Lungs

The Alveoli are Designed for Rapid Gas Exchange
· After branching repeatedly the bronchioles enlarge into millions of alveolar sacs 

· This arrangement produces an enormous surface are for gas exchange 

· Each alveolus is surrounded by a net of capillaries 

· Alveolar cells are thin squamous epithelium; endothelial cells lining capillaries are also thin 

· The diffusion distance from gas in the alveoli to blood cells in the capillaries is very short 

· Blood takes about 1 second to pass through the lung capillaries 

· In this time the blood becomes nearly 100% saturated with oxygen and loses its excess CO2 

Surfactants Prevent the Alveoli From Collapsing
· At air/water interfaces there is a high surface tension 

· The high surface tension would cause the alveoli to collapse, but this is prevented by surfactants 

· Surfactants are detergent-like phospholipids which accumulate at the air/water interface and lower the surface tension 

· Reduced surfactant causes respiratory distress syndrome (seen in premature infants and some older persons) 

Some of the Lung Air is Dead Space and Does Not Exchange Gases
· Only the air in the alveoli can exchange O2 and CO2 with the blood 

· When you breath in the first 150 mL fills tubes which are outside of the alveoli (trachea, bronchi, bronchioles, etc.)

· This part of the tidal volume is called the anatomical dead space- it does not participate in gas exchange 

· There is also a functional dead space- not all of the alveoli are perfused with blood; air in these alveoli doesn't exchange with the blood and is part of the dead space 

Rapid Shallow Breathing is a Bad Clinical Sign
· The amount of air reaching the alveoli with each breath is the tidal volume minus the dead space. Suppose you have a TV of 500 mL and a dead space of 150 mL:

· Air to Alveoli = tidal volume - dead space 

· Air to Alveoli = 500 mL - 150 mL = 350 mL

· To get the alveolar ventilation multiply this number by the breathing frequency. Suppose you are breathing at a rate of 15 breaths/min

· Alveolar Ventilation = Frequency X (TV - dead space) 

· Alveolar ventilation = 15 breaths/min X 350 mL/breath = 5250 mL/min

· Consider a group of patients with the same pulmonary ventilation: 

	 Patient
	 Tidal
Volume
	 Breathing
Frequency
	 Pulmonary
Ventilation
	 Dead
Space
	 Alveolar 
Ventilation

	 1
	 1000 mL
	 6 per min
	 6000 mL/min
	 150 mL
	 5100 mL/min

	 2
	 500 mL
	 12 per min
	 6000 mL/min
	 150 mL
	 4200 mL/min

	 3
	 300 mL
	 20 per min
	 6000 mL/min
	 150 mL
	 3000 mL/min

	 4
	 200 mL
	 30 per min
	 6000 mL/min
	 150 mL
	 1500 mL/min

	 5
	 150 mL
	 40 per min
	 6000 mL/min
	 150 mL
	 0 mL/min


· If you were monitoring only the pulmonary ventilation you might conclude that these patients were all equally well off, but this is not so 

· The last 2 patients have extremely low alveolar ventilations and have serious oxygen deficiency problems 

· Rapid shallow breathing can be a danger sign 

· Test your understanding by calculating pulmonary and alveolar ventilation for a person with a tidal volume of 700 mL, a dead space of 160 mL and a breathing frequency of14 breaths/min. Check your answers. 

The Main Stimulus to Breathing at Sea Level is the CO2 Content of the Blood
· CO2 and pH are monitored by chemical receptors in then carotid sinus and the medulla 

· A rise in CO2 stimulates breathing and the pulmonary ventilation increases 

· This can be shown by a simple breath-holding test: 

	 
	 CO2 level
	 Breath-Holding, Seconds

	 After quiet breathing
	 Normal
	 80

	 After hyperventilating
	 Low
	 128

	 After breathing into
a plastic bag
	 High
	 28


· High CO2 (and low pH) causes the subject to breath sooner in this test 

· Breathing is also stimulated by low blood O2, but this effect is usually not very significant below high altitudes. 

Gas Concentrations Are Expressed as Partial Pressures
· Gas pressure is caused by gas molecules hitting the walls of the container 

· In a mixture of gases each gas contributes to the pressure according to its concentration 

· If a gas is 50% of the total it produces 50% of the pressure 

· In air the approximate gas concentrations are N2 = 80% and O2 = 20%. 

· N2 produces 80% of the pressure and O2 20% of the pressure
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· Gases dissolved in blood and other fluids are also expressed as partial pressures 

· If oxygen dissolved in water is in equilibrium with the air above the solution, they are said to have the same partial pressure 

At High Altitude the Gas Partial Pressures Fall
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· Data for the graph is from Michael Ward. Mountain Medicine. London, 1975. 

· As you climb up a mountain the air pressure drops (there is less air above you) 

· The highest mountain is Mt. Everest at 29,028 feet (8850 meters) 

· Up to the mesopause at about 250,000 feet the fractions of nitrogen and oxygen in the atmosphere do not change 

· To calculate a partial pressure at altitude multiply the total pressure by the fraction of the gas. The pO2 on Mt. Everest is: 

· pO2 = 0.2 X 236 = 47 mm Hg 

· Suppose you go on a mountaineering expedition to 22,000 feet. Use the graph to determine the barometric pressure. Also calculate the partial pressures of oxygen and nitrogen. Check your answers. 

Gas Exchange Occurs from High to Low Partial Pressures
· From the air to the mitochondria in tissues oxygen diffuses from a high concentration (high pO2) to a low concentration (low pO2) 

· In the alveoli the partial pressure of oxygen is less than that of the air because alveolar gas is diluted with carbon dioxide and water vapor 

· Alveolar pO2 = 105 mm Hg at sea level 

· The lung capillary blood is nearly in equilibrium with alveolar oxygen, pO2 = 100 mm Hg 

· In the tissues oxygen is low because it is being used. Typical tissue pO2 = 30 mm Hg. 

· For carbon dioxide the gradients are reversed. CO2 is high in the tissues where it is produced and is low in the air (.03%) where it is dumped 

More Information
Mountaineers and divers go into regions where the barometric pressure is very different from that at sea level. For these groups of people a knowledge of partial pressures of gases (especially pO2) is necessary for survival. Two good websites dealing with mountaineering physiology and diving physiology are:
· The High Altitude Medicine Guide, created by Thomas Dietz. 

· Underwater Sports World has a diving physiology page with useful information. 

