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SUMMARY
Determination of the cause of death in sudden deaths of young people is a relatively common problem in routine medical practice. In
cases of poor or negative morphologic findings at autopsy and poor or negative test results from laboratory, diagnostic quandary can
occur. The grant project IGA MZ CR (Internal Grant Agency of the Ministry of Health of the Czech Republic) targets cases of the sudden
deaths of young people under 40 years of age, where, even after an autopsy performed, and other laboratory examinations at the
Department of Forensic Medicine are completed, it fails to detect the exact cause of death and death as a possible etiology is supposed
malignant cardiac arrhythmias. The project aims to introduce a genetic analysis of these sudden deaths of individuals and determine
the frequency of genetic pathologies related to malignant arrhythmias and cardiomyopathies, as well as clinical examination of direct
relatives of the deceased by cardiologist, focusing on the identification of families at risk of sudden cardiac death. This examination and
identification of causes of death will offer bereaved relatives prevention of sudden death and appropriate therapy. This article summa-
rizes a retrospective analysis of sudden deaths of young people with a focus on monitoring diagnosed and unspecified cause of death
and an analysis by age, gender and time of day.
In the age range 1–40 years, the authors found less than 15 % of sudden death cases where it was not possible after performing au-
topsies or laboratory examinations to establish a clear cause of death. In such cases, it is considered category of hereditary chan-
nelopathies such as largely the congenital long-QT syndromes as possible etiology of sudden cardiac death. The authors consider use-
ful to offer cardiological investigation to the relatives of the deceaseds, as well as genetic analysis of sudden deaths (molecular autop-
sy) and their relatives, which in the Czech Republic is not usually performed.
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Anal˘za pfiípadÛ náhle zemfiel˘ch mlad˘ch jedincÛ pitvan˘ch na Ústavu soudního lékafiství v Brnû 

SOUHRN
Stanovení pfiíãiny smrti u náhle zemfiel˘ch mlad˘ch lidí b˘vá relativnû ãast˘m problémem v bûÏné soudnû lékafiské praxi. V pfiípadech
chud˘ch ãi negativních morfologick˘ch nálezÛ pfii pitvû i v˘sledkÛ laboratorních vy‰etfiení mohou u soudního lékafie nastat diagnostické
rozpaky. Grantov˘ projekt IGA MZ âR cílí na pfiípady náhle zemfiel˘ch mlad˘ch lidí do 40-ti let, kdy se ani po provedené pitvû a dal‰ích
laboratorních vy‰etfieních na Ústavu soudního lékafiství nepodafií zjistit pfiesnou pfiíãinu úmrtí a jako moÏná etiologie smrti je pfiedpok-
ládaná maligní srdeãní arytmie. Cílem projektu je nejen zavést genetickou anal˘zu tûchto náhle zemfiel˘ch jedincÛ a zjistit ãetnost jed-
notliv˘ch genetick˘ch patologií se vztahem k maligním arytmiím a kardiomyopatiím, ale i klinické vy‰etfiení pfiím˘ch pfiíbuzn˘ch zemfielého
kardiologem, se zamûfiením na identifikaci rodin ohroÏen˘ch náhlou srdeãní smrtí. Toto vy‰etfiení a identifikace pfiíãiny úmrtí umoÏní
nabídnout pozÛstal˘m pfiíbuzn˘m odpovídající terapii resp. prevenci náhlé smrti. âlánek shrnuje retrospektivní anal˘zu pfiípadÛ úmrtí
náhle zemfiel˘ch mlad˘ch osob se zamûfiením na monitoring diagnostikovan˘ch i neurãen˘ch pfiíãin smrti a rozbor dle vûku a pohlaví
a denní doby úmrtí.
Ve vûkovém intervalu 1–40 let bylo autory zji‰tûno ménû neÏ 15 % pfiípadÛ náhl˘ch úmrtí, kdy nebylo moÏné ani po provedené pitvû
a laboratorních vy‰etfieních pfiesnû urãit pfiíãinu smrti. V tûchto pfiípadech jsou jako moÏná etiologie náhlé srdeãní smrti zvaÏovány dûdiãné
kanálopatie, zvlá‰tû pak long-QT syndrom. Autofii povaÏují za pfiínosné nabízet pfiím˘m pfiíbuzn˘ch tûchto zemfiel˘ch kardiologické
vy‰etfiení a rovnûÏ zavedení genetické anal˘zy zemfiel˘ch („molekulární“ pitva) i jejich Ïijících pfiíbuzn˘ch v první linii, coÏ je vy‰etfiení,
které se v âeské republice bûÏnû neprovádí.
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Sudden cardiac death (SCD) is defined as death from an unex-
pected circulatory arrest, usually due cardiac arrhythmia, occur-
ring within an hour of the onset of symptoms (1). Depending on au-
thors, when speaking of Sudden cardiac death in the young
(SCDY),“young” is defined as those up to range from 25 till 40
years (2). Estimates of the incidence of SCDY (not including infants)
vary broadly from 0.6 to 6.2 per 100 000 persons (2,3). 

In our article SCDY cases in which was recorded the negative
autopsy and laboratory findings, were monitored together with cas-
es of SIDS, where possibility of cardiac etilogy cannot be ruled
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out. Sudden infant death syndrome (SIDS) is defined as the sudden
death of an infant less than 1 year of age that cannot be explained
after a thorough investigation is conducted, including an autopsy,
death scene evaluation, and review of the clinical history. The inci-
dence of SIDS ranges from 50 to 100 in 100 000 (4). It is assumed
that 10 % to 15 % of SIDS deaths are associated with functional car-
diac ion channelopathy gene variants (5). As for the analysis of the
causes SCDY, there are many published studies that show significant-
ly different results. It is possible to find information on the occurrence
of negative autopsy findings in SCDY cases for people under 1 year
of age at 7 % (n = 20), 1 to 21 years of age in 10 % (n = 50) (6).
Burke reports negative findings even at 30 % of SCDY in the age
group 14 to 20 years (n = 60) and 21 % in the age group 21 to 30
years (n = 229) (7). In a survey of Winkel et al. were presented au-
topsy results of 469 sudden unexpected death cases, 314 cases (age
1–35) were attributed to sudden cardiac death. In 29 % of autop-
sied sudden unexpected deaths, no cause of death was found, sug-
gesting a primary arrhythmogenic cause of death (8). In perhaps
10 % of childhood (commonly accepted as the first two decades of
life) sudden death (SD) cases, a lethal dysrhythmia is a primary event
and occurs in a structurally normal heart (9). In such cases, it is con-
sidered category of hereditary diseases such as the congenital long-
QT syndromes (LQTS), catecholaminergic polymorphic ventricular
tachycardia (CPVT), and Brugada syndrome as a possible etiology
of SCD. Estimated prevalence rates of these conditions range from 1
per 2500 for the LQTS (2).

Behr et al. in 2003 documented that at 22 % of families with 32
sudden unexplained deaths has been shown inherited cardiac dis-
ease, primarily features suggestive of the long QT syndrome (10),
Tan’s study indicates the occurrence of identifiable cardiac chan-
nelopathy following a clinical assessment at 28 % of families with
sudden unexplained deaths of young people (10). According to
other studies, up to 50 % of cardiac causes in children dying dur-
ing exercise are idiopathic arrhythmias with apparently normal
heart at autopsy (11).

AIM OF THE STUDY

In the article the authors focus on the presentation of a retrospec-
tive analysis of data relating to cases of sudden deaths of young
individuals, in whom autopsy was performed at the Department of
Forensic Medicine in Brno. This analysis was prepared under
a grant project of the Internal Grant Agency of the Ministry of
Health of the Czech Republic, concerning the possibility of genet-
ic testing in cases of sudden and unexpected deaths of young peo-
ple under 40 years of age. In this group it is possible to find cas-
es where, even after the use of all currently available investigative
techniques that the Department of Forensic Medicine offers, we fail
to determine the exact cause of death. Among the possible etiolo-
gy of deaths are malignant cardiac arrhythmias. Genetic analysis
of sudden deaths of individuals targeted for this pathology does not
belong in the Czech Republic to a standard examination. The aim
of this project is not only to establish the diagnostic measures to de-
termine the frequency of genetic pathologies related to malignant
arrhythmias and cardiomyopathy but also direct clinical examina-
tion of relatives of deceased by a cardiologist. 

METHODS

The project of sudden deaths monitoring in the region of South Mo-
ravia, Czech Republic ( an area of about 2 million inhabitants) in-
volves the cooperation of a forensic physician (Department of Foren-
sic Medicine, St. Anne’s University Hospital Brno), a pathologist, a ge-

neticist (Department of Medical Genetics, Faculty Hospital Brno,
Department of Pathological Physiology of Faculty of Medicine of
Masaryk University in Brno,) and a cardiologist (Department of Inter-
nal Cardiology Medicine of Faculty Hospital Brno). We examined all
deceased that are under the age of 40, but found no pathologic or
toxicologic evidence explaining the cause of death, most commonly
with autopsy diagnosis of acute heart failure. We focus on sudden un-
explained deaths, often unwitnessed. Another group of patients, that
is of our interest, and is suitable for a genetic examination, are those
with macroscopic picture of cardiomyopathy and a supposed genet-
ic linkage (hypertrophic cardiomyopathy, arrhythmogenic right ven-
tricular dysplasia, dilated cardiomyopathy). We exclude patients with
presence of measurable blood alcohol levels and positive toxicology
examination, which could have a causal connection with the death,
atherosclerosis as a leading cause of death and with positive micro-
biologic and/or virologic examinations. After these exclusions, the fi-
nal group of deceased are genetically screened with a focus on gene
mutations associated with LQT syndrome – KCNQ1, KCNH2, KCNE1,
SCN5A, KCNE2 and ANK2. At the same time, direct blood relatives
of the deceased are offered a clinical cardiological and genetic ex-
amination. 

RESULTS

Retrospective analysis: We have focused on cases of deaths from
2007 to 2011 (January to October). Over this period an autopsy
was performed in total of 12,314 deaths. 1612 of these deaths
were on individuals that were under 40-years of age. Results of
the main pathological causes of death (N = 330) in the diagnostic
groups of the deceased are shown in Table 1 (and Figure 1). As
shown in Table 2, the total number of studied cases during the four
years is 67, which is 20.3 %, while 14.85 % (49 cases) account-
ed for heart failure unspecified by autopsy, 3.33 % (11 cases)
for cardiomyopathies and 2.12 % (7 cases) for SIDS. These three
groups were then analyzed separately.

Due to the selected genetic diagnosis particularly targeted at LQT
the most important in terms of analysis was the largest subgroup of
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Number %
Trauma 1245 77.2
Diseases (incl. SIDS) 330 20.5
Unknown (mainly due to putrification) 37 2.3

Tab. 1. Causes of death.

Diagnostic group Number %
Cardiovascular diseases diagnosed by autopsy 87 26.36
Heart failure unspecified by autopsy 49 14.85
Diseases of the digestive system 35 10.61
Diseases of the respiratory system 37 11.21
Diseases of the nervous system 29 8.79
Certain conditions originating in the perinatal 
period, congenital malformations, deformations 
and chromosomal abnormalities 21 6.36
Neoplasms/Diseases of the blood and 
blood-forming organs 15 4.55
Cardiomyopathies 11 3.33
Infectious diseases 10 3.03
SIDS 7 2.12
Deaths from other causes diagnosed by autopsy 29 8.79

Tab. 2. Suddenly deceased persons under 40 years of age.
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heart failure unspecified by autopsy. Of the 49 persons 37 persons
were male and 12 female. Arithmetic average age, when the death
occurred is 32.45 years, median 35 years, minimum age 14 years,
maximum 40 years. Figure 2  captures the distribution by the num-
ber of cases of deaths in this group, depending on time of day when
the death occurred. Any physical activity in the period immediately
preceding death was also noted. It was found that in 23 cases death
occurred during sleep or idle state, in 8 cases was the detection of past
history of physical activity at the time of death. In 18 cases this could
not be determined because of missing clinical history. We would like
to emphasize that persons with toxicological finding, which would have
an immediate causal relationship to death, were excluded from the
target file, and there were a total of 3 cases of positive detection of
THC in urine. In 2 cases the level of blood alcohol was in the interval
up to 0.5 g/kg, in 4 cases ranging from 0.5 to 1.0 g/kg, in 2 cases
from 1.0 to 1.5 g/kg and in 2 cases in the interval from 1.5 to 2.0
g/kg. In 29 cases of deaths toxicological examination was entirely
negative (alcohol, drugs or their metabolites).

In the group of cardiomyopathies (n = 11) were 7 deaths male
and 3 female. Total detected 3 cases of dilated cardiomyopathy, 1
case of hypertrophic cardiomyopathy, 1 case of ARVC, endocar-
dial fibroelastosis was recorded in the event of 1 death. 5 cases
were diagnosed as “other” cardiomyopathies.

In the diagnosis of SIDS as a cause of death (n = 7), infants were
4 male and 3 female.

Prospective investigations: After an autopsy and a histological and
toxicological examination, there were remains 35 unexplained deaths
(this is due to the fact that the genetic sample was not available in all
67 cases) in individuals that died under the age of 40. From 19 rel-
atives we got agreements with molecular autopsy, by the end of Oc-
tober 2011 we examined biological samples of these deceased per-
sons for genes for LQT: KCNQ1, KCNH2, KCNE1, SCN5A, KCNE2
and ANK2. We found some common polymorphisms - at SCNA gene
we found G87A, IVS9-3c>a, A1673G(H558R), G3183A,
IVS25+65g>a and C5457T. Genetic testing is currently in progress
and its results will be the subject of further publications. Relatives,
who were willing to participate (together 27 members from 10 fam-
ilies by the end of 2010) had cardiology examination – with normal
output: no clinical significance for cardiac pathology. 

CONCLUSIONS 

In the age range 1–40 years, we found less than 15 % of SD cas-
es where it was not possible after performing autopsies or labora-

tory tests to establish a clear cause of death. In the literature slight-
ly lower figure – 5–10 % was published (12). Approximately three
quarters of our SCD set of people who died were male, which cor-
responds with other studies (12). As expected, most of these deaths
occurred in the oldest group of individuals in the target file, ie
30–40 years. According to other authors, the risk of dying of SCD
was 10 times higher for persons aged 30–35 years than for per-
sons aged 1–10 years (8). The sudden and unexplained deaths of
young people in our group occurred mostly at night or in early
morning hours, mostly during sleep and physical rest. Recent analy-
sis reported that only 5 % of SD were associated with significant
physical exertion (10).

In analyzing the causes of sudden death in young individuals
as a key search revealed an active effort to contact living rela-
tives. The addition of family and personal history from relatives
is important for diagnostic balance for the forensic expert. 
Clinical cardiological investigation of relatives of the deceaseds
is still ongoing and the authors intend to publish its detailed re-
sults in the future. Until now, in relatives of SCD autopsied in
Department of Forensic Medicine, Brno, cardiac pathology was
not detected by clinical examination. In these negative findings
the problems of sensitivity and specificity of ECG testing in asymp-
tomatic cases of LQT syndrome could be also significant. How-
ever, we consider benefits to actively offer this test to relatives in
the future. Also, genetic analysis of sudden deaths (molecular au-
topsy) and their relatives, which in the Czech Republic is not usu-
ally performed, according to the authors’ opinion, could mean
significant benefits for the detection of potentially lethal diseases
from cardiac causes in living people, as well as in the diagnos-
tics in Forensic Medicine. Future possibilities would probably help
to discover more genes responsible for sudden unexpected deaths.
Although according to the literature genetic testing is recommend-
ed in similar cases, recent survey conducted mainly in European
countries has shown a very limited application of genetic testing
in SCD cases in forensic investigation, very often for financial rea-
sons (12). According to our findings from the literature, even in
the U.S. postmortem genetic testing is not covered by health in-
surance (2).
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Figure 1. Causes of death. Figure 2. SCDY cases (with no autopsy findings) depending on time of day
when the death occurred.
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