Sudden cardiac death in apparently normal young adults

Wing Commander Bernard E F Hockings, MD, FRACP

MOST PEOPLE WHO DIE suddenly from cardiac disease are
elderly and develop symptoms before the fatal event. A few
apparently fit and healthy young adults die suddenly and
unexpectedly from cardiac disease — often, but not always,
during intense physical activity. Detecting young adults with
potentially lethal underlying cardiac abnormalities is an impor-
tant aspect of screening before enrolment in pilot training, mil-
itary service and participation in sport.

In the literature, “young” is arbitrarily defined as an age of
35 years or less. Beyond this age, coronary artery disease is
the commonest cause of sudden unexpected cardiac death.
Coronary artery disease is still a relatively common cause of
death even among young adults. Stary demonstrated fatty
streaks in the coronary arteries of children as young as 10
years,! and Nissen et al, using intracardiac ultrasound, detected
evidence of significant coronary atherosclerosis in the arter-
ies of more than 50% of donor hearts (average age, 26 years)
when these were screened before transplantation (personal
communication, S Nissen, Department of Cardiology, Cleve-
land Clinic, Ohio).

Hypertrophic cardiomyopathy

Hypertrophic cardiomyopathy is a relatively common genetic
malformation of the heart affecting almost one in 500 of the
population.?? About half those affected inherit the disorder,
which is autosomal dominant with variable penetrance; the
others are thought to have had a spontaneous mutation. The
disorder is characterised by varying degrees of left ventricu-
lar hypertrophy, often with disproportionate thickening of the
interventricular septum. The abnormal septal thickening fre-
quently leads to dynamic obstruction of the left ventricular
outflow tract, resulting in symptoms of chest pain, syncope

Wing Commander Bernard
Hockings has been in the RAAF
Reserve for 25 years. He is currently
an interventional cardiologist at Sir
Charles Gairdner Hospital and Mount
Hospital in Perth, WA. He was
previously Director of the Coronary
Care Unit at Royal Perth Hospital, from
1985 to 1997.

Correspondence:
Wing Commander BEF Hockings, Suite 3,
140 Mounts Bay Road, Perth, WA 6000.

Synopsis

€ Sometimes, apparently healthy young adults have cardiac
conditions that carry a risk of sudden death.

@ Beyond the age of 35 years, coronary artery disease is the
commonest cause of sudden cardiac death, and it is
relatively common even in younger people.

@ Other causes include hypertrophic cardiomyopathy,
arrhythmic syndromes, concussion of the heart, aortic
dissection, viral myocarditis and congenital aortic valve
stenosis.

@ Screening tests may not reveal asymptomatic cardiac
conditions, but a family history of sudden deaths or
cardiac disease will often provide the diagnostic clue.

@ Identifying asymptomatic cardiac disease may lead to
treatment and to exclusion from military service and
other strenuous activities that may be associated with
sudden cardiac death.
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and dyspnoea. Some people with this condition, however,
remain asymptomatic.

Hypertrophic cardiomyopathy is frequently reported to be
the commonest cause of sudden unexpected cardiac death in
young adults.* Although a number of young people with this
condition die suddenly, in some studies it was an uncommon
cause of death,’ possibly because subjects were identified by
screening programs and subsequently excluded from under-
taking vigorous physical activity. It is also possible that the
importance of hypertrophic cardiomyopathy as a cause of
sudden unexpected cardiac death has been overstated by
repeated reporting of the same cases in the literature.

The thickening of the interventricular septum that occurs
with hypertrophic cardiomyopathy causes a dynamic obstruc-
tion across the left ventricular outflow tract. The severity of
the gradient across the outflow tract is related to symptoms,
but not to the patient’s prognosis. Factors linked to a poor
prognosis for patients with hypertrophic cardiomyopathy are
a family history of sudden unexpected death, symptoms of
syncope, and the presence of ventricular tachycardia found on
Holter monitoring (continuous electrocardiographic moni-
toring). There are several genotypes of this disorder, and if
several family members are affected then a subject’s genotype
can be mapped and an estimate of prognosis can be made.¢
Some individuals with hypertrophic cardiomyopathy have
extensive myocardial fibre disarray on histological examina-
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I Causes of sudden cardiac death in
young adults (age < 35 years)

Hypertrophic
cardiomyopathy

Arrhythmogenic right
ventricular dysplasia/
cardiomyopathy (ARVD)

Ventricular pre-excitation
syndromes

Concussion of the heart
(commotio cordis)

Coronary artery disease
Coronary artery anomalies
Long QT syndromes
Brugada syndrome
Viral myocarditis
Congenital aortic

valve stenosis
Aortic dissection

(Marfan syndrome)

tion but little in the way of hypertrophy, and yet these patients
may be at high risk of sudden death. Certain genotypes have
delayed phenotypic expression, with some patients being in
their 60s before exhibiting structural change in the heart.’”
There is no definite evidence that treatment of the condition
alters prognosis, but symptoms are usually managed with 3-
blockers. Verapamil has also been used to treat symptoms and
is beneficial in non-obstructive forms of the condition because
of its negative inotropic effect, which results in left ventric-
ular dilatation and a decrease in left ventricular pressure. There
have been problems with the use of verapamil for patients with
the obstructive form of hypertrophic cardiomyopathy: the
vasodilatory properties of verapamil may override the nega-
tive inotropic effect, resulting in systemic vasodilatation with
an increase in the gradient. The use of this drug has been asso-
ciated with sudden death in some instances.?® For severely
symptomatic patients, surgical myomectomy, sometimes cou-
pled with mitral valve replacement, or, more recently, septal
reduction by alcohol ablation,!® can be performed.

Coronary artery anomalies

The ostia of the coronary arteries are normally situated in the
right and left coronary sinuses of the aortic root. Among con-
genital cardiac lesions, anomalous origin of a coronary artery
is relatively common but those anomalies which carry an
increased risk of sudden death are fortunately rare. For certain
specific anatomical variants the risk of sudden unexpected car-
diac death may be high.!":1?

High risk anatomical variants include origin of the left coro-
nary artery from the pulmonary artery and origin of the left
coronary artery from the right coronary or non-coronary sinus
of the aortic root where the vessel courses between the aortic
and pulmonary artery roots. A right coronary artery arising
from the left coronary sinus was thought to carry less risk of
sudden unexpected cardiac death, but it is now known that this
condition can also cause angina, syncope, ventricular fibril-
lation and occasionally sudden death.'?

Patients with coronary anomalies may die suddenly. If they
present with symptoms and the abnormality is found then sur-
gical correction may be possible.
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Arrhythmogenic right ventricular
dysplasia/cardiomyopathy (ARVD)

This is a disease of unknown cause which can present as a car-
diac arrhythmia, sudden death and, rarely, cardiac failure (as
the left ventricle is usually spared at least until late in the dis-
ease process). Basso et al suggested that ARVD may be a form
of myocarditis,'* as lymphocytic infiltrates can be found
within the affected myocardial tissue. They also concluded
that the term cardiomyopathy should replace dysplasia, as
there seems to be a progressive damage/repair process rather
than a congenital abnormality.

There is, however, evidence that in some cases ARVD may
be a genetically determined disorder;"> a viral or environ-
mental agent may possibly act in a genetically predisposed
individual to cause the condition.

Typically, a young patient will present with syncope and be
found to have ventricular tachycardia. Those who die suddenly
are found at autopsy to have a variable amount of the right
ventricular myocardium replaced by fat.

The diagnosis of ARVD is often difficult. Physical exami-
nation is frequently normal, but in some patients a widely split
second heart sound may be heard as a result of right ventric-
ular dysfunction. The resting electrocardiogram is abnormal
in 70% of cases. T wave inversion in the chest leads is the
commonest finding.'® The presence of a so-called epsilon
wave, a characteristic notch in the secondary R wave of the
right precordial leads, is, if present, said to be almost pathog-
nomonic of ARVD.!” The notch is the result of prolongation
of the QRS complex as a consequence of slow conduction
through the diseased right ventricular free wall. There may be
anatomical changes in the right ventricle, including right ven-
tricular enlargement, multiple outpouchings and right ven-
tricular dysfunction, but minor changes are easily missed on
echocardiography. Cine magnetic resonance imaging is the
most useful test for establishing the anatomical diagnosis, as
this may best demonstrate the subepicardial infiltration of fat.

Endomyocardial biopsy will be abnormal if affected areas
are sampled, but the disease process is often patchy and usu-
ally affects the right ventricular free wall first, sparing the
septum, the usual site for taking biopsy specimens.

Programmed electrical stimulation is indicated for ARVD,
particularly as catheter ablation techniques to prevent ven-
tricular tachycardia'® have proven useful in the treatment of
some patients.

Treatment with antiarrhythmic drugs, particularly sotalol,
has been tried with variable success.!” An automatic
implantable cardioverter defibrillator is often the most
appropriate therapy,?® but given that the right ventricular wall
is often very thin, implantation of defibrillation leads in this
chamber may be ineffective. Consideration may need to be
given to positioning the leads in the left ventricle, and surgery
(myocardial resection; cryosurgical ablation of the arrhyth-
mogenic area; transplantation) has been performed in refrac-
tory situations.

With increasing awareness of this condition it may appear
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that ARVD is more prevalent than previously thought. Some
patients who have endstage dilated cardiomyopathy are found
to have biopsy evidence of ARVD.

Long QT syndromes

These are inherited disorders of the sodium and potassium ion
channel genes of the myocardium that prolong the QT inter-
val on the resting electrocardiogram (QT interval corrected for
heart rate [QTc] = 0.48 second in females and = 0.45 second
in males) and produce T wave abnormalities, particularly T
wave alternans. Individuals with this disorder frequently
develop a characteristic ventricular tachycardia called torsade
de pointes which may cause syncope or cardiac arrest (Box 2).

At least six genotypes with over 120 gene mutations have
been associated with long QT syndromes, but as yet no spe-
cific gene for the syndrome has been determined.'3 Syncope
occurs in about two-thirds of gene carriers, with sudden death
in 10%—15% of untreated patients.?!

As well as the inherited forms of the condition, certain indi-
viduals can acquire long QT syndrome if they are exposed to
some metabolic abnormalities, for example hypokalaemia, or
to certain drugs.

There is an increased risk of drug-induced torsade de pointes
in women who have had recent bradycardia or
hypokalaemia.?? Susceptible individuals may have a mutation
with a “silent” form of long QT syndrome, where the patient
remains asymptomatic until exposed to certain conditions or
drugs which further impair repolarisation. A normal QTc
therefore does not exclude long QT syndrome, and up to 12%
of affected individuals may have normal electrocardiograms.?!

The principal treatment for this congenital condition is high
dose B-blocker therapy. Sodium channel blockers such as pro-
cainamide and flecainide or potassium administration,
depending on the particular ion channel defect, have been
used, as well as pacing and automatic implantable cardioverter
defibrillators. Treatment is indicated for all symptomatic
patients as well as asymptomatic children and young adults
(below 40 at diagnosis). Patients older than 40-45 years, if
asymptomatic, may not need to be treated; their risk of sudden
unexpected cardiac death is low but not zero. Clearly, pre-
cipitating agents must be avoided for all patients with con-
genital long QT syndrome.

Brugada syndrome

This was originally described by Pedrou and Josep Brugada
in 1991 in eight otherwise healthy patients with sudden and
aborted cardiac death who had “right bundle branch block and
persistent ST elevation in V1-V3”.23 The QT intervals were
normal in these patients; it has been found subsequently that
right bundle branch block is not an integral part of the syn-
drome.?* ST segment elevation in the right precordial leads in
the absence of ischaemia, electrolyte or metabolic disorders,
pulmonary, inflammatory or nervous system disease may iden-
tify subjects with Brugada syndrome. Idiopathic ST segment
elevation occurs in about 2.5% of individuals, but is confined
to the right precordial leads in less than 1% of all cases of ST
segment elevation. In this syndrome the ST elevation is char-
acteristically downsloping and not accompanied by recipro-
cal ST depression.

Brugada syndrome appears to be a familial primary elec-
trical disease caused by a defect in an ion channel gene. A par-
ticularly strong link has been found between Brugada
syndrome and sudden unexpected death, particularly in South
East Asian males.” Death often occurs during sleep and
autopsy findings are usually negative. The syndrome is com-
plicated because the electrocardiographic manifestations of
Brugada syndrome may transiently normalise, leading to
underdiagnosis. Provocation with sodium channel blockers
(procainamide and flecainide) can unmask the ECG abnor-
mality.

The syndrome is consistent with autosomal dominant inher-
itance with variable expression (similar to ARVD), but the
relationship of Brugada syndrome to ARVD is unclear.>* There
is a high incidence of familial clustering.

In patients with Brugada syndrome, programmed electrical
stimulation almost always induces malignant ventricular
tachycardia or ventricular fibrillation with aborted sudden
death or syncope. Implantable cardiac defibrillators are the
only effective treatment and are indicated for symptomatic
individuals with the syndrome and for those who are usually
asymptomatic if malignant arrhythmias are induced by elec-
trophysiological studies.?*

Ventricular pre-excitation syndromes

Many young people have episodes of paroxysmal supraven-
tricular tachycardia, for which the underlying anatomical sub-
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3 Medications that may prolong the QT interval
Generic name Brand name Generic name Brand name Generic name Brand name
Antiarrhythmic drugs Tricyclic antidepressants Antimalarials and antiprotozoals
quinidine  Kinidin amitriptyline  Amitrol, Endep, chloroquine  Chlorquin
procainamide Pronestyl Tryptanol halofantrine
disopyramide Norpace, clomipramine  Anafranil, Placil mefloquine Lariam
Rythmodan desipramine  Pertofran pentamidine
amiodarone Aratac, dothiepin  Dothep, quinine  Quinate,
Cordarone X Prothiaden Biquinate,
sotalol Cardol, Sotacor doxepin  Deptran, Myoquin,
bretylium Sinequan Quinsul,
Antibioti imipramine  Tofranil, Quinoctal,
ntibiotics Melipramine Quinbisul
erythromycin  Eryc, Emu-V, L
nortriptyline  Allegron . .
llsosone, EES, . . . Gastrointestinal drugs
. trimipramine  Surmontil o .
E-Mycin, cisapride Prepulsid
Erythrocin Antipsychotic drugs Miscell
clarithromycin  Klacid thioridazine Aldazine, Isceflaneous )
trimethoprim— Melleril amantadine Symmetrel
sulfamethoxazole Bactrim, chlorpromazine  Largactil probucal Lurselle
Septrin, : ide O tacrolimus  Prograf
Resprim pimozide rap vasopressin  Pitressin
haloperidol  Serenace P
Antihistamines lithium  Lithicarb lllicit drugs
astemizole Hismanal chloral hydrate cocaine
terfenadine Teldane

strate is usually an accessory conduction pathway between the atria

and the ventricles. These so called pre-excitation syndromes are a het-
erogenous group of disorders. The best known is the Wolff—Parkin-
son—White syndrome. When patients with this condition present with
rapid supraventricular tachycardia, conduction usually proceeds down
the normal His—Purkinje conduction system antegradely and then
returns to the atrium retrogradely via the accessory pathway to com-
plete the circuit. In some patients the accessory pathway is also capa-
ble of conducting antegradely from atria to ventricle, sometimes at
very rapid rates.

Patients with Wolff—Parkinson—White syndrome have a propensity
to develop atrial fibrillation and, in the event of pre-excited atrial fib-
rillation (with conduction to the ventricle via the accessory pathway),
they may develop very rapid ventricular rates and (rarely) ventric-
ular fibrillation.

4 ECG tracing from a patient with
Brugada syndrome

ww

Concussion of the heart (commotio cordis) ‘ v i ¢

There have been several case reports where a blow to the precordial J_

area, often without undue force, has resulted in the sudden death of

the recipient. Hockey, baseball and lacrosse players are particularly

susceptible to such injuries. Link et al demonstrated in a swine model
that a blow to the chest wall which coincides with the T wave results

in ventricular fibrillation 90% of the time.?¢ If the blow falls on the
QRS complex, heart block or asystole occurs 30% of the time. A
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blow timed elsewhere in the cardiac cycle causes ST segment
elevation on the subsequent ECG complex; the significance
of this is unclear.

If ventricular fibrillation occurs and lasts for more than four
minutes without defibrillation, successful resuscitation is
unlikely. This raises the question as to whether defibrillators
should be available at large public gatherings and, if so, who
should be trained in their use.

Aortic dissection: Marfan syndrome

Marfan syndrome is an autosomal dominant generalised
abnormality of connective tissue, but there is variable phe-
notypic expression in subsequent generations.

The archetypal marfanoid patient, a tall, thin, shortsighted
basketballer with aortic regurgitation, would be easily recog-
nised. It is important to remember, however, that this is a gen-
eralised disorder of connective tissue affecting many body
systems apart from the heart. Within the heart mitral regur-
gitation may be more common than aortic regurgitation.?’

In one study of 257 patients followed for 30 years, 72
patients died at an average age of 32 years, and in 80% of
these the cause of death was aortic dissection or rupture.?®

In view of the risk of aortic dissection, subjects with Marfan
syndrome should receive close follow up, including serial
echocardiography. Medical treatment consists of vigorous con-
trol of hypertension, usually with B-blockers. Surgical treat-
ment of the dilated aortic root is recommended, even in
asymptomatic individuals with Marfan syndrome, as the risk
of dissection increases significantly as aortic diameter
increases.

Current guidelines for surgery are (1) aortic root diameter
>55mm, or (2) positive family history of aortic dissection and
aortic root diameter >50mm or (3) aortic root growth
>2 mm/year.?

Myocarditis

Myocarditis, or inflammation of the myocardium, can be
caused by any one of a heterogeneous group of conditions and
may be an acute or chronic process. The end stage of the
inflammatory process is thought to result in severe global
impairment of cardiac contraction, but some individuals who
die suddenly with no evidence of any other cause are found
to have histological evidence of myocarditis at autopsy.

Congenital abnormalities of the left
ventricular outflow tract (LVOT)

The most common site of stenosis is at the aortic valve level,
but supravalvular and infravalvular stenoses are well recog-
nised. The major symptoms of congenital LVOT obstruction
are angina, syncope and symptoms related to congestive car-
diac failure. Many patients with significant degrees of steno-
sis may remain asymptomatic. Sudden death, usually during
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exercise, may occur, but in previously asymptomatic indi-
viduals with aortic stenosis this is rare.’°

Screening

Fortunately, sudden cardiac death in apparently normal young
adults is an uncommon event but always seems a particularly
poignant tragedy which, in developed countries at least, usu-
ally receives considerable publicity. Screening asymptomatic
young adults for potential causes of sudden death remains con-
troversial; it is performed before individuals are enrolled in the
Armed Forces and certain other occupations. Several sporting
codes also require medical screening before participation.

Many of the causes of sudden unexpected death discussed
in this article do not cause abnormal physical findings and the
subjects may be asymptomatic. Screening should pay partic-
ular attention to the subject’s family history, particularly if
there are any relatives who have experienced sudden unex-
pected death. A resting electrocardiogram can reasonably be
expected to be a cost effective screening tool, but routine
echocardiography for individuals with no symptoms and no
physical findings is not recommended.

It remains to be proven that appropriate screening of chil-
dren and young adults to identify potential cardiac disorders
will result in a reduction of sudden cardiac deaths, but expe-
rience from screening programs undertaken in Italy is encour-
aging.’

Wider availability of cardiac defibrillators in airport
lounges, on aircraft and at sites of large public gatherings may
save individuals who develop malignant cardiac arrhythmias
and who would otherwise almost certainly die. The great
majority of these individuals would not be young and would
have underlying coronary disease.

Recent progress in understanding the molecular basis for
cardiac repolarisation will aid in further understanding of
arrhythmias and help identify new therapies. This progress
may extend to a better understanding of the causes of sudden
death, not only in young and apparently healthy adults but also
in patients with heart failure, cardiac hypertrophy and myocar-
dial infarction, and even in sudden infant death syndrome,
where an association with abnormal repolarisation has been
suggested.’!
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Behind the scenes

The DHS-DVA Medical
Advisory Panel

SINCE FEDERATION, IT has been the policy of the Aus-
tralian nation to provide health care for service men and
women who have been on operational deployments both
during and after their period of service. Health care for
service personnel is supplied by the Defence Health Ser-
vice; after their return to civilian life, veterans are cared
for by the Department of Veterans’ Affairs.

The Defence Health Service—Department of Veterans’
Affairs Medical Advisory Panel meets twice a year.
Chaired by the Surgeon General, ADF, the Advisory
Panel brings together the senior decision makers and
advisors from the Defence Health Service, the health care
and services branch of the Department of Veterans’
Affairs and the National Repatriation Medical Authority.
The Authority is an independent statutory authority estab-
lished by the Commonwealth Government to advise on
health matters relating to Australia’s past military
deployments.

The objectives of the Advisory Panel’s work are to
facilitate a seamless transition of health care from uni-
formed service to post-service civilian life and to max-
imise the health of veterans. The Advisory Panel
considers operational-specific diseases and disorders, and
works towards the care of future veterans by providing
proactive advice in relation to current operational
deployments.

The Advisory Panel meeting on 26 May 2000. Front row (I-r):
Colonel Robert Millar; Dr Graeme Killer, AO; Major General John
Pearn, Surgeon General ADF; Mr Geoffrey Stonehouse, Head,
Division of Healthcare, Department of Veterans’ Affairs.
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