Introduction to Respiratory Physiology
(a) Type I cell- lining cells

(b) Type II cell- secretes surfactant that lines alveoli and helps with alveoli stability

(c) Resistance to breathing is affected by the arrangement of the airways; the more parallel airways you have, the more the resistance decreases

(d) 21% of 760 gives a pO2 of about 160

(e) Balance between the perfusion (taking O2 into blood) and ventilation (putting O2 into alveoli) is called the ventilation-perfusion ratio (VQ ratio).

(f) The value of the alveolar pO2 is determined by the balance between ventilation and perfusion.

(g) If we had an obstruction in upper airways and slowed down delivery of oxygen, we would decrease ventilation.  But the blood flow is normal, and thus pO2 in alveoli will decrease because the rate of removal is determined by the blood flow.  O2 is being removed at same rate, but being delivered at a slower rate.

(h) If we have normal rate of ventilation, but an abnormal perfusion (embolus in pulmonary artery) then the pO2 will increase.

(i) Can change ventilation-perfusion ratio, by changing either ventilation or perfusion.

i. Increase ratio, pO2 increases

Decrease ratio, pO2 decreases

2) Pulmonary vein has pO2 that is a little bit less than alveolar because of ventilation-perfusion abnormalities that we will get into later. (West fig 5-2)

(a) It is a mixture of all of the blood from the pulmonary capillaries.

(b) Pulmonary capillaries perfuse the alveoli.

(c) Thus each alveolus has its own ventilation-perfusion ratio.

(d) Some parts of lung have high and some have low ratios.  When you mix them all together, you get a little drop in the pO2 of the mixture.

(e) Ventilation-perfusion abnormalities are one of the main causes of hypoxemia (decrease of O2 in blood) in pulmonary patients.

3) There is another further drop between pulmonary veins and arterial blood. (West fig 5-2)

(a) A result of an anatomic shunt that we all have.

(b) Shunt blood is blood that went through the lung, but did not have any gas exchange.

(c) If blood going into the lung is venous blood (pO2=40), and does not go past a gas exchange area, the pO2 would stay the same.

(d) Most of the blood going into the arterial blood came from the gas exchange area, but the little bit that went through the shunt also enters.  This results in the little bit of further decrease of pO2 in blood. 
(e) Hypoventilation

i. Ventilation is inadequate for the gas exchange levels

ii. Keep blood flow constant but decrease ventilation; the alveolar pO2 will drop and pCO2 will go up

iii. One of the main causes of hypoxemia

iv. Reasons you could hypoventilate are mechanical problems in the lung (emphysema, asthma, etc.).  You could have central nervous system defects, which decrease the drive for breathing.

A. total ventilation = tidal volume x frequency (breaths/minute)
B. alveolar ventilation =  (tidal volume – dead space volume) x frequency
for every 500ml of air inspired (tidal volume), only 350ml of it reaches the alveoli.  150ml remains in the dead space

C. functional residual capacity (FRC) – post expiration air volume.

1. this is the amount of air that is left in the lungs after a normal expiration.  A forced expiration depletes part of this.

2. acts as a buffer to keep PO2 in alveoli around 100 mmHg

a. the amount of inspired fresh air (350 ml) is only about 10% of the total lung volume at the end of inspiration (about 3000ml).  

b. Fluctuations in ventilation rate or amount will not affect the PO2 at the alveoli because of the FRC

c. This is important for efficient diffusion of oxygen into blood

3. tidal volume + inspiratory reserve(takes effort) = total lung capacity

D. maximal expiration – measures residual volume

1. the amount of air expired beyond FRC is the expiratory reserve volume (*requires effort)

2. FRC – expiratory reserve = residual volume 

E. CO2 concentrations (Fig. 2-5)

1. no CO2 in the dead space after inspiration (because no gas exchange)

2. all expired CO2 comes from alveolar gas 

a. measure volume of CO2 exhaled per unit time = V CO2
b. figure fractional concentration:  F CO2 = % CO2 / 100
3.  alveolar ventilation = CO2 output / fractional concentration

VA = (V CO2 x 100) 



% CO2
F. Dead Space Ventilation (Fig. 2-6)

1. dead space ventilation = dead space volume x frequency

a. subtract this (VD) from total expired ventilation (VE) to get alveolar ventilation (VA)

b. if no dead space, VE = VA

c. Alveolar Ventilation Equation

PA CO2 = (863)  VCO2


      VA

d. Bohr’s dead space equation

VD = PA CO2 – PE CO2
VT      
       PA CO2
*where PA is alveolar and PE is expired, (863) is a constant

e. alveolar partial pressures are often used interchangeably with arterial partial pressures

f. we have voluntary control over our PCO2
II. Alveolar Gas Equation (in notes)

A. PAO2 = FIO2 (PB-47) – (PACO2/R)

1. FIO2 (PB-47) is just the PO2 of inspired air = 150 mmHg at sea level

2. R is the respiratory exchange ratio

B. This equation explains the relationship between PAO2 and PACO2
1. since we have voluntary control of PACO2, we can change this to increase or decrease PAO2
2. the connection of this equation to Alveolar Ventilation Eqn. and Bohr’s Eqn. is the PACO2 factor

Diffusion
1. Pulmonary fibrotic disease affects diffusion constant

2. Pulmonary edema increases interstitial space between alveolar and capillary membrane (increases distance of diffusion)

Definition (Fick’s Law)


a.
V = (d) (A/T) (P1 – P2)
a. V = volume of a gas in mL/min that diffuses across surface area is

· directly related to size of surface area (A) 

· inversely related to thickness (T) or distance for diffusion.

b. D = diffusion constant;  different for different molecules

· Diffusion constant for CO2 is much higher than diffusion constant for O2
· Due to fact that solubility of CO2 is much higher than solubility of O2
· Diffusion constant can change if we change characteristics of alveolar-capillary membrane

1. Fibrotic lung disease – reduces diffusion constant for O2 and CO2
c. P1 – P2 represents concentration difference in partial pressure of O2 or CO2
· If there is a difference in partial pressure, you’ll get diffusion

B. How is Rate of Diffusion (V) Changed?

1.
If you ( A (area of diffusion), you ( V

2.
If you ( T (thickness), you ( V

Normal transit time = 0.75 secs

a. In normal healthy lung with healthy diffusion capacity (i.e. sufficient area for diffusion and small enough distance for diffusion), diffusion equilibrium takes place in 0.25 secs

So, in Fick’s Law V = (d) (A/T) (P1 – P2)
a. (d) (A/T) can be considered a constant

b. (P1 – P2) is variable

c. Interpretation – rate of diffusion of gas is related to this constant (d) (A/T) multiplied by a pressure difference (variable)
Abnormal individual O2 Curve (person with respiratory disease)

a. rate of rise of PO2 is much slower than normal

· Pressure difference hasn’t changed

· Therefore, it means that diffusion capacity has changed
· means that we’ve either changed the diffusion constant (pulmonary disease) or the area of diffusion or the distance for diffusion

b. Perfusion limited – when you reach equilibrium and the only way you get more O2 to be transferred is for more perfusion to take place

· Equilibrium will take place very rapidly (i.e. slope of curve increases rapidly toward equilibrium)

N2O (nitrous oxide) – is always perfusion limited
a. Diffusion limited -  even with as much time as you’ve spent in the pulmonary capillary, diffusion equilibrium is not reached
· CO – is always diffusion limited because it never reaches the diffusion equilibrium

b. Summary

· Perfusion Limited – equilibrium reached
· Means that in order to have more O2, you need more perfusion of blood

· Diffusion Limited – equilibrium not reached
· Perfusion Limited is preferred over Diffusion Limited

Severely Reduced Diffusing Capacity (person with emphysema)

a. Exercise with person with emphysema is  severely impaired

b. Person has tremendous diffusion limitation
Hypoxia Conditions
a. Instead of a pressure difference of 100 mmHg – 40 mmHg = 60 mmHg, this person has a pressure difference of 50 mmHg – 20 mmHg = 30 mmHg (basically half)

b. Diffusion capacity is okay, but diffusion rate is a lot slower

c. Equilibrium takes longer than 0.25 sec

d. If alveoli have low PO2, then makes pressure difference decrease, which slows rate of O2 transfer

How Do We Measure Diffusion Capacity?


1.
From Fick’s Law V = (d) (A/T) (P1 – P2)



where 
V = volume of gas





A = area





d = diffusivity





T = distance (thickness)





P1 = alveolar gas pressure





P2 =  blood gas pressure

a. We can put (d) (A/T) together and call this the diffusion capacity, DL
· V = DL (P1-P2)

· DL = V / (P1-P2)

Vo2 = (A*d/x)(PAO2 – PpcO2)



a.   Vo2 = O2 diffusion rate



b.   A = area available for diffusion




c.   d = diffusion constant




d.   x = T = thickness of diffusion barrier




e.   PAO2 = alveolar Po2



f.   PpcO2 = mean pulmonary capillary Po2


2.
Vo2 = Do2(PAO2 – PpcO2)



a.   This equation relates the diffusion of O2 (Vo2) to the diffusing capacity for 



      O2 (Do2).




b.   Do2 = A*d/x

PAO2 (Po2 in alveolus)



a.  If you increase PAO2, you get an increase in Vo2 because you increase the 



     value of PAO2 in equation B2 but you do not change Do2.




     i.  This is very important because some might think that when you increase 



          PAO2, you should decrease Do2, algebraically.  




    ii.  The reason this doesn’t happen is because PAO2 does not affect the Area or 


          the Thickness (distance) so it has no effect on Do2 (see B2b eqn.)




   iii.  Think about what is going on physically: you’ve got an alveolar capillary 



          membrane that has a thick diffusing capacity and all you’ve done is 


                         changed the pressure.




b.   Decreasing PAO2, decreases the pressure difference (PAO2 – PpcO2) which 

                                   decreases Vo2 but leaves Do2 unchanged.

(changing the pressure will not change the diffusing capacity!)

PpcO2 (mean pulmonary capillary Po2)



a.   If you increase PpcO2, you decrease the pressure difference which decreases 



      Vo2 but leaves Do2 unchanged.




b.   If you decrease PpcO2, you increase the pressure difference which increases 



      Vo2 but leaves Do2 unchanged.

Alveolar Dead Space is when you have a block in blood flow but still have ventilation.

The Po2 for ADS is 150 ml as a result of the blood flow block because this is 


       the value of inspired Po2.  Since there is no blood flow taking away the O2, 



       the Po2 in the alveolus is going to be 150 ml, too.  All you have is 



                     ventilation with no blood flow. 




e.   Physiologic Dead Space = Anatomic Dead Space + Alveolar Dead Space  




      i.  we all have anatomic dead space


  

     ii.  alveolar dead space is something that someone with respiratory disease 



           has.  It is caused by a pulmonary embolism. 

Therefore, increasing ADS decreases Vo2 because there is no blood flow to 



      take away the O2.  Do2 also decreases because your area for diffusion has 



      decreased.  The decreased Vo2 is a result of the decreased Do2.




h.   Basically three steps involved:




     i.  decreased Area




    ii.  decreases Do2 




   iii.  which decreases Vo2 

Alveolar Shunt is when part of the lung has blood flow but no 




      ventilation.  There is a blockage of ventilation to the lung.




c.   The Po2 of the blood coming into the lung is 40 ml so the Po2 inside the lung 



      is also 40 ml—no gas exchance is occurring.




d.   Physiologic Shunt = Anatomic Shunt + Alveolar Shunt



e.   The area for diffusion decreases because only have perfusion but no 



      ventilation—need both.  




f.    Increase in alveolar shunt, therefore, decreases the area of which decreases 



      Do2 which decreases Vo2.




g.   Decrease in alveolar shunt, increases the area of which increases Do2 which 



      increases Vo2.

Ventilation and Perfusion

In the pulmonary circulation, an (in intravascular pressure, causes ↓ in resistance mainly due to the expansion of blood vessels. You would not get this relationship if comparing the systemic circulation

Two reasons for the decrease in pulmonary vascular resistance as pulmonary artery pressure increases

a. distension – widening of already opened capillaries.

b. recruitment – opening previously closed capillaries.

Fick’s Equation

1. To measure pulmonary blood flow, use Fick’s equation:

Vo2 = Q (Cao2 – Cvo2) 

Q = Vo2 / (Cao2 – Cvo2)

2. Lung volume also effects pulmonary vascular resistance.

3. There’s an ideal lung volume where resistance is at its minimum value.

a. Below this volume, resistance increases due to extra-alveolar vessels narrowing.

b. Above the ideal volume, resistance increases because the capillaries get stretched and cannot hold as much blood.

4. *point* – Two things effect pulmonary vascular resistance: lung volume and pressure inside the blood vessels.

Active Control of Circulation (Figure 4-10)

A. The lung is perfused at constant pressure

B. As alveolar Po2 ↓, blood flow ↓, and resistance ↑

C. This is called “Hypoxic Pulmonary Vasoconstriction” which directs blood flow away from hypoxic regions of the lung.

O2 and CO2 Transport

1. O2 content is determined by the [Hb]

% saturation for each [Hb] is just dependent on the PO2

a. The most important regulator is carbonic anhydrase
i. It allows the CO2 in the tissue to be rapidly transformed into bicarbonate; without it the reaction would not be fast enough and you would retain CO2
ii. Carbonic anhydrase inhibitors do cause acid-base problems, because they affect these reactions.
