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2003b(12): Explain the differences between perfusion limitation and 
diffusion limitation in the transfer of gas between alveolus and pulmonary 
capillary. Outline factors that determine how gas transfer is limited 
Perfusion Limitation: 

- Amount of gas transferred between alveolus and 
capillary is dependent on the amount of blood 
passing through the capillary 

o i.e. depends on the rate at which the 
partial pressure of the gas in capillary 
reaches alveolar partial pressure 

- eg. N2O is a gas which is perfusion limited. 
PaN2O = PAN2O within 0.2s (RBC takes 0.75s to traverse alveolus) 

o Therefore, no further exchange takes place until more blood passes 
through 

- CO2 behaves in a similar fashion 
o Rapid movement from blood → alveolus results in rapid 

equilibration b/n blood and alveolus 
 Movement is dependent on respiration to move air out of 

alveolus and replace it with new air 
Diffusion Limitation: 

- Rate of transfer of gas across membrane is independent of partial 
pressure in blood 

o As equilibration of Pa and PA doesn’t get a chance to occur 
- Eg. CO is diffusion limited. Binds avidly with Hb such that during the time 

of movement through capillary, PaCO only rises slightly (and is much less 
than PACO) → equilibration is incomplete 

o Therefore, regardless of amount of blood present, transfer of CO 
across the membrane is limited to the rate of diffusion. 

o This is the reason CO is used to measure diffusion as part of PFT 
Limitations to gas transfer 
Fick Equation 
 Rate of diffusion = A x D (P1-P2) where A = surface area, 
            T  T = membrane thickness 
      D = Diffusion constant 
         =   sol for a given gas 
            √MW  
      P1 – P2 = partial pressure gradient b/n 
       Alveolus and capillary 

- Based on this, rate can be ↓ by ↓surface area for transfer (COAD, fibrotic 
disease), ↓pressure gradient, ↑thickness of membrane 

O2 
- Can behave as both perfusion and diffusion limited 

Normal atmospheric conditions 
- At rest 

o PaO2 reaches PAO2 within 0.25s due to the shape of the OHDC and 
normally PvO2 sits toward the upper part of the slope 
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o Perfusion limited 
- Exercise 

o Normal Person 
 Exercise → ↑CO and recruitment of alveoli → ↑surface area 

for gas exchange →continuation of perfusion limitation of O2 
o Elite Athlete 

 ↑↑CO → ↓red cell transit time (<0.25s) preventing 
equilibration b/n PAO2 and PaO2 

 Diffusion limitation 
At altitude 

- ↓PAO2 cause a ↓ in gradient b/n alveolus and capillary 
o However, ↓PvO2 → Hb resting at lower part of the OHDC → small 

change in PaO2 results in ↑SaO2 (moves up steep part of curve) 
o May still reach equilibrium with alveolar gas 

- With vigorous exercise ↑CO → ↓transit time that is inadequate for 
equilibration to occur 

o Therefore, diffusion limited 
 


