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SUDDEN CARDIAC DEATH

Dr. J.A.J. Ferris

Introduction
Sudden cardiac death accounts for approximately 20% of all fatalities.  It is frequently unexpected, often unwitnessed and usually occurs outside hospital.  Sudden cardiac death has been defined variously, but the most generally accepted definition is that of death occurring within 6 hours of the onset of symptoms.  The World Health Organization, in contrast, has defined sudden death as that occurring within 24 hours of the onset of symptoms within this definition.  Sudden death includes death from homicide, accidents, poisoning, or suicide.

Pathology of Atherosclerotic Coronary Artery Disease
The most frequent cause of sudden cardiac death is atherosclerotic coronary artery disease.  Patients with coronary artery disease often die suddenly and coronary heart disease accounts for more than 75% of sudden cardiac deaths.  Other cardiac conditions, such as myocardial disease, valvular disease and conduction system abnormalities, account for approximately 20% of sudden cardiac deaths.  In the remaining cases, the cause of death remains unknown.

Most victims of sudden cardiac death due to atherosclerotic coronary disease have 75% cross sectional area lumen narrowing of one or more of the major epicardial coronary arteries and most patients have two or three major arteries narrowed.  Severe coronary artery narrowing usually occurs in the proximal half of the left anterior descending, circumflex and right vessels.  Patients with previously symptomatic heart disease have significantly higher mean percent of severe narrowing than previously asymptomatic individuals.  In only a minority of patients is an acute occlusive thrombus demonstrable.  The incidence of thrombosis in patients with sudden death has varied from 4 to 76%, depending on the length of survival, being lowest in those who suffer instantaneous death and highest in those surviving up to 24 hours and those with an acute myocardial infarction.  Comparison with clinical and morphologic findings in patients with fatal cardiac arrest and those successfully resuscitated were similar in respect to the extent of coronary artery narrowing.  In successfully resuscitated patients, the biochemical electrocardiographic evidence of an infarct do not usually develop.

The risk factors for sudden coronary death are not necessarily identical to those predisposing to coronary artery atherosclerosis.  It is the risk factors for the development of ventricular arrythmia and subsequent fibrillation which are most important in identifying those patients at risk for sudden coronary death.  Thus, primary arrhythmic sudden cardiac death is distinguished from acute ischemic events in the form of coronary thrombosis and myocardial infarction.  

In primary arrhythmic sudden cardiac death, recurrent ventricular arrhythmias occur in a setting of chronic atherosclerotic heart disease.  The arrhythmias are induced by an ischemic event, which usually does not involve an epicardial thrombus.  The postulated mechanism is a re‑entry phenomenon, with spontaneous ventricular premature depolarization as the trigger, acting on an area of abnormal myocardial tissue at the border of an old scar acting as the substrate.  Even non‑sustained ventricular tachycardia and ventricular ectopy in the proper setting could lead to life threatening arrythmia.  Ventricular fibrillation is the terminal finding electrocardiographically in victims of sudden cardiac death.  The time frame of symptomatology is also consistent with a dysrhythmic process.  Factors which are known to lower the threshold for ventricular fibrillation experimentally, are similar to those which may precede sudden cardiac death, such as exercise or stress.

Activation of the sympathetic system enhances predisposition to ventricular fibrillation, particularly in the presence of a degree of ischemia.

Platelet activation and aggregation may also play important roles in some cases.  Small platelet aggregates are frequently found in the microcirculation in victims of sudden cardiac death.  Such aggregates could result in mechanical obstruction and, additionally, result in the release of humoral factors, which would contribute to impaired blood flow.  These substances include vasoactive amines and prostaglandins.  Catecholamines are known to produce subendocardial necrosis associated with platelet aggregation in the microcirculation.  Thus, stress, even in the absence of epicardial coronary disease, can result in platelet aggregation and areas of myocardial necrosis.  Thus, in a heart with electrical instability due to coronary artery disease, additional psychic stress, or enhanced neurosympathetic tone would favour the formation of platelet aggregates, particularly in regions of plaque or turbulent flow.  Release of platelet substances could induce spasm.

Dynamic narrowing of the surface coronary arteries by spasm is a documented cause of ischemia and one of the causes of anginal pain, infarction and sudden death in the presence of so‑called normal epicardial coronaries.  Spasm is also a major cause of ischemia during exercise.  Spasm could lead to platelet aggregation, which would perpetuate spasm by the release of platelet substances.  Spasm is one of the methods by which a coronary plaque may be traumatized with rupture of its cap and intramural hemorrhage, leading to occlusive thrombosis.  Spasm is more likely to be a malignant process in those individuals with pre‑existing fixed coronary artery disease.  There is probably a continuum of large vessel vasoconstrictor tone, resulting in angina with variable thresholds.  There may also be abnormalities in vasomotor tone of the small intramyocardial vessels, which would also affect the anginal threshold and could predispose to sudden death.

Dilated Cardiomyopathy:

Dilated, or congestive cardiomyopathy is a spectrum of disorders that have in common a dilated and failing heart for which no cause can be established.  The diagnosis is therefore one of exclusion.  Although patients of any age may be affected, most are 20‑50 years of age, with a predominance of males.  The clinical course is usually characterized by chronic progressive heart failure, with a marked reduction in ventricular ejection fraction.  In some patients, the initial manifestations may be severe acute heart failure, life threatening arrhythmias, chest pain, or thromboembolic events.  Global hypokinesis is the rule, although some patients may exhibit segmental wall motion abnormalities.

In some individuals, the condition may be asymptomatic, but then be unmasked by factors, such as anemia, pneumonia, or a fever precipitating rapid decompensation.  In cases associated with myocarditis, the process may be very acute with rapid onset of dilatation and clinical symptoms.

Many studies have documented the cardiotoxic potential of alcohol.  The clinical and pathologic features are similar to other forms of dilated cardiomyopathy.  The typical patient is a male between 30 and 50 years of age, with a history of heavy alcohol consumption for 10 years or more.  Alcohol metabolism in the heart differs from the liver in that there is only a trace of dehydrogenase and the microsomal oxidizing system is not present.

The commonest factor implicated in sudden death in alcoholics is an arrhythmia.  Alcohol appears to decrease the left ventricular fibrillation threshold.  Arrhythmias are particularly common during acute intoxication and then tend to resolve.  Sleep apnea and oxygen desaturation are also relatively common at blood alcohol levels greater than 80 mg/dl.

The role of myocarditis in the pathogenesis of dilated cardiomyopathy has been studied extensively, particularly with the use of endomyocardial biopsy.  The reported frequency of myocarditis with dilated cardiomyopathy varies greatly, largely due to the differences in histopathologic definitions of myocarditis.  Many normal hearts, particularly in the elderly, may have small interstitial collections of lymphocytes without associated myofibre necrosis and these cases should not be diagnosed as a dilated cardiomyopathy.

The gross features at autopsy are characterized by biventricular hypertrophy and four chamber dilatation.  The heart is enlarged and globular, with a weight increased by 25‑50% above the normal.  Hypertrophy is not marked due to the effects of dilatation.  Subendocardial and transmural scarring are evident, even in the absence of coronary artery disease.  Endocardial scarring and thickening may be prominent and mural thrombi may develop in any cardiac chamber.  Their organization produces areas of endocardial fibrosis.  Tricuspid and mitral regurgitation may develop, due to annular and ventricular dilatation and malalignment of the papillary muscles.
The microscopic features are similar in all forms of dilated cardiomyopathy.  There is variation in nuclear and fibre diameter.  The nuclei are frequently enlarged and hyperchromatic.  The myocardial interstitium is cellular and interstitial fibrosis prominent and may surround individual fibres.  There is prominent endocardial thickening.  There may be small collections of lymphocytes, usually without myocardial cell injury.  The microscopic features overall are non‑specific.  When endomyocardial biopsy is performed in an individual with suspected dilated cardiomyopathy, the rationale is to exclude other disorders which are treatable, such as myocarditis, or specific histologic features, such as hemochromatosis.

The differential diagnosis includes patients with ischemic heart disease, particularly diabetics, who may present with unexplained heart failure with or without an antecedent history of angina or infarction.  Hemochromatosis may mimic dilated cardiomyopathy and may be detected by tissue iron stains.  Other entities, which may be diagnosed on endomyocardial biopsy, may include drug toxicity or hypersensitivity reactions, rheumatic or collagen vascular disease and sarcoidosis.

Hypertrophic Cardiomyopathy
Hypertrophic cardiomyopathy, which includes a confusing list of names including asymmetric central hypertrophy, idiopathic hypertrophic subaortic stenosis, obstructive cardiomyopathy, etc., is a primary disease of cardiac muscle that is transmitted as an autosomal dominant trait in a proportion of individuals.  It is characterized by thickened ventricular walls and normal to small size ventricular cavities in the absence of other cardiac or systemic disease, which might produce these alterations.  The ratio of central to free wall thickness is usually greater than 1:3.  Other features include fibromuscular disarray, with marked disorganization of the muscle cells, thickened intramyocardial coronary arteries, discrete left ventricular outflow tract plaque and thickened mitral valve leaflets.

Hypertrophic cardiomyopathy is an important cause of sudden death in individuals under 30 years of age and is often associated with exercise.  The mechanism of sudden death is nearly always a ventricular arrhythmia.  Because of the fibre disarray, the hypertrophied walls are poorly compliant and offer an increased resistance to ventricular filling.

Clinically, the disease has been characterized by its variable obstruction to ventricular emptying, rather than by its restrictive features.  It is thus classified as obstructive, or non‑obstructive, based on the degree of left ventricular outflow tract obstruction.  Less frequently, right or biventricular outflow tract obstruction may occur.

Risk factors for sudden death are young age, history of syncope, symptomatic status, family history of malignant hypertrophic cardiomyopathy and sudden death, and the occurrence of asymptomatic ventricular tachycardia on monitoring.  The risk of sudden death is approximately eight times greater in those with asymptomatic ventricular tachycardia.  VT was most likely to occur in those with the most extensive hypertrophy.

Because myofibre disarray is often present, only deep with the core of the septum, endomyocardial biopsy samples usually exhibit only hypertrophy and perifibre fibrosis.

Any disorder that produces disproportionate thickening of the ventricular septum may mimic hypertrophic cardiomyopathy.  The three most important entities are amyloidosis, chronic hypertension and age related angulation of the ventricular septum.  Additional disorders include aortic stenosis, so‑called hypercontractile states and type 2 glycogen storage diseases.  Infants of diabetic mothers may show enlarged hearts with a resemblance to hypertrophic cardiomyopathy.

Restrictive Cardiomyopathy
Restrictive cardiomyopathy encompasses two groups of ideopathic disorders that are characterized by restriction to ventricular filling.  One is associated with peripheral eosinophilia and the other is not.

The spectrum of eosinophilic myocardial disease includes the hypereosinophilic syndrome, eosinophilic myocarditis and endomyocardial fibrosis.  Degranulation of endomyocardial eosinophils may be responsible for focal necrosis and subsequent fibrosis.  Restrictive features are due to thrombosis and fibrosis of the ventricular inflow tracts.

Fibrosis alone provides the morphologic substrate for decreased ventricular compliance in the non‑eosinophilic form of restrictive cardiomyopathy.

The active form of hypereosinophilic endomyocardial disease is associated with fresh intramural thrombus rich in eosinophils, or with an eosinophilic myocarditis.  During the healing phase, proliferative granulation tissue lines the endocardium.  The inactive form is characterized by dense endocardial fibrosis and areas of myocardial fibrosis.  In the non‑eosinophilic form, the severity of endocardial fibrosis tends to be less and eosinophils are not observed.  The myocardium is affected primarily by patchy or diffuse interstitial fibrosis.

The differential diagnosis includes amyloidosis and restrictive pericarditis, both of which may interfere with ventricular filling and produce restrictive hemodynamics.  Amyloid is easily detected in biopsy specimens and may be deposited in the interstitium in a pericellular or nodular pattern, in the endocardium, or in myocardial blood vessels.  Hypertrophic cardiomyopathy, and its interference with ventricular filling, may mimic restrictive cardiomyopathy.  Because the biopsy features are similar, biopsy may not be useful for distinguishing the two.

Sarcoidosis:

Myocardial sarcoidosis is a relatively frequent cause of sudden death in young persons.  In a recent study of 35 autopsies of patients with cardiac sarcoidosis, sudden death occurred in 49% and, in 6 of 35 patients, sudden death was the first manifestation of the disease.  There may be prior clinical documentation of arrhythmias or complete heart block and ventricular fibrillation is often the terminal event.  Microscopically, non‑caseating granulomata are present within the left ventricular fee wall and, less frequently, in the endocardium or epicardium.  The incidence of this condition appears to be increased in African Americans.

Anomalous Coronary Artery Anomaly:

Congenitally abnormal distribution of coronary arteries, especially origin of the left coronary artery from the right sinus of Valsalva, or anomalous origin of one coronary artery from the pulmonary trunk have been associated with sudden death.  In anomalous origin of the left coronary artery from the right sinus, the mechanism of sudden death is most likely on the basis of compression of the vessel at its origin and creation of a slit‑like orifice, due to the anomalous passage of the vessel along the aortic wall.  Anomalous origin of the right coronary artery from the left sinus has also been reported in cases of sudden death.  Aortic root dilatation, such as occurs during exercise, may contribute to the incidence of sudden death.

Left Ventricular Outflow Obstruction:

Any form of left ventricular outflow obstruction may cause sudden death.  Predisposing factors for sudden death in these patients includes syncope, severe cardiomegaly, a high peak systolic pressure between left ventricle and aorta and left ventricular wall necrosis or fibrosis.

Anorexia Nervosa and Liquid Protein Diets:

Anorexia nervosa is fatal in 4‑30% of patients and many of these deaths are sudden.  Autopsy studies have showed decreased heart weight, with extensive myocyte attenuation and increased lipofuscin pigment accumulation.  Patients on Holter monitoring have showed varying degrees of QT interval prolongation.  Terminal ventricular arrhythmias were documented in several patients.  Sudden death in these individuals may result from ventricular tachyrhythmia related to QT interval prolongation.

Mitral Valve Prolapse:

Mitral valve prolapse is recognized as one of the commonest cardiovascular disorders occurring in 5 to 6% of the general population with the higher incidence in women.  It is the most frequent cause of chronic isolated mitral regurgitation.  

The clinical manifestations are diverse, with the majority of the patients being asymptomatic.  The patient may present with non‑specific symptoms of chest pain, anxiety, palpitations, syncope, orthostatic hypotension, or with more devastating symptoms of left heart failure, resulting from mitral regurgitation, cerebral embolic events, infective endocarditis and, rarely, sudden cardiac death.

Physical findings, unique to mitral valve prolapse syndromes, are systolic ejection click or multiple clicks.  The duration of the murmur is an indicator of the severity of the degree of mitral regurgitation.  Most commonly, the electrocardiogram is within normal limits.  A spectrum of arrhythmias, however, may be contractions, supraventricular and ventricular tachyrhythmias, bradyrhythmias owing to sinus node dysfunction, or atrioventricular block.

Criteria for pathologic diagnosis include the following:  expansion and interchordal hooding of the leaflets with an increase in the valve area, attenuation of the chordae tendineae and dilatation of the valve annulus in individuals with severe regurgitation.  The posterior leaflet is most frequently involved.  Microscopically, there is significant thickening of the spongiosa layer, with pooling of ground substance, which encroach on the fibrosa and invade it, causing focal disruption.  The lesion may, in fact, be primarily a loss and weakening of the collagenous component of the fibrosa.  The result is weakening of the valve leaflets, resulting in prolapse and expansion.  There may be surface fibrin platelet deposits.

The most common complication of mitral valve prolapse is mitral regurgitation, with or without congestive heart failure.  This complication is commoner in patients with click and murmur, rather than click alone.  Patients with primary rupture of the chordae tendineae show a very high incidence of mitral valve prolapse of approximately 90%.  Chordal rupture in patients with mitral valve prolapse may be due to increased tension that first leads to degeneration of the central core of the collagen and eventual rupture.  In a recent study of patients with echocardiographically documented mitral valve prolapse, the overall mortality (2.5%) was not significantly different from that of an age and sex matched control population.  Individuals with abnormal resting electrocardiograms, prolonged QT intervals, family histories of sudden death, or complex ventricular ectopies, are at a greater risk of sudden death.  The incidence of infective endocarditis in follow up studies of patients with mitral valve prolapse has ranged from 1‑10%.  There was also a very low incidence of cerebral ischemic events.

Fatal Cocaine Intoxication:

Cocaine is a local anaesthetic that constricts blood vessels and also stimulates both the central nervous system and the cardiovascular system.  The victim of fatal cocaine intoxication may have had prodromal symptoms of dysphoria, anxiety, tearing, hyperthermia, or hallucinations.  Grand mal seizures may commence without warning and are followed rapidly by respiratory collapse and death.  The autopsy findings are usually those of a respiratory mechanism of death, including generalized pulmonary and visceral congestion and pulmonary edema.  There may be bite marks of the tongue, cheeks or lower lip.  These cases are regarded as cocaine overdose and blood concentrations usually average 5‑6 mg/l.

Fatal reactions are not necessarily dose related, nor do they correlate well with particular blood concentrations.

Nasal administration of the drug may be diagnosed on the basis of nasal swab.  Chronic users have observable erosions and perforations of the septum.

Those who die following an intravenous injection may also have seizures.  Many simply collapse shortly after, or during the injection.  The suddenness of collapse suggests that the mechanism of death is cardiovascular in nature presumably on the basis of ventricular fibrillation.

Intravenous users of cocaine are injecting only a soluble substance, so that they do not get the typical intravenous track marks of other intravenous drug abusers.  Fresh cocaine injection sites appear as pink to brown areas of bruising, frequently with a central clear zone.  These usually heal without a scar.  Chronic users may develop shallow ulcers attributed to the vasoconstrictive effect of the drug.  These are slow to heal and may progress to a necrotizing fasciitis.

Cocaine may precipitate a variety of cardiovascular catastrophes.  Many of these are fatal cardiac rhythm disturbances, exacerbated by pre‑existing atherosclerotic, or hypertensive, cardiovascular disease.  These victims generally have low post mortem blood levels of less than 1 mg/l of cocaine.  There are reports of cocaine associated aortic dissection and intracranial hemorrhage from a ruptured berry aneurysm, or from arteriovenous malformations.  The blood clots, or hemorrhagic areas of the brain, may contain high levels of cocaine.

There are bizarre deaths associated with cocaine intoxication, following a psychotic reaction to the drug known as "excited delirium".  The typical scenario is rapid onset of paranoia, followed by aggression, accompanied by a variety of unorthodox acts.  In most cases, there is also pronounced hyperthermia, with temperatures up to 104‑107N Fahrenheit.  The individual is violent, with unexpected strength, but without warning suddenly collapses and dies, generally within an hour of being restrained.  At autopsy, there may be bruises and cuts from fights and post mortem blood concentrations of cocaine are generally less than 1 mg/l.

Cocaine is rapidly metabolized and continues to deteriorate in the post mortem state unless the specimens are properly preserved.  The brain is an ideal tissue for analysis, as the drug is evenly distributed and persists longer there than in the blood.

A contributory role of cocaine should be suspected in individuals younger than 45 years of age, who die suddenly from what appears to be a natural cardiovascular death.  Cocaine may directly cause coronary vasoconstriction, which, in turn, may lead to acute myocardial infarction, or sudden death.  It has been suggested that intermittent non‑fatal episodes of cocaine induced coronary vasoconstriction may lead to clinically significant coronary artery stenosis.
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