Lecture 19 



   AVIATION, ACCELERATION AND HIGH ALTITUDE
Objectives: 
1. To learn how different partial pressures of oxygen affect blood PO2 levels. 
2. To study the effect of breathing pure oxygen. 
3. To relate altitude to hypoxia and look at the acclimatization to low PO2. 
4. Study the causes and effects of acute and chronic mountain sickness. 
5. Learn the effects of acceleratory forces on the body in aviation and space physiology. 

HIGH ALTITUDE RESPIRATION OR Hypobaric Environment ( low oxygen) 
  
  

                       [image: image1.png]23,000

Alttude 02 Levels
mmHg

0 159





 I. Effects of Low Oxygen Pressure on the Body  -       Hypobaric Environment 

   A. Barometric pressures at different altitudes 
                  1. altitude 
                            a.. 760 mm Hg at sea level with 21% oxygen, 78% nitrogen, 1% other 
                            b. total barometric pressure at any altitude is equal to the weight of air 


      above it 
                            c. because air compresses, change in barometric pressure per change 


      in vertical distance is not a constant 
                    2. hypobaric environment (decrease in barometric pressure) is cause of     

           hypoxia at high altitudes 
                            a. PO2   is still 21% of the barometric pressure 
                            b. water vapor pressure is still 47 mmHg 

                                         10,000 feet         P = 523 mmHg       PO 2  = 109 mm Hg 
                                         30,000 feet         P = 226 mm Hg      PO 2 = 47 mm Hg 

                                         Inhaled, humidified air    P = 226 - 47 = 179 mm Hg. for all 



  other gasses 

                    3.  Alveolar PO2 at different elevations 
  
                                                BREATHING AIR 

	Altitude (ft)
	Barometric P 
	PO2 - Air    
	PCO2 -alveoli         
	 PO2 –alveoli             
	SaO2

	0
	760
	159
	40 (40)
	104 (104)
	97 (97)

	10,000
	523
	110
	36 (23)
	67 (77)
	90 (92)

	20,000
	349
	73
	24 (10)
	40 (53)
	73 (85)

	30,000
	226
	47
	24 (7)
	18 (30)
	24 (38)

	40,000
	141
	29
	
	
	

	50,000
	87
	18
	
	
	


            B. What is the effect of breathing pure oxygen 
                           1. oxygen occupies space formerly taken by nitrogen 
                           2. Note the significant changes in oxygen above 30,000 feet 

 

                                   BREATHING OXYGEN 

Altitude                 PCO2 -alveoli       PO2 - alveoli       SaO2 

	0
	40
	673
	100

	10,000
	40
	436
	100

	20,000
	40
	262
	100

	30,000
	40
	193
	99

	40,000
	36
	58
	84

	50,000
	24
	16
	15


  
     

   3. Ceiling when breathing air or oxygen 
                        a. 23,000 feet for air 
                        b. 47,000 for pure oxygen 
                        c. 50% hemoglobin saturation needed to remain 



  conscious in an unacclimatized person 
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      C. Acute effects of hypoxia 

            1. effects on unacclimatized person similar to alcohol intoxication 
                m emory, judgment, performance 
            2. 12,000 feet - drowsiness, mental an muscle fatigue, 


    sometimes headache, nausea 
                 sometimes euphoria, changes in sleep or insomnia 
                18,000 feet - muscle twitches, seizures, anorexia, GI     

    disturbances 
                23,000 feet - coma, followed shortly by death 

            3. Acclimation - causes fewer deleterious effects on body 
                        a. possible to work harder or to ascend higher w/o 


  hypoxic effects 
                        b. begins after several hours and continues for days, 


  weeks, months and years 
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   D. Acclimation to Low PO2  - Physiological responses to hypoxia 

· increase in ventilation
· increase red blood cell count
· increase diffusing capacity in the lungs
· increase vascularity in tissues
· increase ability of tissues to use oxygen despite low oxygen levels

                    1. Increase in pulmonary ventilation 
                                a. immediate response of the peripheral chemoreceptors to 


          low oxygen increase ventilation by 1.65 times normal 
                                b. after several days up to 5 times normal 
                                    control of alkalosis 
                                    air density 
                     2. Increase in red blood cells and hemoglobin concentration 
                                a. hypoxia - primary stimulus for the secretion of 



          erythropoietin 
                                b. 2 - 6 weeks or longer 
                                            Hematocrit from 40% -45% to 60% 
                                            Hemoglobin from 15g/dl to 19 - 20 g/dl 
                                c. blood volume increases by 20 - 30% 
                                d. oxygen-hemoglobin dissociation curve shifts to the right ( 


          2,3 DPG of RBC) 
                    3. Increase in the diffusing capacity of the respiratory membrane 
                                a. 21 ml/mmHg/min 
                                b. up to 3X normal with exercise and at high altitudes 
                                               1) inc. pulmonary capillary blood volume 
                                               2) inc. in lung volume 
                                               3) inc. pulmonary arterial pressure - VA/Q ratio 



            becomes more ideal at apex of lung 
                    4. Circulatory system - increased capillarity 
                                a. cardiac output initially increases up to 30% 
                                b. increase in hematocrit causes cardiac output to decrease 


          toward normal 
                                c. increase in the number of capillaries in non pulmonary 


          tissues 
                    5. Cellular acclimation 
                                a. animals native to altitudes of 13,000 - 17,000 feet 
                                    # of mitochondria and oxidative enzymes are higher 
                                b. assumed that people who move & live at high altitudes 


          have some acclimation 
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	                 Summary of Adaptive Respiratory Responses to High Altitude


	Parameter
	Response to High Altitude

	Alveolar partial pressure of oxygen
	decreased due to barometric pressure

	Arterial partial pressure of oxygen
	decreased due to barometric pressure

	Ventilation rate
	increased ( hyperventilation due to hypoxemia)

	Arterial pH
	increased (respiratory alkalosis due to hyperventilation)

	Hemoglobin concentration
	increased due to increase in RBC count

	2,3-DPG concentration
	increased

	O2-Hemoglobin dissociation curve
	Shifts to right - decreased affinity for oxygen

	Pulmonary vascular resistance
	increases due to hypoxic vasoconstriction

	Pulmonary arterial pressure
	increases secondary to increased pulmonary resistance


 

   E. Natural Acclimation of Natives born and living at high altitudes 
          Andes and Himalayas   13,000 - 17,000 feet, work at 19,000 feet 
          Acclimation begins at infancy 

                1. chest size increases 
                2. body size decreases 
                3. heart is larger, especially right ventricle 
                4. diminished response to hypoxia 
                5. polycythemia 
                6. Oxygen-hemoglobin dissociation curve is different 
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    F. Work capacity at high altitudes 
        mental depression and muscle weakness occurs 
        exercise level is determined by maximum oxygen uptake 

                17,000 feet                                                Work Capacity 

                unacclimated                                                    50% 
                acclimated                                                        68% 
                native (living at 13,200 ft. &                               87% 
                            working at 17,000 ft. 
  
 

II. Mountain Sickness 
      Acute -  Symptoms are initially related to hypoxia, hypocapnia and 
 
       alkalosis 
     Chronic - Symptoms relating to hypoxia and to the effects of acclimation 
  

            A. Chronic Mountain Sickness 

      1. very high hematocrit 
      2. high pulmonary arterial pressure 
      3. right heart enlargement 
      4. dec. peripheral arterial pressure 
      5. congestive heart failure 
      6. death if not moved to lower altitude

             B. Acute Mountain Sickness 
                Syndrome usually appears 8 - 24 hours after arrival,  lasts 4 - 8 days 
                Usually occurs when there is a fast ascent 
                2% of the population become acutely ill and can die 
                            1. Symptoms related first to hypoxia and alkalosis then to 


      cerebral and/or pulmonary edema, fatigue, irritability, 


      insomnia, breathlessness, nausea, etc. 
                            2. Acute cerebral edema 
                                            a. hypoxia - localized vasodilation of cerebral blood 



         vessels 
                                            b. increase capillary pressure 
                                            c. fluid leaks into cerebral tissues 
                            3. Acute pulmonary edema 
                                Hypoxic Pulmonary Vasoconstriction 
                                            a. constriction of pulmonary arterioles is wide spread 



         but uneven 
                                            b. areas not as constricted have high pressure 
                                            c. local areas of edema occur 
                                            d. if pressure gets very high - "stress failure" and 



         edema fluid will have increased protein and blood 



         cells 
                                            e. extension to wide area of lung can be fatal - 



         responds to oxygen  therapy

II. Effects of Acceleratory Forces on the Body 
      rapid changes in velocity and direction in airplanes and spacecraft 
      forces are linear acceleration, linear deceleration and centrifugal acceleration 

   A. Measurement of Centrifugal Acceleratory Forces 

      1.  Centrifugal force  F = mv2 / r 

      2. + 1 G = regular gravitational force 
                 = to body weight 

      3.. Gravitational force = 3 times body weight = 3 G 
 


[image: image6.png]Centrifugal force

7~

Path of plane




B. Effects of +G on Body and circulatory system 

(Pull out of a dive, pushing against the seat) 
      1. blood moves to lower part of the body 
          5 G - effect of hydrostatic pressure is 5 X normal 
      2. Pooling of mass quantities of blood in lower body 
         and decrease in venous return and cardiac output 
                    Ex. standing- hydrostatic pressure at the feet = 450mmHg 
                          sitting - hydrostatic pressure at the feet = 300 mmHg 
      3. 4-6 G - blackout of vision then unconsciousness 
          if sustained for brief period death will occur
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   C. Effects of -G on the Body and circulatory system 
       (Outside loop, restrained by seat belt) 

      1. increase blood flow to brain 
      2. - 4 to 5 G  in aviation, brief periods lead to hyperemia 
         in the brain and temporary brain edema 
      3. With extreme -G forces cerebral blood pressures of 300 - 400 mm. Hg. can cause 
         blood vessels on surface of the head and brain to rupture 
         Eyes - temporary blindness  "red out"

   D. Protection of body against Centrifugal Acceleratory Forces 
                1. +G - tighten abdominal muscles and lean forward 
                2. Anti - G suit - limits of safety to less than +10 G 

   E. Effects of Linear Acceleratory Forces on the Body 
       Occurs in space travel primarily during blast off and landing
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         1. Blast off - acceleration 
                Use stages of acceleration of short duration  (see diagram) 
                Use semi reclining seats 
         2. Landing - deceleration 
                Also spaced over time 
                MACH 1 - only takes o.12 miles for deceleration 
                MACH 100  - takes 10,000 miles for deceleration

F. Weightlessness in Space 
not the failure of gravity to pull on body but there is no resistance to movement          in space 
                    1. Physiological Problems with weightlessness 
                            a. motion sickness for 2 -5 days 
                            b. translocation of fluids - no hydrostatic pressure 
                            c. decrease in physical activity 

                    2. Effects of a prolonged stay in space 
                        effects reach maximum within the first few days to first few weeks 

           after entering space only bone loss continues for many months 
                            a. decrease in blood volume 
                            b. decrease in RBC 
                            c. decrease muscle strength and work capacity 
                            d. decrease in maximum cardiac output 
                            e. loss of calcium and phosphates from the bone - loss of bone 


      mass 
                            f. orthostatic hypotension 

                    3.  Exercise programs in space can decrease the physiological 

            effects 

 

               Physiology of Deep Sea Diving and Other Hyperbaric Conditions 
                                                                              Chapter 44 

Objectives: 
1. To study the effect of increased pressure on partial pressure of blood gases 
2. To study the effect of nitrogen dissolved in the blood. 
3. To learn about oxygen toxicity 
4. To review the use of hyperbaric oxygen therapy. 

I. Introduction 

    A. Physiological Affects of water pressure 
                    1. Neck deep in water – 
                                        a. Cardiovascular affects 
                                                    1. Increased external pressure causes compression of veins and 
                                                        arteries in the lower body (legs and abdomen 
                                                    2. Increased venous return – increased cardiac output and blood 
                                                        pressure (Bainbridge reflex, increased heart rate as (well) 

b. Respiration affects 
            1. Increased external pressure on the 
                thorax increases the effort required for 
                inspiration, therefore, breathing becomes 
                more shallow and rapid to compensate.

c. Renal affects 
              1. The increase in blood pressure increases renal 
 
     diuresis and hence, increaases  urine output
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  B. Relationship of Sea Depth to Pressure and Air Volume

	Depth     (feet)
	Atmospheres 
	Absolute Pressure 
(mm. Hg.)
	Partial Pressure 
O2                N2 
(Dalton's Law)
	Air Volume (Boyle's Law)

	Sea Level
	1 
	 760 
	160          600 
	 1 liter

	33
	2
	1520
	320        1200
	1/2 liter

	66
	3
	2280
	480        1800
	 

	100
	4
	3040
	640        2400 
	1/4 liter

	133
	5
	3800
	800        3000
	 

	166
	6
	4560
	960        3600 
	 

	200
	7
	 
	 
	near 1/8 liter

	300
	10
	 
	 
	 





C. Effect of Depth on the Volume of Gas -Boyle's Law
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II. Effect of Partial Pressures of Gases on the Body 

 A. Nitrogen Narcosis 
            1. high partial pressure of nitrogen  forces this poorly soluble gas into solution in 
                blood and body tissues ( especially lipids) 
            2. nitrogen diffuses slowly 
            3. at high partial pressures nitrogen affects the CNS 
                depth and time are the two major factors that determine the effect of nitrogen 
                narcosis 

 B. Oxygen Toxicity at high pressures 
            1. High PO2 and blood oxygen transport 
            2. High alveolar PO2 and tissue PO2 
            3. Acute oxygen poisoning 
            4. Chronic oxygen poisoning 

   C. Carbon dioxide toxicity at great depths

III. Decompression of Diver 

   A. Volume of nitrogen dissolved in body fluids at different depths 

   B. Decompression Sickness ( Bends, Compressed Air Sickness, 
       Caisson's Disease, Diver's paralysis, Dysbarism ) 
            1. Cause 

            2. Symptoms 

            3. Rate of Nitrogen elimination from the body - Decompression tables 

            4. Tank decompression and treatment of Decompression 

            5. Saturation diving - Use of helium-oxygen mixtures in deep dives

 

 C.  Barotrauma 
       Change in volume of air in spaces as body increases or decreases absolute         
pressure 

   1. Body cavities 

   2. Pulmonary Barotrauma 
                 a.  "squeeze" going down 
                 b.  air embolism coming up

IV. Hyperbaric Oxygen Therapy 

   A. High Pressure Oxygen - 2-3 atmospheres 
   B. Treatment 
        gas gangrene, leprosy, decompression sickness, carbon 
        monoxide treatment, myocardial infarction


  

  

