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OVERVIEW:


Autopsy pathology is a vital part of the human factors evaluation.  Aviation pathologists should provide both a factual autopsy determination of cause and manner of death, as well as an interpretive opinion relating observed injuries to the actual crash sequence.  Differing jurisdictions will vary in the quality of this analysis.  The Office of the Armed Forces Medical Examiner maintains multidisciplinary teams which can independently complete or assist in completion of  this function.  

Human Remains considerations related to fatal aircraft mishaps

1.
Jurisdiction:  Simply put, the individual with jurisdiction has authority to order and perform an autopsy on human remains.  Jurisdiction varies depending on geographical area.  When there is a death of a servicemember, jurisdiction will be either Exclusive Federal or Concurrent.  Concurrent jurisdiction means that a local Medical Examiner or Coroner has jurisdiction, and may waive jurisdiction to the military.  Deaths in areas of Exclusive Federal jurisdiction belong to the OAFME.  Military bases are not necessarily under Exclusive federal jurisdiction, and the local JAG should be consulted.  Regardless of the jurisdiction, the OAFME must be notified.  The OAFME will perform autopsies on all military aircraft mishaps for which it can obtain jurisdiction.  

2.
Regardless of who does the autopsy, a complete autopsy must be performed on all aircrew.  This includes a complete review of the circumstances with scene visit if possible, both external and internal examination to include a posterior neck dissection, radiography, toxicology, and photography.  Additional procedures may be performed as indicated.  If a complete autopsy cannot be obtained, the OAFME will perform a second autopsy.  

3.
Analysis should be performed on all human remains.  Areas for analytic consideration for which data is known include:

a.
Survivability

i.
Crash forces

ii.
Occupiable space

iii.
Post-crash environment

b.
Mechanism/crash sequence

i.
Injury patterns/Patterned injuries

ii.
Toxicology

iii.
Control injuries


There is considerable overlap in analysis, and interpretation of all information should be made in consultation with experts in their respective fields.

4.
Human remains must be identified by scientific methods to be legally valid.  Positive identification is done primarily by fingerprints, dental, or DNA.  Other methods, such as by tattoos, personal effects, etc, are presumptive, and are used to facilitate positive identification.

5.
Mass fatalities require a specialized, integrated approach to deal with issues of jurisdiction, workload, identification and reassociation, documentation, evidence collection, and so forth.  

6.
OAFME works as your consultant, and will perform all required services and provide required reports.  In order to do this, we require access to the remains and scene, as well as medical records and investigative information.  OAFME is authorized to receive privileged information in order to ensure complete and appropriate analysis.

PATHOLOGY SUPPORT 

A forensic pathologist is always on call at Office of the Armed Forces Medical Examiner (OAFME) and is available for consultation by telephone (DSN 285-0000, commercial (301- 319-0000). When a fatal mishap occurs, the OAFME should be notified as soon as possible. The OAFME pathologist will be able to assist in coordination with local civilian medicolegal authorities and make mishap-specific recommendations on medicolegal examinations. If the jurisdiction is exclusive federal, or the local medicolegal authority is willing to release or share jurisdiction with the federal government, the OAFME may provide on-site pathology support. Depending on the circumstances, the OAFME may deploy a team from the central office, send a Regional Medical Examiner, or direct that the remains be transported to a Regional Medical Examiner or the Washington, D.C. area for examination. All specimens for chemical, drug, and toxicological analysis should be sent to AFIP, Division of Forensic Toxicology. 

AIRCRAFT MISHAP INVESTIGATION 

The purpose of an aircraft mishap investigation is to determine all factors, human, material, and environmental, which directly or indirectly contribute to the mishap. This information can be used to eliminate the cause factors and help prevent recurrence of similar mishaps. 

The medical member of the aircraft mishap investigation board (flight surgeon), in association with a consulting pathologist can make a significant contribution to the investigation of a fatal aircraft mishap. The medical board member evaluates the human factors in terms of physical, physiological, and psychological processes and their role in the mishap. Post-mortem examination of the victims can contribute to reconstruction of the mishap scenario through injury pattern analysis, evaluation of potential mishap survivability, and document of the presence or absence of aeromedically significant natural disease or medications. 

The major objectives of the medical investigation of an aircraft accident are: 

a. Identification of the victims. This is necessary for the notification of next of kin and for the establishment of a legal certificate of death. Identifications should be based on scientific methods (fingerprint, footprint, dental, or DNA comparison) if possible, rather than personal effects or visual recognition, both of which have proven unreliable. 

b. Reconstruction of the crash sequence. The injury patterns of each victim may help reconstruct the events immediately preceding, during, and following the crash. Discovering what happened is the prerequisite to determining why it happened. 

c. Determination of medical factors in the mishap. Medical documentation of the presence or absence of pre-existing or concurrent natural disease as well chemical analysis for the presence or absence of drugs or medications are critical parts of the investigation. 

d. Analysis of survivability. This information contributes to design or modification of aircraft and personal protective equipment to enhance survivability and minimize injury when mishaps do occur. 

The staff of the OAFME have participated in dozens of aircraft accident investigations. 

The flight surgeon may be exposed to only a few accidents during an entire career, while the pathologists from OAFME (including Regional Medical Examiners) will often participate in numerous investigations at many different bases. It is important that the medical member of a mishap investigation obtain consultation from the OAFME to obtain the largest pool of collective experience possible. 

Crash Scene 

The flight surgeon and pathologist should examine the wreckage as early as possible for trace evidence of human remains. The canopy or tail surfaces may reveal tissue smudges, or blood which will make possible the correlation of injuries with the time and place of occurrence, such as in the cockpit, in the air, or on the ground. Scrapings of such materials can usually be identified under microscope. Timely recovery of this trace evidence is especially critical when the environment (rain, snow, wreckage partly submerged, etc.) would result in rapid loss of biologic material. 

Additional significant data may often be obtained from careful examination of the casualty's personal equipment. Tears of clothing may be correlated with injuries found at autopsy and direction of blood flow from lacerations may help position the victim at the time of injury.  Because of their intimate knowledge of operational activities, the flight surgeons should 

Autopsy Authorization 

Complete autopsies should be performed on all aircrew members involved in actual operation of the aircraft (pilot, co- pilot, engineer, etc.), or engaged in essential flight activities (navigators, radio operators, boom operators, etc.). Autopsies are done on other personnel aboard the aircraft if the investigating flight surgeon and the pathologist think they would help to explain the mishap. (7) 

A military commander may authorize an autopsy when the mishap occurs within exclusive federal jurisdiction; but few bases or training areas are under the exclusive jurisdiction of the federal government. Many states and localities may have concurrent or partial jurisdiction, depending on the agreement enacted at the time that the federal government incorporated the land into military service. The requirements may even vary within the confines of a particular base, when the land composing it was acquired piecemeal under several different agreements. Therefore consulting the base Civil Engineer and Judge Advocate during the disaster planning or readiness phase is important. 

When an accident occurs within the USA on land outside exclusive federal jurisdiction, the local coroner or medical examiner exercises legal authority over the accident site and the remains. Permission must be sought from the competent legal authority before the casualty is removed from the crash site and before an autopsy may be performed. Generally, local medicolegal authorities are very willing to cooperate in allowing a pathology team from OAFME to do the autopsies when the plan is presented so that the coroner/medical examiner retains jurisdiction, OAFME pathologists do the examinations under his auspices, and the expenses are absorbed by federal government. 

In some instances, the coroners or medical examiners may insist on doing the post- mortem examination themselves. An interested party , such as the flight surgeon, would usually be welcome as an observer. The flight surgeon should make a point of being present during the autopsy. 

No current federal legislation authorizes autopsies in the event of a military aircraft accident. The powers of the National Transportation Safety Board (as stated in 49 U.S. Code 701) to order autopsies apply only to civil aviation. 

Identification 

Positive identification of the remains 'is usually made by dental examination (x-rays and charting), DNA comparison, and/or by the use of fingerprints and footprints. Presumptive identification may be made by visual recognition, physical characteristics, identifying marks, scars, tattoos, personal effects, identification tags, name badge, and any feature potentially unique to the individual 

Radiographic Examination 

In general, radiographic examination should include whole-body x-rays, with special emphasis on head, neck, hands, feet, and spine (7,31). A copy of all X-rays should be provided to OAFME, either directly (in the case of an on-site OAFME team), or as part of the package sent for consultation. 

INJURY ANALYSIS Traumatic Injuries 

Head Injuries. In aircraft accidents, the head and neck region is especially susceptible to 

injury from the forces that occur. It is not surprising that head injuries alone comprise the most (~ frequent cause of death in aircraft accidents. (24) Death often results from the. head striking the instrument panel. Preventive measures, such as helmets and shoulder restraint systems, have reduced head injuries. (24) McMeekin states that, with these preventive measures, "the head can withstand crash impact forces in excess of 300 Gs if the structure impacted has been properly designed to distribute the load and there are no lethal protrusions." (26) 

However, the head can still strike the instrument panel, even with an effective torso restraint system in place, as a result of buckling of the fuselage. {26) Also, since the crash impact can have enough energy to separate the helmet from the head, injury may follow. A fatal head injury can be sustained even if the helmet remains in place and intact. In this case, the helmet may have distributed impact forces widely over the head, leaving the scalp and skull undamaged while fatal forces were transmitted to the brain. (5,24) 

Spinal Injuries. Compression vertebral fractures are most often caused by +Gz vertical forces greater than 20 G (usually greater than 26 G), but may occur with forces as low as 10 to 12G. Shearing (or transecting) fractures of the vertebral column can result from horizontal forces of 200 to 300 G.

Hyperflexion of the body can cause a fracture pattern that has been described as a "crowbar fracture" with "compression of the anterior portion of the vertebra and pulling apart of the posterior bony ligamentous portions in tension." (24) At autopsy, gross lacerations of the brain stem and spinal cord or the vessels covering them and parenchymal hemorrhages within the brain stem and spinal cord may be found as a result of these anterior vertebral fractures. (5) 

Certain crash circumstances, coupled with the potential "hangman's noose" formed by a loop consisting of the inferior edge of the helmet, the nape strap, and the chin strap, may produce a fracture dislocation at the axis (C2 and C1) and a fracture of the posterior arch. (5) 

Internal Injuries. Because the internal organs are suspended only by attachments within the abdomen and the chest, and are asymmetric in size and weight, they may experience torsional and shearing forces that can produce internal tears. Furthermore, penetrating injuries may be caused by external objects, parts of the cockpit controls, or broken ribs. (24,26) 

The heart or great blood vessels may be compressed between the sternum and vertebrae and may rupture as a result. Their rupture may also occur following a compression force to the chest or abdomen that transmits hydrostatic pressure backwards toward the heart. Rupture of the aorta without associated cardiac injury will be found most often distal to the left subclavian artery. However, if there is an associated cardiac injury, the majority of aortic tears will be found in the ascending aorta just above the aortic valve. (24,26) 

Laceration, tears or rupture of the abdominal organs may be produced by blunt trauma to the abdomen. Blunt trauma to either the thorax or abdomen may result in a ruptured diaphragm. (24,26) 

Extremity Injuries. Injuries of the extremities may be caused by impact with surrounding structures or by free or uncontrolled movement (i.e., flailing) of the extremities during the crash sequence or on impact. (31) The term "flailing" is usually associated with ..;..f't;nn ;n;11'.;p~ h11t r.~n h~ 11.C:ed to describe injuries in the cockpit. (31) Examples are 

Injury patterns of the hands and feet may be used to identify who was in control of the, aircraft, or even if a single pilot actually had the controls at the time of the crash. These injury patterns have been labeled "control injuries." Fractures of the hands may occur in those who are tightly holding the wheel or stick during the crash sequence. On impact the energy transmitted through the pedal controls may fracture the foot. The imprint of the pedal may rarely be transferred to the pilot's boot. In general, fractures of the carpal, metacarpal, tarsal, and metatarsal bones, in conjunction with laceration patterns on the palms and soles, serve as good evidence that the aviator was attempting to control the aircraft. (18,19, 24,31) 

For further discussion the reader is referred to classic articles on control injuries by Coltart (10) and Krefft (19). Coltart used the term "aviator's astralgus" to describe fractures of the talar neck in pilots of aircraft equipped with toebrakes. (10) Krefft examined the mechanics of these control injuries. If the pilot has clasped the control stick at the very instant of impact, the area between the thumb and index finger will experience " exceptional strain" caused by the impact jolt. A distinctive stick grip pattern-of injury may result that consists of abrasions, contusions, soft tissue tears, or fractures in this area. Similarly, serial transverse fractures of the metacarpals, especially if dorsally displaced, indicate the pilot was gripping the control stick. If the crash force is very violent, the proximal joint of the thumb may become completely crushed or even severed, and fractures of the distal ulna and radius may be seen. This type of hand injury is characteristic of jet aircraft crashes. It should be noted that these control injuries are located on the flexor sides of hands and soles, whereas flailing contact injuries are usually found on the extensor surfaces of the distal limbs. Krefft also discusses how these control injuries are 1J. reflected in typical damage to gloves and boots ( e.g., tears, characteristic patterns, impression marks, or traces of color). 

Ejection Injuries. The main injuries associated with ejections and windblast from high speed ejections are flailing injuries of the head, neck, and extremities that include dislocation, fractures, and maceration. The flailing motion is similar to "cracking a whip" with force being concentrated more distally. This motion produces fractures of the tibia, fibula, radius, and ulna more frequently than of the femur and humerus. (24) The force generated at the anterior edge of the ejection seat may cause femoral fractures. (24) There can also be superficial skin damage as the result of shearing forces separating the epidermis into layers with desiccation and focal hemorrhage. Friction can also cause thermal injuries. During the ejection sequence, the opening shock of the parachute may cause injury if the ejection occurs at high altitude or high velocity or 

ENVIRONMENTAL FACTORS 

Hypoxia 

One of the most important and least readily solved problems confronting aircraft accident investigators is the detection of acute antemortem hypoxia. Hypoxia may occur insidiously ( e.g., prolonged flight at altitude) or suddenly (e.g., rapid decompression at high altitude). Lactic acid elevation in brain is theoretically a fairly sensitive and specific test for such hypoxia. Practically, however, this test is really of no use, since such testing requires the intact brain; loss of control due to hypoxia results in a high speed uncontrolled descent with extensive fragmentation on impact. The OAFME has not had a single fatal mishap in which hypoxia might have been involved in which there was adequate sample to test. 

Decompression Sickness 

The post-mortem findings in this condition are due mostly to fat embolism. Nitrogen bubbles from classic decompression sickness will usually have resolved by the time the remains return to the ground and will leave no distinguishing pathologic signs. Intravascular fat has been found in the lungs, brain, and kidney in some of these cases, and areas of cerebral ischemic necrosis have been noted to be indistinguishable from those caused by aero-embolism. 

Fire 

In-flight fires can cause streaming patterns of soot deposition on the victim's body and aircraft surfaces. The ignited fuel at impact causes a fireball that can cause first- and second- degree bums of unprotected skin surfaces. Post-crash fire injury patterns are much more difficult to interpret. Was the fracture of the distal forearm the result of impact and, therefore, a control injury, or the fracture simply a "fire fracture"? It should be recognized that "burning to death" does not usually occur in crashes: the victims die of impact injuries and/or inhalation of carbon monoxide and other products of combustion well before sustaining bums. 

Soot found in the mouth, nose, or elsewhere in the naso- or oro-pharynx may indicate that the person was alive at the time of the fire.  However, this finding is not conclusive.  The soot may have been the result of agonal respiratory excursion.  Soot in the distal trachea (below the vocal cords) and bronchi is good evidence of inhalation of combustion products.  The pathologist may have to examine multiple sections of the trachea and distal airways microscopically looking for soot.  This, combined with elevated carbon monoxide levels, would confirm that the victim was alive at the time of the fire. (13,24)  If the victim is exposed to the fireball and inhales the atomized burning fuel, thermal burns of the trachea or even bronchi may be seen.  Conversely, exposure to the fireball may result in laryngospasm with no thermal burns below the level of the vocal cords and very low levels of carboxyhemoglobin.  Burns seen in the airways of those not exposed to a fireball are generally chemical, rather than thermal, in nature.  They are due to the noxious products of combustion from many synthetic and some natural materials.

A carboxyhemoglobin blood level greater than 10 percent usually suggests significant carbon monoxide exposure before death.  Levels up to 10 percent can be encountered in smokers (usually 3-6 percent) and levels up to 7 percent may be ffound in nonsmokers form industrial and metropolitan areas.  (13)

In fire fatalities the carboxyhemoglobin level is usually a function of the size of the enclosed space and of the exposure time.  In transport aircraft ccrashes, victims of the fire may have carboxyhemoglobin levels ranging from 30-60 percent.  Levels of 10-30 percent are usually seen in fire victims in smaller aircraft crashes.  A level of 30 percent generally relates to a survival of 1 to 17 minutes. (13)

Artifacts that can easily be misleading may be produced by the burning of a body.  Heat contrtaction of muscles produces a “pugilistic” appearance with flexed hips, arms, and legs, as if the victims were protecting themselves from the fire.  The stronger flexor muscle groups are simply dominating the extensor muscles.  (13,24)

Other findings can be misleading.  After exposure to heat, hair color observation may be unreliable.  Visual impressions of the age of a body cannot be relied upon all the time.  Shrinkage and overall reduction of body length can result form desiccation of tissue fluids.  Exposure to intense heat can cause characteristic nontraumatic fractures of long bones.  An “artifactual epidural hematoma” may be produced by ruptured blood vessels and coagulated blood caused by intense heat.  A “blow-out” fracture of the skull that appears similar to an impact injury may be produced by differential expansion of the bony tables of the skull exposed to fire.

Water (Drowning)


In fatal aircraft accidents occurring in water, it is natural to ask whether death was caused by traumatic injuries or drowning.  When injuries are severe, there is most likely no question.  Drowning should be considered as the cause of death if injuries are minor or not likely to cause death.  Some pathological findings (anatomic and chemical) are compatible with drowning.  However, no simple finding (autopsy or laboratory) is diagnostic of drowning.  A diagnosis of drowning can be made only after excluding all other diagnoses.  A few of the findings will be mentioned here, but the reader is referred to the article by Thompson (36) for a more through discussion.

In a body recovered from water and thought to have drowned, the only external finding may be a mushroom of froth in the nose and mouth (the “foam cone”).  This froth is considered nonspecific but may be highly significant if circumstances suggest drowning.  Occasionally petechial hemorrhages may be found in the conjunctivae, most often in the lower eyelids.  Rigor mortis may set in early, due to exertion.  Some external findings occur after death and should not be confused with premortem trauma.  Abrasions may be found on the skin surfaces exposed to the bottom of the body of the water as the drowned body drifts along the bottom.  The skin of the hands and feet may appear wrinkled after prolonged exposure to the water.  Finally, there may be postmortem mutilation of the body from sharks, crabs, lobsters, fish, turtles, etc.  This is initially concentrated around the soft parts of the face (lips, eyes, nose), or around injuries.  (36)

Internal findings in most downing cases include heavy congested lungs secondary to aspirated water and edema fluid.   Petechial hemorrhages under the pleura may be seen as well as hemorrhages into the temporal bones.  (36)

Unless a drowned body is kept afloat by a flotation jacket or air caught under the clothing, it will sink.  Gas is produced by decomposition and the body ultimately rises to the surface.  The ability of bacteria to proliferate will determine the time required for the body to float to the surface.  Bacteria grow faster in warm water, in fresh water, and in stagnant water and will grow slower in cold water, in sea water, and in rapidly moving water.  Obese bodies should rise sooner than lean bodies. (36)

Many controversial chemical tests have been proposed to help with the diagnosis of drowning.  They are based on the idea that water was aspirated with alteration of blood volume and electrolytes.  Similarly, the presence of diatoms in the lungs has been proposed as a “drowning test”.  None of these tests are reliable.  The key to diagnosing drowning is a thorough  investigation of circumstances, not any laboratory test.

TOXINS 

Carbon Monoxide/Smoking/Combustion Products 

Much work has been devoted to studying the toxic effects of carbon monoxide. Although carbon monoxide has classically been one of the more commonly incriminated toxins associated with reciprocating engine accidents, it is now less of a problem with turbojet and ramjet engines. Careful studies have shown that significant carboxyhemoglobin levels in victims are usually associated in our modem aircraft with viability and a history of fire, either in flight or following ground impact. Therefore, the practical value of the post-mortem carbon monoxide level lies in its assistance in establishing the sequence of events (i.e., whether the victim was alive or dead at the time the fire ensued). 

Carbon monoxide has a much greater affinity for hemoglobin (210 times) than oxygen. When carbon monoxide is bound to hemoglobin, it forms carboxyhemoglobin (COHb ) and renders the hemoglobin molecule incapable of transporting oxygen. This process severely impairs the blood's ability to carry enough oxygen for cellular metabolism. Carbon monoxide also binds with other protein molecules that contain the iron complex, such as myoglobin and the cytochrome oxidase enzyme system. McMeekin (24) states: "The reduced oxygen-carrying capacity of hemoglobin generally was considered to produce sufficient hypoxia to cause death in fire victims. This may still be the reason for these deaths, but it has been suggested that the true mechanism for carbon monoxide causing deaths in fires is its effect on cellular respiration by binding of intracellular cytochrome aJ may be more significant than the limitation of the oxygen- carrying capacity of hemoglobin by carboxyhemoglobin. This would explain why some unburned victims die with relatively low carboxyhemoglobin concentrations and some survivors recover even after reaching carboxyhemoglobin saturations greater than 50 percent." Tobacco smoking also produces carbon monoxide as a by-product. Smokers don't usually have carboxyhemoglobin saturation greater than 10 percent, but higher levels may occur in cigar smokers (24). 

In a study of military aircraft fatalities occurring between 1986 and 1990,535 cases were analyzed for carboxyhemoglobin (39). There were 23 cases (4%) having levels above 10% saturation. In each case the victim survived the crash and died in the postcrash fire. 

Alcohol and Drugs 

Other toxic substances that may be associated with aircraft accidents include alcohol, over-the-counter (OTC) drugs (self-medication), abused or illicit drugs (self-medication), and prescribed drugs. While ethanol is often detected in the tissues of victims of fatal aircraft mishaps, it most often represents a decomposition product, especially in military mishaps. In a recent study of 617 military aircraft fatalities occurring between 1986 and 1990, there were no instances where alcohol consumption was definitely proven despite the presence of ethanol above 20 mg/dl in 130 cases (39). In the cases with positive alcohol, the presence of other volatile substances such as acetaldehyde, n-butanol, etc. suggest postmortem production of the ethanol by putrefaction. Note: Analysis of vitreous fluid for alcohol is the best way to discriminate between ingested and decompositional alcohol since the vitreous of intact globes is usually protected from decomposition for up to a week or so. In studies of military cases examined by the AFIP Division of Forensic Toxicology there were a great variety of OTC and prescription drugs but there were no cases where flight crew were using illicit drugs. 

PRE-EXISTING DISEASE 

A routine part of any autopsy is the search for pre-existing diseases. There should be increased attention to this factor in the aviation accident autopsy. The health condition of the deceased should be described, and conditions which might cause sudden incapacitation in flight or reduction in performance capability should be searched for. However, the critical question is whether or not the disease caused the accident. McMeekin (24) states: 

"Distinguishing between those disease processes that might have contributed to the accident and those that probably were entirely unrelated to the cause of the crash is especially important but often very difficult. The mere presence of pre-existing disease does not mean that it was a factor in causing the accident. Investigators may have a difficult time proving that it was a cause, but the pre-existing disease may have been a contributory factor in causing a 'pilot error' or 'cause-undetermined' mishap." 

The AFIP reports that currently 13 percent of aviation accident autopsies reveal cardiovascular disease. Eleven percent are coronary artery disease (CAD). However, very few are found to be causative to the accident under investigation. (5,28) The autopsy report should indicate the extent of coronary occlusion, if present, and its morphologic consequence. There should be some discussion as to the likelihood that CAD caused either transient or permanent pathophysiological states. This likelihood should also be based on a comprehensive analysis of the operational circumstances of the accident. (5) Only two cases of confirmed and five cases of suspected in-flight myocardial infarction were reported in the U.S. Air Force between 1967 and 1972. McMeekin (24) states: 

Trying to find evidence to prove early myocardial infarction especially in the absence of coronary thrombosis, is especially frustrating. Although histologic examination may be helpful in estimating when the infarction occurred in relation to the times of death, the most optimistic histochemical tests purport to detect myocardial ischemia only as early as 30 minutes after onset, and this is of no value when a crash precipitously follows the acute myocardial event. 

The AFIP has no well-documented cases in which epilepsy has been shown to be the cause of an aircraft accident. However, there are a few aircraft accident cases involving crewmembers with neurologic disorders such as Parkinson's disease, Meniere's disease, and space-occupying intracranial lesions ( e.g., pituitary adenoma and colloid cyst of the third ventricle). (24) 

Other types of pre-existing disease have been responsible for sudden incapacitation of crewmembers with and without resultant accidents. Kidney stones, seizures, pathologic fractures under G stress, asthmatic attacks, and diabetes are among these diseases. Any disease that can cause incapacitation or sudden death at sea level can also do so at altitude, while some conditions are exacerbated by the flight environment. 

It is acknowledged that upper respiratory tract infections, (e.g., nose and sinuses) may lead to ear involvement, accompanied by pain, distraction, and equilibrium problems. Mason (23) has been "impressed by the number of times rather nonspecific, but definitely abnormal appearances are found in the respiratory tracts of pilots involved in unexplained, high-performance, single-seat fatal aircraft accidents." He further commented that "it seems probable that disease of this type may playa greater part in accident causation than we have been able to show or perhaps, have been willing to accept." (23) 

The presence of unexpected tumors should be ruled out. In an AFIP review of 6405 cases of aircraft-related fatalities among aircrew, there were 90 examples of unexpected tumors. This is considered impressive because there was less than complete microscopic examination in about 50 percent of the cases. (24) The relationship of occult tumors to accident causation is unknown, but there have been incidences in which tumors have been related to sudden incapacitation ( e.g., a colloid cyst of the third ventricle. (22)) 

It is interesting to note that with respect to the younger military flier at least two "killing" conditions are classically associated with this age group. They are spontaneous subarachnoid hemorrhage and hemorrhagic metastases from malignant tumors of the testes. These conditions are very difficult to diagnose at autopsy following a high-speed crash. (23)

LABORATORY TESTS 

Specimens 

Ideally, aortic or heart blood, peripheral blood, vitreous humor, urine, bile, stomach contents, liver, kidney, spleen, lung, brain, and skeletal muscle will be collected on all cases autopsied. Where body fluids are not obtainable due to extensive fragmentation, etc., a greater amount of the "bloody" organs (spleen, lung) should be collected 

Blood Carboxyhemoglobin 

AFIP routinely detern1ines blood carboxyhemoglobin saturation by spectrophotometry and confirms elevated levels by gas chromatography. If blood is not available, they use aqueous homogenates of blood-containing organs such as spleen, or red bone marrow. Results are reported as percent carboxyhemoglobin saturation. 

Blood Alcohol I Volatiles 

Ethanol level can be determined from blood, vitreous humor, urine, or tissue by gas chromatography. Ethanol in blood can be due to ingestion or postmortem formation by putrefactive bacteria. AFIP measures multiple body fluids, if available, to assist in identifying postmortem production. Vitreous humor from the intact eye is a good specimen because it is relatively protected from bacteria. AFIP also analyzes specimens for evidence of other short chain alcohols often produced by bacteria for the same purpose. For example, if a blood specimen contained 120 mg/dl of ethanol and had 1-propanol present and the vitreous humor contained no ethanol or 1-propanol, this would prove postmortem formation of alcohols in the blood. 

Blood specimens should be collected in gray-topped tubes which contain fluoride preservatives to stop enzymatic metabolism. All postmortem samples should be sent to AFIP by the fastest means possible (see shipping instructions below). 

Drug Screen 

Specimens from aircraft accidents are screened for prescribed medications, OTC drugs, and drugs of abuse. In general, urine or blood is screened for presence of drugs and metabolites. If evidence of drugs is found in these fluids for a particular case, blood or tissues are analyzed to confirm the presence and amount of a specific drug or drug metabolite. Blood and tissues are chosen for confirmation and quantitation because drug concentrations in these specimens are more helpful for interpretation of drug effects. 

The choice of screening methods by AFIPdepends on the drug being investigated and the fluid available. Methods include RIA, FPIA, spot test and gas chromatography. Most drugs are confirmed by gas chromatography/mass spectrometry. 

Supplemental Local Laboratory Studies 

Blood alcohol, carbon monoxide, and drug-screening tests must be obtained, through AFIP for class A and B mishaps (5,31,33). There are circumstances where tests by local medical treatment facilities or other laboratories may be helpful. Vitreous glucose levels may be helpful since values have been shown to remain stable over 72 hours in the refrigerated body (19). Glucose levels decrease after death in uncontaminated specimens so samples should be kept refrigerated and tested as soon as possible after death. A finding of normal levels may help rule out premortem hypoglycemia. 

Blood and urine specimens may also be sent to a local medical facility for such tests as CBC, carboxyhemoglobin, blood alcohol, blood glucose, and urinalysis as part of a medical evaluation. These additional tests might be of benefit on survivors by detecting conditions of potential significance, such as anemia, infection, carbon monoxide inhalation, intoxication, hypoglycemia, and diabetes. Remember that for fatalities, antemortem reference values often do not apply to post mortem specimens. Also, any results used as a part of the accident investigation are subject to special forensic requirements. 

Serology 

Serologic studies can be useful in certain circumstances, but there are numerous possibilities for error and artifacts. Antihuman globulin (Coomb's serum) can be used to determine whether tissue is human or nonhuman. This can be helpful in accidents involving a long time in discovery of remains, possible commingling with animal remains, and bird strikes. Blood, tissues, and fluids may be analyzed for A and B blood group substances to determine the deceased's blood type. The presence of blood may be determined by positive benzidine, orthotoludine, or phenolphthalein tests. The Takayama test or the Teichmann test may indicate the presence of blood. If blood is present, the blood type may be determined by the use of absorption-inhibition, absorption-elution, Lattes crust test, or Howard-Martin cellulose acetate sheet test. The interfacial ring-precipitin test, the ouchterlony gel double-diffusion test, and the antiglobulin-inhibition technique may be used in determining the species of origin of a bloodstain or tissue (30,24). The reader is referred to the article by Petty and McMeekin (30) for explanation and discussion of the above tests. 

Lactic Acid 

Although measuring brain lactic acid theoretically has some value in identifying drowning victims, years of experience has shown that it is not practical and this test is not offered by AFIP. 
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