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Sudden cardiac death in the young. From gross to molecular autopsy
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Abstract

Sudden Cardiac Death (SCD) may complicate diseases of the
heart and great vessels. The cause is easily visible at the naked eye
at autopsy in the presence of coronary thrombosis, aortic dissection,
pulmonary thromboembolism, or at the microscope with histologi-
cal anomalies (inflammation, necrosis, storage, fibrosis). However,
there are cases of SCD in which the heart appears normal, both at
gross and histological examination. They may present electrocar-
diogram (ECG) disorders of depolarization and repolarization of
myocardial electrical activity (long and short QT, repolarization
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syndrome) or of electro-mechanical coupling (catecholaminergic
ventricular tachycardia), due to alterations of Na*, K* or Ca™" flows,
known as channelopathies. They are genetic, hereditary morbid
entities transmitted at the time of conception. Molecular studies of
SCD at autopsy include both the detection of viral genomes in
inflammatory cardiomyopathies and gene mutations in either struc-
tural or nonstructural genetically determined heart diseases.

Introduction

Giovanni Battista Morgagni in 1712, at the age of only 29
years old, delivering the Commencement Lecture of the
Theoretical Medicine Chair at the University of Padua, stated:!
“It is impossible to pursue the nature and cause of any disease
without dissection of the respective bodies”. It was the era of
autopsy limited to organ pathology, with the eyes as the only tool
for investigation. Nowadays gross dissection associated with a
light microscope is still an unreplaceable method to establish the
cause of death and explain symptoms. However, there are cases
of “sine materia”, which require molecular investigation (so-
called “molecular autopsy”).?3

John A. MacWilliam (1857-1937), in his book “Cardiac Failure
and sudden death”, published in 1889,* wrote: “...sudden stoppage
of the heart’s action has often been observed apart from the occur-
rence of gross structural lesions, associated with no very obvious or
extensive alteration in the cardiac tissues...not infrequently the car-
diac substance has exhibited no pronounced morbid change”.

Years later, in 1894 at a meeting held in Rome, entitled
“Morgagni and the Anatomic Concept”, during a discussion with
Karl von Rokitansky, Rudolph Virchow raised these questions:
“...Any anatomic modification is material, but is any material mod-
ification anatomic? Why not molecular? Can a profound molecular
modification occur in the setting of a normal structure? These mod-
ifications belong more to physiology than to anatomy, they are func-
tional-dynamic... the method of investigation will never be mor-
phological”. The causes of “sine materia” SCD lie in the code of
life: they are genetic diseases. Gregor Mendel (1822-1884),5 work-
ing on beans, discovered the principles of genetic heritage, summa-
rized in the Mendel’s Laws with the concepts of dominant and
recessive.

In 1953, with the discovery of the DNA and double helix by
Watson and Crick,® the molecular nature of genes was finally estab-
lished. The invention of Polymerase Chain Reaction, the tool to
clone the genes made by Kary Mullis in 1986,7 opened new diag-
nostic avenues.

As far as sudden death, the role of autopsy is to establish:® i)
whether the death was natural, ascribable to cardiac or other dis-
cases; ii) in case of cardiac death, whether it was arrhythmic or
mechanical; iii) in the absence of gross and histological substrate, to
establish if it was “functional”, thus requiring molecular investiga-
tion and, if genetic, screening the next of kin;% !0 iv) the existence of
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toxic and illicit drug abuse or concealed trauma (i.e. cervical fracture
with injury of brain stem, where the breathing pacemaker is
located).!!

In early our experience of 300 consecutive cases of sudden death
in the young (<35 years old), the cause was 91% cardiovascular, 5%
cerebral, and 4% respiratory.!2 As for the cerebral cause, rupture of
a berry aneurysm of the Willis circle is usually the culprit, and, as for
respiratory, allergic asthma. Concerning the mechanism of cardiac
arrest in SCD, it was mechanical in 7% (pulmonary thromboem-
bolism or rupture of aortic dissection with cardiac tamponade) or
arrhythmic in the remaining 93%, mostly ventricular fibrillation.

The substrate of SCD should be searched in the aorta, coro-
nary arteries, myocardium, valves, conduction system, and ion
channels.!3

In our preliminary experience, aortic rupture accounted for 2%
of cases, whereas atherosclerotic coronary artery disease for 18%.
Unlike adult and elderly, where the coronary artery disease is usually
multivessels with occlusive thrombosis due to plaque rupture, in the
young the disease is mostly single vessel (descending coronary
artery) with vasospasm.14-16

The atherosclerotic coronary artery disease increases with age as
a cause of SCD and becomes the most frequent in the time interval
30-40 years old.!”

Also, hidden congenital coronary artery anomalies may precipi-
tate SCD during effort, particularly the origin from the wrong
sinus,'® which accounts for 5% of SCD in the young.

Among cardiomyopathies, arrhythmogenic right ventricular car-
diomyopathy (ARVC) is the “leader” with 10%,1920 followed by
hypertrophic cardiomyopathy (HCM) with 9%.21:22 They are both
genetically determined heart muscle diseases: ARVC a desmosomal
disease?* and HCM a sarcomeric disease.?*

Among inflammatory cardiomyopathies, viral myocarditis
comes first (12%; Figure 1). 2526

Finally, there are sudden deaths “sine materia”, called channel-
lopathies, in which electrical instability of the heart occurs in the
absence of structural substrate (Figure 2).23-8-10

Long (Figure 3) and short QT syndromes are due to “gain-of-
function” mutations of potassium or sodium channel genes, with
either dominant or sporadic forms.?’” Brugada syndrome (nonis-
chemic ST-segment elevation) in 20% of cases is a familial domi-
nant or sporadic autosomal form, due to mutations of sodium chan-
nel gene SCN54.27 Catecholaminergic Polymorphic Ventricular
Tachycardia (CPVT)28 is due to mutations of the ryanodine receptor
2 (RyR2) gene® in the dominant form and to calsequestrin 2
(CASQ?2) gene in the recessive form.?’

These genes are in charge of calcium release from the smooth
endoplasmic reticulum for electro-mechanical coupling. It is a quite
long gene, however just a pin-point mutation of a nucleotide can
change the printed amino acid, which is enough to account for ven-
tricular tachycardia and fibrillation.>

Mutations of RyR2 are the most frequently found at molecular
autopsy of SCD “sine materia” 3!

Early repolarization with J wave has been proven to be a risk
factor for idiopathic ventricular fibrillation and has been ascribed to
arrhythmogenicity of subendocardial Purkinje fibers.3?

In our longstanding experience of SCD in the young, normal
heart was found in only 17%, whereas other groups reported higher
rates, up to 50%,> probably because only unexplained cases “sine
materia" were submitted to their reference center.

Anyhow, since one-third of SCD are genetic in origin, with or
without structural substrate, genotyping the victim is mandatory. The
finding of a disease-causing mutation will make necessary a rigor-
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Figure 1. Molecular diagnosis of viral myocarditis at autopsy. The myocarditis rate as a cause of juvenile SCD is 12%.
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Sudden Cardiac Death and Normal Heart:

a) Long QT «mors sine materia»
b) Short QT Normal heart
¢) Brugada syndrome 17%

d) Catecholaminergic Polymorphic VT

<
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Figure 3. Sudden death in a 16 years-old boy affected by long QT. Gross and histology of the heart appear normal (“mors sine materia™).
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ous screening of all relatives, to identify those who carry occultly the
same mutation. This approach should now become part of the rou-
tine post-mortem study of unexplained cases of SCD.?’

Thus, the study of SCD is moving from the traditional gross
pathology autopsy to the double helix.

For this purpose, 10 mL of ethylenediaminetetraacetic acid
(EDTA) blood and 5 g of heart and spleen tissues should be taken,
frozen, and stored at -80°C. Alternatively, blood may be stored in
RNA later at 4°C for up to 2 weeks.>3

Last but not least, it is mandatory to detect or rule out toxic or
illicit drug abuse. The guidelines consider toxicology investigation
of equal importance to genetic analysis;!! 3.1% of SCDs were found
to be related to cocaine abuse triggering coronary artery disease.>*

Shifting the attention to the aorta, aortic dissection accounts for
3% of SCD in the young. The main culprit is the aortopathy associ-
ated with the bicuspid aortic valve with severe disruption of the elas-
tic lamellar units of the tunica media by the release of metallopro-
teinases.>?

Among other valve diseases, ventricular fibrillation is the
mechanism of arrhythmic mitral valve prolapse (8% of SCD).30
The congenital disjunction between the atrioventricular mitral
annulus and leaflet insertion was discovered. After billions of sys-
toles during life, fibrosis develops in the papillary muscles and
postero-lateral left ventricular free wall, becoming an arrhythmic
substrate.

As far as the conduction system, 6% of SCD in our experience
was caused by ventricular preexcitation in the setting of Wolft-
Parkinson-White syndrome. The “Kent fascicle”, abnormally con-
necting the atrial with the ventricular myocardium, is an ordinary
myocardium without decremental properties. If paroxysmal atrial
fibrillation occurs in these patients, every atrial wave may reach the
ventricles, then transforming atrial fibrillation into ventricular fibril-
lation with cardiac arrest.3”
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