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Pulmonary Lecture 9: Extreme Conditions  

  

At the end of the lecture, you should be able to:  

- Explain how changes in atmospheric pressure affect gas exchange  

- Apply the alveolar gas equation to the situation at high altitudes  

- Describe the physiological response to high altitudes  

- Describe how high pressures influence gas exchange  

- Define the diving response  

- Describe pathophysiological mechanisms leading to injury and death while diving   
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The lung under extreme conditions – high altitude and high pressures  

  

HIGH ALTITUDE  

  

Barometric pressure and thus inspired PO2 decrease with altitude.  
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The graph shows PO2 values from inspired air to mixed venous blood at sea level and in 
residents at an altitude of 4600 m. In spite of the lower inspired PO2 at 4600 m, the PO2 of the 
mixed venous blood is only 7 mmHg lower.  

The physiological response to high altitude:  

  

- Hyperventilation  

- Polycythemia  

- Rightward shift of O2 binding curve due to 2,3 DPG o at higher altitudes leftward 

shift (alkalosis)  

- Maximal breathing capacity increases as air is less dense  

- Alveolar hypoxia results in pulmonary vasoconstriction o right heart hypertrophy 

and pulmonary edema !  

- Acute Mountain Sickness: headache, fatigue, dizziness, nausea o can progress 

to high altitude pulmonary edema high altitude cerebral edema  

- Chronic mountain disease: polycythemia, fatigue, reduced exercise tolerance, 

hypoxemia  

  
  
  

HIGH PRESSURES - DIVING  

  

Pressure doubles with every 10 m/33 ft. below water.  
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Diving response  

  

- detectable in all air breathing vertebrates  

- induced by apnea  

- peripheral vasoconstriction due to sympathetic activity  

- initial hypertension  

- vagally induced bradycardia and reduction of the cardiac output  

- results in oxygen sparing effects  

- enhancement of hemoglobin concentration of circulating blood by splenic 

contraction  

  

Hypoxic loss of consciousness (LOC) occurs at PO2: 20 – 25 mmHg.  

  

Breath holders die every year due to preventable pathophysiological mechanisms:  

  

- Hyperventilation o reduces CO2 drive to breath  

o loss of consciousness occurs without forewarning because the week 

respiratory stimulus from hypoxia is voluntarily overridden  

  

- Ascent blackout (hypoxia of ascent) o reduction of water pressure and gas 

pressure  

For example, at a depth of 40 m under water, pressure is 5 x the pressure at 

sea level (= 5 x 760 mmHg = 3800 mmHg) and PO2 in the lungs is 749 mmHg. 

PO2 is still 60 mmHg when the fraction of O2 in the lung has been reduced 

from 21% to 1.6%. When the diver ascents to 10 m under water, PO2 will be 

23 mmHg, which may result in LOC.  

  

- Carbohydrate depletion (less CO2 production)  
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Schematic of how pressure equilibrium between the chest cavity/lung air and water 

surrounding the body is achieved (A-C) and lost (D, from left to right).  

A: The dive starts by inhalation to total lung capacity (TLC) before submersion; vital capacity 
(VC) represents the portion of TLC that can be used for pressure equilibration. The 
manometer indicates overpressure in lung air relative to the ambient atmosphere due to 
inward recoil of chest and lungs; the residual volume (RV) represents the “noncollapsible” 
fraction of TLC; the normal intrathoracic blood volume (ITBV) (in the vascular bed and heart) 
is modest in size; the extrathoracic blood volume is labeled (ETBV). B: beginning of descent 
with pressure equilibrium relative to ambient water maintained, as indicated by manometer, 
by compression of chest and some translocation of blood from ETBV to ITBV. C: at greater 
depth the limits of mechanical compression of chest wall and stretching of diaphragm have 
been reached, but further compression of lung air and maintenance of pressure equilibrium 
is achieved by redistribution of large volume of blood from ETBV to ITBV. D: with further 
descent, the dispensability limit of the blood-containing structures in the chest may be 
reached, an underpressure develops in the lung relative to the ambient water and therefore 
to the ITBV with possible extravasation of fluid (pulmonary edema; not shown) and bleeding 
due to capillary rupture.  

At high pressures:  
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Key concepts: Extreme Conditions  

  

• The most important problem at high altitude is low PO2, the most important 

acclimatization to high altitude is hyperventilation.  

• Polycythemia develops slowly in high altitude, but increases the O2 concentration in the 

blood.  

• Alveolar hypoxia at high altitude can result in pulmonary vasoconstriction, right heart 

hypertrophy and pulmonary edema.Hyperventilation and ascent blackout are important 

preventable physiological mechanisms that lead to death during  breath hold diving.  

• Following deep diving, decompression sickness may occur due to formation of N2 

bubbles. At high pressures, N2 and O2 affect the CNS (inert gas narcosis, CNS toxicity), 

O2 affects the lung.   


