Sample Problems for Review of Imaging Physiology

HST 583 - Fall 2004

September 29, 2004
Consider a 0.1 cubic cm voxel in the grey matter of a brain.  Of the volume of this particular voxel, 0.4% is occupied by arterioles, 1% by capillaries, and 0.7% by venules. 

· The resting oxygen consumption (V(O2 ) of the brain tissue in this voxel  is 0.003 ml O2 per min.  

· Cardiac output is 5 liters/min

· Resting blood flow to the voxel is 0.05 ml/min

· Arterial blood gas partial pressures are normal

· Hematocrit (percent volume of red blood cells) is normal (44%) and hemoglobin (Hb) concentration is normal (0.15g per ml of blood)

· Hb concentration = deoxyhemoglobin concentration + oxyhemoglobin concentration

· Assume steady state

· Assume that vascular volume is constant, except where noted

NORMAL REST

1. What is the venous O2 concentration (ml O2 per ml blood) in this voxel?  What will the venous PO2 be?

2. What is the total amount of oxyhemoglobin in this voxel (in grams of Hb)?

3. What is the total amount of deoxyhemoglobin in this voxel?  (assume for simplicity that O2 flux is the same over the length of the capillaries, i.e., a linear fall in O2 content with distance along the tortuous length of the capillaries -- this is not true) 

4. Given the endpoints you have determined sketch what the profile of O2 content over the length of a hypothetically stretched out capillary might really look like.

NORMAL ACTIVATION

If the V(O2 of the voxel increases 20% with activation, and blood flow is tightly coupled to metabolic rate (i.e., increases 20%), 

5. What will the total amount of oxyhemoglobin be in this voxel?

6. What will the total amount of deoxyhemoglobin be in this voxel?  (again, assume for simplicity that O2 flux is the same over the length of the capillary, i.e., a linear fall in O2 content with distance -- this is not true)

If the V(O2 of the voxel increases 20% with activation, and blood flow increases 50%, 

7. What will the total amount of oxyhemoglobin be in this voxel?

8. Now, what will the total amount of deoxyhemoglobin be in this voxel?  (again, assume for simplicity that O2 flux is the same over the length of the capillary) What is the change in deoxyhemoglobin from rest?

9. If the venous volume increases 20% as a consequence of the increase in flow and resultant rise in venous pressure, what will the total amount of deoxyhemoglobin be in this voxel?

ANEMIA REST

Now consider a case of a person who has mild iron deficiency anemia, which has caused a 25% reduction in hematocrit and Hb concentration.  All other parameters remain the same.

10. What will the venous O2 concentration (ml O2 per ml blood) be in this voxel?  What will the venous PO2 be?

11. What will the total amount of oxyhemoglobin be in this voxel?

12. What will the total amount of deoxyhemoglobin be in this voxel?  (assume for simplicity that O2 flux is the same over the length of the capillary, i.e., a linear fall in O2 content with distance -- this is not true)

Actually, there would probably be circulatory adjustment during anemia.  

13. What would it/they be, and what affect(s) would they have on the following variables?

· Venous O2 & PO2 concentrations?

· Total amount of oxyhemoglobin in this voxel?

· Total amount of deoxyhemoglobin in this voxel?

ACTIVATION DURING ANEMIA 

Use the values determined immediately above (answer 13) for rest. If the V(O2 of the voxel increases 20% with activation, and blood flow increases 50%, 

14. What will the total amount of deoxyhemoglobin be in this voxel?  What is the change in deoxyhemoglobin from rest?
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