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Introduction and objectives. Few studies have
investigated death due to myocardial disease in children
and young adults. The aim of this study was to analyze
the epidemiological, clinical, and pathologic characteristics
of death in these cases.

Patients and methods. Population-based observational
study of all deaths in individuals aged 1-35 years in the
Spanish province of Biscay over a period of 12 years.

Results. Forty deaths from myocardial disease occurred
in 29 males and 11 females (mean age, 25.3 years): 30
sudden and 10 non-sudden deaths. The mortality rate was
0.64 per 100 000 persons/year. The relative risk of sudden
death was significantly greater than that of non-sudden
death, particularly in adolescents and young males. The
cause of death was myocarditis in 12 cases (83.3% sudden
death), dilated cardiomyopathy in 10 (80% non-sudden
death), arrhythmogenic cardiomyopathy in 7, hypertrophic
cardiomyopathy in 6, and idiopathic concentric left ventricular
hypertrophy in 5 (100% sudden death). Myocardial disease
was diagnosed before sudden death in only 3 cases. Ten
subjects had symptoms and electrocardiogram abnormalities
but their cardiomyopathy had not been diagnosed. Six
individuals had a comorbid condition (morbid obesity in 4), 6
had prodromal symptoms, and 11 had arrhythmic triggering
factors (sporting activity in 7). Ventricular fibrillation was
frequently observed during cardiopulmonary resuscitation.

Conclusions. Mortality due to myocardial disease in
children and young adults is uncommon. Most deaths are
sudden. However, some may be preventable.
Preventative measures should be aimed at sudden death
in adolescents and young males. There was a noticeable
association between arrhythmogenic cardiomyopathy and
sporting activity.
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Mortalidad por enfermedades del miocardio 
en niños y jóvenes. Estudio observacional 
de base poblacional

Introducción y objetivos. Hay pocos estudios sobre la
mortalidad por enfermedades del miocardio en niños y jó-
venes. El objetivo de este estudio es analizar sus carac-
terísticas epidemiológicas y clinicopatológicas.

Pacientes y método. Estudio observacional sobre la
población general de todas las muertes en personas de
1-35 años de edad en Bizkaia durante 12 años.

Resultados. Hubo 40 fallecimientos por enfermedades
del miocardio: 30 muertes súbitas y 10 no súbitas; 29 va-
rones y 11 mujeres (edad media, 25,3 años). La tasa de
mortalidad fue de 0,64/100.000 habitantes/año. El riesgo
relativo de muerte súbita fue significativamente más alto
que el de muerte no súbita, en particular entre adolescen-
tes y varones jóvenes. Las causas de muerte fueron:
miocarditis en 12 casos (el 83,3% por muerte súbita),
miocardiopatía dilatada en 10 (el 80% por muerte no sú-
bita), miocardiopatía arritmogénica en 7, miocardiopatía
hipertrófica en 6 e hipertrofia ventricular izquierda con-
céntrica idiopática en 5 (el 100% por muerte súbita). Sólo
en 3 casos de muerte súbita la enfermedad se diagnosti-
có en vida. Diez sujetos presentaron en vida síntomas o
anomalías electrocardiográficas, pero sin diagnóstico de
la enfermedad. Se detectaron condiciones comórbidas en
6 casos (obesidad mórbida en 4), síntomas prodrómicos
en 6 y factores desencadenantes de la arritmia letal en
11 (deporte en 7). Durante la reanimación cardiopulmo-
nar se observó con frecuencia fibrilación ventricular.

Conclusiones. La mortalidad por enfermedades del
miocardio en niños y jóvenes es infrecuente y la mayoría
son muertes súbitas. Algunos casos podrían ser poten-
cialmente previsibles. Los principales esfuerzos de pre-
vención deberían orientarse al grupo de varones adoles-
centes y jóvenes Es destacable la relación entre
miocardiopatía arritmogénica y deporte.

Palabras clave: Miocardiopatía. Mortalidad. Epidemiolo-
gía. Prevención. Muerte súbita. Patología forense.
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ranging from 1 January 1991 to 31 December 2002
were included in this study. The cases were classified as
SD or NSD as follows: SD was defined as that
occurring naturally (non-violently), unexpectedly and
instantaneously, or less than 6 h from the onset of
premonitory symptoms or collapse, in a person in an
apparently good state of health, not admitted to hospital,
and while carrying out their habitual activities at the
time of the fatal event.6,13 In line with legislation, a
forensic autopsy is required for deaths due to violence
or where crime is suspected. The latter include sudden
unexpected natural deaths in nonhospitalized children
and young people. The Biscay Forensic Pathology
Service is in charge of investigating those occurring in
Biscay.

In non-sudden natural deaths, legislation requires a
medical death certificate signed by the physician who
was treating the patient for a previously known disease.
In Biscay, all such death certificates are supervised by
the Forensic Pathology Service. In the case of the death
of a child or young adult outside hospital, a preliminary
investigation is done and, assuming that there are signs
of violent death or an unexpected SD (for forensic
purposes unexpected SD involves a potentially a
criminal activity ), a forensic autopsy is requested and
the medical death certificate is annulled (Figure 1).

Subsequently, all medical death certificates and
forensic autopsy reports are coded according to the
underlying cause of death in the Mortality Registry of
the Basque Country Autonomous Community, following
the International Classification of Diseases (ICD-9)
(Figure 1).

To achieve the aim of this work, Mortality Registry
data were analyzed and the files of the Biscay
Forensic Pathology Service were checked for the
period 1991 to 2002, inclusive. All sudden deaths
occurring in people aged 1 to 35 years old were
examined. In all cases a complete autopsy and
toxicological and histopathological studies had been
carried out. The cardiac conduction system was
studied via a simplified method previously
described.14 Clinical data and the circumstances
surrounding the death were also reviewed. This
information was obtained from physicians’ and
forensic doctors’ reports, official police statements
and interviews with members of the dead person’s
family. It was not possible to review the physicians’
reports on NSD patients.

Statistical Analysis

The total incidence rates and those for each sex and
age group were calculated according to the population
census data for Biscay province for the years 1991,
1996, and 2001. For the non-census years, year
interpolations were calculated for the population for
each sex and age group, assuming a linear yearly
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INTRODUCTION

Myocardial diseases (MD) form an infrequently
occurring heterogeneous group of potentially lethal
abnormalities in children and young adults. Recent
epidemiological studies have shown that dilated and
hypertrophic cardiomyopathy are the most frequent
morphological substrata of cardiomyopathy in
children.1,2 Furthermore, MD have been associated with
unexpected sudden death (SD) in apparently healthy
people younger than 35 years old.3-9 Acute myocarditis
and hypertrophic cardiomyopathy are the leading causes
of SD in this age group. In addition, arrhythmogenic
right ventricular cardiomyopathy/dysplasia has been
recognized as a relatively frequent cause of SD in South
European countries.4,9,10 In some cases, SD is the first
manifestation of the disease, although sometimes the
child or young adult has had some symptom during their
lifetime.11 Some of these MD can be diagnosed during
the patient’s lifetime and thus SD avoided if treated. In
addition to identifying high-risk patients, recognizing the
factors that trigger acute ventricular arrhythmias is
important in preventing SD due to cardiac causes.11,12

The actual incidence and distribution of cardiac SD
by sex and age group in well-defined populations is
poorly characterized. Only a few observational studies
have assessed this problem in children and young
adults. Most studies have been done in selected
samples or in reference centers, with the consequent
bias making it impossible to provide epidemiological
data. A population-based observational retrospective
study was carried out in children and young adults
under 35 years old in the Spanish province of Biscay
between 1991 and 2002 with the aims of assessing the
epidemiological and clinical data on MD mortality and
determining the causes of SD and non-sudden death
(NSD).

PATIENTS AND METHODS

The study was done in Biscay (approximate
population 1 200 000), an industrial province of the
Basque Country, which has a homogeneous population.
Foreigners form 0.7% of the total. All patients aged 1 to
35 years old who died due to an MD during the period

ABBREVIATIONS

MD: myocardial disease.
CLVH: concentric left ventricular hypertrophy.
NSD: non-sudden death.
SD: sudden death.
RR: relative risk.
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increase or decrease in the population. For the year
2002, the population projection was calculated assuming
a growth rate equal to the 5 previous years.6 In the period
1991-2002, there was an average of 523 951 inhabitants
aged 1 to 35 years old in Biscay.

In a previous study,6 where the incidence of SD was
calculated by 5-year age-groups, we found that
mortality was lowest in the pediatric age-group and that
the figures increased progressively from 24 years old
onward. Thus, in the present paper, we selected an
initial group corresponding to the 5-year pediatric age
group (children from 1 to 14 years old); the remaining
population was classified into 2 groups, one
corresponding to the 5-year adolescent/young adult
group (from 15 to 24 years old) and the other to the
older young adult group (from 25 to 35 years old).

The relative risk (RR) (and its 95% confidence
interval [CI] of SD due to MD compared to NSD was
calculated for the total and for the different age and sex
groups. Similarly, the RR (and its 95% CI) of SD and
NSD were compared between sex and between age

groups (1-14 and 15-35 years old). Epi Info 6 (version
6.04) software was used. On the other hand, using the
Fisher exact test, the difference in distribution of the
absolute frequency of SD was calculated regarding the
activity carried out at the time of death (physical activity
vs another activity) between the SD due to MD groups
and SD due to other causes. The significance level was
set at P<.05.

RESULTS

Epidemiological and Demographic Data

According to Mortality Registry data, there were 8299
deaths in people aged 1 to 35 years old (6130 males and
2169 women) in Biscay from 1991 to 2002. The cause
of death was MD in 40 cases. In 30 cases, a forensic
autopsy for SD was carried out; although the physician
had issued the medical death certificate for 1 of these
cases, this was annulled by the forensic system as SD
was suspected, and a forensic autopsy was done. In the

Death in Child or Young Adult

Natural Death in Principle, Without
Suspicion of Criminal Involvement

Violent Death or With Suspicion of Criminal
Involvement (Including Unexpected Sudden Death)
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Outside-Hospital
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Request for Medical/Forensic
Autopsy by Health

Authorities

Medical Death Certificate
Issued by

in-Hospital Doctor

Medical Death
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Outside-Hospital Doctor
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by Forensic Pathology

Service

Forensic Pathology
Service

Medical-Forensic
Autopsy

Suspicion of
Unexpected

Sudden Death
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Data Coded in the Mortality Registry
of the Basque Country Figure 1. Chart showing typical

medical action taken after the death
of a child or young adult in Biscay
during the study period.
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other 10 cases, the appropriate medical death certificate
was issued as no evidence indicative of SD due to
suspected crime was found by the Forensic Pathology
Service, and thus they were included in the NSD group.
No case of NSD due to MD was investigated by the
Forensic Pathology Service.

Of the 40 cases of death due to MD, 29 were male and
11 female, with an average of age of 25.30±7.17 years.
All were Caucasian. The mortality rate due to MD was
0.64/100 000 inhabitants/year. This was higher for males
than for women, and for the 15-24 and 25-35 year old

age groups than for children 1-14 years old (Table 1).
The RR of SD was significantly higher than that of
NSD, especially between adolescents and young males
(Table 1). The RR of SD was significantly higher in
males than in females (3.17; 95% CI, 1.36-7.38) and in
young adults than in children (11.39; 95% CI, 1.55-
83.65).

Causes of Death

Analysis of the Forensic Pathology Service data
showed 170 cases of SD in people aged 1 to 35 years
old, 30 of which were due to MD (Table 2).

The MD were myocarditis, dilated cardiomyopathy,
arrhythmogenic cardiomyopathy, hypertrophic
cardiomyopathy, and idiopathic concentric left
ventricular hypertrophy (CLVH) (Figure 2).
Myocarditis was the most frequent cause of SD
(33.3%), followed by arrhythmogenic cardiomyopathy
(23.3%), whereas dilated cardiomyopathy was the
most frequent cause of NSD (80%). Myocarditis was
the most frequent cause in the 15-24 year old group
(37%) and dilated cardiomyopathy in the 25-35 year
old group (30%).

Pathological Findings in the Sudden Death
Group

Of the 10 cases of myocarditis, the left ventricle was
affected in 3 cases, the right ventricle in 3, and both
ventricles in 4. There were 4 cases of acute myocarditis
(myocyte necrosis with lymphocytic inflammatory
infiltrate) (curiously, in these cases pulmonary
thromboembolism was also was found); 4 of subacute
myocarditis (areas of myocyte necrosis replaced by

TABLE 1. Cases of Death From Myocardial Diseases in People Aged 1 to 35 Years Old Between 1991 and 2002 

in Biscay. Distribution by Sex and Age*

Total Sudden Death Non-Sudden Death
Relative Risk†

(95% CI)

No. cases 40 30 10

Incidence year/100 000 people 0.64 0.48 0.16 3 (1.47-6.14)

Sex

Males 29 23 6

Incidence year/100 000 people 0.90 0.72 0.19 3.83 (1.56-9.41)

Females 11 7 4

Incidence year/100 000 people 0.36 0.23 0.13 1.75 (0.51-5.98)

Age group, years

1-14 4 1 3

Incidence year/100 000 people 0.23 0.06 0.17 0.33 (0.03-3.20)

15-24 16 14 2

Incidence year/100 000 people 0.78 0.68 0.10 7 (1.59-30.80)

25-35 20 15 5

Incidence year/100 000 people 0.81 0.61 0.20 3 (1.09-8.25)

*CI indicates confidence interval.
†Relative risk of sudden death from myocardial diseases versus non-sudden death.

TABLE 2. Causes of Sudden Death in People Aged 

1 to 35 Years (n=170) Between 1991 and 2002

Causes of Death n (%)

Cardiac

Structural heart disease

Myocardial diseases 30 (17.6)

Coronary heart disease 27 (15.8)

Anomalies of the cardiac conduction system 9 (5.3)

Valvular disease 4 (2.3)

Aorta dissection 4 (2.3)

Anomalous origin of the coronary arteries 3 (1.8)

Tetralogy of Fallot 1 (0.6)

Extracardiac

Intracranial hemorrhage 12 (7)

Epilepsy 12 (7)

Asthma 11 (6.4)

Unspecified bronchopneumonia 11 (6.4)

Other 17 (10)

Without (unexplained) structural alterations* 29 (17)

*These cases can correspond to sudden deaths from nonstructural heart
disease (channelopathy, etc) that we do not have electrocardiographic
diagnostic or molecular tests for.26
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young connective tissue and with scarce lymphocytic
infiltrate); and in the other 2 cases, extensive interstitial
fibrosis with patent coronary arteries was found,
compatible with myocarditis sequelae.

In the 7 cases of arrhythmogenic cardiomyopathy,
extensive fibrofatty infiltration was found in the right
ventricle (n=3) (Figure 3), in the left ventricle (n=2),

or in both (n=2), without significant myocytic
necrosis or coronary heart disease.10,15,16 In 6 cases
there were morphological findings characteristic of
hypertrophic cardiomyopathy, with hypertrophy of the
anterior septum (type I) in 2, hypertrophy of the entire
septum (type II) (Figure 4A) in 3, and hypertrophy of
the septum and anterior wall of the left ventricle in 1
(type III).15 The maximum wall thickness of the
interventricular septum varied between 20 and 40 mm
and was ≥30 mm in 3 hearts. (It is worth recalling that
the correspondence between wall width in diastole
measured echocardiographically and at autopsy is
low, since hearts are found in different degrees of
contraction.) When the hypertrophic areas were
viewed macroscopically, the myocardium had a
whorled appearance and small scars were found.
When viewed under microscope, all presented marked
hypertrophy and disorganized myocytes, intramural
coronary artery dysplasia, and fibrotic patches (Figure
4B), all of which are diagnostic lesions of
hypertrophic cardiomyopathy.

In 3 cases, the only pathological finding was severe
CLVH in the absence of hypertension, valvular, ischemic
or congenital heart disease, the histopathological signs
characteristic of hypertrophic cardiomyopathy, and of a
family history of this disease. These findings are
compatible with a diagnosis of idiopathic CLVH.15

Finally, there were 4 cases of cardiomyopathy with
morbid obesity,16 of which 2 corresponded to CLVH and
the other 2 to dilated cardiomyopathy.

Medical History, Prodromes,
and Circumstances Surrounding the Death

Only in 3 cases of SD had the MD been diagnosed
during the patient’s lifetime. All of them had hypertrophic
cardiomyopathy and were under cardiological treatment,
and 2 of them were under pharmacological treatment (1
with verapamil and the other with amiodarone). Some
cardiovascular symptoms and/or electrocardiographic
abnormalities were recorded in 10 people during their

Myocarditis Dilated
Cardiomyopathy

Arrhythmogenic
Cardiomyopathy

Hypertrophic
Cardiomyopathy

Concentric
Left Ventricular
 Hypertrophia

Non-Sudden Death

Sudden Death

14

12

10

8

6

4

2

0

Figure 2. Distribution of myocardial
diseases according to the manner of
death.

Figure 3. A: arrhythmogenic myocardiopathy observed in a 31-year-
old male who died suddenly while playing football. The right ventricle
is dilated where the free wall is extensively substituted by adipose
tissue. B: histologically, the myocardium is widely replaced by
fibrofatty tissue (trichromic, Mag. ×4).

A

B



system) this was 22.6%.6 The incidence of SD due to
MD found in Biscay is within the range described in
other studies.3,5,7 In addition, the relative risk (RR) of SD
is significantly higher in males, adolescents, and young
adults compared to women and children. It is worth
highlighting the low frequency of SD due to MD in
children 1-14 years old, which could indicate that
cardiomyopathies (above all hypertrophic and
arrhythmogenic) are clinically silent until adolescence,
when they manifest as SD. These findings indicate that
the main effort in preventing SD should focus on
adolescent males and young adult males.

Unlike the other MD, where death is mainly sudden
and is caused by an arrhythmic mechanism, in dilated
myocardiopathy NSD predominates, indicating that in

Morentin B et al. Myocardial Disease Mortality in Children and Young Adults

lifetimes, but without the disease being diagnosed before
death (Table 3); the main diagnosis was arrhythmogenic
cardiomyopathy (n=5) and myocarditis (n=3). In the
other 17 cases, SD was the first manifestation of the
disease. Comorbid conditions were reported in 6
patients: 2 with myocarditis had received medical care
for viral gastroenteritis and 4 presented morbid obesity.
Six patients (20%) had prodromic symptoms, mainly
syncope and chest pain.

There was premature SD in 3 patients relating to family
background. Two young adults with arrhythmogenic
cardiomyopathy in this series were brothers. After a
detailed cardiology study was done in the 3 relatives of
these brothers, the disease was diagnosed in 1 of them. 
In addition to this family, another four first-degree relatives
of another 2 patients with arrhythmogenic cardiomyopathy
were studied; in 2 (1 in each family) right ventricular
dysplasia was diagnosed. Cardiological study of the family
of 1 patient with hypertrophic cardiomyopathy did not
reveal signs of the disease.

In 25 cases cardiopulmonary resuscitation (CPR)
maneuvers were carried out. In 9, the ECG obtained
during CPR showed ventricular fibrillation, in 8, asystole,
and in 1, ventricular tachycardia that degenerated into
ventricular fibrillation.

Arrhythmia triggering factors were reported in 11
cases. In 3 young people, toxicological analysis
detected the presence of ethanol. In 7 cases death
occurred during practicing a sporting activity (3 during
football, 2 during the Basque game of pelota, 1 while
cycling, and 1 during basketball). In 1 case, information
was obtained regarding acute psychological stress in the
instant prior to death. Of the arrhythmogenic
cardiomyopathy cases, 71% died during a sporting
activity. Sudden death related to a sports activity
occurred in 23.3% of the cases of MD (7 out of 30),
compared to 9.3% (13 out of 140) of the remaining
causes of SD (P=.05).

In 7 cases, the death was not witnessed and occurred
in the bed, probably while sleeping. In 21 cases, death
occurred within 15 min (almost instantly) and in 2 cases
between 15 and 60 minutes. In 47% of cases the death
occurred outside a hospital and 53% were admitted to
the emergency ward in a state of cardiorespiratory arrest.

DISCUSSION

The incidence of mortality due to MD in people aged
1 to 35 years old is low and the risk of SD significantly
higher than NSD. Thus, it is important to include
forensic case studies, otherwise the incidence would be
underestimated. In the present study, 75% of all the
deaths due to MD were sudden. On the other hand, in a
previous study conducted in Biscay with the same type
of population, we found that the percentage of SD in
relation to total mortality from natural causes was 4.5%,
and in the group VII diseases of the ICD-9 (circulatory

Figure 4. A: hypertrophic myocardiopathy. Cross section of the
ventricular myocardium of a 33-year-old male who died suddenly. The
thickness of the interventricular septum was 25 mm. The dark zones
correspond to extensive areas of acute myocardial infarction. B:
disorganization of myocytes with increased interstitial collagen,
characteristic of hypertrophic myocardiopathy (trichromic, Mag. ×10).

A

B
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this case death occurs in a more advanced period of the
disease due to congestive heart failure.17

Myocarditis is one of the leading causes of SD in children
and young adults,9,11 as our work also clearly shows. It is
worth noting that the 4 cases of acute myocarditis also
presented thrombi in the pulmonary arteries. This finding
should be investigated in the future, although some studies
have pointed out that acute viral myocarditis involves a
considerable risk of thromboembolism.18

Arrhythmogenic cardiomyopathy, hypertrophic
cardiomyopathy, and idiopathic CLVH8,16,19 are well-
known causes of SD during sports activity, with
geographical variations among them: the second is
especially frequent in North America8 and the first, in
Southern Europe.9,10,19 Arrhythmogenic cardiomyopathy
is a disease of unknown origin and different theories
have been considered, such as genetic and inflammatory
ones.12,20 In some patients it could represent a form of
myocarditis with scarring.

Idiopathic CLVH is a clinical condition where the
heart is morphologically very similar to athlete’s heart.
Distinguishing between them is fundamental in
professional athletes, but is not easy,8 as shown in the
present series (Table 3). It has been suggested that
there could be a non-familial variant of hypertrophic
cardiomyopathy or a form of hypertrophic

cardiomyopathy without typical morphological
expression.16

Preventing deaths due to MD in children and young
adults is a difficult task, as a high percentage occur
suddenly and without the subject having experienced
previous cardiovascular symptoms.11 One of the main
findings in the study is the relatively high percentage 
of people with cardiovascular symptoms or
electrocardiographic abnormalities before death, where
the disease had not been diagnosed during life,
although all the patients had been examined by a
physician. It may have been possible to prevent death in
some of them, especially in cases of arrhythmogenic
cardiomyopathy and myocarditis. However, both
diseases can be difficult to diagnose while the patient is
alive. In contrast, half of the cases of hypertrophic
cardiomyopathy had been diagnosed, which shows that
the SD risk stratification is not easy due to its clinical
heterogeneity. Both arrhythmogenic and hypertrophic
myocardiopathy and are becoming an emerging
indication for using an implantable cardioverter
defibrillator.20 This could have been effective in 2 of our
cases. Our results agree with the well-known greater
risk of SD in people with morbid obesity.21 The
prevention and treatment of obesity could be of interest
regarding reducing mortality due to MD.

TABLE 3. Clinical History in the 10 Cases of Sudden Death With Cardiovascular Symptoms and/or

Electrocardiographic Abnormalities Where Myocardial Disease Was Not Diagnosed Before Death*

Case Age, Years/Sex Medical Record Cause of Death

1 34/M Chest pain, palpitations, and dyspnea some days before death. Admitted to emergency 

ward 4 days before death, tests negative, medicated with paracetamol Myocarditis

2 24/F Dyspnea, tachypnea, and sinusal tachycardia some days before death; 

medicated with propranolol Myocarditis

3 34/M Sudden collapse, recovering 24 h before death Myocarditis

4 18/M Syncope during physical exercise 15 days before death Arrhythmogenic 

cardiomyopathy

5 18/M Recurrent syncopes during physical exercise and ventricular tachycardia. 

Cardiological study (including biopsy) concluded absence of demonstrable 

structural heart disease. Treatment at the time of the death (1991) with quinidine 

and mexiletine; refractory to amiodarone. Although sports practice was prohibited, Arrhythmogenic

the patient continued to do it myocardiopathy 

6 29/M Ventricular extrasystoles (brother of patient 5) Arrhythmogenic 

cardiomyopathy

7 34/M Palpitations and chest pain after exercise 2 years before death. Tachycardia 

and frequent ventricular extrasystoles. Under treatment with propafenone Arrhythmogenic 

until some months before death, since the patient was asymptomatic cardiomyopathy

8 22/M Systematic ECG found right branch bundle block Arrhythmogenic 

cardiomyopathy

9 24/F Diagnosis of Wolff-Parkinson-White disease at 1 year old, subsequently Hypertrophic 

asymptomatic cardiomyopathy

10 20/M Professional basketball player. A systematic study (including ECG 

and echocardiogram) diagnosed left ventricular hypertrophy (athlete’s heart) Idiopathic concentric left  

was diagnosed ventricular hypertrophy

*ECG indicates electrocardiogram.



Certain triggering factors can precipitate lethal
arrhythmias in a vulnerable myocardium and, among
these, vigorous physical activity is the most important in
the context of MD, especially in arrhythmogenic
cardiomyopathy.9,10,19 Thus, in the young men diagnosed
with this disease, the practice of vigorous sports
activities12 should be advised against. In line with the
protocol of the American Heart Association,22 at least 3
of our patients should have received this advice until a
detailed cardiological examination had been done. One of
the patients with myocarditis died during a cycling event,
which supports the contraindication of sports activity
during the acute phase of the disease.8 Although
hypertrophic cardiomyopathy has been pointed out as the
leading cause of SD in young adult athletes,8 none of the
subjects diagnosed with this in the present series died
during sports practice. In addition, to the best of our
knowledge, no cases of SD during the Basque game of
pelota have been published.

Alcohol intake can induce malignant ventricular
arrhythmias in susceptible myocardium.23 Ventricular
fibrillation is the rhythm most frequently found in SD,12

which we also observed. Thus, efforts should be made to
achieve early defibrillation in cases of outside-hospital
cardiac arrest, especially in sports centers.

We should mention some limitations of the present
study. Although the clinical history of the cases where
the medical death certificate had been issued were not
available, we assumed that they did not fulfill the criteria
for SD, since they involved in-hospital or outside-
hospital deaths but which had undergone forensic
examination when they occurred. As pointed out in other
SD studies in Europe,7,13,24-26 it is highly unlikely that a
medical-forensic investigation would not be carried out
in the case of an outside-hospital SD in a child or young
adult. On the other hand, the different distributions of
MD in SD and NSD groups serves to give additional
support to the reliability of the present results.

Clinical Implications

In all cases of SD in children and young adults, a
forensic autopsy should be carried out for 2 fundamental
reasons: on the one hand, it offers useful and reliable
information for epidemiological and preventive studies;
and on the other, since some MD are hereditary, a
precise diagnosis can make it possible to prevent death
in family members. In 3 of the families studied in our
series, other asymptomatic members were diagnosed
with arrhythmogenic cardiomyopathy. Genetic studies
into MD are permanently ongoing.27 One of the aims is
to find genetic mutations associated with a high risk of
SD.27 Thus, it would be desirable that in the near future
genetic studies are included in the autopsy protocol. On
the other hand, it seems that death could have been
prevented in some cases via early diagnosis of the
disease, and by identifying and modifying the risk

factors of the disease as well as the factors triggering
SD. Finally, it would be useful to implement effective
resuscitation programs for victims of cardiac arrest.
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