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ORIGINAL RESEARCH

Cardiac Genetic Investigation of Sudden 
Infant and Early Childhood Death: A Study 
From Victims to Families
Maria-Christina Kotta , MSc, PhD; Margherita Torchio, BSc; Pauline Bayliss, RN, RM; 
Marta C. Cohen , MD, FRCPath, DMJ (Pathol); Oliver Quarrell , MD; Nigel Wheeldon, MD;  
Tamás Marton , MD, PhD; Davide Gentilini, MSc, PhD; Lia Crotti , MD, PhD; Robert C. Coombs, MD; 
Peter J. Schwartz , MD

BACKGROUND: Sudden infant death syndrome (SIDS) is the leading cause of death up to age 1. Sudden unexplained death in 
childhood (SUDC) is similar but affects mostly toddlers aged 1 to 4. SUDC is rarer than SIDS, and although cardiogenetic test-
ing (molecular autopsy) identifies an underlying cause in a fraction of SIDS, less is known about SUDC.

METHODS AND RESULTS: Seventy-seven SIDS and 16 SUDC cases underwent molecular autopsy with 25 definitive-evidence 
arrhythmia-associated genes. In 18 cases, another 76 genes with varying degrees of evidence were analyzed. Parents were 
offered cascade screening. Double-blind review of clinical-genetic data established genotype–phenotype correlations. The 
yield of likely pathogenic variants in the 25 genes was higher in SUDC than in SIDS (18.8% [3/16] versus 2.6% [2/77], respec-
tively; P=0.03), whereas novel/ultra-rare variants of uncertain significance were comparably represented. Rare variants of 
uncertain significance and likely benign variants were found only in SIDS. In cases with expanded analyses, likely pathogenic/
likely benign variants stemmed only from definitive-evidence genes, whereas all other genes contributed only variants of 
uncertain significance. Among 24 parents screened, variant status and phenotype largely agreed, and 3 cases positively cor-
related for cardiac channelopathies. Genotype–phenotype correlations significantly aided variant adjudication.

CONCLUSIONS: Genetic yield is higher in SUDC than in SIDS although, in both, it is contributed only by definitive-evidence 
genes. SIDS/SUDC cascade family screening facilitates establishment or dismissal of a diagnosis through definitive variant 
adjudication indicating that anonymity is no longer justifiable. Channelopathies may underlie a relevant fraction of SUDC. 
Binary classifications of genetic causality (pathogenic versus benign) could not always be adequate.

Key Words: channelopathies ■ molecular autopsy ■ sudden infant death syndrome ■ sudden unexplained death in childhood

Despite significant declining rates in recent years, 
sudden infant death syndrome (SIDS) remains the 
leading cause of death in the first year of life, with 

an incidence of 0.2 to 0.5 per 1000 live births in most 
countries.1,2 A link between SIDS and cardiac arrhyth-
mias, and specifically with long QT syndrome (LQTS), 
was first proposed in 19763 and proven in 2000.4 Since 
then, multiple evidence has indicated that cardiac 

genetic causes underlie a fraction of SIDS1,5,6 and that 
genetic testing can even help distinguishing between 
natural deaths and possible infanticide.7 At variance 
with autopsy-negative sudden cardiac death (SCD) in 
the young (1–35 years), mostly referred to as sudden 
arrhythmic death syndrome (SADS), in which postmor-
tem genetic testing, that is, the molecular autopsy, and 
subsequent family screening are recommended,8,9 
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clear recommendations for SIDS are still lacking and, 
in practice, SIDS research has been largely restricted 
by case anonymity, thus disconnecting the molecular 
autopsy findings from cascade family screening.10

In the setting of SADS, comprehensive genetic 
investigations and cascade family screening have 
shown that many unexplained young deaths may be 
attributed to inherited arrhythmias, including LQTS, the 
Brugada syndrome (BrS), and catecholaminergic poly-
morphic ventricular tachycardia (CPVT).8,11,12 SADS, 
with an incidence of 0.24 to 0.52 per 100 000 individ-
uals per year,11,13 is rarer than SIDS and, at variance 
with SIDS, male sex may also be underrepresented11 
or not significantly predominant.13 This differs from 
SADS cases of infants and toddlers where male sex 
and SCD during sleep were the predominant findings 
in a large prospective study of SCD in the young that 
also focused separately on a small 1- to 5-year-old 
subgroup.11 That same study also showed that the 
incidence of SCD, both explained and unexplained, 
drops dramatically after the age of 5 years, only to rise 
again after the age of 10 years,11 a finding confirmed, 
albeit with low numbers, by a community-based pro-
spective study on SCD.14

Krous et al15 coined the term sudden unexplained 
death in childhood (SUDC) to describe unexplained 
sudden death in victims beyond age 1.15,16 SUDC em-
bodies the same principles as SIDS but affects children 
aged 1 to 18 years, but mostly within the 1- to 4-year 
age range.2,15,16 Moreover, although SUDC incidence is 
much lower than SIDS (0.7–1.4 per 100 000 individuals, 
for the age group mostly affected), the 2 entities share 
male sex predominance and death during sleep (http://
sudc.org.uk).16,17

Having established a multidisciplinary team, we 
assembled a SIDS and SUDC cohort that underwent 
cardiac genetic testing and cascade family screening. 
Appropriate protocols and genetic counseling proce-
dures were implemented to obtain parental consent to 
overcome the traditional limitations imposed by case 
anonymity in SIDS research.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Population and Partners
The study was supported and organized by the Lullaby 
Trust (London, UK), a registered charity operating na-
tionwide across England and Wales. The study’s main 
partners were the Sheffield Teaching Hospitals and 
Sheffield Children’s National Health Service Foundation 
Trust (SCH) in Sheffield, UK, and the Istituto Auxologico 

CLINICAL PERSPECTIVE

What Is New?
•	 Genetic arrhythmias underlie an important frac-

tion of sudden unexplained death in childhood 
(SUDC).

•	 The cardiogenetic yield of molecular autopsy 
both in SUDC and sudden infant death syn-
drome stems mostly from definitive-evidence 
genes associated with inherited arrhythmia 
syndromes.

•	 Cascade screening of sudden infant death syn-
drome/SUDC parents facilitates establishment 
or dismissal of a diagnosis through definitive var-
iant adjudication and, when appropriate, allows 
the implementation of preventive measures.

What Are the Clinical Implications?
•	 Cardiogenetic investigations focused specifi-

cally on SUDC may be particularly fruitful and 
may eventually aid in the identification of time-
sensitive factors that could operate differently 
after the first year of life, thus shaping different 
outcomes (sudden infant death syndrome or 
SUDC).

•	 The molecular autopsy benefits most from the 
interrogation of definitive-evidence genes asso-
ciated with inherited cardiac arrhythmias, such 
as long QT syndrome and catecholaminergic 
polymorphic ventricular tachycardia.

•	 Case anonymity in sudden infant death syn-
drome research is no longer justifiable, given 
the potential implications, both medical and 
psychological, for the families left behind.

Nonstandard Abbreviations and Acronyms

BrS	 Brugada syndrome
CPVT	 catecholaminergic polymorphic 

ventricular tachycardia
EST	 exercise stress test
FNP	 favor nonpathogenic
IAI	 Istituto Auxologico Italiano
LB	 likely benign
LP	 likely pathogenic
LQTS	 Long QT syndrome
MAF	 minor allele frequency
NGS	 next-generation sequencing
SADS	 sudden arrhythmic death syndrome
SCD	 sudden cardiac death
SCH	 Sheffield Children’s Hospital
SUDC	 sudden unexplained death in childhood
VUS	 variants of uncertain significance
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Italiano (IAI), Istituto di Ricovero e Cura a Carattere 
Scientifico, in Milan, Italy. Case samples were obtained 
through consecutive referrals from the Lullaby Trust, 
originating either from coroners at SCH or from other 
collaborating hospitals in the United Kingdom. SCH 
initially provided to the IAI linked anonymized tissue 
samples obtained during autopsy of victims with SIDS/
SUDC, whose parents had consented for the tissue to 
be used in the joint research study conducted by the 
2 partners.

The study population comprised 104 unrelated 
cases of infants and young children, collected between 
2011 and 2018, whose death was classified as SIDS 
or SUDC according to the coroners’ reports and for 
whom comprehensive autopsies, including histolog-
ical, toxicological, and microbiological examinations, 
were performed, in addition to evaluations of medical 
and family history, and to investigations as to the cir-
cumstances of death. Self-reported race was White 
(specifically, White-British, according to the ethnic 
groups adopted by the 2021 Census of England and 
Wales) in all but 5 cases for which race or ethnicity 
information was not available.

The study was approved by the respective institu-
tional review boards. Bilateral material transfer agree-
ments were established for the transfer of samples, 
written informed consent was obtained from all par-
ticipants, and the study protocol complied with the 
Declaration of Helsinki.

Next-Generation Sequencing
Genomic DNA was extracted from frozen tissue sam-
ples obtained during autopsy with the QIAamp DNA 
Mini kit according to the manufacturer’s recommen-
dations (Qiagen). DNA concentrations were measured 
fluorometrically with the Quant-iT PicoGreen dsDNA 
assay kit (Invitrogen). Genetic testing was performed 
through next-generation sequencing (NGS) on a 
MiSeq platform (Illumina) mainly with a custom18 am-
plicon NGS panel (TruSeq Custom Amplicon, TSCA, 
Illumina) targeting 21 channelopathies and cardiomyo-
pathy genes with mostly definitive or strong evidence 
of association to inherited cardiac diseases,19–24 such 
as LQTS, CPVT, BrS, arrhythmogenic cardiomyopathy 
etc, as previously described18,25 (Table S1). Moreover, 
the 3 calmodulin genes CALM1, CALM2, and CALM3, 
as well as the gap junction protein alpha 1 GJA1 gene, 
were screened with NGS in all samples through a 
Nextera XT assay (Illumina; Table S1).

The last 18 samples enrolled in the study were se-
quenced with a commercially available expanded NGS 
panel (TruSight Cardio, Illumina) and, in addition to the 
25 genes in common with the custom NGS panel/
assay, another 76 genes with varying degrees of dis-
ease association20–24 were also analyzed (Table  S2). 

The only definitive-evidence nonsyndromic genes not 
targeted by this panel were FLNC and TECRL. In-house 
pipelines were created according to Broad Institute’s 
Genome Analysis Toolkit Best Practices recommenda-
tions26 with custom scripts in Bash (Data S1).

Genetic Variant Analysis
Several databases and web-based resources were 
used for the prioritization and classification of genetic 
variants (Data  S1). Allelic frequencies were obtained 
through the 1000 Genomes browser and the gnomAD 
browser (v.2.1.1). As a first step, the genetic data set 
was interrogated for rare nonsynonymous variants with 
a minor allele frequency (MAF) that fell below the SIDS 
incidence (ie, 0.3:1000 live births), as reported by the 
United Kingdom’s Office of National Statistics for the 
year that enrollment in the study was concluded.27 
This resulted in a first-step filter of MAF<0.00015 for 
rare variants, and ultra-rare genetic variants with a 
MAF<0.00005 were prioritized at a second step. In the 
additional 76 genes of the expanded NGS analysis, 
only ultra-rare variants were assessed. Variant status 
and potential clinical significance were evaluated with 
the use of several publicly available and licensed da-
tabases, in silico pathogenicity meta scores, as well 
as published literature (Data S1). Classification of ge-
netic variants was performed in accordance with the 
American College of Medical Genetics guidelines.28 
All rare genetic variants identified by NGS were vali-
dated with Sanger DNA sequencing at the IAI in Milan, 
Italy, and in some cases were further validated by the 
Sheffield Diagnostic Genetics Service in Sheffield, UK, 
before being communicated to the victims’ families.

Cascade Family Screening
As per the study’s protocol, the parents of victims 
with SIDS/SUDC consented to be informed of the re-
sults of the study in case a genotype-positive genetic 
test result were obtained and opted for the possi-
bility to be called back to undergo clinical and ge-
netic cascade family screening. Most parents opted 
to be informed of the test result even if the results 
were considered inconclusive. For this purpose, SCH 
maintained a joint follow-up SIDS/SUDC clinic toward 
the conclusion of the study where parents were in-
formed of the genetic tests results of the deceased 
infants, were subjected to clinical examinations, or 
were referred to perform these at their place of resi-
dence, while also providing DNA samples for cascade 
genetic screening. Clinical examinations included an 
ECG and, depending on the case, 24-hour Holter 
ECG, signal-averaged ECG, echocardiogram, and ex-
ercise stress test (EST). Parental DNA samples were 
sent for genetic screening at the IAI in Milan, Italy, 
and targeted variant analysis was performed through 
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direct Sanger sequencing. Parental genetic results 
were then again validated by the Sheffield Diagnostic 
Genetics Service in Sheffield, UK.

Double-Blind Genotype–Phenotype 
Correlation
At the conclusion of all genetic analyses, carrier sta-
tus of the parents for the variants found in the SIDS/
SUDC cases were communicated to the SCH part-
ners while the latter shared with the IAI the clinical 
data that had been obtained from the clinical family 
screening. At that stage, a double-blind review of the 
clinical and genetic data was performed. Genetic and 
clinical data were first reviewed separately for each 
genotype-positive case and the respective parents. 
The reviewers of the clinical data (P.J.S. and L.C.) 
were blinded as to the gene or the classification sta-
tus of the genetic variant involved, as well as to its 
parental origin, and the reviewers of the genetic data 
(M.C.K. and M.T.) were blinded as to the clinical sta-
tus of either parent. This resulted, for each case, in 
the simultaneous and reciprocal disclosure of the po-
tential diagnosis, suspicion, or dismissal of a cardiac 
disease in a parent, with the disclosure of the genetic 
variant identified in the subject, its classification, and 
its parental origin.

Statistical Analysis
Statistical analyses were performed using IBM SPSS 
Statistics version 28.0. Continuous variables are sum-
marized as mean±SD, median, and range. Categorical 
variables are presented as absolute (n) and relative 
frequencies (%) and compared among groups with 
Fisher’s exact test. A 2-sided P value <0.05 was con-
sidered statistically significant. Binomial exact 95% CI 
are provided for the estimated genetic yield in SUDC 
versus SIDS cases.

RESULTS
Study Cohort
The initial study population included 104 unrelated 
SIDS/SUDC cases. We applied stringently the age 
cutoff of 1 year as a criterion for a SIDS definition,2 
while reserving the SUDC definition15 for all cases ex-
ceeding 1 year, even by just 1 day. In the whole co-
hort, there were 88 SIDS cases (56 male, 64%) with 
an age range at the time of death of 2 to 365 days 
(mean 105±88, median 76 days). The remaining 16 
were SUDC cases (10 male, 62.5%), with an age 
range at the time of death of 12.0 to 54.1 months 
(mean 23.6±11.1, median 20.5 months). In 11 SIDS 
cases, DNA integrity was low, and this resulted in 
partial genetic analyses (Data S1).

Genetic Variants and Yield of Genetic 
Testing
Complete genetic analyses were possible in 93 SIDS/
SUDC cases. These underwent NGS of 25 major 
arrhythmia-associated genes (Table  S1) with mostly 
definitive evidence of disease associations19–24 or spe-
cifically implicated in SIDS.29

In the SIDS cohort (n=77), NGS of the 25 arrhythmia-
associated genes yielded 25 rare nonsynonymous vari-
ants with a MAF<0.00015 in 24 SIDS cases (Table 1). 
Among these, there were 2 novel and 13 ultra-rare 
(MAF<0.00005) variants in 15 cases. Most genetic vari-
ants were missense, with only 3 being non-missense. 
In accordance with the American College of Medical 
Genetics guidelines,28 2 variants were classified as 
likely pathogenic (LP), 21 variants were classified as 
variants of uncertain significance (VUS), and 2 as likely 
benign (LB). Three VUS were further classified as favor 
nonpathogenic (FNP) according to expert judgment. 
Altogether, the yield of LP variants (n=2, 2.6%) was 
equal to that of novel VUS and of LB variants, with a 
higher yield of ultra-rare and rare VUS (n=11, 14.3% 
and n=8, 10.4%, respectively; Figure 1A).

Genetic analyses of the 25 major genes in the SUDC 
cohort (n=16) yielded in total 3 novel and 5 ultra-rare 
nonsynonymous variants in 7 SUDC cases (Table 2). 
Novel variants were contributed by the SCN5A, RYR2, 
and DSC2 genes in 3 cases. Most genetic variants 
were missense, with 2 being non-missense. American 
College of Medical Genetics variant classification28 ad-
judicated 3 variants as LP and 5 (2 novel, 3 ultra-rare) as 
VUS. Thus, the yield of LP variants in the SUDC cohort 
was 18.8% (3/16). Altogether, the yield of LP variants 
was equal to that of ultra-rare VUS (n=3, 18.8%), with 
a lower yield of novel VUS (n=2, 12.5%), whereas there 
was no yield of rare VUS or LB variants (Figure 1A).

Thus, among the 93 SIDS/SUDC cases, there was a 
significantly higher percentage of LP variants in SUDC 
cases with respect to SIDS (18.8% [95% CI, 4.0–45.6] 
versus 2.6% [95% CI, 0.32–9.1], respectively, P=0.03), 
whereas ultra-rare VUS (18.8% [95% CI, 4.0–45.6] 
versus 14.3% [95% CI, 7.4–24.1] respectively, P=0.70) 
and novel VUS (12.5% [95% CI, 1.6–38.3] versus 2.6% 
[95% CI, 0.32–9.1], respectively, P=0.14) were compa-
rably represented in the 2 groups. Of note, all the 10 
rare VUS and LB variants across the 25 major genes 
(10.4% and 2.6%, respectively) were contributed exclu-
sively by SIDS cases and none were found in the 16 
SUDC cases (Figure 1A).

In the whole cohort, across the 25 major genes, 
there were 8 genes (RYR2, LMNA, MYBPC3, DSC2, 
DSP, MYH7, KCNQ1, KCNH2) that yielded >1 rare 
variant, for a total of 29 variants, mostly represented 
by ultra-rare (n=16, 55.1%) and less frequently by 
rare (n=9, 31%) and novel variants (n=4, 13.8%). The 
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RYR2 gene contributed most variants (n=7, 24.1%), of 
which 1 was novel, 5 were ultra-rare, and 1 was rare 
(Figure  1B). In fact, ultra-rare nonsynonymous RYR2 
variants appeared to be overrepresented in the SIDS/
SUDC cases with respect to the gnomAD popula-
tion (RYR2 nonsynonymous ultra-rare alleles, 6/186 
[3.22%] in cases versus 3890/282 912 [1.37%] in con-
trols; P=0.04). No genetic variants were identified in the 
CALM1-3 and GJA1 genes.

For the last 18 cases enrolled in the study (15 SIDS, 
3 SUDC), genetic analysis was extended to an addi-
tional 76 genes (Table S2), for a total of 101 genes, with 
varying degrees of association to inherited arrhyth-
mias.20–24 However, the contribution of novel and ultra-
rare genetic variants stemmed principally from genes 
with definitive evidence of disease associations19–24 
(n=12, 63%), and secondarily from disputed genes 
(n=5, 26%; Figure 2A). The only gene that contributed 
>1 novel/ultra-rare variant, absent from the smaller 25-
gene panel, was TTN (Table S3). Most important, LP 
and LB variants stemmed only from definitive-evidence 
genes (6/18, 33.3%), whereas limited, disputed, and 
noncurated genes contributed only VUS (5/18, 27.8%) 
(Figure 2B).

Cascade Family Screening
All genotype-positive SIDS/SUDC cases were com-
municated to SCH, along with a prioritization scheme 
for cascade family screening, according to the clas-
sification status of the variants identified in the infants 
(LP>VUS>LB). SCH then attempted to inform the 

respective parents, offering them the possibility to at-
tend the follow-up SIDS/SUDC clinic. At the study’s 
initiation, and after proper genetic counseling, many 
parents had opted to be informed of the genetic test 
result even if it were inconclusive or with unlikely caus-
ative genetic findings (ie, LB variants) and to aid in the 
variant adjudication process.

As such, after genetic analyses in the victims had 
been concluded, 24 parents of 13 victims with SIDS/
SUDC were subjected to genetic and clinical cascade 
family screening, thus enabling genotype–phenotype 
correlations to be performed. Parental DNA screening 
of 22 parents for the variants found in the respective 11 
infants revealed that these were of parental origin. In 
the remaining 2 cases, where only 1 parent attended 
follow-up and did not carry the respective variants, pa-
rental origin or de novo inheritance status could not 
be ascertained. Unfortunately, several families (some 
of whom with potentially clinically significant variants, 
such as novel) opted to be followed up locally at their 
place of residence and some could not be recontacted 
(see Limitations).

Genotype–Phenotype Correlations
All genotype–phenotype correlations resulting from the 
double-blind review of the clinical and genetic data in 
the victims’ families are shown in Table 3. Among fami-
lies who underwent a complete evaluation, there was, 
in most cases, good agreement between initial vari-
ant classification status and clinical phenotype, that is, 
cases where the genetic variants had been originally 

Figure 1.  Yield of genetic testing and distribution of genetic variants.
A, Yield of genetic testing in the 77 SIDS and 18 SUDC cases for different variant classes across the 25 major arrhythmia-associated 
genes. Statistically significant (P<0.05) comparisons are shown above the bars. B, Distribution of the 29 novel, ultra-rare, and rare 
genetic variants across the 25 major genes that yielded >1 genetic variant in the whole cohort. Absolute numbers (n) and relative 
frequencies (%) are shown within and above the bars, respectively. LB indicates likely benign; LP, likely pathogenic; SIDS, sudden 
infant death syndrome; SUDC, sudden unexplained death in childhood; and VUS, variant of uncertain significance.
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classified as LP, LB, or VUS-FNP (cases S.011, S.051, 
S.059, S.103, S.117). In 3 cases (S.003, S.059, and 
S.113), the correlation was, to some degree, positive 
for LQTS and CPVT. In the other 3 cases, with KCNH2 
and RYR2 VUS, the correlation was negative (S.024, 
S.068, S.090). Finally, in 3 cases (S.010, S.057, S.121), 
genotype–phenotype correlation could not be com-
pleted due to lack of parental data.

In 3 cases (S.003, S.059 and S.113), the correlation 
of genotype to phenotype was, at least in some de-
gree, positive.

In the SIDS case S.003 (male, aged 6 days), a 
KCNH2 rare (MAF=0.0001205) variant (p.G903R) was 
identified that was initially classified as VUS. This vari-
ant has an equivocal VUS classification from 7 labo-
ratories in ClinVar (VCV000067428.23, last accessed 
March 2023). It was originally identified in 3 patients 
with LQTS30 then in 1 young child with sudden unex-
plained death and normal heart at autopsy, and with 
positive cosegregation for QT prolongation in 1 family 
member,31 as well as in 1 patient with unspecified ar-
rhythmia.32 Because its MAF exceeds what would be 
expected for a monogenic disease-causing variant (ie, 
MAF<0.0001), it was recently dismissed as a potential 
monogenic cause of disease.33 More recently, an in 
vitro functional study showed a mild functional effect, 
with modestly accelerated deactivation of the mutant 
channel.34 Cascade family screening evidenced that 
the variant was inherited from the child’s father. His 
ECG presented with several abnormalities but was not 
typical of LQTS. In our center in Milan, we have been 
recently following up a family (mother and adult son) 
with the KCNH2-p.G903R variant. They are both as-
ymptomatic and have ECGs with borderline QT inter-
vals (QTc=450 ms), which have, however, been found 
prolonged in Holter ECG recordings (mother, QTc=467 
ms; son, QTc=453 ms in nocturnal hours). In addition, 
the mother presents with ventricular extrasystoles 
in Holter ECG and EST and has constant notched T 
waves. As such, our S.003 SIDS case was adjudicated 
as having a partially positive genotype–phenotype cor-
relation (see Discussion).

In the SUDC case S.059 (male, aged 1.3 years), a 
KCNQ1 ultra-rare (MAF=0.00001205) variant (p.G460D) 
was identified that was classified as likely pathogenic. 
This variant has been previously described in a SADS 
case during molecular autopsy,35 and it affects an 
amino acid residue previously implicated in SIDS.1 
Cascade family screening revealed that the variant was 
of maternal origin. The clinical workup of the father was 
unremarkable. The mother’s ECG showed a borderline 
QTc in basal conditions but with a clearly pathological 
prolongation (QTc>550 ms) at the pre-EST ECG per-
formed in the upright position, which often unmasks 
the impaired QT interval response to brisk standing.36 
During the double-blind review process of this case, Ta
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genotype and phenotype correlated positively for 
LQTS and the variant was adjudicated as LP/P. The 
SCH partners were informed with an indication to ex-
tend the screening to other family members/siblings, if 
any, to follow up the mother, and to initiate treatment 
with beta blockers.

In the SUDC case S.113 (male, aged 1 year and 
19 days), 2 ultra-rare genetic variants were identified, in 
the RYR2 and DSP genes. The RYR2-p.T153I ultra-rare 
(MAF=0.00001809) genetic variant was initially classi-
fied as LP. This variant has been previously identified 
postmortem in at least 2 unrelated cases of SADS.12,35 
The S.113 subject also carried the ultra-rare DSP-p.
A2019S variant (MAF=0.00003898) that was classi-
fied as VUS. This variant was originally described in a 
patient with arrhythmogenic cardiomyopathy, who ful-
filled the task force diagnostic criteria, and with positive 
family history of SCD,37 but it has recently been ques-
tioned as a potential monogenic cause of disease.38 
Cascade genetic screening revealed that both variants 
were inherited from the child’s father. At follow-up, he 
was subjected to an ECG that showed QRS fragmen-
tation in some leads. An echocardiogram showed mild 
dilatation of the left atrium and normal biventricular 
function; however, magnetic resonance imaging was 
not performed. At the EST, isolated polymorphic ven-
tricular extrasystoles, but not repetitive forms, were 
observed at heart rates >125 bpm and disappeared 
during recovery.

Upon the double-blind review process, the clinical 
reviewers disclosed that the father had an exercise-
induced arrhythmic phenotype, which, despite not fully 
reaching the criteria, was highly suggestive of CPVT. 
The disclosure that the father was a carrier of RYR2-LP 

and DSP-VUS variants adjudicated the case as having 
a positive genotype–phenotype correlation, although 
not of typical CPVT. A contribution to the arrhythmic 
phenotype by the DSP variant could not be excluded. 
The SCH partners were informed of these results with 
an indication to follow up, perform magnetic reso-
nance imaging, and further extend the family screen-
ing, if applicable.

Among cases with a negative genotype–phenotype 
correlation there were cases S.051, S.068, and S.103.

In the SIDS case S.051 (female, aged 2 months), 
a KCNH2 rare (MAF=0.0001999) variant (p.E289K) 
was identified that was formally classified as VUS, but 
FNP according to expert judgment. The variant ini-
tially, under gnomAD v2.0.2, fell below the rare variant 
threshold set in the study but was found to exceed the 
cutoff when MAFs were interrogated again under gno-
mAD v2.1.1 at the study’s conclusion. Because, in the 
meantime, cascade family screening had already been 
initiated, the case is presented here, without being 
considered in the genetic yield of the SIDS subgroup.

The variant was first reported in association to LQTS 
in a mutation update compendium.39 An in vitro func-
tional study of the mutant channel showed normal cell 
surface channel expression, however, the biophysical 
properties of the mutant channel were not assessed.40 
It was later identified in a SIDS case and classified as 
a VUS.5 The ClinVar database contains 9 entries of this 
variant with an equivocal VUS classification from dif-
ferent laboratories (VCV000067535.18, last accessed 
March 2023). In our S.051 SIDS case, the variant was 
of maternal origin. Her clinical workup was completely 
within normal limits and medical and family history 
were unremarkable. Genotype–phenotype correlation 

Figure 2.  Yield of expanded genetic testing and genetic variant distribution across 101 genes with different levels of 
evidence of disease association.
A, Distribution of the 19 novel and ultra-rare genetic variants across 101 genes with different levels of evidence of disease association in 
18 SIDS/SUDC cases. Absolute numbers (n) and relative frequencies (%) are shown within and above the bars, respectively. B, Yield of 
expanded genetic testing according to different variant classes across 101 genes with different levels of evidence of disease association 
in 18 SIDS/SUDC cases. LB indicates likely benign; LP, likely pathogenic; NA, noncurated genes or genes with anecdotal evidence; 
SIDS, sudden infant death syndrome; SUDC, sudden unexplained death in childhood; and VUS, variant of uncertain significance.
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Table 3.  Cascade Family Screening

Case and 
parents Genetic variant

Initial variant 
classification Clinical workup

Genotype–
phenotype 
correlation

S.003 KCNH2-p.G903R VUS SIDS Partially positive

S.003_Father KCNH2-p.G903R VUS ECG: mild abnormalities (negative T wave in aVL, slightly flat 
and biphasic T waves in V4/V5, QTc in the upper limit of normal). 
Positive late potentials. Echocardiogram: normal.

S.003_Mother wt … ECG, echocardiogram, and EST: normal

S.010 SCN5A-p.S1964Y VUS SUDC; history of febrile convulsions Incomplete 
evaluationS.010_Father SCN5A-p.S1964Y VUS ECG: short QT during bradycardia; EST: ectopic beats. 

Ajmaline/flecainide provocation test: NA

S.010_Mother wt … ECG: prolonged PR w/o bradycardia, mild right bundle-
branch block; Holter: second-degree atrioventricular block; 
echocardiogram, EST: normal.

S.011 KCNH2-p.D213G VUS-FNP SIDS Negative

S.011_Father wt - ECG: QTc in upper limit of normal in 1 measurement (440 ms); 
EST: normal

S.011_Mother KCNH2-p.D213G VUS-FNP ECG, echocardiogram, and EST: normal

S.024 KCNH2-p.V409M VUS SIDS Negative

S.024_Father KCNH2-p.V409M VUS ECG, EST: normal; reported presyncopal episodes during 
infection

S.024_Mother wt - ECG, echocardiogram, EST, signal-averaged ECG: normal

S.051 KCNH2-p.E289K VUS-FNP SIDS Negative

S.051_Father wt - ECG, Holter, EST: normal; echocardiogram: reduced LVEF

S.051_Mother KCNH2-p.E289K VUS-FNP ECG, Holter, EST, echocardiogram: normal

S.057 TTN-p.Q3635H LB SUDC Incomplete 
evaluationS.057_Mother wt/wt … ECG, Holter, EST, echocardiogram: normal

S.057_Father NA NA NA

S.059 KCNQ1-p.G460D LP SUDC Positive

S.059_Father wt … ECG, Holter, EST: normal

S.059_Mother KCNQ1-p.G460D LP ECG: QTc=440–450 ms; Holter: no arrhythmias, but not enough 
traces for manual QTc evaluation; EST: QTc>550 ms at the ECG 
pretest in upright position; echocardiogram: normal

S.068 RYR2-p.R4257Q VUS SIDS Negative

S.068_Father wt … ECG, Holter, EST, echocardiogram: normal

S.068_Mother RYR2-p.R4257Q VUS ECG: normal; Holter, EST: no arrhythmias; echocardiogram, MRI 
report*: mild impairment of LVEF

S.090 RYR2-p.M3235I VUS SIDS Negative

S.090_Father wt … ECG: isolated negative T wave in V3; echocardiogram: normal; 
Holter and EST: NA

S.090_Mother RYR2-p.M3235I VUS ECG, Holter, EST, echocardiogram: normal

S.103 RYR2-p.K2053R VUS-FNP SUDC Negative

S.103_Father wt … ECG, Holter, EST, echocardiogram: normal

S.103_Mother RYR2-p.K2053R VUS-FNP ECG, echocardiogram: normal; Holter: no significant 
arrhythmias recorded; EST: no arrhythmias, but QT prolongation 
during the recovery phase of exercise

S.113 RYR2-p.T153I / 
DSP-p.A2019S

LP/VUS SUDC Positive

S.113_Father RYR2-p.T153I / 
DSP-p.A2019S

LP/VUS ECG: QRS fragmentation in some leads; EST: isolated 
polymorphic ventricular extrasystoles, but not repetitive 
forms, at heart rate >125 bpm, disappearing during recovery; 
echocardiogram: mild dilatation of left atrium; MRI: NA

S.113_Mother wt/wt … ECG, Holter, EST, echocardiogram: normal

S.117 TTN-p.R4160S LB SIDS Negative

S.117_Father wt … ECG, Holter, EST, echocardiogram: normal

S.117_Mother TTN-p.R4160S LB ECG, Holter, EST, echocardiogram: normal; MRI: NA

 (Continued)
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was thus negative and, post family screening, the vari-
ant was adjudicated as LB.

In the SUDC case S.103 (female, aged 1.5 years), we 
downgraded the RYR2-p.K2053R variant from VUS-
FNP to LB due to lack of EST-induced arrhythmias 
in the S.103 carrier mother, taking also into account 
its MAF and lack of in silico support of pathogenicity. 
However, due to a QT interval prolongation observed 
during the recovery phase of EST, more data are 
needed to definitively adjudicate this variant as benign.

In the SIDS case S.068 (male, aged 1.3 months), 
carrying the RYR2-p.R4257Q variant that was initially 
classified as a VUS, a cardiomyopathy phenotype 
was present in the carrier mother that could not be 
fully evaluated clinically. Although the variant was 
downgraded to LB status post family screening in as-
sociation with CPVT, there are some considerations 
to be made. First, there is anecdotal evidence of a 
RYR2-hypertrophic cardiomyopathy disease associ-
ation (limited evidence hypertrophic cardiomyopathy 
gene).21,41 Second, the variant has been previously 
identified in a parent–child trio whole-exome se-
quencing study in a child with benign epilepsy of 
childhood with centrotemporal spikes and noctur-
nal seizures who also had an arrhythmic pheno-
type (sinus arrhythmia and atrial premature beats).42 
Therefore, although “acquitted” for CPVT, this variant 
as well needs more data for a definitive adjudication 
of a benign role in disease.

Among the cases with incomplete clinical evalua-
tion was the SUDC case S.010 (female, aged 1.6 years) 
carrying the novel SCN5A-p.S1964Y variant that was 
classified as VUS. The disclosure, however, of a history 
of febrile convulsions in the deceased infant upgraded 
the variant to a VUS-favor pathogenic status according 
to expert judgment. Residue 1964 has been previously 
implicated in BrS,43 which may masquerade as febrile 
seizures in young children.44 In addition, inherited fe-
brile seizures have been described in a significant 
proportion of SUDC.45 Unfortunately, the carrier father 
opted to perform the pharmacological provocation test 
at his place of residence and the result is not available.

Altogether, cascade family screening and the sub-
sequent genotype–phenotype correlations, aided in 

downgrading 7 VUS to a LB/B classification status 
(S.011, S.024, S.051, S.068, S.090, S.103, and S.117), 
while upgrading 1 VUS and 2 LP variants to a LP/P 
(S.003, S.059, S.113) or VUS-favor pathogenic status 
(S.010). One variant in RYR2 was downgraded from 
VUS to LB/B specifically with respect to a CPVT phe-
notype (S.068); however, a potential role in arrhythmia 
susceptibility could not be completely excluded.

DISCUSSION
The present study, specifically designed to overcome 
the major stumbling block of anonymity thus far domi-
nating sudden infant death research, has provided 
multiple novel findings. SUDC should be brought to 
the foreground of SADS investigations. The genetic 
yield in SIDS and SUDC stems principally from genes 
with definitive evidence of disease associations to in-
herited arrhythmia syndromes, such as LQTS, and 
CPVT, thus suggesting that molecular autopsy could 
be more rewarding if performed with definitive-gene 
panels. Rare variants in established genes should also 
be explored because this facilitates the definitive adju-
dication of such variants still populating the literature 
as VUS and it relays information on intermediate ef-
fect variants, possibly contributing to an oligogenic risk 
model. Finally, our study shows that anonymity hinders 
SIDS research without any benefit and whenever ge-
netic results remain inconclusive, family screening may 
prove invaluable in determining variant pathogenicity, 
with implications that extend, beyond the child’s family, 
to other patients carrying the same VUS.

Molecular Autopsy Genes
In 2017, under the National Institutes of Health Clinical 
Genome Resource, an evidence-based gene cura-
tion framework for the assessment of the clinical 
relevance of genes was developed that assigned 
different levels of evidence of a gene-disease rela-
tionship.21 Interestingly, the recommended genes 
in the 2011 consensus document19 largely survived 
this reappraisal, while novel genes were added or 
disputed.20–24,42 We sequenced most cases with a 

Case and 
parents Genetic variant

Initial variant 
classification Clinical workup

Genotype–
phenotype 
correlation

S.121 MYH7-p.E935V LP SIDS Incomplete 
evaluationS.121_Mother wt … ECG, Holter, EST: normal; echocardiogram: NA

S.121_Father NA NA ECG: normal; Holter, EST, echocardiogram: NA

AV indicates atrioventricular; bpm, beats per minute; EST, exercise stress test; FNP, favor nonpathogenic; LB, likely benign; LP, likely pathogenic; LVEF, left 
ventricular ejection fraction; MRI, magnetic resonance imaging; NA, not available; SIDS, sudden infant death syndrome; SUDC, sudden unexplained death in 
childhood; and VUS, variant of uncertain significance.

*MRI not available for review.

Table 3.  Continued
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custom NGS panel that had been designed endorsing 
the 2011 consensus document.18,19 The yield hereby 
reported (2.6% in SIDS and 18.8% in SUDC) stems 
only from definitive-evidence genes,20–24 although not 
all such genes were analyzed across the cohort. This 
implies that the yield could be higher in both SIDS 
and SUDC if all definitive-evidence genes are sys-
tematically screened. Comparisons of yield with other 
studies,5,12 targeting genes with varying degrees of 
evidence of pathogenicity, are not readily feasible.

The expanded panel used in our last 18 cases was 
commercialized around 2015 and, despite being highly 
performing,46 includes many genes that have now lim-
ited or disputed evidence of pathogenicity (Table S2). 
However, the yield of novel or ultra-rare variants from 
such genes was minimal. The fact that LP or LB vari-
ants were contributed exclusively by definitive-evidence 
genes, whereas disputed and limited-evidence genes 
yielded only VUS, likely reflects both the concept of 
weaker disease associations and our inability to attri-
bute causality to variants in such genes. This altogether 
indicates that molecular autopsy should preferably be 
performed either through panels targeting definitive-
evidence genes, for which variant interpretation is 
more feasible and clinically actionable, either exome- 
or genome-wide, but in parent–child trios or with 
family screening available,47 to uncover novel disease 
associations.

Gene-Specific Yield
The gene in our cohort that contributed most novel, 
ultra-rare, and rare variants was RYR2, with an over-
representation of ultra-rare variants in cases with re-
spect to gnomAD, whereas cascade family screening 
was possible in 4/6 cases harboring such variants. 
Among these, we adjudicated only 1 case as having 
a positive genotype–phenotype correlation (S.113) due 
to an exercise-induced arrhythmic phenotype sugges-
tive for CPVT. Given the presence of polymorphic ven-
tricular premature beats in the EST of the carrier father, 
we confirmed the RYR2-p.T153I variant as LP12,35 post 
family screening.

The role of RYR2 in SIDS has been previously 
demonstrated both in human48 and animal studies,49 
although overrepresentation of ultra-rare RYR2 vari-
ants in cases has been previously reported in SADS.12 
In rare cases of RYR2-associated CPVT, genotype-
positive family members may not present inducible 
arrhythmias in EST, but may nevertheless later expe-
rience cardiac events.50 Moreover, CPVT may include 
also atypical forms, associated with loss-of-function 
RYR2 variants, where ventricular fibrillation occurs in 
the absence of complex arrhythmias upon adrener-
gic stimulation.51 These are important considerations 
for RYR2 variant adjudication given that the tolerability 

of RYR2 to genetic variation could, probably in a few 
cases, incorrectly lead to dismissal of pathogenicity of 
novel/ultra-rare genetic variants.52

No pathogenic or rare genetic variants were iden-
tified in GJA1-encoded connexin43, a gap junction 
previously implicated in SIDS with support from mo-
lecular and functional data,29 demonstrating that it 
is a minor player in SIDS pathogenesis. We, as oth-
ers,5,53,54 did not identify any clinically relevant variants 
in the CALM1-3 and TRDN genes in our SIDS or SUDC 
(≤4.5 years) cases. Although CALM1-3 pathogenic vari-
ants seem thus far not to contribute to SIDS,5,53 they 
may, however, be identified in a small fraction of sud-
den unexplained death in the young (<10 years).53 In 
the study that focused also on a 1- to 5-year-old SUDC 
subgroup,11 in the few cases that the CALM genes were 
screened, no clinically relevant variants were identified 
either.11,55 This could be partly explained by the lack of 
significant numbers in SUDC cohorts, impeding the 
possibility of identifying such a rare disease as calm-
odulinopathy,56 and the fact that infants with calmod-
ulinopathy manifest with extreme phenotypes that, in 
many cases, are likely to come to medical attention 
before a sentinel event occurs. Another possible ex-
planation could be related to the differential expression 
of the CALM genes between fetal, infant, and adult 
stages of development.57 However, in the International 
Calmodulinopathy Registry,56 SUDC represents a small 
subgroup (9/140) of an already rare clinical entity, and 
among these 9 cases, all CALM genes are represented.

In the 18 cases in which the TTN gene was screened 
with the expanded panel, we identified 1 novel and 5 
previously described ultra-rare TTN missense variants 
in 6 cases that were classified as either VUS or LB. In 
one such case (S.117, TTN-p.R4160S), cascade family 
screening aided in adjudicating the variant as probably 
benign. Because TTN seems not to be an important 
contributor to the rare dilated cardiomyopathy infan-
tile forms,58 TTN variants, especially missense, are ex-
pected to result in extremely low clinical actionability in 
the setting of SIDS or SUDC.

The upgrade of the novel SCN5A-p.S1964Y VUS 
to VUS-favor pathogenic in the S.010 SUDC case de-
serves a comment. The fact that inherited febrile sei-
zures have been described in a significant proportion 
of SUDC,45 combined with BrS underlying some cases 
of febrile seizures in young children,44 implies that the 
traditional concept that BrS is unlikely to contribute to 
SIDS/SUDC should probably be reconsidered and the 
combination of SCN5A variants with febrile convul-
sions should be looked for.

Cascade Family Screening
To the best of our knowledge, this is the first study 
designed to overcome the obstacle of SIDS case 
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anonymity10 and to include cascade family screening. 
Albeit with lower numbers than what we had envi-
sioned, this has resulted in (1) a cardiogenetic diagno-
sis, or dismissal of a diagnosis, in some families and 
(2) providing evidence in favor or against pathogenicity 
of several variants, mostly VUS. These results strongly 
argue in favor of implementing procedures and reg-
ulations which, although safeguarding the victims’ 
families, will allow to connect them with the molecular 
autopsy findings, because this may result in prevention 
of avoidable deaths.10

To this end, we complied with all best-practice 
recommendations for molecular autopsy and family 
screening,59,60 that is, consent after expert genetic 
counseling, possibility to opt out, results confidentiality, 
and validation. Our study highlights that family screen-
ing postmolecular autopsy, in the setting of an expert 
multidisciplinary team, may have important implications 
for the clarification of inconclusive test results, such as 
VUS. Although a VUS, let alone a LB variant, cannot 
be used to initiate family screening in the setting of a 
purely genetic testing laboratory, it may be used in the 
setting of a specialized arrhythmia clinic.60 In the lat-
ter case, family genotype–phenotype correlations may 
prove invaluable in determining variant pathogenicity, 
thus avoiding further population of the literature with 
VUS, which would leave not only variants but also fam-
ilies in a genetic purgatory.61

Definitions
Besides infants with SIDS, we also included infants 
beyond 1 year of age, defined as SUDC,2,15,16 a defi-
nition more appropriate than SADS, because SUDC 
mostly affects children aged 1 to 4 years, while also 
sharing some epidemiological features with SIDS.16,17 
This clear separation goes beyond semantics as the 
incidence of unexplained sudden death in the young 
follows the order of SIDS>SUDC>SADS,1,2,11,13,16 drop-
ping dramatically after age 5, while rising again only 
after age 10 to 11.11,14

The reported yield of expanded cardiogenetic 
testing in recent studies is 4.3% in SIDS5 and 13% in 
SADS.12 However, when SUDC is lumped under SADS, 
valuable information on yield, and thus causality, may 
be lost (such in a SADS cohort of 302 cases, with a me-
dian age of 24 years, where 5/40 cases carrying LP/P 
variants are children <4 years).12 Preliminary reports of 
cardiogenetic yield specifically in the SUDC age sub-
group55 are comparable to ours: 16.2% (6/37) versus 
18.8% (3/16) in our study (P=0.35). This warrants future 
studies to focus separately on this age subgroup, since 
SIDS and younger SUDC victims may share common 
causes and risk factors of SCD,11 which may easily be 
diluted when accounted for as unexplained SCD in the 
young.

Rethinking Genetic Causality
Genetic yield in our SUDC subgroup was mostly con-
tributed by male infants in the 1.0 to 1.3 years age 
range. One of these (S.059), carried the KCNQ1-p.
G460D LP variant and there was positive family cor-
relation for LQTS. It is tempting to speculate whether 
it was by chance or some other factor that this infant 
apparently escaped SIDS, just to undergo SUDC. We 
postulated long ago3 that asymmetry and immatu-
rity of cardiac sympathetic innervation in infants, with 
REM sleep-related changes in sympathetic activity 
and heart rate, may influence arrhythmic risk. More 
recently, specific changes in differential expression of 
alternative ion channel spliceoforms (KCNQ1 included) 
were described to underline different developmental 
stages, thus potentially creating uniquely vulnerable, 
time-limited arrhythmogenic substrates.62 This fits with 
the triple-risk etiological model,63 in which 3 factors (a 
stress-related trigger, a biologically vulnerable infant, 
and a critical developmental period) converge for SIDS 
to occur. This altogether suggests that, depending on 
the nature and effects of underlying genetic and con-
tributory factors, some infants may remain at high risk 
after the first year of life, whereas others, if they survive 
the vulnerable time window, may escape SCD.3,6

Although the former group may represent those with 
highly penetrant pathogenic variants, the latter may 
represent those in whom SCD risk is shaped by oligo-
genic or polygenic genetic signatures made of variants 
with intermediate or lower effect sizes.64 Genome-wide 
molecular autopsies support this concept as younger 
victims with SCD harbor both more VUS as well as rare 
variants in cardiac disease genes than matched con-
trols,47 whereas a burden of ultra-rare variants in chan-
nelopathies genes exists both in SIDS5 and SADS.12 
Of note, in our study, despite the small sample size, all 
the 10 rare VUS and LB variants across the 25 major 
genes were contributed exclusively by SIDS cases and 
none were found in the 16 SUDC cases.

These considerations altogether readily imply that 
binary classifications of genetic causality (pathogenic 
or benign) may not be able to capture the whole spec-
trum of effect sizes variants may have on phenotype and, 
while we strive for being stringent in the search for mono-
genic causes, information on intermediate effect variants, 
possibly contributing to an oligogenic risk model, may be 
easily lost. For this reason, we have previously argued 
in favor of exploring not only ultra-rare, but also rare 
genetic variants in established arrhythmia-associated 
genes.1,6 As we show here, this may have 2 important 
implications: first, it may aid in the definitive adjudication 
of variants still populating the literature as VUS, such 
as the higher MAF KCNH2-p.E289K variant, previously 
identified in SIDS,5 which we initially classified as VUS-
FNP. The higher MAF of this variant, particularly its even 
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higher frequency among Black people in whom LQTS is 
exceedingly rare,65 in addition to a completely negative 
genotype–phenotype correlation here, altogether seem 
to “acquit” it as a monogenic cause of LQTS.

The second implication of also exploring rare vari-
ants is demonstrated in another SIDS case (S.003, 
KCNH2-p.G903R). The mild ECG abnormalities in the 
carrier father, as well as the mild QT prolongation and 
notched T waves observed in 2 of our own patients with 
this variant, appear to be in line with its recently demon-
strated mild in vitro functional effect.34 Variants such as 
this challenge our ability to dichotomize causality in bi-
nary terms of pathogenic or benign, especially when, 
upon American College of Medical Genetics classifica-
tion, neither the in vitro effect (PS3) nor the no effect 
(BS3) criterion28 can be safely applied. Although we do 
not demonstrate here that this variant was indeed SIDS 
causative, we postulate that such variants may contrib-
ute to an increased inherent arrhythmic risk, a risk that 
may be modulated differently in infant and adult life and 
shape different outcomes under the influence of extrin-
sic factors (eg, a QT prolonging drug).66 The definition 
of appropriate penetrance-based MAF-disease thresh-
olds has been invaluable in avoiding overattribution of 
genetic causality, a long-term evil.6 However, with the 
risk of SCD being always probabilistic, the underlying 
genetic causes cannot be viewed as deterministic.

Limitations
Our study has limitations. First, 2 definitive-evidence non-
syndromic genes,20–24 FLNC and TECRL, were not tar-
geted by the expanded analysis, whereas the 25-gene 
panel contained only, but not all, definitive-evidence 
genes. Second, partly due to the COVID-19 pandemic 
and to changes in living circumstances, such as reloca-
tion, several families opted to be followed up locally at 
their place of residence. This led to several cases with 
potentially clinically significant variants (eg, novel) missing 
cascade screening, thus diminishing the family screening 
capacity that we had envisioned for the study. In addi-
tion, family screening was restricted to the victims’ par-
ents, thus impeding the possibility of performing wider 
and more comprehensive genotype–phenotype correla-
tions. Furthermore, another limitation is the small sample 
size of the SUDC cohort, which, however, also reflects 
the much lower incidence of SUDC with respect to SIDS. 
Moreover, epidemiological data were not systematically 
recorded across cases, thus not allowing us to present 
combined epidemiological data on our cohort.

CONCLUSIONS
Our findings should help steering research on sud-
den infant and early childhood death toward direc-
tions more likely to clarify the underlying causes. Most 

important is the evidence that, by overcoming case 
anonymity, which has dominated and bogged down 
SIDS research, it is possible to provide answers much 
needed by the grieving parents67 and essential to pre-
vent life-threatening arrhythmias and sudden death in 
the family members with the same disease-causing 
variant. When SIDS or SUDC are investigated in the 
setting of specialized and multidisciplinary research 
clinics, with appropriate procedures of counseling and 
consent in place, most parents appear willing to exer-
cise their right to know and to also aid in the process 
of clarifying genetic ambiguities. In addition, our study 
brings SUDC to the foreground of SADS, not only be-
cause cardiogenetic investigations focused on the for-
mer may be particularly fruitful, but also because these 
may eventually aid in the identification of factors that, 
by operating in a time-limited manner, may shape dif-
ferent outcomes, such as SIDS or SUDC.
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