Lecture 14 





                       PULMONARY CIRCULATION, PULMONARY 
                                   EDEMA AND PLEURAL FLUID 
                                                     Guyton   Ch. 38 

Objectives: 
Completion of this material should provide a basic understanding of 
1. how the pulmonary and systemic circulations differ structurally and functionally 
2. the role of pulmonary capillary function 
3. the role of the bronchial circulation 
4. regional blood flow in the lung 
5. causes of pulmonary edema and pleural effusion 

I. Introduction 
            A.  Function of lung - to match ventilation with perfusion 
                           ventilation - air flow
                           perfusion - blood flow
            B.  Function of pulmonary circulation - to carry deoxygenated blood from the systemic 
                 circulation to the lungs 
                    1. non - metabolic circulation 

                    2. small circulation (9% of circulation) 


                    3. must maintain low pressure with changes in cardiac output 

II. Physiological Anatomy of the Pulmonary Circulation 

A. Right Ventricle - low pressure pump 
          1. wraps around the left ventricles 
          2. crescent shaped 

          3. low pressure     25/8 mm. Hg



B. Pulmonary Vessels - vessels branch like the tracheobronchial tree 

1. Arteries 
        a. thin walls - less muscle and elastin 

        b. arteries are short but have a large diameter 

        c. arteries are very distensible 
                1) arterial compliance 
                            a) total quantity of blood that can be stored in a given portion of 

      the circulation for each mm. Hg. increase in pressure 
                            b) pulmonary arteries more compliant that systemic arteries 


                2) resistance 
                    pulmonary arteries have about 1/10 the resistance of systemic 

       arteries 
                            a) vessels have smooth muscle that is relaxed 
                            b) as blood flow increases ( inc. cardiac output),  resistance 
                                decreases 
                                        * capillary recruitment  - use of capillary reserve 

                                        * distensibility of arteries, arterioles and capillaries in the 
                                          pulmonary circulation 

                            c) influence of lung expansion on blood flow 
                                        *  large vessels are expanded by decrease in pressure 
                                        * capillaries may be compressed by expansion of the 
                                          alveoli 


2. Veins - structurally like veins in the systemic circulation 
                pattern of branching like the tracheobronchial tree 

3.  Capillaries - most extensive capillary network of any organ 
        a. capillaries occupy 70 - 80 % of the alveolar surface 

        b. capillary surface area - 40X body surface area 

        c. flow described as "sheet action" 

        d. systemic capillaries - surrounded by interstitial fluid 


        e. pulmonary capillaries - surrounded by very small area of interstitial fluid            
and primarily by air filled alveoli 

        f. diameter of capillaries and capillary blood flow is determined by the        
relationship between blood pressure and alveolar pressure

C. Bronchial circulation - systemic circulation to all of the thorax except the respiratory bronchioles 
            1. 1-2% of total cardiac output 
            2. provides oxygen to supporting tissues of the lung 
                    a. connective supporting tissue 
                    b. septa 
                    c. large and small bronchioles - down through the terminal bronchioles 
                    d. large blood vessels 
            3. systemic circulation with systemic blood pressures 
            4. drains into the left atrium and the right atrium 
            5. blood in the left atrium is a venous admixture ( 2% deoxygenated blood and 
 
   98% oxygenated blood) 

D. Lymphatic - similar to lymphatic drainage in other areas of the body. 
            1. drains into the right lymphatic duct 
            2. removes tissue fluid, proteins and particulate matter 

III. Blood Pressures in the Pulmonary System 
     Comparison of Systemic and Pulmonary Pressures 

A. Pressure curve in the right ventricle - similar to the left ventricle, pressures are lower 
B. Pressures in the Pulmonary artery - average 25/8 
C. Pulmonary arterial Pulse Pressure - (systolic pressure - diastolic pressure) approx. 17 mm.Hg. 
D. PMAP (DBP + 1/3PP)   approx. 15 mm. Hg. 
E. Pulmonary Capillary Pressure - average 7 mm.Hg. 
E. Left atrial and Pulmonary Venous Pressures 

1-5 mm. Hg. 
measured using pulmonary wedge pressure 

IV. Blood Volume in the Lungs 

A. Lungs as a blood reservoir - NOT part of the venous blood reservoir system) 
            1. can vary from 50% normal to 200% normal 

B. Shift of blood between Pulmonary and Systemic Circulations 
            1. factors that decrease lung blood volumes 



            2. factors that increase lung blood volumes 

V. Blood Flow Through Lungs and its Distribution 
    Blood flow through the lungs is equal to the cardiac output 
    The same factors that affect cardiac output in the systemic circulation affect blood flow through                                               
the pulmonary circulation 

A. Effect of diminished Alveolar Oxygen - "Local Flow Regulation" 
     "local flow control" - pulmonary hypoxic vasocontstriction 
            1. stimulus for smooth muscle constriction is a decrease in alveolar oxygen 

            2. below 70 mm. Hg. oxygen partial pressure marked constriction (normal oxygen 
                partial pressure is 104 mm. Hg. 

            3. blood is shunted from poorly ventilated alveoli to those which are ventilated 

            4. Local blood flow is regulated by the level of ventilation in the alveoli 

B. ANS control of blood flow 
    almost NO ANS control of blood flow in the lungs 

C. Effect of Hydrostatic pressure on blood flow 
            1. hydrostatic pressure causes about a 1mm. Hg. change in blood pressure for 
 
   each cm. difference 


            2. In most lungs the distance from the apex to the base is about 23 cm. and there 
 
   is about a 23 mm.Hg. pressure difference between the apex and the base 
            3. pulmonary venous pressure has no influence on flow unless it is greater than 
                alveolar pressure 
            4. Zones of blood flow - created by the differences in blood pressure from the 
 
   apex to  the base 
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a. Zone 1 -  no flow zone - alveolar pressure is always greater than pulmonary blood pressure 

b. Zone 2 -  intermittent flow - during systole pulmonary pressure is greater than alveolar pressure -  during diastole alveolar pressure is greater than pulmonary pressure 

c. Zone 3 - continuous flow - pulmonary blood pressure is always greater than alveolar pressure

2. Zone 1 flow occurs under abnormal conditions 

3. Effect  of exercise on pulmonary blood flow
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VI. Effect of Increased Cardiac Output on Pulmonary Circulation 
                A. During exercise - cardiac output must increase 4 - 7 fold and so must blood 
                    flow through the lungs 

                B. Q = P/R 

                C. Resistance decreases - 

                D. pressures remain relatively low for the increase in cardiac output 
                            1. conserves energy of right ventricle 
                            2. prevents edema 
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VII. Effect of Heart Failure  on Left Atrial Pressure and Pulmonary Circulation 
                A. Left Ventricular failure 
                            1. left atrial pressure can increase up to 40 -50 mm. Hg, 

                            2. after left atrial pressure exceeds 7 mm. Hg. then pulmonary blood pressure 
                                increases at the same rate 

                            3. pulmonary capillary pressure > 30 mm. Hg. will cause pulmonary edema
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VIII. Pulmonary Capillary Dynamics 

A. Nature of pulmonary capillaries 
"sheet flow"  - 0.3 micrometers separates blood and air 

B. Dynamics of Fluid Exchange 
           1. Differences between systemic and pul. capillaries 

a. pul. capillary pressure low     ( 7mm. Hg.) 
b. lung interstitial pressure more negative  (-8mm.Hg.) 
c. pul. capillaries- "leaky" to proteins 
   interstitial colloidal osmotic pressure high  (14mm. Hg.) 
d. alveolar walls thin and weak 
e. blood passes though capillaries in 0.8 sec ( time of one cardiac cycle at rest)
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2.  Interrelationship between Interstitial Fluid Pressure and Other Pressures in the Lung 




    ____________________________________________       mm Hg    __________ 
Forces moving fluid from capillary into pulmonary interstitium 
Capillary Hydrostatic pressure    7 
Interstitial colloid osmotic (oncotic) pressure 14 
Negative interstitial fluid pressure 8 









29 

____________________________________________________________________ 
Forces tending to cause absorption of fluid into capillaries 
Plasma colloid osmotic pressure                                                                                           28 

Net mean filtration pressure                                                                                          + 1 
________________________________________________________________ 
  

3.  Negative interstitial pressure ( - 8 mm. Hg. )  - keeping alveoli "dry" 
        loss of fluid via evaporation in alveolus 


        lymphatic drainage 


        reabsorption into the distal end of the capillary

IX. Pulmonary Edema
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A. Causes - anything that changes interstitial pressure from negative to positive will cause the interstitial space to fill with fluid 
            1. left ventricular heart failure or mitral valve disease 

            2. damage to the capillary membrane 

            3. blockage of the lymphatics 

            4. decrease in plasma proteins 

B. Pulmonary Interstitial fluid edema vs. Pulmonary Alveolar edema 
            1. only mildest cases - interstitial edema 
            2. almost always alveolar edema 
                        a. acute -  capillary pressures > 28 - 30 mm. Hg. 

                        b. chronic 
                            can expand lymphatic drainage 
                            pressures may get as high as 40 - 45 mm. Hg. before edema occurs 

C. Pulmonary edema safety factor 
            capillary pressure = 7mm. Hg. 
            edema at 28 - 30 mm. Hg. 
            safety factor of 21 - 23 mm. Hg. 

X. Fluids in Pleural Cavity 
              See Fig. 38-9 Guyton 
             A. Negative pressure in the pleural fluid 
                         1. 1 to 4 to 5 cm. H20 

                         2. couples the lungs to the chest wall 
                                *  pneumothorax - when the pleural pressure is = to atmospheric pressure 
                                   lungs are uncoupled 

                         3. maintained by the lymphatic drainage 

B. Pleural Effusion - pleural cavity edema 
            1.  collection of fluid in the pleural spaces 

            2.  limits lung expansion 

