System Integration
1) Circulation
a) Heart-lung compartment

b) Systemic vascular bed

2) Instantaneous output averaged over time is the cardiac output

a) Cardiac output = heart rate X stroke volume

b) End diastolic pressure = atrial pressure

3) Total blood volume of the circulatory system is constant in this model

4) Effect of atrial pressure on cardiac output

a) As right atrial pressure increases, cardiac output increases

i) “Starling curve”

b) End diastolic volume is increased, thereby causing an increase in cardiac output

c) Slope of the starling curve is decreased by increased arterial pressure

i) Consequences of the amount of work the heart has to perform to eject the blood into the aorta

d) At high arterial pressures, increased flow of blood to myocardial cells via coronary arteries, which allows for greater work

5) Atrial and arterial pressures are not the only inputs that affect C.O.  

a) Heart rate, magnitude of heart’s contractility and heart perfusion all affect C.O.

b) Contractility

i) Affected by ionotropic background

ii) Increases in Ca level allow greater contraction

iii) Slope of the end systolic pressure (ESPVR) increases when Calcium levels are increased

iv) Increased slope causes smaller end systolic volume causes increase in stroke volume and increase in cardiac output
6) Input, C.O.  Output 1, venous pressure, output 2, arterial pressure

7) Central venous pressure and mean atrial pressure are equal (very little resistance between large central veins and right atrium)

8) Increase in pressure arteries is not the same as decrease in pressure in veins – veins are much more compliant so their pressure decreases much less than the arteries’ pressure increases

9)  Operating/equilibrium point 
a) Cardiac output = flow in vascular bed at the equilibrium point = venous return

b) Blood flow from the heart is equal to return from the venous system

10) Systemic vascular bed
a) Total peripheral resistance

i) Pa – Pv = Rf ~ Pa = Rf

ii) R = Pa/Flow

b) Arterial capacitance

c) Venous capacitance

11) Total volume is constant

12) Venous return curve is dependent on resistance and arterial and venous capacitances

13) Venous bed 30X more compliant

14) Inputs for pulmonary flow
a) Right atrial pressure

b) Arterial pressure 

c) Output: cardiac output

15) Inputs for systemic flow

a) Cardiac output is input

b) Outputs are venous pressure and arterial pressure

