
ALTITUDE PHYSIOLOGY REVIEW

Lesson Plan and Program Text

I.  Introduction


A.  Annual Review of Altitude Physiology


B.  References:

FM 1-301, Aeromedical Training for Flight Personnel, May 1987



AR 40-8, Temporary Flying Restrictions Due to Exogenous Factors


C.  Review the attached information and complete the written exam.  

II.  Outline:


A.  Identify the Physiological Zones of the Atmosphere.


B.  Identify the types of Hypoxia and the Altitudes associated 


C.  Describe Hyperventilation and how it differs from Hypoxia


D.  Ear and Sinus Trapped Gas Dysbarism


E.  Identify Evolved Gas Dysbarism / Decompression Sickness

III. Lesson Plan:


A.  Identify the Physiological Zones of the Atmosphere



(1).  The Atmosphere is a mixture of gases and water vapor that surrounds the earth's surface, extending from the surface to approximately 1,200 miles. 



(2).  There are 3 physiological zones of the atmosphere.  The primary basis for these zones is the pressure changes that take place in the human body.

(a)  Efficient zone.  Extends from sea level to 10,000 feet.




(b)  Deficient zone.  Extends from 10,000 to 50,000 feet.




(c)  Space equivalent zone.  Extends upward from 50,000 feet.



(3).  Composition of the atmosphere. 




(a)  Nitrogen (N2):  78%.  Most plentiful in the atmosphere.  Essential building block of life but not readily used by the body (inert gas).




(b)  Oxygen (O2).  21%.  




(c)  Other gases:  1%.  Carbon dioxide (CO2) - con​tained in the other 1% of gases and is essen​tial to human life.  (.03% of that 1% is CO2.)

B.  Identify the types of Hypoxia and the Altitudes involved. 



(1).  Hypoxia - a condition that results from an insuf​fi​cient amount of oxygen (O2) in the body or the inability of the body to utilize the oxygen available

(2).  The four types of Hypoxia: Hypemic, Stagnant, Histotoxic, and Hypoxic.




(a)  Hypemic Hypoxia - caused by a reduction in the O2-carrying capacity of the blood.  The most common causes are anemia and blood loss.  Carbon monoxide from smoking and exhaust fumes are potentially dangerous to the aviator.  Nitrates and sulfa drugs also cause this type by forming compounds with hemoglobin that block its ability to attach O2 for transport.  NOTE:  Hemoglobin has an affinity for CO 200 times greater than O2.




(b)  Stagnant Hypoxia - reduction in systematic or regional blood flow.  Caused by heart failure, shock and the venous pooling of blood found during positive-G maneuvers.  In addition, environmental extremes, prolonged sitting and restrictive clothing can produce local stagnant Hypoxia.




(c)  Histotoxic Hypoxia - results from interference with the use of O2 by body tis​sues.  Alcohol, narcotics, and certain poisons, such as cyanide, interfere with the cells' ability to use an otherwise adequate supply of O2.




(d)  Hypoxic Hypoxia - occurs when there is insuffi​cient O2 in the air that is breathed or when conditions prevent the diffusion of O2 from the lungs to the blood stream.  This is the type that is most likely to be encountered at altitude.



(3).
Signs and symptoms.




(a)  Symptoms, which are subjective in nature, are observable by the individual air crew member in themselves.  Table 1 lists some examples.

NOTE:  Each person will usually experience similar symptoms each time Hypoxia occurs.  This is why the altitude chamber is an excellent training aid.




(b)  Signs are observable by the others and, therefore, are considered objec​tive in nature.  Examples include those listed below in Table 1.

Symptoms of Hypoxia
Signs of Hypoxia
Symptoms of Hyperventilation

Air hunger or breathlessness
Increased rate and depth of breathing
Tingling sensations. 

Apprehension (anxiety)
Cyanosis
Muscle spasms

Fatigue
Mental confusion
Hot and cold sensations

Nausea
Poor judgment
Visual impairment

Headache / Dizziness
Loss of muscle coordination
Dizziness

Hot and cold flashes
Unconsciousness
Unconsciousness

Euphoria
Slouching


Belligerence (anger)



Blurred vision / Tunnel vision



Numbness / Tingling



Denial



Table 1


(4).  Stages - Indifferent, Compensatory, Disturbance, and Critical.




(a).  Indifferent stage.





1.  Altitude – sea level to 10,000 feet.





2.  Night vi​sion will deteriorate at about 4,000 feet.  The eyes have a great need for oxygen.  To compensate, your heart and breathing rate increase to improve circulation to the brain and heart.




(b).  Compensatory stage.  The circulatory system, and to a lesser degree, the respiratory system, pro​vide some defense against Hypoxia in this stage.  Pulse rate, systolic blood pressure, circulation rate, and cardiac output increase.





1.  Altitude--10,000 to 15,000 feet.





2.  Symptoms.  Symptoms may include; impaired efficiency, drowsiness, poor judgment and decreased coordination.




(c).  Disturbance stage.  In this stage, the physio​logical responses can no longer compensate for the O2 deficiency.





1.  Altitude - 15,000 to 20,000 feet.





2.  Symptoms.





a.  Sensory.  Peripheral and central vision is impaired and visual acuity is diminished.  The sensations of touch and pain are diminished or lost.  Hearing will be one of the last senses to be lost.





b.  Mental - intellectual impairment is an early sign that often prevents an individual from recognizing disabilities.





c.  Personality - may be a release of basic personality traits and emotions as with alcohol intoxication (i.e. Happy Drunk vs. Mean Drunk).




d.  Performance (psychomotor functions) will deteriorate.  Symptoms may include:  Decreased coordination and flight control as well as speech and hand writing abilities.





3.  Signs.  Signs include hyperventilation and cyanosis




(d).  Critical stage.  Occurs at altitudes above 20,000 feet.  Within 3 to 5 minutes, judg​ment and coordination deteriorate.  Signs will include loss of consciousness, convulsions and potentially death.  



(5).  Factors modifying Hypoxia symptoms.




(a)  Pressure altitude - determines the PO2 in the lungs.




(b)  Rate of ascent - at rapid rates, high altitudes can be reached before serious symptoms are noticed.




(c)  Time at altitude (exposure duration) - usually the longer the duration of exposure, the more detrimental the effects.  The higher the altitude, the shorter the exposure time required before symptoms occur.




(d)  Temperature - exposure to cold weather extremes reduces the tolerance to Hypoxia by virtue of the increase in metabolic workload.  Hypoxia may develop a lower altitudes than usual.




(e)  Physical activity - as physical activity increases, demand for O2 increases.  This increased O2 demand causes a more rapid onset of Hypoxia.




(f)  Individual factors - an individual's suscepti​bility to Hypoxia is greatly influenced by metabolic rate, diet, nutrition, and emotions.




(g)  Physical fitness - an individual who is physi​cally conditioned will normally have a higher tolerance to altitude problems than one who is not.  




(h)  Self-imposed stresses - smoking and alcohol in​crease an individual’s physiological altitude and therefore reduce their tolerance ceiling.



(6).  Expected Performance Time (EPT) - The time a crew member has from the interruption of the O2 supply to the time when the ability to take corrective action is lost.

(a).  The EPT varies with the altitude at which the individual is flying

Altitude
EPT

FL 500 and Above
9-12 Seconds

FL 430
9-12 Seconds

FL 400
15-20 Seconds

FL 350
30-60 Seconds

FL 300
1-2 Minutes

FL 280
2 ½ -3 Minutes

FL 250
3-5 Minutes

FL 220
8-10 Minutes

FL 180
20-30 Minutes

Table 2



(b)  EPT while flying in a pressurized cabin is reduced  by one-half fol​lowing loss of pressurization such as in a rapid decompression (RD).



(7).  Prevention of Hypoxia (Hypoxic).




(a)  Limit time at altitude (AR 95-1).




(b)  Use supplemental O2.




(c)  Use pressurized cabin.



(8).  Treatment of Hypoxia.




(a)  O2.




(b)  Descend to a safe altitude.

C.  Describe Hyperventilation and how it differs from Hypoxia. 



(1).  Hyperventilation - an excessive rate and depth of respira​tion leading to abnormal loss of CO2 from the blood.



(2).  Causes.  Hyperventilation can be caused by emotions (fear, apprehension, or excitement), pressure breathing and Hypoxia.



(3).  Symptoms – Symptoms of hyperventilation are similar to those of Hypoxia and are listed in Table 1.



(4).  Differences with Hypoxia.  Hyperventilation usually occurs below 10,000 feet and may be characterized by muscle spasms.  Hypoxia, however, will normally occur above 10,000 feet and may cause cyanosis (blueness of the skin).  



(5).  Corrective action.




(a)  Above 10,000 feet--assume Hypoxia and treat accordingly.





1.  100% O2--if available.





2.  Descend to a safe altitude.




(b)  Below 10,000 feet--assume hyperventilation and treat accordingly.  Voluntary reduction in rate and depth of respiration, avoid panic and go on 100% O2.

D.  Ear and Sinus Trapped Gas Dysbarism. 



(1).  Dysbarism - A syndrome resulting from the effects of a pressure differential between ambient barometric pressure and the pres​sure of gases in the body.



(2).  Two types of dysbarism.  The two types of dysbarism are trapped gas and evolved gas disorders.



(3).  Trapped gas dysbarism.




(a)  Boyle's Law - The volume of a gas is inversely proportional to its pressure, temperature remaining constant.




(b)  Dry gas conditions - Under dry gas conditions, the atmosphere is not saturated with moisture. 




(c)  Wet gas conditions - Gases within the body are saturated with water vapor.  Under constant temperature and at the same altitude and baro​metric pressure, the volume of a wet gas is greater than the volume of a dry gas.

(4).   Trapped gas disorders of the gastrointes​tinal tract.




(a)  Mechanism - the stomach and intestines contain gas, which expands during ascent causing gas pains.




(b)  Prevention.





1.  Watch your diet (avoid gas-producing foods).





2.  Avoid large amounts of liquids.





3.  Don't chew gum during ascent.





4.  Keep regular bowel habits.




(c)  Treatments.





1.  Belching.





2.  Passing flatus.





3.  Descent to a lower altitude (if pain persists).



(5).  Ear blocks (trapped gas disorders of the middle ear).




(a)  Mechanism.  





1.  As pressure decreases during ascent, the ex​panding air in the middle ear is intermittently released through the Eustachian tube.





2.  During ascent, the change in pressure within the ear may not occur automatically.





3.  With the increase in barometric pressure during descent, the pressure of the external air is higher than the pressure in the middle ear and the eardrum is forced inward.




(b)  Prevention.





1.  The most common complaint of crew members is the inability to ven​tilate the middle ear.  This occurs when the Eustachian tube or its opening is swollen shut as the result of an inflammation or infection due to a head cold, sore throat, middle ear infec​tion, sinusitis, or tonsillitis.





2.  Unless absolutely necessary, crew members with colds or sore throats should not fly.




(c)  Treatments - same as sinus block below.



(6).  Sinus blocks (trapped gas disorders of the sinuses).




(a)  Mechanism.  Sinuses are connected with the nose by means of one or more small openings.  If the openings into the sinuses are normal, air passes into and out of these cavities without difficulty and pressure equalizes.  If these openings become ob​structed it may become diffi​cult or impossible to equalize the pressure.




(b)  Prevention - avoid flying with a cold or congestion.




(c)  Treatment (ear/sinus block).





1.  Stop descent and attempt to clear by valsalva.





2.  If the condition is not cleared, climb to altitude until cleared by pressure change or valsalva.





3.  Reduce rate of descent and equal​ize ear/sinus frequently during descent.

NOTE:  To avoid overpressurization of the middle ear, crew members should never attempt a Valsalva during ascent.



(7).  Barodontalgia (trapped gas disorders of the teeth).




(a)  Mechanism - change in barometric pres​sure can cause a toothache, due to trrapped air in the tooth by recent dental work. 




(b)  Prevention--avoid flying following dental work.




(c)  Treatment - descent usually brings relief.

E. Identify Evolved Gas Dysbarism / Decompression Sickness



(1).  Evolved Gas Dysbarism (decompression sickness).




(a)  Henry's Law - The amount of gas dissolved in a solution is directly proportional to the pressure of the gas over the solution.  This is similar to gas being held under pressure in a soda bottle.  When the cap is removed, the liquid inside is exposed to a lower pressure; therefore, gases escape in the form of bubbles.  Nitrogen (N2) in the blood behaves in the same manner.  Evolved gas disorders are also known as decompression sickness (DCS).




(b)  Mechanism.





1.  Inert gases in body tissues (principally N2) are in pressure equilibrium with the same gases in the atmosphere.





2.  As barometric pressure decreases, the par​tial pressures of atmospheric gases decrease proportionally, leaving the tissues tempo​rarily supersaturated.





3.  The body attempts to establish a new equilibrium by transporting the excess gas volume in the venous blood to the lungs.





4.  This is an inefficient system of removal and could lead to an evolved gas disorder.



(2).  The four types of evolved gas disorders are the bends, parathesia, the chokes, and CNS disorder.



(3).  Bends.




(a).  Occurs when the N2 bubbles become trapped in the joints.  Pain may be mild but it can become deep and eventually intolerable.




(b).  Severe pain can cause loss of muscular power of the extremity involved and, if allowed to continue, may result in bodily collapse.




(c).  The larger joints, such as the knee or shoulder, are most frequently affected.  The hands, wrists, and ankles are also common sites.




(d).  It may occur in several joints simulta​neously and worsen with movement.



(4).  Parathesia (creeps/tingles).  Tingling and itching sensations on the surface of the skin are the primary symp​toms of parathesia.  Parathesia is caused by N2 bubbles forming along the nerve tracts leading to the affected areas.  A mottled red rash may appear on the skin.



(5).  Chokes.  The chokes are characterized by an uncontrollable desire to cough, but the cough is ineffective and nonproductive.  The symptoms are probably caused by innumerable small N2 bubbles that block the smaller pulmonary vessels.  At first, a burning sensation is noted under the sternum.  As the condition progresses, the pain becomes stabbing with deep inhalation.  The sensation in the chest is similar to what one experi​ences after completing a 100 yard dash.  Short breaths are necessary to avoid distress.  Finally, there is a sensation of suffoca​tion; breathing becomes more shallow and the skin has a bluish coloration.



(6).  CNS disorder.




(a).  In rare cases when aircrews are exposed to high altitude, symptoms may indicate that the brain or the spinal cord is affected by N2 bubble formation.




(b).  The most common symptoms are visual dis​turbances, varying from blind spots to the flashing or flickering of a steady light.




(c).  Other symptoms may be a dull-to-severe headache, partial paralysis, the inabil​ity to hear or speak, and the loss of orientation.




(d).  Paresthesia, or one-sided numbness and tingling, may also occur.




(e).  Prevention includes denitrogenation and cabin pressurization.




(f).  Treatment.





1.  Descend to ground level.





2.  100% O2.





3.  Seek medical advice/assistance.





4.  Compression therapy.



(7).
Aircrew restrictions.




(a)  IAW AR 40-8, crew members will not fly for 24 hours after SCUBA diving.





1.  Excessive N2 uptake by the body occurs in using compressed air.





2.  Flying at 8,000’ within 24 hours after SCUBA diving at 30’ subjects an individual to the same factors a non-diver faces when flying unpressurized at 40,000’.  N2 bub​bles form in the circulatory system.




(d)  After any training in the hypobaric chamber, crew members are restricted from any strenuous activity or prolonged duty for a period of 12 hours.  This is regardless of altitude reached in the altitude chamber.
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