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FORENSIC V
NATURAL CAUSES OF SUDDEN DEATHPRIVATE 

Learning Objectives:
At the end of this lecture you should be able to: 

· Define sudden (natural) death
· Classify the causes of sudden death

· Discuss sudden cardiac death
· Discuss the sudden infant death syndrome 
· Discuss the causes of sudden death in Jamaica  
The medicolegal term “sudden death” (sometimes called "sudden unexpected natural death"), refers to those deaths which are not preceded by significant symptoms. The term as used obviously excludes violent or traumatic deaths.  

There is no universally accepted definition of sudden death, and time periods varying from 1 to 48 hours have been used in different places. The WHO’s definition is death occurring within 24 hours of the onset of symptoms (the definition commonly used in Jamaica).

While it is true that many sudden deaths are not necessarily unexpected, and some unexpected deaths are not necessarily sudden, it is extremely important that these autopsies be done, and that they be conducted properly, as the findings in such cases may have profound effects on the lives and welfare of the family of the deceased, law enforcement agencies, hospital authorities and private corporations including insurance companies. 
The Coroner's Act of Jamaica states that a Coroner's postmortem must be done in all cases in which sudden death occurs if the cause of death is unknown, or in which a medical certificate of cause of death under the Registration (Births and Deaths) Act in respect of such person will not be forthcoming.
   

Causes of Sudden Natural Death

These may be conveniently classified incorporating anatomical systems. Some degree of overlap in classification is inevitable. One system of classifica​tion is as follows: 

(1) Cardiovascular  


(6) Iatrogenic
(2) Respiratory



(7) Miscellaneous
(3) Central Nervous System

(8) Special causes in children
(4) Abdominal



(9) Indeterminate

(5) Endocrine
Many of these diseases have been, or will be, adequately discussed in the lectures concerned with the relevant systems; however, some important topics will be mentioned here.

Cardiovascular System

Diseases of the cardiovascular system account for the majority of cases of sudden natural death worldwide, usually accounting for approximately 90% of such cases. This is the case in the USA, Japan and many European countries, and is said to be the case in Jamaica according to government-compiled statistics based largely on informa​tion gleaned from death certificates. 


Cardiovascular deaths may be divided into coronary and non-coronary causes. 

(i) Coronary artery disease accounts for the majority (about 90%) of cardiovascular deaths, and is divided into atherosclerotic and nonatherosclerotic types, with the former accounting for most of the cases. Non-atherosclerotic coronary artery disease includes congenital abnormalities, embolism, arteri​tis, dissecting aneurysms, and external compression or ostial obstruction. 

(ii) Non-coronary cardiovascular diseases include congenital anomalies, valvular heart disease e.g. rheumatic heart disease and syphilis, hypertensive heart disease, myocarditis, ruptured aortic aneu​rysm - athero​sclerotic, syphilitic, dissecting (acute aortic dissection); and cardiomy​opathy.

Sudden Cardiac Death
Most cases are due to coronary artery disease. The most common anatomical finding is severe coronary artery atherosclerosis. There may be associated coronary artery thrombosis, recent myocardial infarction or healed myocardial infarction (myocardial fibrosis), but these are variable and relatively infrequent, and are NOT necessary to validate the diagnosis. The autopsy finding of critical coronary stenosis (defined as one or more of the major extramural coronary arteries with more than 75% cross-sectional luminal narrowing) is enough to invoke a diagnosis of sudden cardiac death, and this is detected consistently in 90% or more of these patients. Death is thought to be due to disturbances of rhythm, i.e., dysrhythmias, in most of these cases. 
Risk factors for Sudden Cardiac Death:

· Age and Sex: Risk of sudden death is greater in males and increases with age. The death rate increases significantly from age 45 to 64 years.
· Previous coronary artery disease: Patients with known coronary artery disease had a fourfold greater incidence of sudden death. Note, however, that about 55% of those dying suddenly had manifested no prior evidence of coronary artery disease. 
· Blood pressure: Incidence of sudden death increases with blood pressure. Men with systolic blood pressures > 160 mm Hg had an incidence of sudden death three times greater than those who had systolic pressures < 140 mm Hg.
· Blood cholesterol: Elevated levels are regarded as a risk factor. However, no stepwise trend proportional to serum cholesterol was noted.
· Cigarette smoking: Smokers had a 3-fold greater incidence of sudden death than non-smokers. Smokers of > 1 pack per day had higher rates than did smokers of < 1 pack per day.
· Overweight: Risk increases progressively with increased weight; the risk is more than doubled for those weighing 120% or more than their ideal weight. 
· Left ventricular hypertrophy: Patients with ECG evidence of left ventricular hypertrophy had a 5-fold increased incidence of sudden death. 

Sudden Cardiac Death in the Young
The sudden and unexpected death of an apparently healthy young adult as a result of natural causes is an infrequent, but always-tragic event. In large autopsy-based surveys of populations of athletes in the United States, hypertrophic cardiomyopathy has consistently been the single most common cardiovascular cause of sudden death. 

The second most frequent cardiovascular cause of sudden death on the athletic field is congenital coronary-artery anomalies in which the artery arises from the wrong aortic sinus (most commonly, the left main coronary artery originates from the right sinus of Valsalva.

Other causes of death include other congenital cardiac malformations e.g. congenital valvular, aortic stenosis, myxomatous mitral-valve degeneration (Marfan’s syndrome), as well as other causes such as myocarditis, and uncommonly accelerated atherosclerotic coronary artery disease. (A good reference is “Sudden death in young athletes” by Barry Maron, New England Journal of Medicine, Vol. 349: 1064-1075, Sept. 11, 2003.)
N.B. About 2 percent of young athletes who die suddenly have normal cardiac structure at autopsy, and no definitive cause of death can be established. Some of these people are believed to have a variety of conduction abnormalities without morphological evidence visible at autopsy.
Some prominent athletes who suffered sudden death include: 

(1) Marathon runner Jim Fixx (1984) [link for 1-6].
(2) Olympic volleyball star Flo Hyman (1986) – Marfan’s syndrome
(3) NBA basketball star Hank Gathers (1990)
(4) Olympic figure skater Sergei Grinkov (1995)
(5) All pro NFL player Korey Stringer with the Minnesota Vikings (2001)
(6) All-star pitcher for the St. Louis Cardinals, Darryl Kile (2002)
(7) International soccer player, Cameroon & Manchester City, Marc-Vivien Foe, link 1; link      2; link 3.
The following causes of sudden unexpected natural death are by no means exhaustive but merely serve to indicate the wide spectrum of disease that may be implicated in such cases. 

Respiratory System - Pulmonary embolism; massive haemoptysis e.g. secondary to      

  tuberculosis or malignancy; severe pneumonia - vi​ral, bacterial; asthma; anaphy​laxis;  

  airway obstruc​tion etc.
Central Nervous System - "Stroke" i.e. (1) intracerebral haemorrhage secondary to  
 hyperten​sion or other cause; (2) infarc​tion secondary to athero​scle​rosis or embolism; (3)        subarachnoid haemorrhage secondary to ruptured berry aneurysm or other cause. Other   

 causes include meningitis; epilepsy; brain tumour etc.
Abdominal - Massive haemorrhage from viscus into peritoneal cavity or gastro-intestinal 
  tract e.g. duodenal ulcer, gastric ulcer, ulcer​ative colitis or diverticulitis; malignancy; 
 ruptured ectopic pregnancy; ruptured viscus - bowel, ovarian cysts; fulminant hepatic 
 failure; acute pancreatitis etc.

Endocrine - Adrenal insufficiency; diabetic coma, myxoedema, parathyroid crisis etc.

Iatrogenic - Problems related to prescription drugs; sudden withdrawal of steroids; 
            complications of anaesthesia; mis​matched blood transfusion etc.

Miscellaneous - Drug abuse; anaphylaxis; bacteraemic shock; shock from dread, fright 

    or emotion (vagal inhibition), sickle cell crisis, alcoholism etc.


Drug Abuse
This involves abuse of a wide variety of controlled substances (see lecture notes on “Poisoning” under “recreational drugs”). Cocaine in its various forms is the "recreational" drug of choice in the USA today.  Fatal cardiac arrhythmia, microvascular injury and acute myocardial ischaemia due to coronary vasospasm are the most important causes of cocaine-related sudden deaths.  The cardiotoxicity of cocaine is not limited to massive doses of the drug, and underlying heart disease is not a prerequisite for cocaine-related cardiac deaths.  

Special causes in children - Cot death (SIDS)...discussed below. 

Indeterminate - This category is reserved for those cases in which the cause of death remains in doubt even after an exhaustive study.

Sudden Infant Death Syndrome (SIDS) – Cot or Crib Death

This condition may be defined as the death of an infant (under 1 year of age) which remains unexplained after a thorough case examination including: 

· A complete autopsy (including histological examination and toxicological investigations)

· Investigation of the scene and circumstances of the death

· Review of the medical history of the infant and family.

These deaths are of exceptional importance in that they are totally unexpected and may there​fore arouse suspicion of foul play. The children are usually well on the day before death (may have a cold) and are found dead in their cots the next morning. SIDS is the commonest mode of death in infancy outside the perinatal (first week) period in Britain; in the USA, it is the leading cause of infant mortality (deaths occurring between 28-365 days), accounting for approximately one-third of all such deaths. Despite decreasing incidence in both Britain and the USA, it still causes as many as about 2,000 deaths each year in Britain and between 5,000 and 7,000 deaths per annum in the USA. 
 

Death due to SIDS is rare under 1 month and over 6 months. The majority of deaths occur between the ages of 2 and 4 months. An epidemiological profile of SIDS has been developed from numerous stud​ies: 

· In the USA, the risk is increased 2-3 times in African-Americans, and 3 times in Native Americans, over whites. 

· It is more common in twins.

· It is more common in boys.

· It occurs more commonly in winter months.

· Most deaths occur during household sleeping hours.

· There is an excess of deaths on weekends.

· Some workers show a higher rate in urban areas over rural ones, but other studies have shown the opposite.

· There is an excess of deaths amongst lower socioeconomic groups.

· The infants are more likely to have been born to young mothers of high parity.

· Mothers of victims of SIDS show an increased incidence of a problematic antenatal period including factors such as:

(a) Poor prenatal care

(b) Low weight gain 

(c) Anemia

(d) Use of illegal drugs

(e) Cigarette smoking 

(f) Threatened abortion

(g) Antepartum haemorrhage

(h) Urinary tract infection or STD in the first trimester

· There is an association with premature delivery, anaesthetic during labour, and short second stage of labour.  

Autopsy Findings 

There are no significant abnormal external signs. Internally, petechial haemorr​hages are seen on the surface of the thymus, pericardium and lungs (visceral pleura) in 70-95% of cases. The lungs are bulky and firm, and histologically show focal oedema and patchy collapse. The vocal cords may show inflammatory changes with or without ulceration.

· The cause of SIDS is unknown. Theories are, and have been, numerous and have now been largely discarded. Some include: (a) "status thymolymphaticus" - respiratory vascular obstruction by an "enlarged thymus", (b) accidental smothering by pillows or bedclothes,        (c) epidural haemorrhage, (d) adrenal insufficiency, (e) parathyroid aplasia/hypoplasia,             (f) fulminating viral infection, (g) hypersensitivity to cow's milk proteins, (h) abnormalities of cardiac conducting system leading to fatal arrhythmias, (i) unspecified immunological abnormalities and (j) undiagnosed viral infections, especially those leading to viral myocarditis.
The Importance of Sleeping Position  

There is a strong association between the prone sleeping position and SIDS.  Studies worldwide have shown that SIDS rates declined up to 50% with decreased prevalence of prone sleeping.  In fact, in 1992, the American Academy of Pediatrics began recommending that parents place infants on their back or side to sleep. A national campaign (the "Back to Sleep" campaign) was launched in 1994 to promote supine positioning during sleep. 

Unifying Concept as to the cause of SIDS: 
Mounting evidence suggests that some SIDS babies are born with brain abnormalities that make them susceptible to sudden death. Many have abnormalities in the arcuate nucleus, the part of the brain thought to be important in controlling breathing and waking during sleep. Such abnormalities may stem from maternal antenatal problems, e.g. prenatal exposure to toxins, hypoxia etc., and we know that cigarette smoking in pregnancy for example, can reduce foetal oxygen supply. 

Normally, when sleeping babies experience oxygen lack or excessive CO2 levels, e.g. when they have respiratory infections that hamper breathing, or if they rebreathe exhaled air when sleeping prone, the brain would trigger reflexes to wake them up, make them cry, or otherwise change their breathing patterns to compensate. A baby with a flawed arcuate nucleus (or other brain abnormality) might lack, or have impairment of, these protective reflexes and succumb to SIDS.  

LOCAL PERSPECTIVE

Cause of death data in Jamaica are collated (from death certificates) and published by the Statistical Institute of Jamaica, but these figures are general, and do not indicate which of the deaths are “sudden deaths”.  
The only published data that can be approximated to sudden death-type information are:

(1) A 3-year review of 946 coroner’s autopsies performed at the Kingston Public Hospital (M. Ramu, West Indian Medical Journal, 1976; 25: 235-40), found that 38% of the deaths were due to natural causes. Ramu stated that these sudden natural deaths were "due chiefly to broncho-pneumonia and cerebro-vascular accidents", and made the point that deaths due to coronary heart disease were comparatively few.  
(2) A series of 1,640 coroner’s autopsies performed at the Dept. of Pathology, UWI, natural deaths accounted for 51% of cases (Escoffery & Shirley, Forensic Science International, 2002;129: 116-121 Pubmed). The most common causes of death in descending order of frequency were cerebrovascular accidents, pneumonia, pulmonary embolism and coronary atherosclerosis (ischaemic heart disease). 
This relatively low prevalence of deaths due to coronary atherosclerosis might reflect (among other things) a selection bias, as all of the cases were in-hospital deaths. 
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