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Genetic investigations of sudden unexpected deaths in
infancy using next-generation sequencing of 100
genes associated with cardiac diseases

Christin Loeth Hertz*,1,9, Sofie Lindgren Christiansen1,9, Maiken Kudahl Larsen2, Morten Dahl3,4,
Laura Ferrero-Miliani1, Peter Ejvin Weeke5, Oluf Pedersen6, Torben Hansen6,7, Niels Grarup6,
Gyda Lolk Ottesen8, Rune Frank-Hansen1, Jytte Banner8 and Niels Morling1

Sudden infant death syndrome (SIDS) is the most frequent manner of post-perinatal death among infants. One of the suggested

causes of the syndrome is inherited cardiac diseases, mainly channelopathies, that can trigger arrhythmias and sudden death.

The purpose of this study was to investigate cases of sudden unexpected death in infancy (SUDI) for potential causative variants

in 100 cardiac-associated genes. We investigated 47 SUDI cases of which 38 had previously been screened for variants in

RYR2, KCNQ1, KCNH2 and SCN5A. Using the Haloplex Target Enrichment System (Agilent) and next-generation sequencing

(NGS), the coding regions of 100 genes associated with inherited channelopathies and cardiomyopathies were captured and

sequenced on the Illumina MiSeq platform. Sixteen (34%) of the SUDI cases had variants with likely functional effects, based

on conservation, computational prediction and allele frequency, in one or more of the genes screened. The possible effects of

the variants were not verified with family or functional studies. Eight (17%) of the SUDI cases had variants in genes affecting

ion channel functions. The remaining eight cases had variants in genes associated with cardiomyopathies. In total, one third of

the SUDI victims in a forensic setting had variants with likely functional effect that presumably contributed to the cause of

death. The results support the assumption that channelopathies are important causes of SUDI. Thus, analysis of genes

associated with cardiac diseases in SUDI victims is important in the forensic setting and a valuable supplement to the clinical

investigation in all cases of sudden death.
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INTRODUCTION

Sudden unexpected death in infancy (SUDI) is defined as the
unexpected and initially unexplained death of infants o1 year. SUDI
comprises the sudden infant death syndrome (SIDS), one of the most
investigated, unidentified causes of death in the young population.
SIDS is a diagnosis of exclusion and is defined as unexpected death of
an infant o1 of age that remains unexplained after thorough
investigations including performance of complete autopsy, examina-
tion of the death scene and review of the clinical history.1 The number
of SIDS events has decreased drastically in the past decades because of
the recommendations of infants sleeping in back position.2 Hereafter,
the prevalence of SIDS has remained unchanged and has been
reported to be in the range of 0.1–0.8 per 1000 live births.3,4 SIDS
has most likely a multifactorial aetiology and several risk factors have
been suggested in this regard. Extrinsic factors such as smoke
exposure, certain sleep practices and intrinsic factors such as metabolic
as well as genetic disorders have been suspected to be of importance.3

More recently, special attention has been directed towards the genetic
aetiology of inherited cardiac diseases as a cause of SIDS, especially

channelopathies including long QT syndrome (LQTS), Brugada
syndrome (BrS) and catecholaminergic polymorphic ventricular
tachycardia (CPVT).5–7 In these diseases, the structures and the
functions of the ion channels are affected in the cardiac cells leading
to perturbed ion channel functions, disrupted action potential
propagation and development of arrhythmias.8 Given that changes
in the functions of the ion channels are not macro- or microscopically
visible in the heart with standard techniques, the cause of death in
cases with perturbed ion channel functions is not observed at
conventional medicolegal investigations, and genetic investigations
will be needed to detect the cause of death.
The frequency of disease-causing variants in genes associated with

LQTS and CPVT have previously been investigated in cases of SUDI.
Rare, possibly functional variants were found in nearly 10% of the
investigated cases.5–7 Recently, de novo calmodulin variants in infants
with severe arrhythmogenic symptoms were discovered and assumed to
be the cause of death of some SUDI victims.9 Besides the screening of
channelopathic-associated genes, 4% of the cases in a large SIDS cohort
(n= 286) had variants in one of the sarcomeric genes associated with
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hypertrophic cardiomyopathy, indicating that structural defects may
also cause SIDS.10 With next-generation sequencing (NGS), large-scale
gene sequencing can efficiently and rapidly be applied. This has
increased the use of genetics as a supplementary, diagnostic tool.
Based on the available literature, it is very likely that inherited

cardiac diseases are contributing factors to the cause of death in
infancy. The aim of this study was to investigate a cohort of SUDI
victims using NGS for possible disease-causing variations in the exons
and the promoter regions of 100 genes associated with inherited
cardiomyopathies and channelopathies.

MATERIALS AND METHODS

Materials
In total, we investigated 47 SUDI victims deceased in Denmark between 1998
and 2011. We included 38 SUDI victims from the Section of Forensic
Pathology, Department of Forensic Medicine, Faculty of Health Sciences,
Aarhus University, Denmark. The infants were previously investigated for
variants of RYR2, KCNQ1, KCNH2 and SCN5A.7,11 Two deceased individuals
had missense variants with possible functional effect in RYR2.7 Nine SUDI
victims from the Section of Forensic Pathology, Department of Forensic
Medicine, Faculty of Health and Medical Sciences, University of Copenhagen,
Denmark, were included. The inclusion of deceased infants was based on
autopsy reports, police reports and hospital records, if relevant. All autopsies
were performed by forensic pathologists according to a specific protocol
including radiological imaging, toxicology, microbiological investigation as well
as general autopsy with thorough macro- and microscopic investigations of the
heart. The cases were included if no other cause of death could be established at
the medicolegal investigation. The median age of all the included infants was
2 months (range 0–9 months). Twenty-seven (57%) were females (Figure 1). In
total, 40 cases fulfilled the San Diego Criteria of SIDS1 and 42 fulfilled the
Nordic Criteria12 (Table 1).

Genetic investigation
DNA was extracted from blood using the QIAamp DNA Mini Kit (Qiagen,
Hilden, Germany) for 42 of the samples. For one and four samples, DNA was
extracted from fresh frozen muscle and spleen, respectively, using the Biorobot
EZ1 and the EZ1 DNA Investigator Kit (Qiagen). The extracted DNA was
quantified with the Quantifiler Human DNA Quantification Kit (Thermo
Fisher Scientific, Waltham, MA, USA) following the manufacturer’s protocol.
The exons and promoter regions of 100 genes (Table 2) were investigated

using NGS. The genes were selected according to the available literature and
OMIM (Online Mendelian Inheritance in Man)13 and were all reported to be
associated with cardiomyopathies or channelopathies (Table 2).
The relevant DNA regions were isolated by a capture method using the

custom design of the Haloplex Target Enrichment system (Agilent Technolo-
gies, Santa Clara, CA, USA) with 150 bp read lengths. The design included all
coding exons, 25 bp of adjacent introns and 5′- and 3′-UTR regions of the 100
investigated genes, to a total size of 787 943 bp. The Haloplex Target
Enrichment protocol was used according to the manufacturer’s version D.5 of

the protocol. In brief, the following was performed. (1) Digestion of 200 ng of
genomic DNA with different restriction enzymes in eight tubes and analysis of
the fragments using the 2100 Bioloanalyzer (Agilent Technologies). (2) Hybri-
dization of digested DNA to Haloplex probes. The ends of the probes were
complementary to the fragments of the target regions. In the hybridization, the
fragments were circularized. Indices with barcodes, sequencing motifs and biotin
were incorporated. (3) The target DNA was captured with Haloplex magnetic
beads. (4) The nicks in the circularized DNA fragments were repaired by ligation.
(5) The captured target DNA was eluted, PCR amplified and purified. After
library build, the amount of DNA was measured using a Qubit Fluorometer 2.0
with the dsDNA HS assay (Invitrogen, Waltham, MA, USA). The size
distribution of the DNA was analysed using a 2100 Bioanalyzer and the High
Sensitivity DNA kit (Agilent Technologies). The DNA was sequenced on a MiSeq
(Illumina, San Diego, CA, USA) according to the manufacturer’s instructions
with 150 bp paired-end sequencing using the MiSeq Reagent Kit V2 (300 cycles).
Custom panels designed with AmpliSeq were used to verify variants that were

likely to have functional effects or of unknown significance. Libraries were
prepared using the Ion AmpliSeq Library Kit with Ion AmpliSeq Custom Primer
Pool protocol (Thermo Fisher Scientific). An Ion Chef (Life Technologies,
Carlsbad, CA, USA) was used to prepare libraries that were then sequenced
(NGS) using a Personal Genome Machine (PGM) (Life Technologies).

Data analysis and bioinformatics
Fastq files generated by MiSeq were used to analyse each sample. SureCall
(Agilent Technologies) was used for post-base-calling analysis using default
settings with an algorithm that was not described in detail. In brief, SureCall
trimmed the reads to remove adapter sequences and low-quality reads and
aligned the reads to the human genome reference (GRCh37/hg19)14 using
BWA MEM.15 Variant calling was done by BAQ SNP Caller using SAMtools16

for identifying single-nucleotide polymorphisms (SNPs), multiple-nucleotide
polymorphisms (MNPs) and indels (o100 bp). SureCall filtered out false
positive SNPs, MNPs and indels based on read depth and variant quality.
A complete list of identified variants was created in Variant Caller Format
(VCF). The target size of the designed gene panel included 788 kbp. Overall,
99.6% of the bases were covered 450× . Two exons were not covered
sufficiently (SCN5A exon 1b NG_008934.1 and JPH2 exon 3 NG_031867.1)
and seven exons were not sequenced because of missing probe designs (TTN
exon 174, 180,183, 189, 193 NG_011618.3, RPSA exon 1 NG_033234.1 and
MYL2 exon 6 NG_007554.1). Details of the genomic regions not covered
sufficiently are available online in (Supplementary Table S1). Median coverage
for all samples and regions was 327 (range: 253–567). Variants with a coverage
o50 were excluded in the further evaluation.
Alamut Batch v. 1.2.0 and Alamut Visual v.2.5 (Interactive Biosoftware,

Rouen, France) were used for the annotation and evaluation of missense,
nonsense, splice site variants and small indels. Variants were selected by (1) an
in-house in silico analysis tool developed for determining the likelihood of
variant pathogenicity, (2) frequency o1% in the relevant reference
population17,18 and associations to cardiac diseases reported in HGMD.19

The in silico analysis was based on parameters of conservation (Grantham
distance, AlignGVGD class, BLOSUM62, orthologues), computational predic-
tion (MAPP, SIFT), frequency in the relevant reference population (dbSNP
build 137,18 ESP17), the location in the genome (distance to nearest splice site)
and the coding effect. Details of the scoring of variants in the in silico analysis is
described by Hertz et al.20 The variants were independently evaluated and
classified as likely, unknown or unlikely to have functional effects by two
medical doctors (CLH and MD). The available databases and literature were
reviewed for each variant in order to determine the possible effects. Variants
were categorized as having likely functional effects based on the genomic
alterations and the literature.21 Evidence for pathogenicity included null
variants (nonsense, frameshift, near splice sites, initiation codon), known
disease-causing amino acid changes or residues, functional studies, prevalence
of the variants in affected individuals with the associated diseases, location in
exon and/or functional domains of known disease-causing variants (assumed de
novo), co-segregation studies and minor allele frequencies (MAFs) below the
disease prevalence.21–23 Given that rare variants are also subject to population
stratification,24 we identified a local Danish reference population (n= 2000)Figure 1 Age and gender distribution of SUDI cases.
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that was whole-exome sequenced, of which one half comprised metabolically
healthy individuals and the other half had patients with type II diabetes.25 In
addition, allele frequencies from ESP (European-American population)17 and
dbSNP18 were used.
Sequencing results from the verification of variants from the PGM were

analysed using the Torrents Suite v4.0.2 with the variantCaller v4.2.1.0 plugin
(Life Technologies).
The software, R v. 2.11.0,26 was used to perform calculations of median and

mean values and for the scoring of variants in the in silico analysis using a
custom script. The coverage information was calculated using a custom script
in python with the docopt packages and R v.3.1,26 with dplyr, magrittr, gplots
and tools packages and the Bioconductor v.2.14,27,28 with packages biomaRt and
rtracklayer.

DNA variants were numbered according to reference sequence applied in
Table 2 using HGVS nomenclature (www.HGVS.org). Variants have been
submitted to the Leiden Open Variation Database (http://databases.lovd.nl,
Individual IDs: 00043775–00043790).

Ethical standards
The study was approved by the National Committee on Health Research Ethics
(1402655) and the Danish Data Protection Agency (2011-54-1262).

RESULTS

Of the 47 investigated SUDI victims, 16 (43%) had one or several
variants likely to have functional effects. In total, 19 variants were
observed. Seven of these were assumed to be de novo variants as they
have not been reported previously (Table 3). All variants were
suspected to be pathogenic in the in silico evaluation, had evidence
supporting pathogenicity21 and had frequencies below the disease
prevalence of the diseases in the Danish control population25 and/or
the European-American population provided by ESP.17 Details of the
variants are available online in (Supplementary Table S2). In 8 of the
16 positive cases (50%), the observed variants were in genes that
regulate ion channel functions and that are associated with channe-
lopathies. Two cases had variants in PRDM16 and six cases had
variants in MYH6, MYPN, DSG2, LAMA4, LDB3 and TAZ respec-
tively. Of the 16 cases with variants with likely functional effects, 10
(63%) were females, and the median age of death was 1 month (range:

Table 1 Classification of SUDI cases

Nordic criteria

SIDS Unknown Other

San Diego criteria
IA 0

IB 7

II 33

USID 2 4 1

Classification of the infants according to the San Diego Criteria1 and the Nordic Criteria.12

Table 2 Investigated genes and associated cardiac diseases

Disease Genes Other associated diseases

ARVC DSC2 (NM_024422.3), DSG2a (NM_001943.3), DSPa (NM_004415.2), JUP (NM_021991.2), PKP2b

(NM_004572.3), RPSA (NM_001012321.1), TGFB3 (NM_003239.2), TMEM43 (NM_024334.2)

aDCM, bBrS

BrS CACNA1C (NM_199460.3), CACNB2 (NM_201596.2), GPD1Lc (NM_015141.3), HCN4d (NM_005477.2),

KCND3 (NM_004980.4), KCNE3 (NM_005472.4), KCNJ8e (NM_004982.3), MOG1 (NM_016492.4), SCN1Bf,g

(NM_199037.3), SCN3Bf (NM_018400.3), SCN4Bf,h (NM_174934.3), SCN5Aa,d,e,f,g,h,i (NM_001099404.1),

TRPM4g (NM_017636.3)

aDCM, cRBBB, dSSS, eSIDS, fFAF,
gCCD, hLQTS, iPFVF

CPVT CASQ2 (NM_001232.3), RYR2j (NM_001035.2) jARVC

CTD SLC22A5 (NM_003060.3)

DCM ABCC9f (NM_005691.3), ACTN2k (NM_001103.3), BAG3 (NM_004281.3), CTF1 (NM_001330.3), CRYAB
(NM_001289807.1), DES (NM_001927.3), DMD (NM_004006.2), EYA4 (NM_172105.3), FHL2 (NM_001450.3),

FKTN (NM_006731.2), GAA (NM_000152.3), ILK (NM_001014794.2), LAMA4 (NM_001105206.2), LDB3k,l

(NM_001171610.1), LMNAj (NM_170707.2), MYPNk (NM_001256267.1), NEBL (NM_006393.2), NEXNk

(NM_144573.3), PLNk (NM_002667.3), PRDM16l (NM_022114.3), PSEN1 (NM_000021.3), PSEN2
(NM_000447.2), RBM20 (NM_001134363.2), RPS7 (NM_001011.3), SDHA (NM_004168.2), SGCD
(NM_000337.5), STARD3 (NM_006804.3), TAZl (NM_000116.3), TCAP (NM_003673.3), TMPO (NM_003276.2),

TNNC1k (NM_003280.2), TNNI3k (NM_000363.4)

fFAF, jARVC, kHCM, lLVNC

FAF CACNA1D (NM_000720.3), GJA5 (NM_005266.6), HCN1d (NM_021072.3), KCNA5 (NM_002234.3), NPPA
(NM_006172.3), RANGRF (NM_016492.4), SCN2B (NM_004588.4)

dSSS

FD GLA (NM_000169.2)

HCM ACTC1a,l (NM_005159.4), ANKRD1 (NM_014391.2), CALR3 (NM_145046.4), CAV3m (NM_001234.4), CSRP3a

(NM_003476.4), JPH2 (NM_020433.4), LAMP2 (NM_001122606.1), MYBPC3a,l (NM_000256.3), MYH6a,d

(NM_002471.3), MYH7a,l (NM_000257.2), MYL2 (NM_000432.3), MYL3 (NM_000258.2), MYLK2 (NM_033118.3),

MYOZ2 (NM_016599.4), PRKAG2n (NM_016203.3), SLC25A4 (NM_001151.3), TNNT2a,l (NM_001276345.1),

TPM1a,l (NM_000366.5), TTNa (NM_001267550.1), VCLa (NM_014000.2)

aDCM, dSSS, lLVNC, mLQTS, nWPW

LQTS AKAP9 (NM_005751.4), ANK2 (NM_001148.4), CALM1e,p (NM_006888.4), CALM2e,p (NM_001743.4), CALM3e

(NM_005184.2), KCNE1 (NM_000219.5), KCNE1Lf (NM_012282.2), KCNE2f (NM_172201.1), KCNE4
(NM_080671.3), KCNH2o (NM_000238.3), KCNJ2f,o (NM_000891.2), KCNJ5 (NM_000890.3), KCNQ1f,o

(NM_000218.2), SNTA1 (NM_003098.2)

eSIDS, fFAF, oSQTS, pCPVT

LVNC DTNA (NM_001390.4)

PFVF DPP6 (NM_130797.3)

Abbreviations: ARVC: arrhythmogenic right ventricular cardiomyopathy, BrS: Brugada syndrome, CCD: cardiac conduction disease, CPVT: catecholaminergic polymorphic ventricular tachycardia, CTD:
carnitine transporter deficiency, DCM: dilated cardiomyopathy, FAF: familial atrial fibrillation, HCM: hypertrophic cardiomyopathy, LQTS: long QT syndrome, LVNC: left ventricular non-compaction,
PFVF: paroxysmal familial ventricular fibrillation, SIDS: sudden infant death syndrome, SSS: sick sinus syndrome, SQTS: short QT syndrome, WPW: Wolff–Parkinson–White syndrome.
Genes analysed and the associated cardiac diseases.
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0–6 months). Following the San Diego criteria, 13 of the cases with
variants with likely functional effects were classified as SIDS II, one
case as IB and two cases as USID because of lacking information or
investigations. With the Nordic classification, 14 of the cases with
variants with likely functional affects were categorized as SIDS and two
as unknown because of missing data. Eight cases had only variants of
unknown functional significance (Table 3). The variants were classi-
fied as unknown either because of high prevalence in the control
population, nonconserved amino acid substitution or described as
variants of unknown significance in the available literature. No coding
variant was found in the exons of CALM1, 2 or 3 although one case
had a synonymous variant (c.183C4T, p.(N61N)) in CALM3 unlikely
to be of significance.

DISCUSSION

We investigated 47 SUDI cases for putative, pathogenic variants in the
exons and promoter regions of 100 genes associated with inherited
cardiac channelopathies and cardiomyopathies. In 34% of the cases,
one or more variants with likely functional effects were identified. Half
of the variants were in genes coding for ion channels in the
cardiomyocytes and, therefore, possibly leading to perturbation of
cardiac conduction, in accordance with the fact that no macro- or
microscopic alteration of the heart was observed with conventional
forensic investigations.
In the present cohort, we found a significantly higher frequency of

variants in genes with likely functional effects that previously have
been suspected or are known to be associated with cardiac diseases
compared with the frequencies previously described in SUDI or SIDS
cohorts.5–7 This is probably mainly because of the fact that the new
NGS-based method makes it possible to analyse a larger number of
genes than previously possible.
In contrast to Crotti et al,9 no variant suspected of having functional

effect was found in CALM1-3. Crotti et al9 investigated two infants with
recurrent cardiac arrest and 82 patients with congenital LQTS for
variants in the three calmodulin-coding genes. Three likely pathogenic
variants were found in four cases, including the two initially
investigated infants. We only identified a synonymous variant in
CALM3 not likely to be of significance for the cause of death. The
investigated cohort in this study is not large enough to exclude that
variants in the calmodulin genes can have an effect on the risk of SUDI.
We identified five variants in TRPM4. Four of the variants are thought
to have functional effects. TRPM4 encodes for a protein in calcium-
activated nonselective ion channels that mediates membrane depolar-
ization and plays a central role in the pacing of the cardiomyocytes.29

The function of the gene is associated with calmodulin as the deletion
of one of the three C-terminal Ca2+-calmodulin binding sites strongly
reduces the Ca2+ sensitivity in the ion channel.30 This suggests that
calmodulin may contribute to the pathogenesis of SUDI. Recently, Le
Scouarnec et al31 reported the occurrence of rare, coding variants in 21
arrhythmia-susceptibility genes in a large cohort of BrS patients and in
controls. They observed a significantly increased frequency of variants
in SCN5A in the patients compared with the controls. No difference in
the frequencies of the other investigated genes previously suspected of
being associated with BrS, including TRPM4, was found. Thus, the
impact of genetic variants in these genes should be cautiously
interpreted. The study only included individuals with BrS-specific
ECG patterns. It is plausible that the genes have functional effects in
individuals with different phenotypic expressions.
Two variants were found in PRDM16. The gene was previously

associated with left ventricular non-compaction (LVNC) and dilated
cardiomyopathy (DCM).32 The gene is expressed in heart tissue in fetal

life. Animal studies with gene knockout showed development of
bradycardia, reduced cardiac output and decrease in cardiomyocytes
and cell proliferation.32 A variant with likely functional effects in the same
gene was found in an autopsied 13-month-old deceased boy with
unknown cause of death (unpublished data). The boy was not categorized
as SIDS or SUDI because of his age at the time of death (412 months).
To our knowledge, no data indicating association between SUDI and
PRDM16 have been published. The function of PRDM16 and the
frequency of variants in the gene in this cohort support the hypothesis
of a possible aetiology of PRDM16 in sudden death in infants. In
addition, an infant with a variant in LDB3 with likely functional effects,
which also has been associated with LVNC,33 was observed.
In six of the SUDI cases, we found variants with likely functional

effects located in genes (MYH6, MYPN, DSG2, LAMA4, LDB3 and
TAZ) associated with the structure of the heart and with diseases with
distinct phenotypic traits such as arrhythmogenic right ventricular
cardiomyopathy (ARVC), DCM and congenital heart disease. Brion
et al10 studied HCM-associated variants in a large SIDS cohort
comprising 286 cases and found that 4% had a possibly damaging
variant. The gene with the highest proportion of variants wasMYBPC3.
Brion et al10 proposed that the observed genotypes were the causes of
death. However, they also emphasized that the variants could simply be
rare variants and incidental findings. We did not observe any variants
inMYBPC3. In a single SIDS case, Campuzano et al34 found variants in
PKP2, TTN and VCL that are associated with cardiomyopathies. It has
been shown that variants in the desmosomal genes PKP2, DSG2 and
DSP may cause sodium current dysfunction, arrhythmias and possibly
sudden death.35–37 PKP2 variants have been identified in 2.5% of
clinically diagnosed BrS patients who did not have any pathogenic
variants in SCN5A, CACNA1C, GDP1L and MOG1.38 Four of the
investigated SUDI cases in this study had variants with likely functional
effects or variants of unknown significance in one of the desmosomal
genes. Although the impact of the sodium current is unknown for all of
the genes in the desmosome complex, the close interaction could
implicate that there is a similar effect among the encoded proteins.
Thus, it cannot be excluded that the variants associated with
cardiomyopathies are of importance in SUDI.
This study enables us to explore the genetic background of inherited

cardiac diseases in a cohort of SUDI victims. However, there are
several limitations that need to be acknowledged. There is a limitation
in this study in terms of lack of co-segregation evidence. It was not
possible to genetically investigate the families of the deceased. Hence, it
is unknown whether the observed variants are inherited from the
parents or occurred de novo in the infants. Family follow-up, including
genetic and clinical investigations would potentially have validated or
rejected some of the variants with likely functional effects. SIDS does
not segregate in families,1 contradicting a genetic disposition. How-
ever, SIDS is multifactorial and occurs in infants at a vulnerable
stage.39 Therefore, a variant affecting the pacing of the heart could
contribute to the cause of sudden death in these cases. The
confirmation of functional effects provides strong evidence of
pathogenicity.21 Many of the variants observed in this study have
not been functionally verified, and hence the possible effects of the
variants are solely supported by the location in the genome, the
conservation sites and other variants nearby with similar impact.
The infants in our study were slightly younger and the percentage of

females was higher compared with those generally seen in SIDS
cohorts.39 However, during the past decades, there has been a
tendency towards a younger age distribution in SIDS victims.40–42

Our cohort is relatively small and we included both SIDS and SUDI
victims that may have influenced the observed differences.
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To our knowledge, this is the first NGS-based genetic study of a
large cohort of SUDI cases investigating a large number of genes
associated with inherited cardiac diseases. Rare genes that have not
previously been investigated in SUDI cases have now proven to be of
importance for the aetiology of sudden unexpected death in infants.
There is a strong indication that channelopathies explain the death in
some of the SUDI cases. Therefore, we feel that cases of sudden and
unexpected deaths of infants with no objective findings at conven-
tional forensic autopsy should be investigated for possible disease-
causing variants in the cardiac-associated genes. Genetic investigation
in forensic medicine has the potential of supporting the clinical
investigation and increase the molecular diagnostic rate. This will be of
benefit for the families at risk as focussed cardiac evaluations and
prophylactic treatments can be offered.
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