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INTRODUCTION:
The medicolegal examination of the victim of fire represents one of the most difficult and challenging areas within Forensic Pathology.  Death caused by fire, or explosion, is most commonly encountered as a result of household, vehicular, or industrial accident.

By far the majority of fire deaths are accidental, however, the pathologist must be aware that a body found dead in a fire setting may represent a death from natural causes, a homicide, or a suicide.  Natural deaths in a fire scenario include cases of fatal collapse, due to natural causes, with the fire originating subsequent to death.  The combination of fire death and homicide applies to any arson related fatality.  However, more commonly, the decedent has suffered incapacitation, or death, due to other modes of injury, with the body, or scene subsequently set afire in an attempt to camouflage the injury and thus the cause of death, or to confuse identity of the remains.

Important legal sequelae, involving insurance matters, negligence, or claims for Workmen's Compensation, may apply to certain accidental deaths by fire.  Fire deaths may also relate to environmental and consumer product design.

The responsibility of the pathologist concerned with the examination of a fire victim focuses on the following areas:

1.
Identification of the victim, or victims.

2.
Determination of the time of death, relative to the onset of the fire.

3.
Assessment of antemortem and postmortem injury.

4.
Determination of the cause and manner or death.

5.
Procurement of pathologic data, which may suggest the origin of the fire.

IDENTIFICATION:

Identification of the decedent is critical and is necessary for legal certification of death.  Identification is a process of comparison of the post mortem data at hand and the known antemortem data pertaining to the victim.  The methodologies used do not differ significantly from those methods used in identification of any unknown body, regardless of the cause of death.

Visual Identification:

In many instances, the effects of heat preclude this method of identification.  There may be externally evident specific identifying characteristics, such as tattoos, or surgical scars, in addition to facial features, stature, etc.

Personal Effects/Clothing
Fingerprints:

The effects of the fire may preclude this method of identification.  There may be heat separation of the hand skin, producing a "skin glove", which may be used to obtain prints.

Dental Identification:

Human teeth and dental filling materials are extremely resistant to destruction by physical and chemical agents, including heat.  The various combinations of missing teeth, dental restoration, bridge work, dentures and peculiarities of the dentition, represent very specific findings, which can lead to exact identification.  Obviously, to use this method of identification, a provisional identity must have been made to allow dental comparison.

Skeletal Examination:

The main reference is the comparison of antemortem abnormalities, such as remote fractures, or surgical procedures, which are recorded on clinical X‑rays.  Post mortem X‑rays may reveal specific points of identification.  Intact long bones of the extremities may be used to estimate body height and the symphysis pubis may be used to estimate body age.  The comparison of intact frontal sinuses with antemortem skull X‑rays may serve for absolute identification.

Autopsy and X‑Ray Examination:

Even in cases of marked charring of the exterior of the body, the internal organs are generally unaffected.  The results of the general autopsy, including X‑ray studies, may also provide pertinent information for comparison.  The pelvic structures are usually sufficiently preserved to identify prostatic tissue, or uterine structures.  Serologic data, regarding blood type, may also be obtained.  There may be evidence of prior surgical procedure, such as bypass surgery.

DNA Genetic Typing
ESTABLISHING THE TIME OF DEATH:

Determination as to whether death occurred prior to, or after, the onset of fire is a primary objective in the examination of the fire victim.  This determination is important in establishing the cause of death, the manner of death and possibly the cause of the fire.

Carbon Monoxide Within Body Tissues:

The carbon monoxide, produced as a result of combustion, combines with hemoglobin, resulting in carboxyhemoglobin.  Only a few breaths of high atmospheric concentration of carbon monoxide are required to produce significant blood levels of carboxyhemoglobin.  Most victims succumb to the asphyxia effect of carbon monoxide long before the flames and heat affect the body.  Such victims show the cherry pink livor mortis and discoloration of the internal organs, characteristic of carbon monoxide poisoning.  A smouldering piece of furniture in a normal sized room can produce lethal levels of atmospheric carbon monoxide within 30 minutes.

The lethal range of carboxyhemoglobin saturation is generally considered to be 50‑60%, although individuals with pre‑existing cardiac, or pulmonary, disease may succumb at lower levels of 30‑40%.  Death may be accelerated by an element of aspiration, or by coexistent poisoning with drugs or alcohol.  Carboxyhemoglobin levels of greater than 10% are considered to represent active respiration during a fire, as opposed to heavy smoking.  The absence of carboxyhemoglobin within a victim recovered from a fire implies the death occurred prior to the conflagration.  Homicide prior to the fire must be considered, and only excluded in the absence of injury, or poisoning, or when a natural disease process responsible for sudden death is identified.  Exceptions to the statement that fire victims must have elevated carboxyhemoglobin, include conditions that result in rapid death concurrent with the onset of fire, such as self immolation, suicides, bomb blasts, explosions, or electrocutions with subsequent fire.

Smoke and Soot Particles in Respiratory System:

Concurrent with the inhalation of carbon monoxide is the deposition of particulate smoke and soot matter within the nostrils, pharynx, larynx, trachea, bronchi and lungs.  The deposition is readily observed with the naked eye and, when seen within the distal trachea and bronchi, are conclusive evidence of active respiration at the time of the fire.  Evidence of inhalational injury and heat effect of the respiratory mucosa is usually also evident.

Skin Burns:

In some instances, microscopic examination of skin burns may help to determine the time of death.  Examination of the junctional area between burned and intact skin may reveal congestion, focal hemorrhage, edema and early infiltration of neutrophils.  In many instances, however, the burns have occurred after death.  Most fire victims, as indicated, succumb to the effects of smoke inhalation and subsequently there is post mortem burning of varying degrees of severity.

INJURY ASSESSMENT:

There may be extensive charring of the exterior of the body, while the internal organs may be relatively intact.  Most house fires approximate heats of 1300 to 1600 degrees Fahrenheit in intensity.  Standard funeral home crematoria approximate conditions of 1800 degrees Fahrenheit for 3 hours, resulting in virtually complete incineration.  It is not uncommon for victims of a house fire to show heat amputation of the extremities to the level of the mid humeri and femora.

The extent and magnitude of burn injury pertaining to the varying parts of the body should be described.  The extent and depth of burn involvement of skin, muscle, bone or penetration of the skull, or thoracic, or abdominal cavities should be documented.  The common clinical "of nines" formula is applicable.  There may be areas of skin splitting, exposing the subcutaneous fat, which may mimic antemortem injury.  Burn penetration of the body cavities causes shrinkage and varying degrees of charring of the organs.  The victim of the fire typically presents in the pugilistic attitude.  This is caused by post mortem heat effect, with heat contractures of the muscles of the extremities and frequently involves fractures, or dislocations.

Much of the soft tissue of the scalp may be lost and there may be associated burn fractures, which may mimic antemortem injury.  Segments of the skull may, in fact, be missing.  The brain has a cooked rubbery appearance.  A common artefact caused by heat is a burn epidural hemorrhage, caused by the heat‑related shrinkage of the scalp and skull.  These artefactual hematomata are usually in the midline in the parietal regions.

The neck structures may be completely charred to the level of the cervical vertebrae, obscuring strangulation.

There may be post mortem injuries secondary to activity surrounding the body at the scene, such as falling debris.

The effect of heat on intervascular blood may mimic antemortem thrombus, or embolus.

Finally, the internal organs may have a cherry pink color, suggestive of carbon monoxide inhalation during life, but this may occur post mortem as a result of superficial diffusion of carbon monoxide from the environment into the exposed tissues.  Similar contamination may occur with cyanide.

CAUSE AND MANNER OF DEATH:

The cause of death refers to the pathologic entity responsible for death, such as smoke and soot inhalation, body burns, or gunshot wounds.  The manner of death is a medical legal classification, based on the circumstances of death, which relate to how the cause of death transpired.  The manner of death may be natural, accidental, suicidal, homicidal, or undetermined.

The post mortem examination provides the cause of death, such as smoke inhalation, or body burns.  The manner of death is determined following investigation of all of the circumstances at death and, in our jurisdiction, is the responsibility of the coroner.

Based on the findings at autopsy, pertaining to the presence, or absence, of active respiration at the time of the fire, the presence, or absence, of antemortem injury, the presence, or absence, of incapacitation by drugs, or alcohol, and evidence of a pre‑existing natural disease process, a decision is made as to the manner of death.

AUTOPSY PROCEDURES:

The standard procedures for measurements apply.  Clothing should be closely examined for identifying marks and samples retained in a glass (non‑plastic) container for possible examination for the presence of accelerants.  In most cases, post mortem X‑rays are recommended to exclude the possibility of antemortem fracturing, or gunshot injuries.  Metallic personal effects, or dental structures, useful for identification, may be found, or there may be evidence of surgical procedures, or staples useful for identification.

Delayed death in fire victims are the result of single, or multiple, failure of organ systems, including respiratory tract burns, pneumonia, fluid or electrolyte disturbances, renal or hepatic failure, generalized sepsis, or gastrointestinal bleeding.  The discovery of a debilitating, or disabling, disease may explain the inability of the decedent to escape from a fire.

Toxicological examination is mandatory and should include carboxyhemoglobin, blood ethanol and screening for common drugs.

SIGNIFICANCE IN ROLE OF CYANIDE IN FIRE INVESTIGATION:

Hydrogen cyanide is a known product of thermal combustion in fires, involving nitrogen containing products, such as wool, nylon, silk, X‑ray films and polyurethane.  Cyanide containing compounds are present in fumigants, insecticides, photographic processing solutions and electroplating solutions.

Hydrogen cyanide is one of the most toxic gases.  Unlike carbon monoxide, with which the occurrence of incapacitation depends upon a dose accumulated over a period of time, toxicity of hydrogen cyanide exposure appears to be critically dependent upon the concentration to which a victim is first exposed.  An ambient atmospheric concentration of 200‑500 ppm may be fatal to a person exposed to this concentrations for 30 minutes.  Levels of 1500 to 2000 ppm may cause virtually immediate death.

Cyanide is a cytotoxic poison that inhibits the metabolism of oxygen, producing cellular hypoxia.  It reacts only with ferric (Fe3+) state of iron of the cytochrome oxidase and mitochondria, but reacts readily to form a complex that inhibits cellular respiration.  The body is capable of handling relatively large amounts of cyanide, but the reaction is limited by the low endogenous supply of thiosulphate substrate needed for enzymatic conversion of cyanide to thiocyanate.  Like carbon monoxide poisoning, there is a cherry pink discoloration of livor mortis in the internal organs.  Characteristic of hydrogen cyanide is its bitter almond odor, detected by approximately 50% of individuals who have this ability inherited as a sex linked trait.
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