important insights on the relationship be-
tween genotype and phenotype in BrS, our understanding of these asso-
ciations is still rudimentary. For the interpretation of SCN5A variants, a
generic classification tool was applied – while the majority of variants
were likely to have been correctly classified, gene-specific approaches
using high throughput functional assays14 or quantitative case-control
approaches15 may lead to improved classification and estimation of vari-
ant effect size rather than binary predictions. Limited phenotypic differ-
ences were observed in this cohort based on SCN5A variant classes and
properties - a larger baseline (though not ajmaline-induced) substrate
was noted for patients with non-missense variants but there were no
significant differences based on topographical location. Larger cohorts
are likely to be needed to further characterise the interaction between
SCN5A variant class and phenotypic measures like the epicardial arrhyth-
mogenic substrate. In addition, it is important to note that this San
Donato cohort is (much) less severely affected compared to other
cohorts:7,8 12% of patients had a previous aborted cardiac arrest, 22%
had a spontaneous type-1 ECG and 38% had appropriate ICD therapy,
while in 48% VT/VF was inducible (undoubtedly with considerable over-
lap between categories). Interestingly, the BrS substrate at the RV epi-
cardium can also be seen in lower risk patients. Still, whether the
ablation procedure in a sample of this population outweighs baseline
risk is currently uncertain. It is interesting to note that, although not
formally tested, based on the numbers provided (Table 1 and supple-
mental data in Ciconte et al.), a spontaneous type-1 ECG, inducible
VT/VF and presence of an SCN5A variant appear to be associated with
appropriate ICD therapy, while a family history of sudden death
seems to have the opposite association. Similarly, the presence of an
SCN5A variant appears to be associated with a spontaneous type-1
ECG and symptoms (aborted cardiac arrest, syncope and appropriate
ICD therapy).

The genetic architecture of BrS is of course likely to be much
more complex than the simple presence or absence of a rare patho-
genic SCN5A variant and efforts to uncover the associations between
the genetic status of BrS patients and their phenotype and clinical
outcomes are dependent on furthering our understanding of BrS gen-
etics. While most non-SCN5A Mendelian BrS associations have been
disputed, it is likely that some novel, and likely infrequent, disease
genes that harbour rare genetic variation remain to be discovered
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.and these could at least partially define the genetic aetiology in some
patients. The role of common variants identified by GWAS in deter-
mining phenotype also needs to be further explored. The SCN5A-
SCN10A locus is the strongest association with BrS, where causal var-
iants are likely to act through regulation of SCN5A gene expression.2

Other significant loci may also act indirectly on the dosage of the
SCN5A transcript, further emphasising the central role of sodium
channel function in BrS. Defining the collective contribution of com-
mon variants, through instruments like polygenic risk scores, and
their interaction with rare pathogenic SCN5A variants will lead to an
enhanced estimation of the overall genetic risk in BrS patients. Such
insights may then enable more comprehensive and accurate investi-
gations into genotype-phenotype associations in BrS, for both inter-
mediate phenotypes like the epicardial arrhythmogenic substrate and
clinical events and outcomes. While we are still at the early stages of
being able to offer individualised prognosis for BrS patients, studies
like the one by Ciconte and colleagues are beginning to illuminate the
path between genetic risk factors and clinical outcomes.
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