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2008b(14): Explain in physiologic terms the effect of severe aortic stenosis 
on myocardial supply and demand. 
General: Aortic stenosis is pathologic narrowing of the aortic valve orifice which 
results in obstructed left ventricular emptying leading to increased LV pressure 
and compensatory LV hypertrophy. In turn this results in relative ischaemia of the 
LV myocardium, consequent angina, arrhythmias and LV failure. The obstruction 
to LV emptying is relatively more severe during exercise. Severe aortic stenosis 
is a chronic condition. 
Myocardial Oxygen Supply: 

- myocardium is supplied by the coronary circulation 
- leads off from the aortic root → drains into the coronary sinus/RA 
- resting coronary blood flow (CBF) = 250mL/min (5% CO) 
- coronary perfusion pressure (CPP) is the driving pressure for the 

coronary circulation: 
 

CPP = ADP – (LVDP / RAP) 
 

where: 
   CPP is coronary perfusion pressure 
   ADP is aortic diastolic pressure 
   LVDP is left ventricular diastolic pressure 
   RAP is right atrial pressure 
 

- both LVDP and RAP are <<< aortic diastolic pressure 
- therefore CPP ~ aortic diastolic pressure 
- in aortic stenosis the entire output of the LV is ejected through a 

narrow aortic valve orifice 
- the high flow velocity is associated with a large kinetic energy and 

therefore lateral pressure is correspondingly reduced 
- the reduction of lateral pressure in the region of the stenotic valve 

orifice influences coronary blood flow in patient with aortic stenosis 
- the orifices of the right and left coronary arteries are located in the 

sinuses of Valsalva just behind the valve leaflets 
- the initial segments of these vessels are orientated at right angles to 

the direction of blood flow through the aortic valves 
- therefore the lateral pressure is that component of total pressure that 

drives blood through the two main coronary arteries 
- during the ejection phase of the cardiac cycle, the lateral pressure is 

diminished by the conversion of potential energy to kinetic energy 
- this process is greatly exaggerated in aortic stenosis because of the 

high flow velocities generated across the aortic valve orifice 
- therefore in severe aortic stenosis the lateral driving pressure of the left 

and right coronary arteries is reduced resulting in ↓CBF and ↓O2 supply 
to the myocardium 
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Myocardial Oxygen Demand: 

- the volume of O2 consumed by the myocardium is determined by the 
amount and type of activity undertaken 

- resting myocardial O2 consumption is about 8-10mL/min/100g 
- O2 consumption can ↑several-fold with exercise and ↓moderately under 

such conditions as hypotension and hypothermia 
- LV work per beat (stroke beat) is generally considered to be equal to 

the product of the stroke volume and the mean aortic pressure 
(afterload) against which the blood is ejected by the LV 

- O2 requirements are greater for any given amount of cardiac work 
when a major fraction is pressure work as opposed to volume work 

- an ↑ in CO at a constant aortic pressure (volume work) is 
accomplished with a small ↑ in LV O2 consumption 

- ↑ arterial pressure at constant CO (pressure work) is accomplished by 
a large increment in myocardial O2 consumption 

- this is of great importance in aortic stenosis where LV O2 consumption 
is ↑ 

- the greater O2 consumption is caused by the extra energy needed to 
overcome the resistance of the stenotic aortic valve 

- this clinical problem is usually complicated by the ↓CBF and 
myocardial O2 supply 

Additonal Factors: 
- LV hypertrophy worsens the myocardial O2 supply and demand ratio  
- the hypertrophied LV requires more O2 to supply the larger muscle 

mass which has resulted from the need to eject blood from the LV at a 
higher pressure to overcome the stenotic aortic valve 

- ↑HR also worsens the myocardial O2 supply and demand ratio 
o the ↑HR → ↑myocardial O2 consumption 

the ↑HR → ↓decreased duration of diastole within the cardiac cycle → 
↓myocardial O2 supply  


