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Brugada Syndrome is a cardiac genetic entity associated with an elevated risk of

life-threatening arrhythmias, making accurate and prompt diagnosis vital to

prevent lethal outcomes. To date, no macroscopic alterations have been

identified in diagnosed patients, but microscopic alterations have been

reported in some cases, which remain a matter of argue. This is especially

relevant in the forensic field, helping to perform a post-mortem diagnose.

Molecular autopsy may help to identify the genetic alteration, but other data

such as family history and the situation of death are crucial to unravel the

definite cause of an unexpected decease. Deleterious variants in the SCN5A

gene are the most common cause of Brugada syndrome; however, the

genetic diagnostic yield of Brugada Syndrome remains low, with a deleterious

variant in SCN5A identified in only a 25%–30% of cases, and a high number of

phenotype-positive genotype-negative individuals. This along with a proper

clinical-genetic interpretation and the management of variants of unknown

clinical significance remains a current challenge. Our review aims to update

the available forensic data focused on autopsies performed in Brugada

syndrome cases.
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1 Introduction

Brugada syndrome (BrS) is a genetic cardiac ion channel entity that can lead to

malignant arrhythmias and sudden cardiac death (SCD). It accounts for nearly 5% of

all SCD and almost 20% of SCD that occur in the absence of structural cardiac

abnormality (1). Lethal episodes should occur mainly at rest/during the night, usually

in males nearly 40 years old but it may also be diagnosed in children. BrS is considered

to cause 10%–20% of sudden infant deaths and 4%–12% of SCD in children (2). The

estimated prevalence of BrS is approximately 1:5000, and it is 8–10 times more

common in males than in females. In Southeast Asia is widely reported a highest

prevalence of BrS, up to 14 times, being the primary cause of natural death among
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males below the age of 50. In this region, the condition is often

referred to as sudden unexpected nocturnal death syndrome

(SUNDS), given its predilection for causing death during sleep.

The clinical diagnosis of BrS is based on the typical

electrocardiogram (ECG) called type 1 and characterized by a

coved-type ST-segment elevations in the right precordial leads

(V1–V3) (3). This ECG pattern is often dynamic and may

appear spontaneously (basal situations) or be unmasked (using

sodium channel blockers or external triggers such as fever).

Symptoms may range from asymptomatic to ventricular

fibrillation, syncope and even SCD as the first manifestation of

the disease (4). Given the potential severity of the disease, early

identification is crucial to implement personalized risk reduction

strategies. Current recommendations support implantable

cardioverter-defibrillator (ICD) therapy in BrS patients with

arrhythmogenic syncope or documented ventricular arrhythmias.

However, asymptomatic patients should receipt a close follow-up

despite low risk of lethal episodes (5).

BrS represents a relatively rare but lethal event, having

significant consequences not only in the clinical setting

(particularly in the screening of first-degree relatives) but also in

the forensic field, as a portion of sudden unexpected deaths

remain unsolved after a comprehensive medico-legal autopsy

could potentially be explained by BrS.

2 Genetic diagnostics

Today, genetic testing is a highly relevant tool in the definitive

diagnosis of a cardiac channelopathy such as BrS. Current

guidelines recommend performing a genetic test when a patient

is diagnosed with BrS or when there is clinical suspicion

(Figure 1). This genetic study should also be performed

postmortem as part of a complete autopsy procedure (molecular

autopsy) particularly if the death meets the criteria for suspected

BrS or if there are individuals in the family diagnosed with BrS,

with or without symptoms.

Genetic tests for BrS can include various genes with potential

association with the disease, although only rare variants located

in the SCN5A gene are currently definitively linked to its

pathogenesis (3). This gene, located on chromosome 3p21,

encodes the voltage-dependent sodium cardiac channel subunit

(Nav1.5). Likely pathogenic or pathogenic (LP/P) variants have

been identified in families with an autosomal dominant pattern

of inheritance. These genetic alterations result in a loss-of-

function of the Nav1.5 channel. Nowadays, a conclusive genetic

alteration is identified in 25%–30% of families with a clinical

diagnose of BrS. Additionally, also in the SCN5A have been

reported gross insertions/deletions (Copy Number Variants,

CNV) despite punctual studies performed so far suggest that less

than 2% of BrS cases may be associated with these deleterious

genetic alterations. Other minor genes encoding mainly sodium

subunits or associated proteins have been proposed as potential

causes of BrS, however further studies are needed to determine

their definite role (6). Concerning pattern of inheritance, today

only autosomic dominant is widely accepted; other patterns such

as autosomic recessive, X-linked or even mitochondrial have

been suggested but no definitively accepted so far.

Taking all these data, at this point is important to remark that

the main fact is perform a thorough interpretation and a conclusive

final classification following the American College of Medical

Genetics and Genomics and the Association for Molecular

Pathology (ACMG/AMP) guidelines (7) are required for any

variant to be considered LP/P, thus confirming the genetic basis

of BrS (3).

Currently, in up to 40% of sudden death cases, a conclusive

cause of death after a comprehensive medico-legal autopsy

remains to clarify (8, 9). In such cases, the term “negative

autopsy” is used, which broadly includes both the absence of

cardiac anomalies and the presence of nonspecific findings that

do not clearly indicate a precise cause of sudden death.

Molecular autopsy refers to a post-mortem genetic analysis or

post-mortem molecular analysis used in forensic medicine,

focused on the application of genetic diagnostic in post-mortem

samples (10–12). Therefore, in cases of previously diagnosed BrS

or suspected BrS as the cause of an unexpected decease,

molecular autopsy has become a fundamental tool in the current

forensic area as an essential complement to standard medico-

legal autopsy protocols (13).

A significant portion of rare variants detected in genetic studies

related to cardiac channelopathies are classified as having

ambiguous significance (variants of unknown significance, VUS).

This is also common in BrS, especially following a molecular

autopsy. These VUS cannot be clinically actionable because we

do not know the role they may play in the origin and/or

progression of BrS. However, they cannot be dismissed entirely

due to their ambiguous nature and lack of information that

would allow us to classify them with a definitive role (3). In

particular, in the forensic context, information like familiar/

personal anamnesis and segregation analysis are often missing/

incomplete, and thus VUS represent a frequent issue when the

cause of the death must be assessed (14). VUS should be

reinterpreted periodically, in light of the ongoing updates in

clinical and genetic databases. Our recent research suggests

reclassifying such variants within no more than five years after

their initial classification, with a minimum interval of two years

(15, 16). This interval may vary depending on the available

resources of each center, although we recommend at least

performing an update of the variant frequencies in the

population annually, given the ease of the process and the rapid

evolution of the available datasets.

3 Structural findings

To date, BrS is classified as an inherited cardiac

channelopathies leading to malignant arrhythmias in a

structurally normal heart (Figure 1). From a pathological

perspective, it is widely accepted that no morphological heart

alterations are present at the macroscopic level. Nevertheless,

many reported forensic cases continuous to associated the with

microscopic anomalies that per se have uncertain significance
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(17). Therefore, autopsies in BrS typically reveal no consistent

structural abnormalities and are generally reported as negative.

However, emerging evidence suggests the presence of structural

alterations in the hearts of some BrS patients (18, 19) despite no

conclusive origin of these scattered alterations (cause or

consequence of the arrythmia) have been clarified to date. In a

comprehensive study performed by our group, we identified that

no definite diagnosis of BrS was reported in some cases

presenting microscopic structural alterations (20).

Current evidence on BrS-related structural changes mainly

relies on clinical endomyocardial biopsies, explanted heart’

samples, post-mortem microscopic data and radiological images

(in particular obtained through cardiac magnetic resonance, that

represents the gold standard for right ventricle and replacement

fibrosis imaging) (21). Many histological anomalies have been

described in BrS cases, with the most recurring ones represented

by signs of acute or chronic myocarditis (inflammatory infiltrates

with myocardial necrosis, interstitial fibrosis, epi-to-endocardium

fibrosis) and fatty infiltration (20). These findings mainly affect

the anterior part of the right ventricle outflow tract (RVOT),

with inflammation and fibrosis being the only changes

statistically associated with BrS (22). A correlation between some

structural changes (namely, fibrosis and decreased gap junction

expression) and electrical anomalies in the RVOT has been

described, with these alterations thought to be primarily

responsible for conduction velocity anomalies (low-voltage areas)

(23, 24). The reason for the predominant involvement of RVOT

is not fully understood, but it may be related to an abnormality

in the migration of cardiac neural crest cells, that express

connexin-43 (whose expression -as said- is often reduced in BrS

patients’ RVOT) and are involved in the development of the

RVOT. Structural changes in BrS are not static: Isbister et al.

performed periodic cardiac magnetic resonances on BrS patients,

finding that they tended to develop focal fibrosis in the right

ventricle side of the basal spectrum, failing to find diffuse

myocardial fibrosis at the parametric mapping (21).

In BrS, the RVOT dilation has also been found to be more

frequent in carriers of SCN5A pathogenic variants (25, 26). In

addition, fibrosis in BrS is not exclusive to the RVOT, having

been also found in the epicardial surface of the left ventricle,

especially in carriers of pathogenic SCN5A variants (27). All data

available so far suggests a careful microscopic heart analysis

during autopsy of diagnosed or suspected BrS cases, especially

areas of the RVOT. This is also important given the existence

and frequency of the so-called Brugada clinical phenocopies (i.e.,

other disorders that produce a Brugada-like ECG pattern), like

some cases of right or left ventricular hypertrophy or tricuspid

valve defect (28). Moreover, BrS cases frequently tend to show

anomalies suggestive of the first stages of arrhythmogenic

cardiomyopathy (ACM), like fibro-fatty myocardium replacement

and RVOT dilation (29), that are also associated with a higher

risk of severe ventricular arrhythmias (30). Moreover, a

correlation between SCN5A variants and ACM has been

reported, which could be explained by the influence of an

FIGURE 1

Key pieces in a Brugada syndrome’s autopsy.
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underexpression in sodium channels over proteins that interact

with Nav1.5 in the intercalated disks (31). For these reasons, the

idea of a BrS-arrhythmogenic cardiomyopathy overlapping

syndrome is preferred over the concept of the cardiomyopathy as

a BrS phenocopy (32). In these cases, genetic testing plays a

pivotal role, as it can contribute to achieving a precise diagnosis

and uncover potential overlapping syndromes.

The relationship between genotype and histotype is an actual

frontier in this field of research. While a statistically significant

association between fibrosis and SCN5A variants in clinical BrS

patients has not yet been firmly established, studies in SCN5A

knockout mice show that the extent of fibrosis is greater than in

the wild-type and that it tends to increase with age, particularly

in males (33). Overall, structural anomalies at the histological

and radiological examination tend to be more frequent in

carriers of SCN5A pathogenic variants (25). The integration of

microscopic and genetic information is particularly important in

forensic settings, since the high prevalence of pathogenic SCN5A

variants in young victims of BrS arrhythmias tends to suggest

that SCD in BrS is substantially of electric nature in the young

age, while a structural contribution mainly concerns the SCD in

adult age, that represent most of the event’s (31). Finally, it is

important to remark that, from our point of view, no case with a

definitive diagnosis of BrS has progressed to the definitive

diagnosis of any cardiomyopathy but this fact does not imply

that the identification of microscopic heart anomalies justify the

exclusion of BrS as a possible diagnosis.

4 Family role

The sudden death of an individual has a devastating impact on

family members. This situation is exacerbated when the suddenly

deceased relative is young, or even a child. Such situations often

occur in sudden deaths related to BrS, where the autopsy usually

fails to identify any findings that explain the cause of death. This

leaves families anguished, without answers regarding the cause of

such a lethal event. In 2021, Alghamdi et al. coined the term

“molecular autopsy by proxy” to describe the genetic testing

conducted on family members of deceased relatives with the

purpose of determining the underlying cause of their death (34).

Current clinical guidelines recommend conducting a clinical

assessment of all family members when a sudden and

unexplained death occurs, because cardiac channelopathies, such

as BrS (Figure 1), are usually the primary suspect cause of

decease (35, 36). The main objective of genetic screening in

relatives is to identify these conditions to potentially prevent

malignant arrhythmias in family members. Evaluation of families

can identify an inherited cardiac condition in one-quarter of

previously unsuspected relatives, including BrS (37, 38).

Systematic use of sodium-blacker testing with high right

precordial ECG leads up to 3-fold increase the diagnostic yield of

BrS cases (39, 40). Molecular autopsy is recommended in these

cases, as abovementioned but, if not performed for any reason,

genetic analysis is any of clinically diagnosed or highly suspected

relatives should be done (41). However, the diagnostic yield is

low which coupled with a current genetic yield in BrS of nearly

30% would significantly underestimate its significance (3).

Nowadays, it is recommended that genetic testing of family

members should only be performed if a LP/P variant has been

identified in the decedent; our experience suggest to perform

cascade genetic analysis of VUS variants, as our results show that

a large proportion of VUS can be eliminated as a primary cause

of BrS, as we found clinically diagnosed relatives who are not

carriers of the rare variant. We emphasize that VUS should not

be transferred to clinical practice or be clinically actionable, but

genetic segregation can rule out the detrimental role of a large

proportion of VUS, reducing the anxiety of being a carrier of a

genetic alteration with no clear role in BrS.

5 Conclusions

BrS cases are often considered completely “silent” at the

autopsy. Today, several elements (including situation of death,

clinical family history, macroscopic/microscopic findings,

molecular autopsy) should be taken into account to support a

conclusion of BrS as the cause of an unexpected and unexplained

death. To date no case with a definitive diagnosis of BrS has

progressed to the definitive diagnosis of any cardiomyopathy,

reinforcing BrS as a pure ion channel disease without structural

heart alterations. However, this does not mean that the presence

of microscopic cardiac anomalies should exclude BrS as a

potential diagnosis despite the need to clarify if these scattered

tissular alterations are the cause or may be a consequence of the

malignant arrhythmia.

Author contributions

OC: Writing – original draft, Writing – review & editing. SG:

Writing – original draft, Writing – review & editing. EM-B:

Writing – review & editing, Writing – original draft.

AG: Writing – review & editing, Writing – original draft. VA:

Writing – review & editing, Writing – original draft.

GS-B: Writing – original draft, Writing – review & editing. AO:

Writing – review & editing, Writing – original draft.

Funding

The author(s) declare that financial support was received for

the research and/or publication of this article. The research was

funded by Linea D. 1, Università Cattolica del Sacro Cuore

(Recipient: Prof. Antonio Oliva).

Acknowledgments

This work would not have been possible without the support of

Fundació Bosch i Aymerich and Fundació Daniel Bravo Andreu.

CIBERCV is an initiative of the ISCIII, Ministry of Economy and

Campuzano et al. 10.3389/fcvm.2025.1618762

Frontiers in Cardiovascular Medicine 04 frontiersin.org

https://doi.org/10.3389/fcvm.2025.1618762
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Competitiveness of Spain. IDIBGI and Institut de Recerca Sant

Joan de Déu are a “CERCA Programme/Generalitat de Catalunya”.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this

article has been generated by Frontiers with the support of artificial

intelligence and reasonable efforts have been made to ensure

accuracy, including review by the authors wherever possible. If

you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. Popa IP, Serban DN, Maranduca MA, Serban IL, Tamba BI, Tudorancea I.
Brugada syndrome: from molecular mechanisms and genetics to risk stratification.
Int J Mol Sci. (2023) 24(4):3328. doi: 10.3390/ijms24043328

2. Mariani MV, Pierucci N, Fanisio F, Laviola D, Silvetti G, Piro A, et al. Inherited
arrhythmias in the pediatric population: an updated overview. Medicina (Kaunas).
(2024) 60(1):94. doi: 10.3390/medicina60010094

3. Wilde AAM, Semsarian C, Marquez MF, Sepehri Shamloo A, Ackerman MJ,
Ashley EA, et al. European Heart rhythm association (EHRA)/heart rhythm society
(HRS)/Asia Pacific heart rhythm society (APHRS)/Latin American heart rhythm
society (LAHRS) expert consensus statement on the state of genetic testing for
cardiac diseases. Heart Rhythm. (2022) 19(7):1–60. doi: 10.1016/j.hrthm.2022.03.1225

4. Brugada P. Brugada syndrome: various diseases with 1 face. JACC Clin
Electrophysiol. (2023) 9(10):2052–3. doi: 10.1016/j.jacep.2023.08.024

5. Brugada P. Brugada syndrome: 30 years of scientific ventures. Arq Bras Cardiol.
(2023) 120(3):e20220289. doi: 10.36660/abc.20220289

6. Campuzano O, Sarquella-Brugada G, Fernandez-Falgueras A, Cesar S, Coll M,
Mates J, et al. Genetic interpretation and clinical translation of minor genes related
to Brugada syndrome. Hum Mutat. (2019) 40(6):749–64. doi: 10.1002/humu.23730

7. Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, et al. Standards and
guidelines for the interpretation of sequence variants: a joint consensus recommendation
of the American college of medical genetics and genomics and the association for
molecular pathology. Genet Med. (2015) 17(5):405–24. doi: 10.1038/gim.2015.30

8. Bagnall RD, Weintraub RG, Ingles J, Duflou J, Yeates L, Lam L, et al. A
prospective study of sudden cardiac death among children and young adults.
N Engl J Med. (2016) 374(25):2441–52. doi: 10.1056/NEJMoa1510687

9. Castiglione V, Modena M, Aimo A, Chiti E, Botto N, Vittorini S, et al.
Molecular autopsy of sudden cardiac death in the genomics era. Diagnostics (Basel).
(2021) 11(8):1378. doi: 10.3390/diagnostics11081378

10. Koike K, Nishigaki M, Wada T, Kosugi S. Implementation of molecular autopsy
for sudden cardiac death in Japan—focus group study of stakeholders. Circ J. (2022)
87(1):123–9. doi: 10.1253/circj.CJ-22-0265

11. Coll M, Striano P, Ferrer-Costa C, Campuzano O, Matés J, Del Olmo B, et al.
Targeted next-generation sequencing provides novel clues for associated epilepsy
and cardiac conduction disorder/SUDEP. PLoS One. (2017) 12(12):e0189618.
doi: 10.1371/journal.pone.0189618

12. Mates J, Mademont-Soler I, Fernandez-Falgueras A, Sarquella-Brugada G, Cesar
S, Arbelo E, et al. Sudden cardiac death and copy number variants: what do we know
after 10 years of genetic analysis? Forensic Sci Int Genet. (2020) 47:102281. doi: 10.
1016/j.fsigen.2020.102281

13. Martinez-Barrios E, Grassi S, Brion M, Toro R, Cesar S, Cruzalegui J, et al.
Molecular autopsy: twenty years of post-mortem diagnosis in sudden cardiac death.
Front Med (Lausanne). (2023) 10:1118585. doi: 10.3389/fmed.2023.1118585

14. Grassi S, Campuzano O, Coll M, Brión M, Arena V, Iglesias A, et al. Genetic
variants of uncertain significance: how to match scientific rigour and standard of
proof in sudden cardiac death? Leg Med (Tokyo). (2020) 45:101712. doi: 10.1016/j.
legalmed.2020.101712

15. Martınez-Barrios E. Appropriate time interval to update ambiguous genetic
diagnosis in inherited arrhythmogenic syndromes. iScience. (2025) 28(5):112300.
doi: 10.1016/j.isci.2025.112300

16. Martinez-Barrios E, Sarquella-Brugada G, Perez-Serra A, Fernandez-Falgueras
A, Cesar S, Alcalde M, et al. Reevaluation of ambiguous genetic variants in sudden
unexplained deaths of a young cohort. Int J Legal Med. (2023) 137(2):345–51.
doi: 10.1007/s00414-023-02951-0

17. Grassi S, Vidal MC, Campuzano O, Arena V, Alfonsetti A, Rossi SS, et al.
Sudden death without a clear cause after comprehensive investigation: an example
of forensic approach to atypical/uncertain findings. Diagnostics (Basel). (2021)
11(5):886. doi: 10.3390/diagnostics11050886

18. Vigmond EJ, Efimov IR, Rentschler SL, Coronel R, Boukens BJ. Fractionated
electrograms with ST-segment elevation recorded from the human right ventricular
outflow tract.Heart RhythmCase Rep. (2017) 3(11):546–50. doi: 10.1016/j.hrcr.2017.08.010

19. Coronel R, Casini S, Koopmann TT, Wilms-Schopman FJ, Verkerk AO, de
Groot JR, et al. Right ventricular fibrosis and conduction delay in a patient with
clinical signs of Brugada syndrome: a combined electrophysiological, genetic,
histopathologic, and computational study. Circulation. (2005) 112(18):2769–77.
doi: 10.1161/CIRCULATIONAHA.105.532614

20. Oliva A, Grassi S, Pinchi V, Cazzato F, Coll M, Alcalde M, et al. Structural heart
alterations in Brugada syndrome: is it really a channelopathy? A systematic review.
J Clin Med. (2022) 11(15):4406. doi: 10.3390/jcm11154406

21. Isbister JC, Gray B, Offen S, Yeates L, Naoum C, Medi C, et al. Longitudinal
assessment of structural phenotype in Brugada syndrome using cardiac magnetic
resonance imaging.Heart Rhythm O2. (2023) 4(1):34–41. doi: 10.1016/j.hroo.2022.10.004

22. Miles C, Asimaki A, Ster IC, Papadakis M, Gray B, Westaby J, et al. Biventricular
myocardial fibrosis and sudden death in patients with Brugada syndrome. J Am Coll
Cardiol. (2021) 78(15):1511–21. doi: 10.1016/j.jacc.2021.08.010

23. Pieroni M, Notarstefano P, Oliva A, Campuzano O, Santangeli P, Coll M, et al.
Electroanatomic and pathologic right ventricular outflow tract abnormalities in
patients with Brugada syndrome. J Am Coll Cardiol. (2018) 72(22):2747–57. doi: 10.
1016/j.jacc.2018.09.037

24. Nademanee K, Raju H, de Noronha SV, Papadakis M, Robinson L, Rothery S,
et al. Fibrosis, connexin-43, and conduction abnormalities in the Brugada
syndrome. J Am Coll Cardiol. (2015) 66(18):1976–86. doi: 10.1016/j.jacc.2015.08.862

25. De Raffele M, Di Domenico A, Balla C, Vitali F, Boccadoro A, Pavasini R, et al.
Structural abnormalities in Brugada syndrome and non-invasive cardiac imaging: a
systematic review. Biology (Basel). (2023) 12(4):606. doi: 10.3390/biology12040606

26. Gray B, Gnanappa GK, Bagnall RD, Femia G, Yeates L, Ingles J, et al. Relations
between right ventricular morphology and clinical, electrical and genetic parameters in
Brugada syndrome. PLoS One. (2018) 13(4):e0195594. doi: 10.1371/journal.pone.0195594

27. Wilde AAM. Top stories on Brugada syndrome. Heart Rhythm. (2024)
21(1):126–7. doi: 10.1016/j.hrthm.2023.09.026

28. Baranchuk A, Nguyen T, Ryu MH, Femenia F, Zareba W, Wilde AA, et al.
Brugada phenocopy: new terminology and proposed classification. Ann Noninvasive
Electrocardiol. (2012) 17(4):299–314. doi: 10.1111/j.1542-474X.2012.00525.x

29. Murase Y, Igawa O, Imai H, Ogawa Y, Kano N, Mamiya K, et al.
Histopathological characteristics of the arrhythmogenic right ventricular
cardiomyopathy presenting the electrocardiographic characteristics with Brugada
syndrome. J Cardiovasc Electrophysiol. (2023) 34(9):2006–9. doi: 10.1111/jce.16037

30. Scheirlynck E, Chivulescu M, Lie OH, Motoc A, Koulalis J, de Asmundis C, et al.
Worse prognosis in Brugada syndrome patients with arrhythmogenic cardiomyopathy

Campuzano et al. 10.3389/fcvm.2025.1618762

Frontiers in Cardiovascular Medicine 05 frontiersin.org

https://doi.org/10.3390/ijms24043328
https://doi.org/10.3390/medicina60010094
https://doi.org/10.1016/j.hrthm.2022.03.1225
https://doi.org/10.1016/j.jacep.2023.08.024
https://doi.org/10.36660/abc.20220289
https://doi.org/10.1002/humu.23730
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.1056/NEJMoa1510687
https://doi.org/10.3390/diagnostics11081378
https://doi.org/10.1253/circj.CJ-22-0265
https://doi.org/10.1371/journal.pone.0189618
https://doi.org/10.1016/j.fsigen.2020.102281
https://doi.org/10.1016/j.fsigen.2020.102281
https://doi.org/10.3389/fmed.2023.1118585
https://doi.org/10.1016/j.legalmed.2020.101712
https://doi.org/10.1016/j.legalmed.2020.101712
https://doi.org/10.1016/j.isci.2025.112300
https://doi.org/10.1007/s00414-023-02951-0
https://doi.org/10.3390/diagnostics11050886
https://doi.org/10.1016/j.hrcr.2017.08.010
https://doi.org/10.1161/CIRCULATIONAHA.105.532614
https://doi.org/10.3390/jcm11154406
https://doi.org/10.1016/j.hroo.2022.10.004
https://doi.org/10.1016/j.jacc.2021.08.010
https://doi.org/10.1016/j.jacc.2018.09.037
https://doi.org/10.1016/j.jacc.2018.09.037
https://doi.org/10.1016/j.jacc.2015.08.862
https://doi.org/10.3390/biology12040606
https://doi.org/10.1371/journal.pone.0195594
https://doi.org/10.1016/j.hrthm.2023.09.026
https://doi.org/10.1111/j.1542-474X.2012.00525.x
https://doi.org/10.1111/jce.16037
https://doi.org/10.3389/fcvm.2025.1618762
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


features. JACC Clinical Electrophysiology. (2020) 6(11):1353–63. doi: 10.1016/j.jacep.
2020.05.026

31. Marsman EMJ, Postema PG, Remme CA. Brugada syndrome: update and future
perspectives. Heart. (2022) 108(9):668–75. doi: 10.1136/heartjnl-2020-318258

32. Nademanee K, Tei C. Two faces of Brugada syndrome: electrical and structural
diseases. JACC Clinical Electrophysiology. (2020) 6(11):1364–6. doi: 10.1016/j.jacep.
2020.07.006

33. Jeevaratnam K, Rewbury R, Zhang Y, Guzadhur L, Grace AA, Lei M, et al.
Frequency distribution analysis of activation times and regional fibrosis in murine
Scn5a+/− hearts: the effects of ageing and sex. Mech Ageing Dev. (2012) 133(9–
10):591–9. doi: 10.1016/j.mad.2012.07.006

34. Ali Alghamdi M, Alrasheedi A, Alghamdi E, Adly N, AlAali WY, Alhashem A,
et al. Molecular autopsy by proxy in preconception counseling. Clin Genet. (2021)
100(6):678–91. doi: 10.1111/cge.14049

35. Stiles MK, Wilde AAM, Abrams DJ, Ackerman MJ, Albert CM, Behr ER, et al.
2020 APHRS/HRS expert consensus statement on the investigation of decedents with
sudden unexplained death and patients with sudden cardiac arrest, and of their
families. Heart Rhythm. (2021) 18(1):e1–50. doi: 10.1016/j.hrthm.2020.10.010

36. Zeppenfeld K, Tfelt-Hansen J, de Riva M, Winkel BG, Behr ER, Blom NA, et al.
2022 ESC guidelines for the management of patients with ventricular arrhythmias and

the prevention of sudden cardiac death. Eur Heart J. (2022) 43(40):3997–4126. doi: 10.
1093/eurheartj/ehac262

37. Hansen BL, Jacobsen EM, Kjerrumgaard A, Tfelt-Hansen J, Winkel BG,
Bundgaard H, et al. Diagnostic yield in victims of sudden cardiac death and their
relatives. Europace. (2020) 22(6):964–71. doi: 10.1093/europace/euaa056

38. Quenin P, Kyndt F, Mabo P, Mansourati J, Babuty D, Thollet A, et al. Clinical
yield of familial screening after sudden death in young subjects: the French experience.
Circ Arrhythm Electrophysiol. (2017) 10(9):005236. doi: 10.1161/CIRCEP.117.005236

39. Tadros R, Nannenberg EA, Lieve KV, Skoric-Milosavljevic D, Lahrouchi N,
Lekanne Deprez RH, 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 Clinical Electrophysiology. (2017) 3(12):1400–8. doi: 10.
1016/j.jacep.2017.04.005

40. Papadakis M, Papatheodorou E, Mellor G, Raju H, Bastiaenen R, Wijeyeratne Y,
et al. The diagnostic yield of Brugada syndrome after sudden death with
normal autopsy. J Am Coll Cardiol. (2018) 71(11):1204–14. doi: 10.1016/j.jacc.2018.
01.031

41. Semsarian C, Ingles J, Wilde AA. Sudden cardiac death in the young: the
molecular autopsy and a practical approach to surviving relatives. Eur Heart J.
(2015) 36(21):1290–6. doi: 10.1093/eurheartj/ehv063

Campuzano et al. 10.3389/fcvm.2025.1618762

Frontiers in Cardiovascular Medicine 06 frontiersin.org

https://doi.org/10.1016/j.jacep.2020.05.026
https://doi.org/10.1016/j.jacep.2020.05.026
https://doi.org/10.1136/heartjnl-2020-318258
https://doi.org/10.1016/j.jacep.2020.07.006
https://doi.org/10.1016/j.jacep.2020.07.006
https://doi.org/10.1016/j.mad.2012.07.006
https://doi.org/10.1111/cge.14049
https://doi.org/10.1016/j.hrthm.2020.10.010
https://doi.org/10.1093/eurheartj/ehac262
https://doi.org/10.1093/eurheartj/ehac262
https://doi.org/10.1093/europace/euaa056
https://doi.org/10.1161/CIRCEP.117.005236
https://doi.org/10.1016/j.jacep.2017.04.005
https://doi.org/10.1016/j.jacep.2017.04.005
https://doi.org/10.1016/j.jacc.2018.01.031
https://doi.org/10.1016/j.jacc.2018.01.031
https://doi.org/10.1093/eurheartj/ehv063
https://doi.org/10.3389/fcvm.2025.1618762
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Brugada syndrome in the forensic field: what do we know to date?
	Introduction
	Genetic diagnostics
	Structural findings
	Family role
	Conclusions
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


