Pre-Sheet
Answers

Session 3


Heart Physiology II

M.A.S.T.E.R. Learning Program, UC Davis School of Medicine

Date Revised: Jan. 16, 2002

Revised by :  Gordon Li and Carolyn Nguyen

Definitions
Preload is determined by venous return and affects the force of contraction of the ventricle by the degree of stretching of the myofibers. This is due to the Starling hypothesis.

Afterload is the force against which the heart must work in order to get blood out into the circulation, this is determined by aortic pressure.
Equations: 

Blood flow: 
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, where R is the resistance, Pa is arterial pressure, and Pv is venous pressure

Resistance: 
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, where ( is the viscosity, L is length of the vessel, and r is the radius of the lumen.

Velocity: 
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 where Q is flow and A is cross-sectional area of the vessel (A = (r2)

Blood pressure:  BP = CO x TPR 
Cardiac Output: CO = HR  x SV  = Volume O2 (ml/min)           

                                                            Arterial O2 - Venous O2 (ml/L blood)

[Jared’s way to look at it…  02 consumption (mlO2/min) = O2 removed (mlO​2/ml blood) x Flow ]

Compliance: 
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 where V is volume and P is pressure.
1. Draw the ventricular pressure volume cycle and describe what happens in each step.
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A. Diastolic filling: large change in volume leads to small change in pressure

B. End Diastolic volume: this determines preload..

C. Isovolumetric contraction: no change in muscle length or ventricle volume; large increase in pressure only. Mitral valve closes at the onset of isovolumic contraction (immediately after point B).
D. Aortic valve opens

E. Ejection

Corner between E and F.  Aortic valve closes.

F. Isovolumetric relaxation.

Corner between F and A.  Mitral valve opens.

2. Indicate what effect each of the following factors has on Cardiac Output:   CO=HR x SV

Cardiac Output

Increase HR
(

Decrease HR
(

Increase Sympathetic activity
(

Increase Arterial Pressure (afterload)
(

Increase Filling Pressure (preload )
(

3. Explain with the Poiseuille equation why resistance to flow is the greatest at the arteriolar level of the vascular tree. 

Arterioles are highly innervated, therefore changes in the tonic level of norepinephrine release will affect radius.  Since resistance to flow is inversely related to the 4th power of vascular radius according to the Poiseuille equation 
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, very small changes in radius have large effects on flow.
4. List the stimuli that affect arteriolar resistance. 
Vascular smooth muscle cells constrict or dilate as a result of interaction between many agents: the local chemical environment around vessels, physical forces, autonomic nerves, and hormones.

5. What are the capacitance vessels?  List the stimuli that control venous capacitance. 
Capacitance vessels are large venules and small to medium veins. They have the capacity to expand to accommodate more blood (in the case of volume overload, for example) or contract to hold less blood.  Contraction is stimulated by sympathetic outflow via autonomic nerves and hormones (norepinephrine and epinephrine using -1 receptors on vascular smooth muscle cells and angiotensin II) and relaxation occurs when sympathetic signals are withdrawn. In the resting state there is tonic secretion of norepinephrine resulting in neural tone. Note that about 75% of systemic blood is in the venous side.

6. What happens when venous radius decreases?
There is a decrease in capacitance, therefore an increase in venous return and a resulting increase in cardiac output.  Since v=Q/A (velocity = flow/cross-sectional area) so velocity of venous return (VR) increases as A decreases.

7. List three cardiovascular reflexes that help control blood volume and/or blood pressure.
i. Baroreceptor reflex: sensitive to changes in stretch of carotid and aortic arteries.  

ii. Cardiopulmonary receptor reflex: sensors are stretch receptors, which are located where the vena cava (right) and pumonary arteries (left) enter the atria. Atrial stretch receptors are sensitive to filling pressure during diastole and are used for short-term blood volume regulation.

iii. Arterial chemoreceptor reflex: there are chemosensors located bilaterally in the carotid bodies at the carotid bifurcations, and in the aortic bodies near the aortic arch. They are sensitive to PO2 and stasis (and to a lesser extent to PCO2 and pH). They are involved with control of respiration, and indirectly, of BP (via the medullary cardiovascular control center).

8. Describe the afferent pathways of the baroreceptor reflex.

There are sensors (stretch receptors) in two locations

i. The carotid sinus baroreceptors are located at the bifurcation of the common carotid arteries. The receptors are in the adventitia of the sinus wall and are innervated by a branch of the glossopharyngeal nerve (CN IX), which carries afferent impulses to the nucleus tractus solitarius (NTS) in the medulla oblongata of the brainstem. The carotid sinus baroreceptors are responsive to increases or decreases in arterial pressure. 

ii. The aortic arch baroreflex system is similar to that of the carotid sinus. Afferent impulses travel through the vagus nerve (CN X) to the NTS in the medulla oblongata of the brainstem. The aortic arch baroreceptors are responsive primarily to increases in arterial pressure.

9. Describe how changes in blood pressure affect the heart through the baroreceptor reflex.

If blood pressure increases, stretching of the arterial wall activates the carotid and aortic sinus stretch receptors.  This produces an increase in afferent impulses traveling through the vagus and glossopharyngeal nerves.  These impulses reach synapses in the central vasomotor centers, leading to two effects: 1) inhibition of sympathetic efferent activity to the heart, leading to reduced contractility and heart rate and 2) increase in parasympathetic efferent activity to the heart, also lowering heart rate.

If blood pressure decreases, the opposite occurs: vagal (parasympathetic) efferent activity to heart is inhibited and sympathetic outflow to the heart then increases: heart rate is accelerated and force of contraction (SV) is increased. 

10. Match the regulatory mechanism with the corresponding scenario:

Scenario:
Regulatory Mechanisms:

Changes in posture
Baroreceptor reflex

Systemic hypoxia
Arterial chemoreceptor reflex

Moderate Exercise
Metabolic vasodilation

Lymphatic obstruction
Atrial mechanoreceptor

11. List two effects of Angiotensin II in its regulation of arterial blood pressure.

(1) Angiotensin II stimulates the release of aldosterone from the adrenal cortex, which causes an increase in salt and water retention in the kidney, thus increasing fluid volume, and causes 

(2) Vasoconstriction of arterioles, leading to an increase in peripheral resistance.


[Note from Jared: Angio II may also increase thirst and increase ADH to help regulate BP.]

12. List the 5 most common metabolites produced locally by tissue activities.


CO2, H+, K+, lactate, and adenosine.

13. What is the main factor that determines blood flow to organs and what controls it?
Arteriolar resistance is the main factor that determines flow to organs, and it is controlled by smooth muscle contraction. Accumulation of metabolites, blood pressure (at kidney) and sympathetic activity can all affect smooth muscle contraction.

14. Knowing that BP= CO x TPR, what changes in BP, CO and TPR would you expect to see in a person who is bleeding heavily?
In a person who is bleeding heavily, there will be a decrease in blood volume. This causes a decrease in venous return to the heart, and a subsequent fall in CO (Starling's Law of the heart). The body attempts to compensate by vasoconstriction and increasing TPR. This change is an effort to maintain BP, which will otherwise fall.

15. Given the equation for resistance, what effect will each of the following have on blood flow to a given organ? Which would have a GREATER influence on the blood flow to an organ? ( assuming all other factors are constant) Why? 1) increasing the length of the vessel 2) increasing the viscosity of the blood in the vessel 3) decreasing the radius of the vessel.
This problem is most easily solved by looking at the equation for resistance (
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and flow (Q = (P/R or Q = (P(r4/8(L).

All of the above will increase resistance, which will decrease flow. Decreasing the radius has the most profound effect, by far, because it is raised to the fourth power. So, a small change in radius will have a large effect on resistance and flow. The body takes advantage of this fact, and as discussed above, vasoconstriction and vasodilation are major mechanisms by which blood flow to an organ are determined. 
16. A) In what major vessel is flow velocity greatest? Why?

Aorta, because it has the smallest total cross‑sectional area. 

(v=Q/A or flow velocity = flow volume/cross-sectional area)

B) In what type of vessel is velocity slowest? Why?

Capillaries, because they have the greatest total cross-sectional area. This may seem counter‑intuitive since we all know that individual capillaries have a smaller cross sectional area than the aorta. However, we are concerned with the whole body here, and since there are a lot of capillaries, the total area is greater for these vessels.  Basically, if you somehow melted all the capillaries together, the diameter of that vessel would be greater than the aorta.
17. To which two organs is blood flow relatively constant? In the face of a decreasing blood pressure, how is this blood flow maintained?

Blood flow to the heart and brain are relatively constant. Basically, flow to any organ system can be compromised in order to maintain flow to the brain/heart, but skeletal muscle, kidney, and gut are the most important. This means that with a decrease in blood pressure for whatever reason, the arterioles to these organs will constrict. Since there is less blood going to the muscle, kidney and gut, there is more to go to the heart and brain. On the other hand, under normal physiological conditions, blood flow to these systems can increase when they increase activity (ie. digestion in the case of the gut, exercise in the case of muscle). Blood flow to the kidney increases when BP is high.  

(Notes from Dr. Gray to change:  Coronary Blood Flow is not constant, it increases with metabolism as in exercise.  Overall blood flow to the brain is constant due to autoregulation but redistribution  of blood within the brain occurs due to changes in neural activity.)

18. How is blood flow to arterioles controlled locally?

The oxygen levels accumulate when oxygen supply exceeds metabolic demand.  This surplus O2 exerts LOCAL control of the blood flow to arterioles by constricting arterioles, thereby diverting blood flow away from these regions.  When metabolic activity is high, carbon dioxide and other metabolic products dilate arterioles and increase blood flow to the tissues.
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