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A

 

LTHOUGH sudden death in a young person is rare,
it can have a great impact on both the lay and the

medical communities. Such unanticipated deaths some-
times occur in dramatic circumstances and often have
medical and legal ramifications. Some of these deaths
are not predictable or preventable by current practical
means; however, in many cases there are premonitory
symptoms, a family history of sudden death at a young
age, clinical or electrocardiographic abnormalities, or
high-risk behavior.

Among older adults, sudden deaths are often due to
atherosclerotic coronary artery disease and terminal
ventricular fibrillation. Each year there are 300,000
such deaths in this country.

 

1,2

 

 In contrast, sudden deaths
from cardiac causes in young people are few but have
numerous causes. This review focuses on persons be-
tween 1 and 30 years of age who die unexpectedly, in-
cluding persons thought to be free of cardiac abnormal-
ities, as well as those with known heart disease, some
of whom have had heart surgery.

Despite numerous reports, there is a paucity of dem-
ographic data on sudden death from cardiac causes in
the young.

 

3-15

 

 Table 1 shows data on 469 sudden deaths
from nine studies of large populations.

 

6-15

 

 The rate of
sudden death in these populations ranged from 1.3 to
8.5 per 100,000 patient-years, with males consistently
outnumbering females. In two thirds of the cases, a spe-
cific cardiac cause was identified. Extrapolation of these
data suggests that each year several thousand Ameri-
cans under the age of 20 years die suddenly from car-
diac disorders.

Among children under one year of age, sudden death
is usually due to ductus-dependent, complex, cyanotic
congenital cardiac lesions. In a coroner’s review of 126
sudden deaths before the age of two years, 10 percent
were associated with congenital cardiac lesions, and
6 percent with myocarditis.

 

16

 

 It is postulated that 10
percent of the 7000 annual crib deaths are the result of
unrecognized cardiac causes — notably, occult cardiac
arrhythmias, including those related to a prolonged QT
interval.

 

17

 

 Potentially fatal cardiac arrhythmias occur in
3 percent of babies considered to be at high risk for crib
death,

 

18

 

 but the QT intervals in such infants are not
correlated with sudden death.

 

19

 

 
After the first year and through the third decade

of life, the most common cardiac causes of sudden
death include myocarditis, hypertrophic cardiomy-
opathy, coronary artery disease, congenital coronary-
artery anomalies, conduction-system abnormalities, mi-
tral-valve prolapse, and aortic dissection (Table 1).
Although underrepresented in community-based re-
views, sudden deaths also occur among persons with
underlying congenital heart disease, including some
who have had prior heart surgery.

Table 2 shows data from two large hospital-based
reviews involving a total of 327 sudden deaths in young
people known to have had heart disease during a pe-
riod that spanned the early and modern era of cardi-
ac surgery.

 

5,20

 

 Ten conditions were responsible for most
of these deaths, and aortic stenosis, tetralogy of Fallot
and its variant forms, and pulmonary vascular obstruc-
tion accounted for half of them. Among the patients
who had not undergone surgery, aortic stenosis and pul-
monary vascular obstruction were common, and among
those who had undergone surgery, tetralogy of Fallot
and transposition of the great arteries were common.
The clinical profile in Table 2 shows that three quar-
ters of the patients who died were in New York Heart
Association class III or IV, 87 percent had radiograph-
ic evidence of cardiomegaly, 46 percent had poor he-
modynamic values at the time of postoperative catheter-
ization, 43 percent had pulmonary hypertension, and
57 percent had arrhythmia (premature ventricular beats,
heart block, or atrial flutter) during the year before
death.

 

5

 

 Thus, patients with these characteristics require
further surgical, medical, or electrophysiologic inter-
vention. In recent decades there has been a decline in
the incidence of sudden death in patients with congen-
ital heart disease, coinciding with the evolution of ther-
apeutic interventions.

 

5

 

The incidence of reported prodromal symptoms
among persons who die suddenly varies according to
the study methods but is generally around 50 percent
(Table 1).

 

7,8,12

 

 The most common symptoms are chest
pain and actual or near syncope, both of which are com-
mon in the young and may be caused by many cardiac
and noncardiac disorders. Prompt cardiac evaluation is
indicated for children or young adults with exertional
chest pain not affected by movement, inspiration, or pal-
pation and without an apparent noncardiac cause, par-
ticularly if the patient has a high-risk cardiac disorder,
a family history of sudden death, or exertion-related,
unexplained syncope that is unheralded or preceded by
palpitation.

A family history of sudden death may be associated
with the diagnosis of hypertrophic or dilated cardiomy-
opathy, right ventricular cardiomyopathy, coronary ar-
tery disease, mitral-valve prolapse, Marfan’s syndrome,
or the long-QT syndrome (Table 3). Hence, a family
history of sudden death should be sought on routine and
sports-related physical examinations and when evaluat-
ing symptoms of chest pain or syncope. One review not-
ed that 16 percent of young persons who had died sud-
denly had a family history of sudden death.

 

10

 

 
Electrocardiographic abnormalities occur in many

young persons at risk for sudden death and should be
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sought in the evaluation of chest pain, syncope, known
or suspected lesions associated with a high risk of sud-
den death, and a family history of sudden death (Table
3). Flat or inverted T waves in leads V

 

5

 

, V

 

6

 

, I, and aVL
often accompany cardiomyopathy and coronary-artery
abnormalities. Diagnostic electrocardiographic findings
include a prolonged QT interval, ventricular preexcita-
tion, sinus-node dysfunction, ventricular tachycardia,
and heart block.

The large majority of sudden deaths in young per-
sons are caused by a small subgroup of disorders —
abnormalities of the myocardium or coronary vessels,
specific congenital heart lesions, or arrhythmia and con-
duction disorders — or by high-risk behavior. Table 3
lists these conditions and the clinical characteristics of-
ten associated with them.

 

M

 

YOCARDIAL

 

 A

 

BNORMALITIES

 

Sudden deaths are reported annually in up to 4 per-
cent of patients with hypertrophic cardiomyopathy,

 

21,22

 

although this figure is probably an overestimate be-
cause of patient selection. Sixty percent of patients have
affected first-degree relatives.

 

21

 

 Since diagnostic find-
ings may not be evident until adolescence or later, in
involved families interval reevaluation is appropriate.
Syncope, a very young age at presentation, extreme de-
grees of ventricular hypertrophy, a strong family his-
tory of sudden death from cardiac causes, and unsus-
tained ventricular tachycardia are associated with the
highest risk.

 

21,22

 

 The electrocardiogram usually reveals
lateral ST-T wave flattening or inversion. Ultrasonog-
raphy is diagnostic. Beta-blockers or calcium-channel
blockers are indicated, although they may not prevent
sudden death. Amiodarone

 

22

 

 and implantable defibrilla-
tors are appropriate in some patients. Strenuous phys-
ical exertion, including participation in competitive
sports, should be restricted. In some cases, however,
the first manifestation of the disorder is sudden death. 

Myocarditis accounts for 20 to 40 percent of sudden
deaths from cardiac causes and is most often due to in-

 

*Numbers in parentheses are percentages.

 

Table 1. Characteristics of 469 Sudden Deaths from Cardiac Causes in Young Persons.
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Kennedy et al.

 

6

 

St. Louis County,
1981–1982

1–29 — 50 2.4–8.5 27 (54) Coronary artery disease (42), hyper-
trophic cardiomyopathy (25), con-
genital heart disease (25), aortic 
dissection (8)

— 8

Drory et al.

 

7

 

Israel,
1976–1985

9–39 83 162 — 118 (73) Coronary artery disease (58), carditis 
(25), hypertrophic cardiomyopathy 
(13), conduction system disease (4)

Dizziness, chest 
pain, syncope 
(54)

23

Driscoll and 
Edwards

 

8

 

Olmstead County,
1950–1982

1–22 66 12 1.3 7 (58) Carditis (20), aortic stenosis (20), hy-
pertrophic cardiomyopathy (20), 
pulmonary vascular obstruction 
(20), conduction system disease 
(20)

Syncope (25) 17

Neuspiel and 
Kuller

 

9

 

Allegheny County,
1972–1980

1–21 58 207 4.6 51 (25) Carditis (27), dilated cardiomyopathy 
(24), conduction system disease 
(12), aortic dissection (6), congen-
ital coronary anomaly (6), coro-
nary artery disease (4)

Prior heart disease 
(41)

22

Topaz and 
Edwards

 

10

 

St. Paul, Minn.,
1960–1983

7–35 58 — — 50 Mitral-valve prolapse (24), carditis 
(24), hypertrophic cardiomyopathy 
(12), congenital coronary anomaly 
(4), aortic stenosis (4), pulmonary 
vascular obstruction (2)

Family history of 
sudden death 
from a cardiac 
cause (16)

16

Phillips et al.

 

11

 

U.S. Air Force 
recruits,

1965–1985

17–28 90 53 — 20 (38) Carditis (42), congenital coronary 
anomaly (15), hypertrophic cardio-
myopathy (10), mitral-valve pro-
lapse (5), coronary artery disease 
(5), aortic stenosis (5)

— 79

Kramer et al.

 

12

 

Israeli soldiers,
1974–1986

17–30 100 44 — 24 (55) Carditis (29), hypertrophic cardiomy-
opathy (25), mitral-valve prolapse 
(13), coronary artery disease (13), 
aortic dissection (8), congenital 
coronary anomaly (4), dilated car-
diomyopathy (4), conduction sys-
tem disease (4)

Syncope, palpita-
tion, chest pain, 
dyspnea, fever 
(61)

14

Thiene et al.

 

13

 

 and 
Corrado et al.

 

14

 

 
Northern Italy, 
1979–1993

18–35 — 200 — 163 (82) Coronary artery disease (23), right 
ventricular cardiomyopathy (12), 
mitral-valve prolapse (10), con-
duction system disease (10), con-
genital coronary anomaly (9), 
carditis (7), hypertrophic cardio-
myopathy (6), aortic dissection (6), 
dilated cardiomyopathy (5)

— —

Molander

 

15

 

Southern Sweden,
1974–1979

1–20 56 31 1.5 9 (29) Carditis (44), dilated cardiomyopathy 
(33), coronary artery disease (22)

— 33
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fection with group B coxsackievirus. Cardiac involve-
ment is unpredictable and may involve the conduction
system, causing heart block, or the myocardium, caus-
ing ventricular tachyarrhythmia. A recent influenza-like
illness is common, although the symptoms may be
mild and clinical signs of heart failure may be subtle
or absent. The electrocardiogram shows diffuse low
voltage, ST-T changes, and often heart block or ven-
tricular arrhythmia. The results of echocardiography
and myocardial biopsy are confirmatory. Management
is supportive, must be individualized, and may include
ventricular pacing and antiarrhythmic agents. Rest and
avoidance of exertion are important during the acute
and healing phases and until the results of ultrasono-
graphic studies, ambulatory electrocardiographic mon-
itoring, and stress testing are normal. 

Dilated cardiomyopathy is familial in 11 percent of
cases

 

23

 

 and may represent late-stage myocarditis. Ten
percent of affected children die suddenly — notably,
those who have persistently abnormal ventricular func-
tion.

 

23

 

 The risk may be higher with first- or second-
degree heart block.

 

24

 

 Exertion should be avoided.
Electrophysiologically guided therapy, implantable de-
fibrillators, or beta-blockers

 

25

 

 may have a role in the
treatment of selected high-risk patients with malignant
ventricular tachyarrhythmia. 

Right ventricular cardiomyopathy (arrhythmogenic
right ventricular dysplasia) involves the replacement of
myocardial cells with fibrous or fatty tissue, mostly in
the right ventricular free wall, resulting in right ventric-
ular tachyarrhythmia and sudden death. The cause of
this condition is unclear. It is particularly common in

northern Italy.

 

13,14

 

 Death often occurs with exertion

 

13

 

and may be the initial manifestation of the disease. The
symptoms are few. The electrocardiogram shows a pat-
tern of right bundle-branch block in sinus rhythm and
left bundle-branch block with ventricular tachycar-
dia. Ultrasonography or magnetic resonance imaging
(MRI) may be diagnostic. Cases of familial occurrence
have been reported.

 

13

 

 Electrophysiologically guided an-
tiarrhythmic therapy or ablation is indicated. Occasion-
ally, the disease resolves spontaneously.
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RTERY

 

 A

 

BNORMALITIES

 

In a recent study of sudden death from cardiac causes
in patients between the ages of 18 and 35 years, 23 per-
cent of the deaths were due to coronary artery disease.

 

14

 

Nearly all the patients were men, and none had prior
angina pectoris or myocardial infarction. Nearly all the
patients had single-vessel disease (in each case involving
the proximal left anterior descending artery), and only
one quarter had acute thrombosis. These findings sug-
gest that even in the second and third decades, aggres-
sive management of coronary risk factors is warranted.

Kawasaki’s disease occurs throughout the world but
is most common in Asians. The coronary-artery aneu-
rysms are usually proximal and visible on ultrasono-
graphic evaluation. The aneurysms are often multiple
and usually affect the left coronary artery. Coronary
dilatation occurs acutely in nearly half the patients, and
in most cases, death occurs during the third or fourth
week of the acute illness. However, coronary abnormal-
ities persist in 23 percent of patients after three months
and in 8 percent after two years.

 

26

 

 A large angiographic

 

*Five patients had primary and 33 had secondary pulmonary vascular obstruction.

†Sudden death occurred before surgery in 33 patients, and after surgery in 5.

‡Sudden death occurred before surgery in 9 patients, and after surgery in 13.

§Four patients had primary and 11 had secondary pulmonary vascular obstruction.

¶Sudden death occurred before surgery in 7 patients, and after surgery in 11.

 

Table 2. Sudden Deaths in 327 Young Persons with Known Heart Disease.
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no. of patients

 

Lambert et al.

 

20

 

20 institutions, multinational, 
before 1974 

226 186 40 Pulmonary vascular obstruction*
Aortic stenosis†
Congenital heart disease with pul-

monary stenosis or atresia‡
Hypertrophic cardiomyopathy
Dilated cardiomyopathy
Endocardial fibroelastosis
Ebstein’s anomaly
Carditis
Atrioventricular block
Transposition of great arteries

18
17
14

8
5
5
5
4
4
2

Garson and McNamara

 

5

 

Texas Children’s Hospital,
1958–1983

101 48 53 Tetralogy of Fallot§
Pulmonary vascular obstruction¶
Congenital heart disease with pulmo-

nary stenosis or atresia (and aor-
tic-to-pulmonary-artery shunt)

Transposition of the great arteries 
after Mustard operation

Aortic stenosis
Atrioventricular canal after repair
Dilated cardiomyopathy
Long-QT syndrome
Hypertrophic cardiomyopathy
Carditis

18
15
12

9

6
5
5
4
4
3

Radiographic cardiomegaly
New York Heart Association 

class III or IV
Arrhythmia during preceding 

year
Poor hemodynamic value
Pulmonary hypertension

87
72

57

46
43
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review of patients studied two years after the acute ill-
ness revealed coronary-artery lesions in 25 percent,
consisting of aneurysms, stenosis, or occlusion.

 

27

 

 Since
there have been late sudden deaths, continued vigilance
is warranted, but most patients now receive immune
globulin during the acute illness, and the incidence of
coronary-artery aneurysms is decreasing.

 

28

 

 
The most frequent congenital coronary-artery anoma-

lies causing sudden death in the young involve an ectopic
origin of either the right or left coronary artery in the left
or the right aortic sinus of Valsalva, respectively. The ab-
errant artery arises at an acute angle, often from a slit-
like hypoplastic ostium, traverses the aortic wall oblique-
ly, emerges between the aorta and the right ventricular
outflow tract, and then proceeds to its usual area of dis-
tribution. With exertion, proximal angulation or com-
pression obstructs the blood flow in the aberrant artery,
leading to distal ischemia, ventricular tachycardia, and
fibrillation.

 

29

 

 The patients at highest risk for sudden
death are those with a dominant aberrant artery that
perfuses a large region of myocardium, and the risk is
greatest during the first three decades of life. Nearly
one third of the patients who die suddenly from this dis-
order have had prior exertional syncope or angina.

 

30

 

The anomaly can be demonstrated by ultrasonogra-
phy, but physiologic assessment requires catheteriza-
tion and angiography. Some patients have abnormal
thallium perfusion during exercise. Patients with dem-
onstrated ischemia, life-threatening arrhythmia, or syn-
cope should undergo surgical revascularization. One
review

 

31

 

 reported 49 deaths due to an aberrant left cor-
onary artery from the right sinus of Valsalva, of which
57 percent were sudden and 64 percent were related to

exertion; 52 deaths were due to an
aberrant right coronary artery from
the left sinus of Valsalva, of which 25
percent were sudden and half were
related to exertion.

A left coronary artery originating
in the pulmonary trunk is rare, and
most patients with this anomaly die
in infancy. However, 5 to 10 percent
survive an early myocardial infarc-
tion, with the subsequent develop-
ment of right-to-left coronary collat-
eral vessels. These survivors may
present as children or adults with an-
gina, ventricular tachycardia, or fi-
brillation. Typically, they have mi-
tral insufficiency and collateral-flow
murmurs, apical aneurysms, and
Q-wave electrocardiographic infarc-
tion. Echocardiography is diagnostic.
One review reported 37 deaths, of
which 38 percent were sudden and
14 percent were related to exertion.

 

31

 

Surgical revascularization is indicat-
ed in patients with this disorder.
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Sudden death occurs in 60 per-
cent of patients with secondary pul-

monary vascular obstruction

 

32

 

 and in 45 percent of
those with primary plexogenic pulmonary arteriopa-
thy.

 

33

 

 Death is often precipitated by general anesthesia,
dehydration, exertion, or pregnancy. Avoidance of these
risks and education of patients and their families are
important.

Patients with tetralogy of Fallot who have undergone
reparative surgery have a 6 percent risk of sudden death
between 3 months and 20 years of age

 

34

 

; sudden death
occurs most often in patients with residual defects, right
ventricular hypertension, and ventricular arrhythmia.
Ambulatory electrocardiographic monitoring at regular
intervals is advisable. Repair of existing residual defects
and electrophysiologic study may be indicated. Beta-
blockers, antiarrhythmic agents, phenytoin, and implant-
able defibrillators all have a role. 

Transposition of the great arteries after an atrial-
switch operation is associated with a 2 to 8 percent rate
of late sudden death, which is usually due to sinus-node
dysfunction but in some cases is due to ventricular tach-
yarrhythmia.

 

3-5

 

 Patients should undergo ambulatory elec-
trocardiographic monitoring for signs of both disorders,
and suppression of atrial and ventricular tachycardia,
as well as placement of a ventricular pacemaker, may be
indicated.

Mitral-valve prolapse is common, but rarely results
in sudden death. It may occur with exertion

 

10,35,36

 

 and
may be due to ventricular tachyarrhythmia.

 

37

 

 One re-
view cites a total of 60 reported sudden deaths among
patients with mitral-valve prolapse, and only 4 of the
patients were younger than 20 years.

 

36

 

 Nevertheless, be-
tween 5 and 24 percent of sudden deaths from cardiac
causes are attributed to mitral-valve prolapse.

 

10-14

 

 At

 

*A plus sign denotes the common presence of a clinical correlate.

 

Table 3. Common Cardiac Causes of Sudden Death in Young Persons and Clinical 
Correlates.
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Myocardial abnormality
Hypertrophic cardiomyopathy
Myocarditis
Dilated cardiomyopathy
Right ventricular cardiomyopathy

 

�

 

—

 

�
�

�
�
�
�

 

—

 

�

 

—
—

 

�
�
�
�

 

Congenital coronary-artery anomaly
Coronary artery disease
Kawasaki’s disease
Origin of left or right coronary artery in right or 

left sinus of Valsalva
Anomalous origin of left coronary artery in

pulmonary artery

 

�

 

—
—

—

—
—

 

�

�

�
�
�

�

�
�

 

—

 

�

 

Congenital heart disease
Pulmonary vascular obstruction
Tetralogy of Fallot
Transposed great arteries with atrial-switch

operation
Aortic stenosis
Mitral-valve prolapse
Marfan’s syndrome

—
—
—

—

 

�
�

�
�
�

�
�

 

—

—
—
—

 

�
�
�

�
�
�

�
�

 

Arrhythmia or conduction-system abnormality
Long-QT syndrome
Ventricular preexcitation
Ventricular tachycardia 
Sinus-node dysfunction
Heart block

 

�

 

—
—
—
—

 

�
�
�
�
�

 

—
—
—
—
—

 

�
�
�
�
�

 

High-risk behavior
Use of cocaine or tricyclic agents
Bulimia or anorexia nervosa

—
—

 

�
�

�

 

—
—

 

�
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highest risk are patients with a family history of sudden
death, previous syncope, electrocardiographic abnor-
malities at rest, a prolonged QT interval, and complex
ventricular tachyarrhythmia. Although beta-blockers
are often used, it is not clear whether antiarrhythmic
therapy can prevent sudden death, and electrophysio-
logic studies are rarely helpful. Most clinicians adopt a
permissive attitude toward participation in sports.

 

36,38

 

For patients at highest risk and those in whom stress
testing or ambulatory monitoring reveals a worsening
of arrhythmia or symptoms with exercise, a more cau-
tious approach is advised.

Aortic dissection is the cause of sudden death in pa-
tients with Marfan’s syndrome. This disorder may be
present in children but occurs most often during the
fourth decade. In a review of 257 patients with Marfan’s
syndrome between 1939 and 1972, there were 72 deaths
at a mean age of 32 years.

 

39

 

 Serial ultrasonography and
MRI can identify persons at risk who have progressive
dilatation of the aortic root, which may require surgical
intervention. Prompt attention to chest pain and fre-
quent assessment of peripheral pulses and aortic size
with serial ultrasonography or MRI are advised. Long-
term administration of beta-blocking agents is also in-
dicated. Although Marfan’s syndrome is not always fa-
milial, family screening is warranted. Monitoring and
early intervention, of course, depend on the recognition
of the syndrome. 
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The congenital long-QT syndrome occurs with or
without neurosensory deafness and is familial in 60 per-
cent of cases.

 

40,41

 

 Ventricular tachycardia, which may be
related to exertion or stress, occurs in 80 percent of un-
treated patients.

 

40,41

 

 Beta-blockers and phenytoin are
recommended, but in some patients, left cardiac sym-
pathetic denervation

 

40

 

 or implantation of a defibrillator
is indicated. Patients with corrected QT intervals of
more than 500 msec are at greatest risk for sudden death.
Family screening is warranted.

In patients with the Wolff–Parkinson–White syn-
drome, there is a small risk of sudden death associated
with short antegrade refractory periods and atrial fib-
rillation (although the latter is rare in children).

 

5

 

Since the risk is predominantly associated with digital-
is or calcium-channel blockers, which enhance prefer-
ential conduction over the bypass tract, these agents
should be avoided. Beta-blockade, electrophysiological-
ly guided therapy, and ablation can reduce or eliminate
the risk. Ventricular preexcitation may resolve sponta-
neously. Ablation is advisable before participation in
sports.

Incessant ventricular tachycardia may be due to
Purkinje-cell or other cardiac tumors,

 

34

 

 which are ame-
nable to surgical excision. Hence, aggressive diagnostic
evaluation is indicated for children with this disorder.
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Between 10 and 25 percent of sudden deaths in the
general population are related to physical exertion (Ta-
ble 1).

 

5-12,15,20

 

 Data from five reports of 74 exertion-
related sudden deaths in young people, nearly all of

whom had structural heart disease, are summarized in
Table 4, along with the common causative lesions.

 

11,42-45

 

Symptoms of palpitation, syncope, dyspnea, and chest
pain and a history of cardiac abnormalities were com-
mon (Table 4).

 

42,43,45

 

 
Sudden deaths in athletes have focused public and

medical attention on the importance of high-risk car-
diac disorders, a family history of sudden death in a
young person, and prodromal symptoms. For athletes
at potential risk, advice about participation in sports
must rest on a thorough evaluation and be presented
with care. Advice that is poorly understood can be par-
alytic to the patient, and advice that is improperly
followed can be lethal. A recent symposium

 

38

 

 and sev-
eral reviews46-48 provide clinical and screening guide-
lines for young persons with known cardiac disease.
One must keep in mind just how rare these events are.
Between 10 and 25 sports-related sudden deaths from
cardiac causes occur annually in the United States,49

and 5 young athletes in 100,000 have a predisposing
condition.48 The annual rate of sudden death is 1 per 75
million among Air Force recruits who have been pre-
screened by general physical examination11 and 1 per
250,000 among unscreened young runners.43 

In a review of 41 survivors of prehospital ventricular
fibrillation who were 18 to 35 years old, one third had
ingested alcohol or drugs (cocaine, heroin, or tricyclic
agents).50 Cocaine causes coronary vasoconstriction,
myocardial ischemia, and ventricular tachyarrhythmia
and simultaneously increases the heart rate and blood
pressure. Sudden death can occur irrespective of the
amount ingested, prior use, or route of administration
and regardless of whether there is an underlying cardi-
ac abnormality.51 Since tricyclic agents may cause heart
block and sudden death, electrocardiographically guid-
ed adjustment of the dose is advised. There is a risk of
sudden death in persons with anorexia nervosa or ex-
treme bulimia because of an imbalance in electrolytes,
extreme bradycardia, and a prolonged QT interval,52

all of which are remediable with treatment.
To conclude, sudden cardiac death is rare in children

*Based on data from Phillips et al.,11 Maron et al.,42 Ragosta et al.,43

Tsung et al.,44 and Corrado et al.45

†Chest pain, syncope, or palpitation.

Table 4. Characteristics of Sudden Deaths Associ-
ated with Strenuous Physical Exertion or Sports in

Young Persons.*

CHARACTERISTIC VALUE

Age range (yr) 11–35

Prior symptoms (% of patients)† 26

Prior question of cardiac abnormality (% of patients) 26

Structural heart lesion (% of patients) 95

Cause (% of patients)
Hypertrophic cardiomyopathy
Congenital coronary anomaly
Coronary artery disease
Myocarditis
Right ventricular cardiomyopathy
Idiopathic left ventricular hypertrophy
Mitral-valve prolapse
Conduction system disease
Aortic dissection
Dilated cardiomyopathy

23
16
12
9
8
7
5
4
4
1
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and young adults and is usually related to one of a small
group of disorders. Many of these disorders can be
identified beforehand on the basis of associated lesions,
prodromal symptoms, a family history of sudden death
at a young age, or high-risk behavior. A risk that can-
not be eliminated calls for a frank, compassionate dis-
cussion with the patient and his or her family about the
patient’s uncertain future.
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