Chapter 15

AVIATION PATHOLOGY

Steven L Cogswell, M.D.

INTRODUCTION 

Purpose 


The purpose of this chapter is to focus on the human pathology aspect of aircraft mishap (accident) investigation (the terms "accident" and "mishap" will be used interchangeably).

AFI 91-204 provides regulatory guidance for investigating USAF mishaps. It replaces former AFR 127-4.  AFP 127-1 (volumes I-III), US Air Force Guide to Mishap Investigation (5), provides basic, comprehensive investigation guide for aircraft accidents.  The reader is highly encouraged to study and make reference to both these documents. AFP 127-1 Volume III, Safety Investigation Workbook, contains helpful information and guidelines for aircraft mishap investigators. (Editor’s note: This workbook was published in 1987 and has not been reprinted.  Ask more experienced flight surgeon’s if they have a copy you can photocopy. The workbook asks a series of medical and nonmedical questions about mishaps.  It is particularly useful for first time investigator’s, but it is also a worthwhile reference for experienced investigators. There are tentative plans by USAF Safety Center to update and republish all 3 volumes of AFP 127-1 as AFP 91-211).  (3) 

Background 


In 1955, the Department of Defense established the Joint Committee on Aviation Pathology (JCAP), composed of representatives from the military medical services of the United States, Great Britain, and Canada.  The Office of the Armed Forces Medical Examiner (OAFME) at The Armed Forces Institute of Pathology (AFIP) in Washington, D.C. is JCAP Headquarters and is the central coordinating facility for investigation of the human pathology from aircraft accident fatalities.  The OAFME utilizes the full consultant, histopathology, and toxicology facilities of the AFIP in analyzing both the military and civilian cases.  The reader is referred to the paper by Hill (17) for further historical background. 

Aircraft Mishap Investigation


Purpose:  As stated in AFI  91-204:  “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 thus help prevent recurrence of similar mishaps.  Each mishap investigation adds to the overall Air Force mishap experience, providing a basis for corrective action.  The proper use of mishap experience is reducing mishap potential.” 


In the investigation of fatal aircraft mishaps, the medical member of the aircraft mishap investigation board, in association with a forensic or aerospace pathologist, contribute a significant portion to the total inquiry.  A thorough medical investigation evaluates the human factors in terms of physical, physiological, and psychological processes and their role in the disruption of the human-aircraft interface.  In the past, medical findings have ruled out "pilot error" and "undetermined" as official causes of an accident because careful forensic investigation demonstrated the existence of aeromedically significant disease. Such analyses will ultimately improve the pilot selection process and enhance the personnel safety features of aircraft and spacecraft. 


Objectives: There are five objectives in the medical investigation of aircraft accidents: 


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.  Death benefits, life insurance payments, estate settlement, workmen's compensation, liability, and closing of military personnel files depend on this identification.  If there is suspicion of foul play, the deceased may represent victims of homicide or suicide.  They may be the remains of saboteurs.  There could even be a deliberate attempt to falsify the identity of the deceased for criminal or security reasons. Identifications should be based on scientific methods (fingerprint, footprint, dental, or DNA comparison), rather than personal effects or visual recognition, both of which have proven unreliable.


b. Reconstruction of the crash circumstances.  By studying the distribution of remains and analyzing the pattern of injury of each victim, the events immediately preceding, during, and following the crash can be reconstructed.  By discovering what happened, we may be able to determine why it happened and who or what might have been responsible. 


c. Determination of medical facts as major or minor factors in the cause of the crash.  In performing the autopsy of the crew, the search for pre-existing or concurrent disease may help to explain the accident.  Also, chemical analysis for the presence of drugs, medications, or occupationally related substances should be routinely done on crew and passengers. 

          d. Analysis of structure and design in relation to injury and death.  This information will be useful in the design of new aircraft and in the modification of those aircraft already in the inventory.  The information will also be used by planners both in the military and in civilian corporations. 

          e. Collection and preparation of teaching materials.  Information collected here is used by the AFIP, the School of Aerospace Medicine, the National Transportation Safety Board, and other military and civilian agencies to compile statistics and to train pilots, aircrew, accident investigators, and aviation medicine specialists. 

PATHOLOGY SUPPORT 


The authority for providing a pathologist at the scene of an aircraft accident is AFR 160-109. (7).  Pathology support from the Military Consultant Centers is authorized and outlined in AFR 160-109.  An aerospace pathologist is always on call at OAFME and is available for consultation by phone (Autovon 662-2626, commercial (202)782-2626). When a fatal mishap occurs, the aerospace pathologist on call 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, pathology support may be requested from OAFME.  The OAFME may deploy a team from the central office, or may send a Regional Medical Examiner at the discretion of the Armed Forces Medical Examiner.  All specimens for chemical, drug, and toxicological analysis should be sent to AFIP, Division of Forensic Toxicology.


The pathologists at OAFME have personally investigated dozens of accidents, both the remains and the accident sites.  They have special expertise on the specific problems of aerospace pathology.  The flight surgeon may be exposed to only a few accidents during an entire tour of duty, while the pathologists from OAFME and the Military Consultant Centers will often participate in numerous investigations at many different bases.  It is therefore important that the medical member of a board approach the investigation in a team effort with consultant experts in order to pool their collective experience and most effectively discharge their responsibilities.  (Editor’s note: The assistance of an aeromedically trained medical examiner is invaluable.  Obtaining their expertise is very high priority immediately following a fatal mishap). 

AIRCRAFT MISHAP INVESTIGATION READINESS 

Preparation  


The most necessary factor for a successful aircraft accident investigation is preparation.  The chief of an aeromedical service should develop a plan for crash response and accident investigation that contains detailed written operational instructions.  All base flight surgeons should be familiar with the medical and pathological support available and should coordinate with the local base pathologist for the processing of specimens and the performance of an autopsy as a matter of routine disaster planning.  A base or area map indicating areas of jurisdiction (exclusive federal, concurrent, or civilian) for death investigation should be drawn up with the assistance of  base Civil Engineering and/or the Staff Judge Advocate. It should be recognized that most mishaps, even those on base, will fall under civilian jurisdiction for death investigation. The local civilian authority for death investigation (who may be the coroner, medical examiner, justice of the peace, or sheriff) should, therefore, be part of disaster planning.  Issues of jurisdiction should be discussed with local authorities and resolved well before a mishap, not at the crash site.  A duty roster of flight surgeons should provide 24-hour coverage.  An on-call beeper is a "must," and there should be no question as to who is on call. Raymond (33) lists several other suggestions for flight surgeons to maintain readiness for possible aircraft mishap investigation: 


a. Maintain a ready-reference library of pertinent regulations, publications, and forms. 


b. Maintain prepacked and stored medical investigator kit(s), ready for immediate use. 


c. Review periodically and maintain familiarity with aircraft accident investigation procedures. 


d. Become acquainted with flying safety and life support personnel and participate in flying safety meetings and briefings. 


e. Ensure that aeromedical technicians are current in aircraft accident investigation procedures. 


A list should be kept of the phone numbers of the local pathologists (both at work and at home), the pathology consultant at the supporting Histopathology Center, and the Office of the Armed Forces Medical Examiner at AFIP.  The number of the local coroner or other civilian officials with jurisdiction over deaths in the area should likewise be on the list.  The number of the base photographer should also be there (both at work and home) to insure the capability of taking photographs of the remains in place.  The base photographic service may maintain a duty roster

with the base command post.

Photographic Kit 


Good photographic documentation is absolutely critical to effective mishap reconstruction. The importance of a photographic record of  the undisturbed relationships of  wreckage, bodies, life support equipment, cockpit switches, ground gouges, tree stumps, rock outcroppings, ejection seats, etc. cannot be overemphasized.  There is a tendency to rush through the initial response, which often leaves critical evidence undocumented.  An hour of careful, organized photography initially can save literally days of effort later in the investigation.  Normally, the base photographers will be tasked to document the crash site, including the bodies of victims.       


In the event that there is no base photographer or that one cannot be located, the flight surgeon may have to do the scene photography.  Even if one is available, few base photographers have had training or experience in either mishap or medical photography, and will require and appreciate some direction in their work.  Again, a little time spent in planning will markedly enhance the quality of the end product.  Furthermore, the flight surgeon, as an investigator, may simply want to take pictures for reference later.  OAFME, Division of Forensic Photography (Autovon 662-2390, commercial (202)782-2390) can give some guidelines as to possible photographic needs and techniques (5,31).  An instant print (Polaroid-type) camera is specifically not recommended, as the image quality is not sufficient.  Color film is preferred, and prints are required for reports and legal cases.  OAFME specifically recommends using Kodak Gold or Royal Gold 400 ASA (ISO) negative film.  A recommended equipment list and comments are as follows: 


a. 35 mm SLR camera with built-in light meter and auto-exposure. This can be a good-quality "point and shoot" camera with flash, preferably one with zoom and macro capability. 

"Point and shoots" are the best choice for a flight surgeon unfamiliar with cameras, and are additionally lightweight and handy. They do suffer from a relatively weak flash; night photography should take this into account.


b. 35-70 mm zoom lens with Macro capability. 


c. Electronic flash matched to the camera. 


d. Photographic identification board or substitute, which can be 5x7 inch index cards and a waterproof broad tip marker.


e. Photographic log (date, photographer, subject). 


f. Spare batteries.  "AA" batteries have a shelf life of approximately 6 months, which can be extended somewhat by keeping them in the refrigerator. They must be allowed to warm to ambient temperature before using.  


g. Film, 10 rolls of 36 exposures each.  Keeping film in the refrigerator does extend emulsion life, but the film must be allowed to warm to ambient temperature before using.


h. Flashlight 


i. Ruler for size reference. The Lightning Powder Co. 6 inch gray plastic ruler (Lightning Powder Co., Inc. 1230 Hoyt St., SE; Salem, OR 97302; (800)852-0300) is standard and can be used by the photo lab to correct color balance. 


j. A plastic bag and rubber band to cover camera in wet environments or weather. Some of the new "point and shoot" cameras are water-resistant or waterproof. 


k. Camera bag. Only a small one is needed, the most useful being a "fanny pack" style with waist belt.

Investigation Kit  


A collection of items that would be needed in an investigation should be put aside for use at the time of an accident.  The following is a partial list of items a flight surgeon and the response team may need at the crash site: 


a. Phone roster of disaster response personnel, local coroner, sheriff, fire chief, etc. 



b. Clipboard with paper. 


c. 50-feet, steel, measuring tape reel (preferably with inches and centimeters). 


d. Heavy-duty water-proof marking pen. 


e. 50 mortuary tags. 


f. 36 pairs of heavy-duty (orthopedic) surgical gloves. 


g. 1 box of disposable exam gloves for wear under work gloves. 


h. 1-2 pairs of heavy-duty leather work gloves for each team member (be prepared to 


throw them away if they become heavily contaminated). 


i. Lensatic compass. 


j. 100 plastic specimen bags (zip-lock or with twist ties). 


k. 12 specimen cups with caps. 


l. 2 flashlights (with spare batteries and bulbs). 


m. Contour maps of base, training areas, and surrounding area. 


n. 100 self-sticking labels. 


o. 6 small metal stakes. 


p. Whistle. 


q. AF Form 711gA. 


r. Accident checklist. 


s. Camera equipment as indicated above.


t. Aerospace Pathology For the Flight Surgeon (AFIP). 


u. Base Plan, local Flight Medicine checklist, AFP & AFI covering on-site mishap response. 


The foregoing list may be used as an example and guide.  The USAF School of Aerospace Medicine Technical Report, by Sheffield et al(35) is also highly recommended as a reference in making a kit specific for a certain base and surrounding locale. 

BASIC PROCEDURES 


Each accident investigation varies slightly from the next, so flexibility and a clear concept of the goals of the investigation will allow the flight surgeon to develop a unique yet thorough plan for each accident investigated.  There is no replacement for experience here.  Nevertheless, certain basic procedures will aid in approaching the generic fatal accident and assist the flight surgeon in designing the overall plan of a particular investigation.  Although the basic principles still apply, the investigation of aircraft accidents with mass casualties will not be specifically addressed here because of space limitations.  Instead the reader is referred to references 24, 25, and 37, and strongly encouraged to call OAFME, who have expertise in mass casualty management. 

Response Phase  


This is the most critical phase of every aircraft accident investigation.  Upon notification of the accident, the flight surgeon should obtain immediate transportation to the crash site and exercise authority to prevent the disturbance of the fatally injured in any way, until after they and the accident scene have been thoroughly documented by photographs--preferably in color.  While this requirement should not be interpreted as preventing fire-fighters from determining signs of life, the fact remains that valuable evidence is frequently distorted or destroyed by well-meant rescue efforts.  The remains of fatally injured victims may not be moved without the approval of the appropriate legal jurisdiction.  Photographs will preserve these details for later analyses by pathologists and flight surgeons. 


The rapid reaction time required for this initial phase demands that the prearranged disaster plan establish the immediate transport of the flight surgeon as an integral part of the immediate response team.  The camera and crash kits should accompany the flight surgeon.  If the crash is at a remote site, an overnight bag containing necessary personal and hygiene articles for a three nights stay should be taken.

Crash Scene Phase  


After the general wreckage distribution has been photographed from all angles, and the casualties have been photographed and examined in their original positions, the remains should be tagged with identifying numbers.  Remember that handling and examination of remains requires the use of the appropriate protective equipment.  At a minimum, gloves must be worn.  Depending on the number of casualties and the extent of tissue and body fluids, masks, eye shields, and/ or fluid impermeable outer garments may be necessary.  If a formal Search and Recovery effort is initiated by Mortuary Affairs/ Services personnel, they need to be briefed on blood-borne pathogens and use of appropriate personal protective equipment.  Removal of the remains should be coordinated with the local medicolegal authority, unless the federal government has exclusive jurisdiction. The original body location should then be marked by an identically numbered tag, which may be fixed to the location with a stake.  At the time of the removal of the remains, it is important to note and photograph all environmental features which may have contributed to the injury pattern, such as seat belt failure or possible traumatizing control knobs.  It is imperative that suspected evidence be documented by photographs.  OAFME photographic guidelines are listed in Figure 15-1. (31) 

OAFME RECOMMENDED PHOTOGRAPHIC GUIDELINES

for AIRCRAFT MISHAPS

SCENE COVERAGE, GROUND: 

     1. Photograph all tree strikes, or other objects struck prior to ground impact. 

     2. Sequentially photograph the site by taking photographs every 30 to 50 ft, beginning before the initial impact and viewing along the center line of the site. 

     3. Photograph all major parts of the aircraft, particularly seat and cockpit parts, to show their relative position and to identify the individual parts. 

     4. Take photographs of all major aircraft parts from multiple angles. 

     5. Record the relative position of each body in the wreckage site. 

     6. Photograph each body from multiple angles before disturbing or moving the body. 

     7. Photograph initial soil gouges and any evidence located in them. 

     8. Photograph all instruments, seats, restraints, controls, switches. 

     9. Document any evidence, as directed by accident investigation board members. 

SCENE COVERAGE, AERIAL: 

     1. Take 90-degree views of initial impact area on the ground. 

     2. Take 90-degree views of any object damage occurring before impact. 

     3. Take 90-degree views of the entire crash site. 

     4. Take 45-degree views from the clock positions of the entire site.

Figure 15-1. AFIP Photographic Guidelines at the Accident Scene. 


After the casualties have been moved to the mortuary and refrigerated, pending the arrival of the pathologist, the numbers should be plotted on a scale diagram indicating the wreckage distribution.  Photographs of the flight path and aerial views of the crash site are helpful in determining the force vectors producing certain injuries and in ascertaining specific traumatic agents in the cockpit or cabin environment, and should be obtained in every case. 


The flight surgeon 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 foraging animals may take important pieces of the remains within hours of the crash, or if the environment (rain, snow, wreckage partly submerged, etc.) would result in rapid loss of biologic material.  In looking for traces, it is helpful to see where foraging animals and insects appear to be congregating in the area of the wreck.  Vultures, crows, dogs, flies, and ants are natural experts at finding carrion.  


Additional significant data may often be obtained from careful examination and photographic documentation of the casualty's personal equipment, to ascertain its condition and functional status.  Tears of  clothing and direction of blood flow from lacerations may be correlated with injuries found at autopsy.  Marks and other damage to the helmet and oxygen equipment must be evaluated.  Every aspect of ejection failure must be checked, and an attempt at reconstruction of the sequence of events of the ejection must be made.  Harnesses and safety gear should be cut away from the remains so as not to disturb the condition of the fasteners, locks, or buckles. Initial photographs at the crash site should include these items, as the question, "was this fastener/buckle fastened?" often arises.


Because of their intimate knowledge of operational activities, the flight surgeons should be able to provide the pathologist with details of personal equipment, ejection seats, and cockpit configurations with which the pathologist may not be familiar. 

Administration Phase  


As stated in AFR 160-109, Medical Investigation of Aircraft Mishap Fatalities: Complete autopsies are 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) 


The military commander may authorize an autopsy when the accident occurs within military jurisdiction; but few bases or training areas are under the exclusive legal 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 Judge Advocate during the disaster planning or readiness phase is important . 


When an accident occurs 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. AFR 143-1 Mortuary Affairs, discusses the memorandum of understanding with the local coroner or medical examiner (4).  (This regulation will be replaced in the near future with AFI 34-501 Mortuary Affairs Program, and AFM 34-508 Mortuary Affairs Program Procedures, Attachment 5: Memorandum of Understanding).  Generally, resistance from the local coroner/medical examiner stems either from attempting to ensure that their legal authority and control is recognized and respected, and/or from protecting their often very minimal budget. Prior coordination with these agencies ensures that they understand the USAF interest and requirements, and reassures them that the Air Force recognizes their legal authority.  Virtually all 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 would do all the work under his auspices, and the expenses will be absorbed by the Air Force, not the coroner/medical examiner's budget.


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.

 
Note that 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.  A change to the U.S. Code has been proposed by the Joint Committee on Aviation Pathology.  This change would give authority for military departments to perform autopsies or other necessary tests on the remains of any deceased person aboard an aircraft at the time of the accident. (5)     


The medical treatment facility (MTF) commander is ultimately responsible for arranging pathology support, but usually delegates this responsibility to the medical member (flight surgeon) of the Safety Mishap Investigation Board.  Pathology support can be accomplished by one of three methods (7,31): 


a. A team of aerospace pathologists and photographers from the Office of the Armed Forces Medical Examiner (OAFME) at the Armed Forces Institute of Pathology (AFIP) can be requested.  This is the preferred method.  They will actually serve as consultants to the Safety Investigation Board.  They can be contacted, 24 hours a day, at the: 

          


Armed Forces Institute of Pathology

          


Office of the Armed Forces Medical Examiner

          


Washington, DC  20306-6000 

          


Autovon:  662-2626  Commercial:  (202) 782-2626 

    Listed in Figure 15-2 are the responsibilities of the flight surgeon and the OAFME team under this arrangement. (31) 


b. The pathology team would consist of a pathologist from an Air Force histopathology center, the flight surgeon, base photographer, and telephone consultation with the OAFME/AFIP.  AFIP will receive the toxicological specimens, serve as repository for the autopsy protocol, x- rays, photographs, mishap report, wet tissue, and slides, and will issue a consultation report. 


c. The pathology team would consist of a non-military pathologist, flight surgeon, base photographer, and OAFME telephone consultant.  Toxicology specimens should be requested and sent to AFIP, Division of  Forensic Toxicology. Copies of the autopsy report, including body diagrams, photographs, etc., should also be requested and sent to OAFME, who will serve as repository and issue a consultation report (as stated in "b").  


In every case, OAFME should be called for their input and to determine if they need to send a team in support of the investigation. 

OAFME AND FLIGHT SURGEON RESPONSIBILITIES

OAFME Responsibilities to the Safety (Mishap) Investigation Board and the Flight Surgeon: 

     1. Reconstruct the mishap scenario from injury pattern analyses.    

     2. Perform autopsies.    

     3. Assist with identification if necessary.  (Including DNA testing)   

     4. Toxicology.    

     5. Photography: accident site and autopsies.    

     6. Assistance with the human factors investigation. 

Flight Surgeon Responsibilities to OAFME Team: 

     1. Contact AFIP team as soon as jurisdiction has been determined.        

         DSN: 662-2626  Commercial: (202) 782-2626 

     2. Arrange for victim identification by dental or fingerprint comparison. 

     3. Total body x-rays, with all equipment/clothing left in situ. Anterior-posterior and lateral

views of hands/forearms and feet/lower legs (including boots) are necessary. 

     4. Autopsy facilities/autopsy permit. 

     5. Helicopter support (for scene investigation and aerial photographs). 

     6. Toxicology and formalin-fixed tissue containers, dry ice, insulated shipping boxes. 

     7. Arrange for an aircraft identical to the mishap aircraft to be available after the autopsies

for injury pattern correlation. 

     8. Interface with coroner or medical examiner (release to military for autopsy). 

     9. Interface with hospital and commander (autopsy permission). 

    10. Interface with investigation board president. 

    11. Obtain medical and dental records of all fatalities to be available for identification and post-mortem examination. 

Figure 15-2. Responsibilities of OAFME and Flight Surgeons.

External Examination Phase  


At the mortuary facility, it is desirable that the casualty be photographed again, both clothed and unclothed, from all angles, and preferably in color.  Additional photographs of major lesions should be taken as indicated during the course of the ensuing autopsy.  The OAFME guidelines for autopsy photographs are listed in Figure 15-3 (31). 

Pre-Crash History Phase  


To be of value, the pathologic investigation must be approached from the forensic viewpoint, wherein all available information is correlated: the autopsy is not conducted, nor the findings interpreted, in isolation.  The medical officer should recognize that the "case history" includes personal and family backgrounds, interpersonal relationships, occupational stress, and the history of the last flight, particularly the flight path with emphasis on maneuvers that may be associated with g-induced loss of consciousness and/or vestibular illusions.  A full reconstruction of the 72 hours preceding the fatal flight should be made to include activities, meals, duty hours, and other pertinent data.  The unique relationship that exists between the flight surgeon and flying personnel will provide the pathologist with much of the information desired.  Medical and personnel records should be thoroughly reviewed for additional data before the autopsy. AFR 127-1 volume III Safety Investigation Workbook, provides further discussion of this subject. (3,5) 

OAFME Guidelines for Autopsy Photographs

     1. Photographs should have the autopsy number and a ruler or scale 

        visible in the picture.    

     2. Before removing the clothing, take total body anterior and posterior, 

        left and right lateral, and left and right 45 degree oblique. 

     3. Orientation and subsequent close-up views of any damage to clothing. 

     4. Orientation and subsequent close-up views of all exposed skin, 

        anterior, posterior, and left and right laterals to include head, 

        face, hands and feet. 

     5. Orientation and subsequent close-up views of all personal effects and 

        identifying marks on the body. 

     6. Clock views of helmet and all clothing. 

     7. After removal of the clothing take total body anterior and posterior, 

        left and right lateral, and left and right 45 degrees oblique. 

     8. Orientation and subsequent close-up views of all wounds or anomalies. 

     9. One photographic copy of each X-ray exposed to include the identification 

        label (remember to turn the camera flash off when photographing X-rays on a lightbox). 

     10. Any views requested by the attending pathologist, flight surgeon, or 

        senior medical or dental officer. 

Figure 15-3. OAFME Autopsy Photograph Guidelines.

Identification Phase  


Positive identification of the remains is usually made by dental examination (x-rays and charting), 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.  Occasionally blood type, hair type, or comparison of clinical and post-mortem clinical x-rays may be needed for identification. (2,4,5) [Chapter 12 on aerospace dentistry and references 16 and 27 contain further discussion on this subject.]  Finally, DNA testing is now available on a limited basis.  DNA samples are being obtained on all DoD flying personnel (eventually non-flying personnel as well) and attached to their medical records.  When needed, these DNA tests can be forwarded to AFIP to compare with DNA testing from autopsy remains. 


If the flight surgeon, AFIP, and local mortuary affairs are unable to make positive identification, or if there are two or more fatalities with fragmentation of remains, assistance should be requested from HQ Air Force Mortuary Services (HQ AFSVA/SVOM), Autovon, 487-5807; after business hours call commercial (800) 531-5803. (5) Identification of remains is further discussed in AFP 127-1 U.S. Air Force Guide to Mishap Investigation.

Autopsy Phase  


The flight surgeon should be familiar with the essential general techniques, procedures, forms, and materials used in an autopsy.  As previously discussed, AFR 160-109, Medical Investigation of Aircraft Mishap Fatalities covers the methods of obtaining an autopsy of an aircraft mishap fatality, when to perform the autopsy, and the submission of specimens.  The AFIP autopsy guidelines for photographs are listed in Figure 15-3; and those for radiographic examination are listed in Figure 15-4. (31)   The distinctive characteristic of an aircraft mishap autopsy pertains to the concentrated analysis on environmental and traumatic factors while still looking for pre-existing diseases. 

 Radiographic Examination   


In general, radiographic examination should include whole-body x-rays, with special emphasis on head, neck, hands, feet, and spine (7,31) (Fig. 15- 4).  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.  When dealing with fatal ejection neck or head-neck junction injuries, a lateral view of occipital-first-cervical junction with the head under 25 pounds of traction is required.  The reader is referred to reference 20 for a detailed discussion of radiology in aviation accident investigation.  This article covers initial screening radiography of victims before pathologic post-mortem examination, investigation of injury mechanism, and positive identification based primarily upon radiographic data. 

OAFME Radiographic Exams for Autopsy

     1. Total body x-rays with bone detail. 

     2. Clothing (including boots) and equipment should be left intact. 

     3. Use non-portable x-ray machines, if available. 

     4. X-ray clothing, helmet, and boots after they are removed at autopsy. 

     5. Emphasis on head, neck, and extremities with PA and lateral views. 

     6. Good extremity views of pilots and copilots are  essential for control injury analysis. 

     7. Obtain special views (e.g., cervical obliques) whenever indicated. 

     8. Mark films, left and right. 

Figure 15-4. OAFME Radiographic Examination 

Conclusion Phase 


At the dismissal of the board, all photographic material depicting the remains will not be sent with the other factual evidence, but will be destroyed when no longer needed, after ensuring that OAFME has a copy for their repository.  For special need to use any photo contact HQ AFISC/SEL (Autovon 876-3458) for guidance. For the current procedures for the disposal of materials such as x-rays, consult AFI 91-204 U.S. Air Force Guide to Mishap Investigation.

INJURY ANALYSIS  

Introduction


In many aircraft accident fatalities, the injuries appear so extensive that medical personnel untrained in aviation pathology may question the need for an autopsy; for the cause of death is obviously severe or multiple trauma, or burns, or both.  The answer to this question has been aptly stated: 

When the body is subjected to decelerative forces in excess of the 50-G range, and there is no ejection, it is not necessary to codify all injuries for final reporting. ... [However,] injuries sustained during a potentially survivable mishap should be described in detail when possible.  This is true whether or not the particular injury might have contributed to the death of the subject.  An injury may, for example, have made egress impossible even though not in itself fatal.  Obviously, the first order of business is to describe those injuries which could have been fatal.  It is important to identify, with as much certainty as possible, the exact cause of death.  However, it also is quite important to note all other injuries so that realistic assessments can be made of the safety design of the aircraft and of the effectiveness of specific items of protective equipment.(5) 


OAFME pathology teams use a general outline in their approach to injury analysis.  For the reader's overall guidance and quick reference, this approach is reproduced in Figure 15-5.(31)  For the purpose of this text, injury analysis is discussed under two broad categories: a. traumatic injuries, and b. environmental factors. 

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, along 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) 


 Figure 15-5. AFIP Injury Analysis Consideration 

1. Types of Injuries:

    a. Impact or decelerative.

    b. Intrusive.

    c. Thermal. 

2. Decelerative Injuries and the approximate G forces involved: 

    a. Vertebral body compression fractures: 20 to 30 G.  (less force may be needed 


in the thoracic region, or if body position is poor)

    b. Tears of aortic intima: 50 G. 

    c. Transect aorta (horizontal at ligamentum arteriosum): 80 to 100 G.

    d. Fractured pelvis: 100 to 200 G. 

    e. Transect vertebra (through body, not intervertebral disc): 200 to 300 G. 

    f.  Total body fragmentation: 350 G or greater.

3. Injury Analysis: 

    a. Injuries due to human-machine interaction should be 

       
identified by careful cockpit reference. 

      (1) Blunt force trauma (patterned contusions, abrasions, or lacerations, fracture patterns, 
especially hands and feet). 

      (2) Tissue from cockpit surfaces and type. 

    b. Flail injuries may result from violent extremity movement in high speed 


ejection (e.g., Q forces), or may be seen in nonejection mishaps due to inertial forces. 

    c. Individual or groups of injuries in relation to the overall accident scenario 


(i.e., how did one injury result in, or cause, other injuries); how do 



the occupant's injuries relate to aircraft deformation (i.e., crushing of 



occupiable space or cabin elasticity during impact); and how did the 



ejection or parachute landing injuries occur  (mechanism). 

    d. Direction of forces. 

4. Intrusive Injuries: 

    a. Rotor or propeller blade. 

    b. Trees, wires, etc. 

    c. Bird strike. 

    d. Aircraft strike. 

5. Thermal Injuries: 

        a. Inhalation of soot and combustion products including carbon monoxide (CO) (premortem). 

    b. Skin and soft tissue burns (postmortem). 

    c. Soft tissue contraction and charring (postmortem). 

    d. Thermal fractures and amputations (postmortem). 


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) 


Severe impact forces can cause comminuted ("eggshell") fractures of the skull, or partial to complete decapitation.  However, skull fractures can be subtle and require close examination at autopsy to be detected.  If no skull fractures are evident, the dura should be meticulously removed and the skull base examined for hidden fractures.  Basilar skull fractures can be found in this manner.  Forces transmitted up the spine in +Gz impacts can cause ring fractures around the circumference of the foramen magnum.  Linear fractures of the skull most often are found in the plane in which the force was applied. (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. 


A combination of Gx, Gy, and Gz forces usually causes the vertebral fractures.  The resultant fracture pattern 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 ejection injuries but can be used to describe injuries in the cockpit. (31)  Examples are incapacitating leg fractures caused by upward buckling of the aircraft fuselage, and "dashboard femoral fracture" caused by the knee impacting the instrument panel. (26) 


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 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 both.  Figure 15-6 gives some of the most common injuries seen during an unsuccessful ejection. (22)

INJURIES ASSOCIATED WITH UNSUCCESSFUL EJECTION

       Cause                        
Injury    

    =========================================================  

     Seat Firing         

Fractured lumbar or thoracic spine.           

     Aircraft Fouling    

Fractured skull; trauma to limbs;  injury to torso.                              

     Windblast           

Flail injury to limbs, neck & head.            

     Tumbling            

Hemorrhages and edema; trauma due to seat or rigging fouling.                   

     Anoxia              

General trauma; flail injuries; impact injury with the ground                 


                         
objects from failure to modify  parachute for descent.                        

     Parachute Opening   
Laceration of groin from harness;  flail injuries           

     Shock              


     Terminal Impact     
Generalized external and internal injuries from impact. 





Patterned injuriesfrom impacting surface.             

Figure 15-6. Unsuccessful Ejection, Injuries and Usual Causes. 

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. In over 15 years 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 burns 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 occur in crashes: the victims die of impact injuries and/or inhalation of carbon monoxide and other products of combustion well before sustaining burns.


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 found in nonsmokers from 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 crashes, 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 contraction 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 from 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 thorough 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 drowning 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 modern 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 a3 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).  Expected effects and relationship to smoking of various carboxyhemoglobin levels can be found in Figure 15-7.  The FAA's Civil Aeromedical Institute (CAMI) reviewed 2660 fatal general aviation aircraft accidents occurring between 1973 and 1976.  Smoking was not identified as a causal factor. However, it was concluded that smoking may have contributed to five of the accidents (11).


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.      

MANIFESTATIONS OF CARBOXYHEMOGLOBIN

          Percent COHb       

Manifestations                 

              <10           


None                           

               10           


SOB - vigorous exertion        

               20           


SOB - moderate exertion, slight headache                

               30           


Headache, irritability, easily fatigued, disturbed judgment  

               40-50        


Headache, confusion, collapse, fainting                       

               60-70        


Unconsciousness, respiratory failure, 






death on long exposure

               80           


Rapidly fatal                  

              >80           


Immediately fatal              

       Figure 15-7.  Carboxyhemoglobin Saturation (Blood). 

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.  Not surprisingly, fliers have been found to ingest ethyl alcohol more than any other toxic substance (24).  The incidence of aircraft accident victims being positive for alcohol has been as high as 10 percent (24) but in more recent studies appears to be lower than this number (39)  The U.S. Air Force statistics show that of 4200 aircraft accidents from 1962 through 1974 only 28 were associated with ingestion of ethyl alcohol (38,24).  In a more 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 most of the cases with positive alcohol, analysis of multiple fluids and presence of other volatile substances suggested postmortem production of the ethanol by putrefaction.  In both the older and newer studies a great variety of OTC and prescription drugs were found and 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 have been 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 play a 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.  Moderate decomposition (the bloated stage) often results in little or no blood, vitreous, or bile. In these cases, the decompositional fluid that collects in the pleural cavities is useful, and can be treated like blood.

Blood Carboxyhemoglobin       


AFIP routinely determines blood carboxyhemoglobin saturation by spectrophotometry and confirms elevated levels by gas chromatography.  If blood is not available, they use unfixed tissues (i.e., aqueous homogenates of  blood-containing organs such as liver, spleen, or red bone marrow).  Results are reported as percent carboxyhemoglobin saturation.  See Figure 15-7 for percent COHb and associated manifestations (31). 

Blood Alcohol / Volatiles 


Ethanol level can be determined from blood, vitreous humor, urine, or tissue by gas chromatography and may be reported in mg/dl or mg/100 mg.  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 was negative, this could suggest 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 drugs of abuse and therapeutic drugs.  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. Since testing is part of an accident investigation, cutoff levels for detecting drugs are usually lower than those used in Urine Drug Testing Laboratories and in Hospital Clinical Laboratories.  Blood and tissues are chosen for confirmation analyses because drug concentrations are more helpful for interpretation of drug effects.


The choice of screening methods by AFIP depends 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.  Examples of drugs or drug classes included in testing regimens are shown in Figure 15-8.

Figure 15-8.  AFIP Drug Screen
DRUGS OF ABUSE:  amphetamines, barbiturates, benzodiazepines, cannabinoids (THC), cocaine and metabolites, opiates and phencyclidine (PCP).

OTHER DRUG CLASSES:  acetaminophen, antidepressants, antihistamines, chloroquine, dextromethorphan, lidocaine, mefloquine, narcotic analgesics, phenothiazines, phenytoin, salicylates, sympathomimetic amines, verapamil, etc.

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 premortal 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.

COLLECTION/SUBMISSION OF SPECIMENS 

Aircrew Fatalities  


All toxicological analyses are to be done at the Armed Forces Institute of Pathology.  Routine analyses include those toxins listed above.  All specimens should be obtained at autopsy and kept under chain of custody from collection through shipment using DD Form 1323.  The optimum specimen quantities are shown in Figure 15-9.  If no fluids or organs can be obtained because of body fragmentation, red bone marrow and skeletal muscle should be included (5,31).  Vitreous humor can be obtained by using a 10 cc syringe with a 20 gauge needle to puncture the globe at the lateral canthus.  The bevel of the needle should be rotated until it is oriented anteriorly (visible through the pupil) to avoid aspirating any retinal or choroid material.  Up to 5 ml of fluid may be obtained from each eye (19). 

Aircrew Survivors  


Collect specimens from each aircrew member as indicated in Figure 15-9.

LABORATORY SPECIMENS FOR MISHAP INVESTIGATIONS




Survivors 



Quantity




Serum




15-20 mL (no preservative)                   




Blood



        
15-20 mL (NaF, gray top)                             









15-20 mL (EDTA, purple top)
                                         




Urine 



      
70 mL   (no preservative)




Fatalities   




Blood




All available up to 100 mL




Urine




100 mL (no preservative)




Bile




All available




Vitreous Humor


All available
                            





Liver




100 g




Brain




100-200 g




Kidney




50 g




Lung




50 g




Gastric contents


50 g

Figure 15-9.  Specimen Requirements. 

 SUBMISSION OF SPECIMENS 

Aircrew Fatalities 


Packaging and Preservation.  Each specimen should be individually packaged and heat sealed in sturdy polyethylene bags (see Figure 15-10).  Cellophane laminated plastic bags must not be used for frozen specimens as they will become brittle, crack, and come apart when placed in dry ice for 24 hours or longer.  Fluids should be placed in tightly closed, preferably screw cap polyethylene containers.  All of these primary containers are to be labeled with the name and service number of the individual; the type of tissue; date; and name of the submitting facility.  Indelible felt-tip pens are very useful here.  Care must be taken to avoid contamination of the specimens with solvents which may be found in some inks, formalin, formalinized tissue, alcohol, disinfectants, or deodorants.  Make sure that each tissue is individually packaged, since drug distribution studies of different organs are often useful in determining time of ingestion of drugs.  Chemical preservation, such as with formalin, embalming fluids, etc. causes interference in many laboratory analyses and should be avoided.  FREEZING is the method of choice in preserving the tissue; dry ice being extremely effective in this endeavor (31).


Shipment.  All primary containers should be wrapped with sufficient absorbent material to contain any leakage and then placed in a secondary container (a polyethylene plastic bag) and again heat sealed.  The completed DD Form 1323 and any other pertinent paperwork should be placed in a separate plastic bag and included with the specimens.  A third, large polyethylene bag may now be used to keep all the specimens from one individual together.  The frozen tissue and body fluids must now be packed in an insulated shipping container large enough to hold the specimen plus a quantity of dry ice approximately 3 times the weight of the specimens.  A more precise guide may be found in Figure 15-11.  The frozen specimens and dry ice should not be packed in containers which seal to the extent that the gas cannot escape; gas pressure within a sealed container presents a potential  hazard and could cause the container to burst.  Dry ice must not be placed in a thermos bottle. The shipment MUST be made using the fastest means available to ensure samples stay frozen.   The need to pack the specimens with the utmost care in sturdy containers, properly labeled, to include the proper paperwork cannot be overemphasized (31). 

Specimen Containers for Shipment to AFIP

Bag, Polyethylene, Flat Heat Seal Closure 

     8105-00-579-9286   3x5 inches 

     8105-00-680-0503   4x6   " 

     8105-00-702-7177   5x12  " 

     8105-00-579-9285   6x7   " 

     8105-00-702-7177   18x48 "

     8105-00-299-8532   20x40 " 

     8105-00-200-0195   24x24 " 

Box, Pathological, Shipping, Insulated 

     8115-00-226-1199   2 cu ft 

     8115-00-965-2300   5 cu ft 

Box, Plastic, Insulated, Meat, Dairy Products and Laboratory Samples 

     8115-00-682-6525 

Corrugated Mailing Carton For Above  (8115-00-682-6525) 

     8115-00-183-9490 

Figure 15-10.  Federal Stock Items Suggested For Use in Shipping Specimens.

 
Addressing the Shipment. The following information should be placed on the outside wrapper of all shipments: 

          a. Contributor's address

          b. Address:  

               AFIP, Division of  Forensic Toxicology

               6825 16th Street NW


     Bldg. 54, Room 4018

               Washington, DC  20306-6000                      

          c. "CLINICAL/ DIAGNOSTIC SPECIMENS ENCLOSED"


    "Shipment complies with U.S. & IATA packaging instructions"


          d. Aircraft Accident

          e. Dry ice will last until (date and hour)

          f. "Evidence Enclosed"

   DRY ICE REQUIRED FOR SPECIMEN SHIPMENT

Outside          

No. Hours      Weight of      Amount of 

Temperature      
In Transit     
Specimen        Dry Ice

Below 50o F

72           
2 lbs          
5 lbs




48            
3 lbs          
4 lbs




24           
4 lbs          
3 lbs

50-80o F

72            
2 lbs          
5 lbs




48            
3 lbs          
4 lbs




24            
3 lbs          
4 lbs

80-100o F

72            
1 lb           
6 lbs




48            
2 lbs          
5 lbs




24            
3 lbs          
4 lbs

Over 100o F          (Not recommended for shipments requiring

                          more than 48 hours)




48            
1 lb           
6 lbs




24            
2 lbs          
5 lbs

Figure 15-11. Dry ice requirements for shipment.  This is just a guideline; it is not meant to be absolute - it is the responsibility of the shipper to pack the specimens in such a manner so as to maintain their frozen state until arrival at AFIP. 


AFIP Telephone Information (for laboratory specimens):



Commercial: 
Tox. Div.: (202) 782-1900





Main Desk: (202) 782-2100



DSN:    
Tox. Div.:  662-1900





Main Desk:  662-2100



FAX:  

Tox. Div.:  (202) 782-7953





Adjutant's Office:  (202) 782-7164

Surviving aircrew

Packing and Shipment. The primary containers should be wrapped with a sufficient absorbent material to contain leakage, placed in a secondary container (polyethylene plastic bag) and then heat sealed.  Place the completed DD Form 1323 and any other pertinent paperwork in a separated sealed plastic bag.  A third, large polyethylene bag should be used to keep all specimens and paperwork from one individual together.  The specimens should be packaged unfrozen in a shipping container of sturdy cardboard, plastic or metal construction, sealed then shipped by the fastest means possible to the AFIP.  (note.  Registered mail is not necessary and delays shipments.)    

     Addressing the Shipment.  (Same as above for Aircrew Fatalities) 

Forms, Documents, and Paperwork 


The following forms are necessary (original and 1 copy): 

     a. Aircraft Accident Fatalities

          1. SF Form 503, Autopsy Protocol 

          2. DD Form 1323, Toxicological Examination - Request and Report 

          3. SF Form 543, Contributor's List of Pathological Material 

     b. Aircrew Survivors

          1. SF Form 543, Contributor's List of Pathological Material 

          2. DD Form 1323, Toxicological Examination - Request and Report 


In order that these forms remain legible during packing, shipping, unpacking, etc., they should be placed into their own  polyethylene bag.  All available information on the patient's, pilot's, and crew member's health history; the conditions prior to the crash; a site description; and the condition of the body(s) when recovered should be sent to AFIP.  These historical data and array of pertinent facts can assist the toxicologist in selecting special procedures to supplement the routine analysis.  It is very important to include a correct address in the DD Form 1323 block labeled "FROM:" since this is the address where the final report will be forwarded.  Also complete the chain of custody entries on the back of the form since accident investigations are a legal process.  To the greatest extent possible, forms and paperwork should be typewritten or at least carefully printed (31). 

REPORTS REQUIRED 

Autopsy Report 


If an OAFME team is dispatched, the OAFME forensic pathologist will complete SF Form, 503 Autopsy Protocol, for each casualty.  However, if an OAFME team is not dispatched, it is the responsibility of the flight surgeon member of the mishap investigation board to ensure that these forms are written by the pathologist performing the autopsy.  The flight surgeon should also make sure all pertinent supplemental materials including photographs of the crash site, wreckage, victims at the crash site and at autopsy, and interesting or unusual lesions are sent.  A diagram or labeled photograph of the wreckage distribution and body positions is a useful adjunct to a detailed narrative of the known or presumed accident sequence. Significant problems and/or questions should be written, and may be faxed to OAFME at  (202)782-0373.  With knowledge of the known circumstances and presumed sequence of events, OAFME can answer specific questions in greater detail, and can help rule out mechanisms more easily.  

AF Form 711gA 


The medical portion of the aircraft mishap report is completed on AF Form 711gA, Life Sciences Report of an Individual Involved in an Air Force Accident/Incident.  This form addresses the entire accident sequence including egress, ejection, survival, and rescue.  The safety publications give details for completion of the form. 

REFERENCES

1. AFP 127-1, Vol.I. U.S. Air Force Guide to Mishap Investigation.  

2. AFP 127-1, Vol.II. Investigative Techniques.  

3. AFP 127-1, Vol.III. Safety Investigation Workbook. 

4. AFR 143-1, Mortuary Affairs. 

5. AFM 160-19, Autopsy Manual.  

6. AFR 160-51, Military Histopathology Consultant Centers. 

7. AFR 160-109, Medical Investigation of Aircraft Mishap Fatalities.  

8. Balfour AJC. Sarcoidosis in aircrew. Aviat. Space Environ. Med. 1982;53:269.

9. Coe E. The use of chemical determination on vitreous humor.  J of Forensic Science. 
1971;17:541-6. 

10. Coltart WD. Aviator's astragalus. J Bone Joint Surg., 1952;34-B:545. 

11. Dille JR, Linder MK. The effects of tobacco on aviation safety. Aviat. Space Environ. Med. 
1981;52(2):112-115. 

12. Dominguez AM, et al. Significance of elevated lactic acid in the postmortem brain. Aerospace 
Med., 1960;31:897. 

13. Dunne MJ,Jr, McMeekin RR. Medical investigation of fatalities from aircraft accident burns. Aviat. Space Environ. Med., 1977;48(10):964-968. 

14. Goldbaum LR, Ramirez RG, Absalon KB. What is the mechanism of carbon monoxide toxicity? Aviat. Space Environ. Med., 1975;46(10):1289-1291. 

15. Gormley WT, et al. Brain lactate in aircraft accidents.  Abstracts of the Scientific Program of 
the Aerospace Medicine Association Meeting, AsMA, New Orleans, La., May 8-12, 1988. 

16. Hill IR. Dental identification in fatal aircraft accidents. Aviat. Space Environ. Med., 1980;51:1021.

17. Hill IR. The historical background to aerospace pathology. Aviat. Space Environ. Med. 1982;53(1):1-5. 

18. Krefft S. Estimation of pilot control at the time of the crash.  In Mason JK, Reals WJ (Eds.). 
Aerospace Pathology.  Chicago:  College of American Pathologists Foundation, 1973. 

19. Krefft S. Who was at the aircraft's controls when the fatal accident occurred? Aerospace Med. 
1970;41(7):785-789. 

20. Lichtenstein JD, et al. Role of radiology in aviation accident investigation. Aviat. Space Environ. Med., 1980;51:1004,1980. 

21. Smith ML. Guidelines for the Collection and Shipment of Specimens For Toxicological Analysis. Washington, D.C.: Armed Forces Institute of Pathology, 1994. 

22. Mason JK. Aviation Accident Pathology. London: Butterworths, 1962. 

23. Mason JD. Previous disease in aircrew killed in flying accidents. Aviat. Space Environ. Med., 
1977;48(10):944-948. 

24. McMeekin RR. Aircraft accident investigation. In DeHart RL (Ed.). Fundamentals of Aerospace Medicine. Philadelphia: Lea & Febiger, 1985. 

25. McMeekin RR. An organizational concept for pathologic identification in mass disasters. 
Aviat. Space Environ. Med. 1980;51(9):999-1003. 

26. McMeekin RR. Patterns of injury in fatal aircraft accidents. In Mason JK, Reals WJ (Eds.). 
Aerospace Pathology. Chicago: College of American Pathologists Foundation, 1973. 

27. Morlang WM. Forensic dentistry. Aviat. Space Environ. Med., 1982;53(1):97-34. 

28. Pettyjohn FS, McMeekin RR. Coronary artery disease and preventive cardiology in aviation medicine. Aviat. Space Environ. Med. 1975;46(10):1299- 1304. 

29. Pettyjohn FS, Spoor DH, Buckendorf WA. Sarcoid and the heart - an aeromedical risk. Aviat. 
Space Environ. Med., 1977;48:955. 

30. Petty AE, McMeekin RR. Laboratory examination of unidentified tissue fragments found at 
aircraft sites. Aviat. Space Environ. Med., 1977;937-943. 

31. Posey DM. Aerospace Pathology for the Flight Surgeon.  Washington D.C.: Armed Forces Institute of  Pathology, 1987. 

32. Rayman RB. Aircrew health care maintenance.  In DeHart RL. (Ed.). Fundamentals of 
Aerospace Medicine.  Philadelphia:  Lea & Febiger, 1985. 

33. Rayman RB. Aircraft Accident Investigation For Flight Surgeons. Aeromedical Review 3-79, 
March 1979. 

34. Ryan LC, Mohler SR. Current role of alcohol as a factor in civil aircraft accidents. Aviat. 
Space Environ. Med.  1979;50(3) 275-279. 

35. Sheffield PJ, Davolt DA, Adams RM. Aircraft accident medical investigators kit. SAM-TR-
74-43, Sept. 1974. 

36. Thompson RL. Cause of death in aircraft accidents: Drowning vs. traumatic injuries. Aviat. Space Environ. Med. 1977;48(10):924-928. 

37. Wolcott JH, Hanson CA. Summary of the means used to positively identify the American victims in the Canary Islands crash.  Aviat. Space Environ. Med., 1980;51(9):1034-1035. 

38. Zeller AF. Alcohol and other drugs in aircraft accidents.  Aviat. Space Environ. Med., 1975;46(10):1271-1274.

39. Klette K, Levine B, Springate C, Smith ML.  Toxicological findings in military aircraft fatalities from 1986-1990.  Forensic Sci. Int., 1992;53:143-148. 

