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GUIDELINES FOR ASSESSING NUTRITION IN AVIATION MISHAPS
INTRODUCTION
The current USAF Aviation Safety Automated System (AvSAS) requires the question “Was nutrition a factor?” to be answered in all investigations.  These guidelines are intended to assist the flight surgeon or other investigators examine aircrew nutrition in sufficient detail to more confidently answer this question. 
Studies into the effects of nutrition on aircrew performance are limited and subject to further research. There are no hard and fast rules as to what nutritional practices cause aircrew performance to be improved or degraded.  Sports medicine provides guidelines which may or may not apply to the aviation environment.

A quick checklist is provided, and should be used in conjunction with the guidelines. The guidelines are by no means comprehensive - please refer to the referenced publications and information sources for the most up to date information.

KEY POINTS
· Role of nutrition is not black and white and must be taken in context of whole person and the whole mishap

· All aviation is not the same - access to in flight feeding during long duration missions is easier in a tanker than a fighter

· Role of nutrition may be just as relevant to a Class E (physiological) event versus a Class A mishap

· However, some obvious nutrition practices or disturbances can contribute to mishaps/aircraft safety. For example, in civilian mishaps, hypoglycemia/diabetes has found to be present and a factor both pre- and post- diagnosis

These guidelines do not cover the role of hydration, nutritional or other supplements, or drug use in mishap investigation.
HISTORY
· The 72 hour history provides most information and is usually a standardized questionnaire which varies between organizations
· The following areas may be covered in your 72 hour history, but should be considered:

· Time of last full meal prior to mishap

· Any snacks or food intake between last full meal and mishap including in flight snacks or calorie containing drinks

· Timing and details of all meals/snacks/drinks consumed in the 72 hour period
· Extreme environment or climate potentially impacting energy requirements

· Any gastrointestinal illness, increased activity, etc that may have increased normal caloric requirements

· Vegetarian or any other special diets

· Any recent diet changes including fad diets or otherwise

· Use of any nutritional supplements, meal substitutes

· Any recent change in weight - intentional or unintentional (last 30 days)

· Any recent change in appetite

· Any recent unexplained fatigue
· Any recent change in G tolerance (with other causes excluded)

· Ever been told you have been anemic, have low iron, iron deficiency, gastrointestinal problem, diabetes, low or high blood sugar, low or high metabolism?
· Family history of diabetes, GI condition, low or high blood sugar

EXAMINATION
· Unlikely to be very revealing unless there is a significant underlying condition
· Do they look thin?  Gastrointestinal exam normal? Evidence of anemia?

INVESTIGATION
Survivors

· Blood alcohol, glucose, carbon monoxide, hematocrit and hemoglobin, drug screen and urinalysis - some screened locally and some by the Armed Forces Institute of Pathology (AFIP)
· May indicate conditions of potential significance including anemia, hypoglycemia, dehydration and diabetes.  

Fatalities

· Tissue and fluid samples will be collected at autopsy.  Ideally, samples of blood, serum, urine, bile, vitreous humor, liver, brain, kidney, lung and stomach contents. (Obtaining any samples in some aviation mishaps can be a challenge - be prepared for no joy)
· Order additional tests if indicated on history or examination.  If you later suspect an underlying problem, additional tests can be ordered at that time. For example, HbA1C, iron studies etc will not change acutely.
INTERPRETION
· Acute dietary factors more relevant than chronic issues but both should be considered

· There is no need to assess diet to a level of actual caloric intake, or to break it down into percentages of carbohydrates, protein and fat, servings of food groups etc.
· Keep in mind that medical interventions post mishap, extreme environment or survival, escape, resistance and evasion (SERE) may affect patient presentation and results

Lab results
· Keep the history in mind when interpreting tests as false positives and false negatives do occur.  Any unexpected or unusual results should be fully explored before discounting the possibility of an underlying disorder.

Survivors
· Anemia - if low hemoglobin (Hb), consider need for further investigation.  Anemia is a chronic condition, therefore subsequent investigation results should still be significant.

· Hypoglycemia - low blood glucose may be significant
· Hyperglycemia - Glucose levels can rise due to the fright/fight/flight response. High results may require further investigation to clearly delineate the underlying cause.
· Urinalysis
· Glucosuria - may indicate high blood glucose or a reduced renal reabsorption threshold. Consider in conjunction with blood glucose levels.

· Ketonuria - evidence of ketosis of any cause. In fasting or excessive energy consumption, glycogen depletion leads to fatty acid oxidation. Therefore may indicate starvation, infection or stress (increase glycogen utilization) or be a sign of underlying diabetes.  

Fatalities
· Detailed discussion of post mortem lab findings can be found in the article “Post Mortem Chemistry Update” by J Coe (see reference list)

· Blood, urine and vitreous humor most commonly used, but others may be examined (e.g. synovial fluid, CSF)

· Stomach contents

· May indicate content or timing of last meal
· Histology

· May see specific changes in liver and kidney as an indication of hyperglycemia 
· Glucose levels
· Blood levels 
· may be high even in non diabetics and can be due to terminal stress with secretion of catecholamines

· CPR can also increase blood glucose levels
· Not recommended as highly unreliable post mortem
· Vitreous

· Consistent but variable fall in vitreous glucose within a short time after death in non diabetic individuals, but little effect on elevated glucose of uncontrolled diabetics

· People dying of hypothermia have a higher vitreous glucose than expected, attributed to stress of exposure as above.

· Interpretation
· Hyperglycemia
· Post mortem diagnosis of diabetes mellitus should not be made from interpretation of blood glucose alone - glycosuria, ketonuria or elevated acetone may help in diagnosis of diabetic ketoacidosis.

· Vitreous more reliable - diabetic ketoacidosis may be identified by presence of increased glucose value accompanied by ketones in vitreous humor even after embalming (doesn’t contain acetone or glucose)

· Hypoglycemia
· No reliable way to diagnose by post mortem at the present time as could have been normal or decreased at time of death

· Normoglycemia
· However, normal vitreous glucose levels post mortem have been used in SIDs cases to exclude hypoglycemia as a cause of death
· Hemoglobin A1C (HBA1C)
· HBA1C stable and unaffected post mortem
· Interpretation

· Above 6.0% found to be generally correlated with known history of diabetes and with abnormal vitreous and urine glucose levels established previously
· Insulin

· Increases post mortem or can decrease in non diabetics
· Variation depends on source of sample
· Minimal penetration of blood brain barrier
· Interpretation

· Levels have been used as evidence in cases of intentional poisoning 
Fad/Named Diets
· People may choose to follow a particular diet for weight loss, health, performance, personal beliefs or other reasons. 
· Just because someone says they are following a particular diet, does not mean they are following the stated principles to the letter
· If history and examination are otherwise unremarkable (in particular no change of weight, appetite, fatigue, G tolerance etc) then it is unlikely that a particular diet is having a detrimental effect on their performance.
· Most fad diets are based on low caloric intake, and/or increased activity, usually with a pseudoscientific explanation or gimmick to enhance compliance. Commonly either high carb/low fat, high fat/high protein and low carb, or a defined percentage of each.
· Examples include Atkins, Pritikin, Zone, Protein Power, Sugar Busters

MISHAP ANALYSIS
· “Red Flag” areas which indicate that nutrition may be a factor and needs to be considered in greater detail

· AFPAM 91-211 provides definitions to help you in your analysis:

· Factor - “Any unusual, out-of-the-ordinary, or deficient action or condition discovered in the course of a mishap investigation, which in the investigator’s opinion contributed to the eventual outcome. Factors may include both “causes” and non-causal actions and conditions. Examples of non-causal conditions that could be considered factors:

· Investigators discover unit leadership has failed to correct breaches of flight discipline by unit personnel other than the mishap pilot, leading the pilot to attempt an unauthorized maneuver. (“Unit supervision was a factor in the mishap.”)

· Investigators conclude deteriorating weather conditions resulted in a rushed, inadequate preflight, and the mishap flight engineer failed to ensure an engine cowling was properly secured. (“Weather was a factor in the mishap.”)
· Investigators determine that a loud party interrupted mishap crewmembers’ sleep several times during the night, and that their subsequent poor performance could be at least partially attributable to fatigue. (“Inadequate billeting and crew rest were factors in the mishap.”)”
· A cause is “a deficiency the correction, elimination, or avoidance of which would likely have prevented or mitigated the mishap damage or significant injury.”  
· Examine each factor as to whether or not absence or elimination would have prevented the mishap.  If the mishap would not have occurred, then the factor is causal.
· Guidance for Part II of the Tab Y is also contained in AFPAM 91-211 para A4.9.2:

“Part II of the narrative is for discussion of issues and factors discovered during the investigation which, although not relevant to this mishap, may have future safety value OR discussion of key issues or factors that were ruled out. Include only events investigated and found not to be a factor in the mishap sequence, egress, survival, or rescue. Negative or rule out discussions may be included in this part if determined by the investigator as necessary to document for readers that potential factors were fully investigated before being ruled out. Also Part II should contain discussions of life science and life support factors that, although not a factor in this mishap, could be predisposing to future mishaps. Include any life support equipment problems or issues that were not a factor in the mishap sequence (design through rescue) but were discovered during the investigative process and need to be resolved by the responsible agency to prevent problems or mishaps in the future. Findings and recommendations of other significance, from Part II, must also be discussed and incorporated into appropriate sections of Tab T and included in Tab T findings and recommendations of other significance as appropriate.”
· Bottomline
· Where there any red flags present in the nutritional assessment?
· Were the red flags relevant to the mishap - i.e. were they a factor?
· Was the factor causal in the mishap?
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CASE HISTORIES
Here are some real examples of cases where inadequate nutrition contributed in aircraft mishaps

· Military
· GLOC incidents - several contributed to by inadequate hydration and diet prior to flight. For example only fruit and half a cup of soup in 11 hours prior to mission; nothing to eat or drink prior to sortie, noted to feel hungry during the brief; skipped breakfast but had coffee and water prior to sortie.

· Need some more real examples
· Civilian

· Glider crashed on landing after being unable to clear trees near the approach end of the runway.  The pilot believed he had spent too many hours on this flight in unseasoned heat and went too long (over 8 hours) without eating. Physical impairment (hypoglycemia/diet) was considered a contributing factor.

http://www.ntsb.gov/NTSB/brief.asp?ev_id=20001214X36105&key=1
· Boeing 727 co-pilot fainted enroute to the lavatory from the right seat.  He had been ill with influenza for three weeks prior to the incident, and was intentionally dieting and experienced a 10 pound weight loss.
http://www.ntsb.gov/NTSB/brief.asp?ev_id=20001214X35863&key=1
· During taxi the captain became partially incapacitated and the first officer took over and taxied back.  The captain was treated at a local hospital with glucose for hypoglycemia. He had exercised vigorously earlier in the day and did not eat an adequate meal prior to the flight. 

http://www.ntsb.gov/NTSB/brief.asp?ev_id=20001213X35393&key=1
AVIATION NUTRITION MISHAP CHECKLIST
HISTORY

 FORMCHECKBOX 
  Time of last full meal prior to mishap

 FORMCHECKBOX 
  Snack or food between last meal and mishap

 FORMCHECKBOX 
  72 hour food history

 FORMCHECKBOX 
  Extreme environment or climate?

 FORMCHECKBOX 
  Increased caloric requirements? (e.g. GI illness, increased activity, environment, climate)

 FORMCHECKBOX 
  On a diet - vegetarian, wt loss, fad etc

 FORMCHECKBOX 
  Nutritional supplements or meal substitutes

 FORMCHECKBOX 
  Recent weight change - intentional or unintentional in last 30 days

 FORMCHECKBOX 
  Recent appetite change

 FORMCHECKBOX 
  Recent unexplained fatigue

 FORMCHECKBOX 
  Recent change in G tolerance

PAST HISTORY
 FORMCHECKBOX 
  Low iron/iron deficiency

 FORMCHECKBOX 
  Diabetes/high blood sugar

 FORMCHECKBOX 
  Hypoglycemia/low blood sugar

 FORMCHECKBOX 
  Low or high metabolism
 FORMCHECKBOX 
  GI disorder
FAMILY HISTORY
 FORMCHECKBOX 
  Diabetes

 FORMCHECKBOX 
  GI condition

 FORMCHECKBOX 
  Diabetes/high blood sugar

 FORMCHECKBOX 
  Hypoglycemia/low blood sugar

EXAMINATION

 FORMCHECKBOX 
  Do they look thin? (cachectic)

 FORMCHECKBOX 
  Evidence of anemia?

 FORMCHECKBOX 
  GI exam normal?

INVESTIGATIONS

Survivors

 FORMCHECKBOX 
  Anemia
 FORMCHECKBOX 
  Hypoglycemia
 FORMCHECKBOX 
  Hyperglycemia

 FORMCHECKBOX 
  Glucosuria
 FORMCHECKBOX 
  Ketonuria
Fatalities

 FORMCHECKBOX 
  Stomach contents

 FORMCHECKBOX 
  Glycosuria

 FORMCHECKBOX 
  Ketonuria

 FORMCHECKBOX 
  Elevated acetone

 FORMCHECKBOX 
  Vitreous hyperglycemia
 FORMCHECKBOX 
  HbA1C > 6%

MISHAP ANALYSIS

 FORMCHECKBOX 
  Any areas identified as red flags?

 FORMCHECKBOX 
  Investigate red flag areas in more detail to answer the following:
 FORMCHECKBOX 
  Were the red flags a factor? 
      (i.e. contributed to eventual outcome)

 FORMCHECKBOX 
  Were the red flags causal? 
(i.e. would the correction, elimination or avoidance of the factor likely presented or mitigated the mishap damage or significant injury?)
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