Lecture 15 



PULMONARY VENTILATION

OBJECTIVES: 
1. Describe the functions of the respiratory system. 
2. Review the anatomical and histological specializations of the system. 
3. Learn how the pressures, compliance and musculature are important in pulmonary ventilation. 
4. List the pulmonary volumes and capacities. 
5. Learn to calculate minute respiratory volume and alveolar ventilation. 

I. Introduction to Respiratory Function 

   
A. Gas exchange 


   
B. Acid-base balance 


   
C. Phonation 


   
D. Metabolism 

II. Functions of Respiratory Passageways 

   A. Nasal cavity - "air conditioning functions" 
            1. temperature 

            2. humidity 

            3. filtration 

   B. Mucous  coat and cilia 

   C. Pharynx, Larynx 

   D. Trachea-bronchi-bronchioles 

      
1. Muscular wall of bronchi and bronchioles 

      
2. Resistance to air flow in bronchial tree 

      
3. Zones in bronchial tree (conductance/respiratory)
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 4.  Cross-sectional area and resistance to airflow



a.  area of bulk flow



b.  area of diffusion
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c.  resistance to air flow
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5. Structural changes in bronchial tree from bronchi to  terminal bronchioles 
            

a. cartilage 


            

b. smooth muscle 


6. terminal respiratory unit - functional unit 
      respiratory bronchiole, alveolar ducts, alveolar sacs and alveoli

 

7.  Resistance to air flow
             
a.  lung volume

             
b. bronchial smooth muscle

             
c.  viscosity  and density of air ( deep  dive)

E. Control of bronchiolar musculature 

      
1. ANS 
            

a. Sympathetic - little or no direct effect 

           

b. Parasympathetic - low level smooth muscle constriction and an increase in

                


       mucus production  (significant with asthma and emphysema) 


      
2. Humoral - found in blood 
            

a. catacholamines are released from the adrenal glands as a result of a 

              
    sympathetic response 

            

b. catacholamines are potent bronchial smooth muscle dilators 

      
3. Local - at the tissue level 
            

a. histamines - smooth muscle constriction 
            

b. SRA - smooth muscle constriction 
      
4. Irritants - brief parasympathetic response that is protective 

III. Mechanics of Pulmonary Ventilation  - negative pressure breathing 

A. Muscles that cause lung expansion – development of a pressure gradient between the 

    atmosphere and the alveoli 
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1. Boyle’s Law    P = 1/V 


      


2. Negative pressure breathing
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a. resting inhalation - active 


b. passive exhalation - passive


      

3. Forced breathing


   


B.  Respiratory Pressures (cause movement of air in and out) 
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1. Pleural Pressures (Intrapleural pressure) 
                 Coupling of lung and chest wall 


             2. Alveolar Pressure (intraalveolar pressure) 


             3. Transpulmonary (transmural) or Recoil Pressure 
                       Measure of elastic force that tends to collapse the lung





 

                      

  



C. Compliance of Lungs 

1. Defined: 200ml. of air movement/cm. of water pressure increase in transpulmonary pressure
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2. Factors that determine lung compliance 

the tendency of the lungs to collapse 

                     

 1/3 - elastin and collagen
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 2/3 - caused by surface tension


       

3. Surfactant
                                            

      



a. principle of surface tension 


         



b. structure 


        



c. action of surfactant
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4. Stabilization of Alveoli 
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 a. surfactant 

        


 b. interdependence 




         


c. fibrous septa

V. Effect of the Thoracic Cage on Lung Expansion 

                 

                          

    



A. Compliance of Thorax and Lungs Together 

    
B. Work of Breathing - Lungs
      

1. Compliance work 


       

2. Tissue resistance work 

       

3. Airway resistance work


   
C. Work of Breathing - Thorax

V. Pulmonary Volumes and Capacities - Spirometry 



                            

  
  

A. Pulmonary volumes 

      1. TV - tidal volume  


      2. IRV - inspiratory respiratory volume 


      3. ERV - expiratory respiratory volume 


      4. RV - residual volume


   B. Pulmonary capacities 

      1. IC - inspiratory capacity   ( IRV + TV) 

      2. FRC - functional residual capacity  (ERV + RV) 


      3. VC - vital capacity (IRV + TV + ERV) 


      4. TLC - total lung capacity (IRV + TV + ERV + RV)



VI. Minute Respiratory Volume  (MRV) 

breathing rate   X   TV  (VT) 
12 breaths/min.   X   500 ml.=  6 L./min. 

VII. Alveolar Ventilation 
      rate air reaches functional unit


A. Quiet breathing 

   
B. Dead space 

      

1. Anatomical dead space  ( VDS ) 
          


1ml./lb. body weight (ideal) 

      

2. Alveolar dead space 

      

3. Physiological dead space -  alveolar dead space + anatomical dead space

   

C. Rate of Alveolar Ventilation 

      VA = rate (freq.)  X   (VT - VDS) 

    
12 b/min     X   (500 ml. - 150 ml.) 
    
12   X  350 = 4200 ml.

