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Abstract: Sudden death, especially at a young age, may be caused by an underlying genetic cause.
Hereditary conditions with an increased risk of sudden death at a young age include cardiomyopathies, arrhythmia syndromes, and hereditary thoracic aortic aneurysms and dissections. The
identification of a genetic cause allows for genetic testing and cardiological surveillance in at-risk
relatives. Three sudden death cases from our hospital illustrate the value of autopsy, genetic, and
cardiological screening in relatives following a sudden death. On autopsy, histology consistent with
hereditary cardiomyopathy is a reason for the referral of relatives. In addition, in the absence of an
identifiable cause of death by autopsy in young sudden death patients, arrhythmia syndrome should
be considered as a potential genetic cause.
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1. Introduction
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Sudden death is defined as a nontraumatic, unexpected fatal event occurring within
one hour of the onset of symptoms in an apparently healthy subject or, if death is not
witnessed, the definition applies when the victim was in good health 24 h before the
event [1]. Sudden cardiac death, especially at a young age, warrants consideration of an
underlying genetic cause. On autopsy, histological observations consistent with hereditary
cardiac disease, such as myocardial disarray, are an indication to discuss genetic testing and
cardiological screening with relatives irrespective of the age and circumstances at demise.
Examples of histologically recognizable disorders, with an often identifiable genetic cause,
include cardiomyopathies and dissections of the thoracic aorta [2,3]. In the absence of
an identifiable cause of sudden cardiac death at a young age, which is termed sudden
arrhythmic death syndrome (SADS), hereditary arrhythmia syndromes must be considered
as a potential cause.
In a recent study among 302 cases of SADS in the young, next-generation sequencing
of an extended gene panel revealed a genetic cause in 13% of cases, mainly in genes associated with long QT syndrome (LQTS, KCNQ1, KCNH2, and SCN5A), catecholaminergic,
polymorphic ventricular tachycardia (CPVT, RYR2 gene) and, to a lesser extent, genes
associated with cardiomyopathies. Combining genetic testing with cardiological screening
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sent three recent cases illustrating the diverse clinical presentations of hereditary cardiac
present three recent cases illustrating the diverse clinical presentations of hereditary cardiac
diseases and the value of DNA testing in these patients.
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Figure 1. Hematoxylin- and Eosin-stained section of the right ventricle of the heart with extensive fatty changes of the
myocardium, partly subendocardial, with only minor fibrosis. Asterisk indicates fatty tissue.
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using BWA-MEM (0.7.12-r1039). Variants were identified using the HaplotypeCaller
from GATK version 3.8 (Genome Analysis Toolkit, Broad Institute, Cambridge, MA,
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USA) along with Picard tools version 1.89 and Alissa Interpret v.5.2.4). A pathogenic
(class 5) variant, c.2265+5G>A in the FLNC gene (NM_001458.4) was identified. No other
(likely) pathogenic variants were found. The FLNC variant was previously identified
in a patient with dilated cardiomyopathy in our lab. RNA analysis in blood showed
altered splicing because intron 14 was not spliced out, resulting in a truncated protein
p.(Asn757Argfs*51). The variant is rare in the general population (2/247,832 gnomAD
alleles see http://gnomad.broadinsitute.org). Truncating variants in this gene are a known
cause of dilated cardiomyopathy and ACM associated with an increased risk of ventricular arrhythmias [6,7]. Several relatives carried the FLNC variant and were referred for
cardiological screening. One of them was recently diagnosed with ACM. Nonsymptomatic
carriers were recommended to remain under cardiological surveillance.
Case 2. A previously healthy 33 years old male presented with out-of-hospital cardiac
arrest due to persistent ventricular fibrillation. Resuscitation was unsuccessful. Health
and family history of the mother were uneventful. The biological father of the patient was
unknown. On autopsy, extensive fatty and fibrotic changes of the myocardium of the left
ventricle were observed (Figure 2A,B).
DNA isolated from material derived from autopsy was sequenced on the MiSeq
using the above-mentioned 56 cardiomyopathy panel. This revealed a causal, pathogenic
(class 5) variant in the FLNC gene, c.554G>A p. (Trp185*). No other (likely) pathogenic
variants were detected. The variant was not found in gnomAD alleles. The observations
are consistent with reports of predominant left ventricular involvement in FLNC associated
ACM [8].
Case 3. A 41-year-old woman was found dead at home. She was diagnosed with
severe, therapy-resistant, (tonic–clonic) atypical epilepsy from the age of 14 years on.
Seizures were often at night and were characterised by apnea with discoloration. Apart
from a benign cyst on the pituitary gland, cerebral MRI revealed no abnormalities. She
had sometimes fainted and suffered from cardiac palpitations, but cardiological evaluation
had not yet been performed. She used venlafaxine for episodes of depression which
had been increased in dosage (from 75 mg/day to 150 mg/day) a few weeks prior to
her death. This drug is associated with QTc prolongation when serum levels exceed the
therapeutic range [9]. Postmortal toxicological examination showed elevated plasma levels
of venlafaxine, a QTc prolonging drug (1137 µg/L, upper limit of 1000 µg/L). The autopsy
revealed diffuse cerebral ischemia possibly associated with her epilepsy, but no clear cause
of death was identified. Histological evaluation of cardiac tissue showed no abnormalities.
Given the young age, genetic counselling of relatives was recommended by the general
practitioner. DNA was isolated from paraffin-embedded tissue and the 54 arrhythmia
associated genes (ABCC9, AKAP9, ANK2, ASPH, CACNA1C, CACNA1D, CACNA2D1,
CACNB2, CALM1, CALM2, CALM3, CASQ2, CAV3, DPP6 (NM_001936, only position
c.-340), GJA5, GNB2, GPD1L, HCN4, JPH2, KCNA5, KCND3, KCNE1, KCNE5, KCNE2,
KCNE3, KCNH2, KCNJ2, KCNJ5, KCNJ8, KCNQ1, LAMP2, LMNA, MYL4, NKX2-5, NPPA,
PKP2, PLN, PPA2, PRKAG2, RANGRF, RYR2, SCN1B, SCN2B, SCN3B, SCN4B, SCN5A,
SCN10A, SLMAP, SNTA1, TECRL, TNNI3K, TNNT2, TRDN, TRPM4) were sequenced on
the MiSeq using the method, described above. A known pathogenic (class 5) variant,
c.2467C > T p.(Arg823Trp), in the KCNH2 gene (NM_000238.3), associated with long QT
syndrome type 2 (LQTS 2), was identified. No other (likely) pathogenic variants were
found. The causal KCNH2 variant is rare in gnomAD (allele frequency of 1/251,454),
has often been reported in LQT patients (PMID: 10973849, 11854117, 16831322, 19695459,
19716085, 23158531, 23631430) and functional studies showed inactivation of the potassium
channel ((PMID: 11741928, 16432067, 11278781, 23303164). It is likely that the ‘atypical
epileptic seizures’ were caused by cardiac arrhythmias. Genetic testing in relatives revealed
that the variant was de novo.
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Case 3. A 41-year-old woman was found dead at home. She was diagnosed with severe, therapy-resistant, (tonic–clonic) atypical epilepsy from the age of 14 years on. Seizures were often at night and were characterised by apnea with discoloration. Apart from
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panels. In case of negative findings in sudden unexpected death in children, trio-wholeexome sequencing (WES) may be considered after counselling by a clinical geneticist.
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