Physiology Laboratory

Computer Simulation Worksheet: Pulse Pressure
J.W. Kiel, Ph.D., and A.P. Shepherd, Ph.D. 
General Directions:  Please fill in the following information:

Name (s): _____________________________________________________________________

Campus box number: _______________

Time at which you started this exercise: ____________________

Time at which you finished this exercise: ____________________

Elapsed time: ______________

Do you want your worksheet corrected and returned to you? (circle one)                  yes    no

Have you written comments or suggestions about this program on the worksheet?   yes    no

After you finish this exercise, please return your completed worksheet to your instructor.

How to Run the Program.  Pulse Pressure is a computer program that lets you study some of the physiological factors that affect mean arterial pressure and the pulse pressure. After you double-click on the program’s icon, the active window on your monitor should look similar to this illustration.
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The program should be running when it opens, but be sure to locate the red Stop button, the Run arrow near the top left corner of the screen, the Pause switch, and the Edit pull-down menu.  If the red Stop button is on and the program is not running, try the Pause switch.

The four independent variables that you can change are shown as digital displays and simulated slide switches on the left side of the window.  You can change the independent variables either by using your mouse to operate the slide switches or by typing a new value into the digital display and pressing Return/Enter. If you type a new value, it does not take effect until you click on Enter/Return.

The current values of the dependent variables are shown in digital displays at the bottom of the window and as waveforms on a simulated strip-chart recorder.  The control or default values are shown in parentheses.  All pressures are in mmHg; venous return is in L/min; heart rate is in beats/min; some variables are in arbitrary units.

When the program is running, three waveforms will be gliding across the graph display.  Make sure the program is running.  Then click on Show Sketch.  The page that appears shows a sketch of the left ventricle pumping into the aorta.  You will also see a flowchart that illustrates how the program works. Click on the Close button to return to the main screen.

Caution:  Because of trivial cumulative computational errors, a pressure difference of 2 mmHg or less should be considered "no change" when you answer the questions in these exercises.

Introduction:  Pulse pressure is defined as the amplitude of the pressure wave that is transmitted through the arterial tree after each beat of the heart, i.e. pulse pressure = systolic pressure – diastolic pressure.  The strength of the pulse that a clinician feels when palpating an artery depends on this amplitude.  In various clinical conditions the arterial pulse can feel normal, weak, or stronger than normal.  Pulse pressure may be low in congestive heart failure, shock, aortic valve stenosis, and cardiac tamponade. Conversely, it may be increased in exercise and aortic regurgitation. Thus, assessing pulse pressure can be of significant diagnostic value.  This program will enable you to explore the factors that affect the arterial pulse pressure.

Exercise 1: Ventricular ejection, peripheral runoff, and instantaneous arterial volume

At a given instant the pressure in the arterial tree depends partly on the volume of blood filling it at that instant.  The instantaneous volume, in turn, depends on the rate of ventricular ejection and the rate of runoff into the peripheral circulation, i.e. the rates at which blood is flowing into and out of the arterial tree.  See the sketch and flowchart.

Make sure the program is running.  Use the Edit pull-down menu to Reinitialize Values to Default.  Let the program run until the values in the digital displays are not changing.  Then click on the Pause button.

Question 1A.  Read the scale at the left side of the graph.  What is the rate of ventricular ejection during diastole?  __________ ml/sec

Question 1B.  What is the maximal rate of ventricular ejection during systole?  __________ ml/sec

Question 1C.  What is the minimal rate of peripheral runoff? __________ ml/sec

Question 1D.  What is the maximal rate of peripheral runoff? __________ ml/sec

Question 1E.  Note that ventricular ejection and peripheral runoff are exactly the same twice during each cardiac cycle, i.e. their tracings cross.  When ejection and peripheral runoff are exactly the same, what is happening to the volume of blood in the aorta? (circle one)                increasing    decreasing     not changing

Question 1F.  When ventricular ejection and peripheral runoff are exactly the same, what is happening to arterial pressure?                 (circle one)                increasing    decreasing     not changing

Question 1G. When ventricular ejection is increasing and then exceeds peripheral runoff, what is happening to the volume of blood in the aorta? (circle one)                increasing    decreasing     not changing

Question 1H. When ventricular ejection is decreasing and then falls below peripheral runoff, what is happening to arterial pressure? (circle one)                increasing    decreasing     not changing

Exercise 2:  Arterial compliance and arteriosclerosis

Question 2A.  Arteriosclerosis is a general term describing the hardening of medium or large arteries and their diminished compliance.  Compliance is assessed as the change in volume per change in pressure.  Use the Edit pull-down menu to Reinitialize Values to Default.  Simulate arteriosclerosis by reducing arterial compliance to 0.5.  Then fill in the second row of the following table. 
	compliance
	stroke volume
	systolic

pressure
	diastolic pressure
	pulse 

pressure
	mean 

pressure

	1
	83
	127
	75
	53
	99

	0.5
	
	
	
	
	

	2
	
	
	
	
	


Question 2B.  What happened to systolic pressure when you reduced arterial compliance? 

(circle one)                increased    decreased     did not change

Question 2C. What happened to diastolic pressure when you reduced arterial compliance? 

(circle one)                increased    decreased     did not change

Question 2D. What happened to pulse pressure when you reduced arterial compliance? 

(circle one)                increased    decreased     did not change

Question 2E. What happened to mean arterial pressure when you reduced arterial compliance? 

(circle one)                increased    decreased     did not change

Now increase arterial compliance to 2.0 and fill in the third row in the table.

Question 2F.  What happened to pulse pressure when you increased arterial compliance? 

(circle one)                increased    decreased     did not change

Question 2G. What happened to mean arterial pressure when you increased arterial compliance? 

(circle one)                increased    decreased     did not change

Exercise 3: Simulated arterial vasoconstriction and vasodilation
Make sure the program is running. Use the Edit pull-down menu to Reinitialize Values to Default. Then click on the Pause switch, set total peripheral resistance to one of the values shown at the left of the table below. Click the Pause switch and wait until the values shown below the graph quit changing, and use them to fill out the table.

	Total periph. resistance
	stroke volume
	systolic

pressure
	diastolic pressure
	pulse 

pressure
	mean 

pressure

	               1.2
	83
	127
	75
	53
	99

	0.6
	
	
	
	
	

	2.0
	
	
	
	
	


Question 3A. When total peripheral resistance increased, what happened to mean arterial pressure?

(circle one)                increased       decreased        did not change

Question 3B. When total peripheral resistance increased, what happened to the pulse pressure?

(circle one)                increased       decreased        did not change

Question 3A. When total peripheral resistance decreased, what happened to mean arterial pressure?

(circle one)                increased       decreased        did not change

Question 3B. When total peripheral resistance decreased, what happened to the pulse pressure?

(circle one)                increased       decreased        did not change

Exercise 4: Simulated atrial pacing

Kumada et al. (Japanese Journal of Physiology 17, pp.538-555, 1967) showed that atrial pacing did not appreciably affect cardiac output (venous return) throughout a wide range of heart rates. At very low heart rates, the heart rate itself did limit cardiac output, and at very high heart rates the shortened diastolic period resulted in limited time for diastolic filling. Nevertheless, cardiac output (and venous return) changed less than 10% throughout a wide range of heart rates. Therefore, we can perform a reasonable simulation of atrial pacing by changing heart rate only and leaving venous return at its default value.

Imagine a patient at rest with a programmable pacemaker.  Simulate the effect of electrically pacing the heart by clicking on the Pause button to stop program execution, setting heart rate to 120 beats/min, and clicking on Pause to resume.
	Heart rate
	stroke volume
	systolic

pressure
	diastolic pressure
	pulse 

pressure
	mean 

pressure

	               60
	83
	127
	75
	53
	99

	30
	
	
	
	
	

	120
	
	
	
	
	


Use the Edit pull-down menu to Reinitialize Values to Default. Then click on the Pause switch, set heart rate to one of the values shown at the left of the table shown above. Turn off the Pause switch and wait until the values shown below the graph quit changing, and use them to fill out the table.

Question 4A. When heart rate increased, what happened to mean arterial pressure?

(circle one)                increased       decreased        did not change

Question 4B. When heart rate increased, what happened to the pulse pressure?

(circle one)                increased       decreased        did not change

Question 4C. When heart rate decreased, what happened to mean arterial pressure?

(circle one)                increased       decreased        did not change

Question 4D. When heart rate decreased, what happened to the pulse pressure?

(circle one)                increased       decreased        did not change

Question 4D. When heart rate decreased, systolic pressure increased, and diastolic pressure decreased. 

Why did diastolic pressure decrease?

a. The increased systolic pressure caused more rapid peripheral runoff.

b. Diastolic pressure = systolic pressure – diastolic pressure.

c. The mean arterial pressure did not change, so the diastolic pressure had to fall.

d. None of the above explains it.

Exercise 5: Ventricular fibrillation, cardiac arrest, and cardiopulmonary resuscitation (CPR)

When the heart goes into ventricular fibrillation, the heart’s ability to pump is completely lost. Use the Edit pull-down menu to Reinitialize Values to Default. Then, once the variables are steady, click the Pause switch. Simulate cardiac arrest by setting venous return and heart rate to zero and then turning off the Pause button. Note that arterial pressure does not immediately drop to zero but instead falls gradually. Turn Pause back on when the last ventricular ejection nears the left side of the graph. You can ignore the values shown in the displays below the graph because they are locked at their default values.  Focus on the graph.

Question 5A.  Why does pressure fall gradually instead of immediately dropping to zero?

Your answer: __________________________________________________________________

______________________________________________________________________________

Leave venous return and heart rate at zero.

Cardiopulmonary resuscitation (CPR) is an emergency procedure performed in an effort to preserve brain function until further measures are taken to restore normal blood flow and breathing in a person who is in cardiac arrest. CPR involves chest compressions to cause a little blood flow by manually pumping blood through the heart and thus the body. Administration of an electric shock to the subject's heart, termed defibrillation, is usually needed to get the heart beating again. 

Simulate cardiac resuscitation by setting venous return back to 5 L/min and heart rate back to 60 beats/min.  Then turn off Pause to resume.  Note that pressure does not immediately return to the control level but instead builds up gradually. Turn on Pause when the first new ventricular ejection nears the left side of the graph.

Question 5B.  Why does pressure build up gradually instead of immediately returning to the control level?

Your answer: __________________________________________________________________

______________________________________________________________________________

Exercise 5: Simulated heart attack

Let’s simulate the effects of a sudden heart attack.  If cardiac output and arterial pressure fall as a result of reduced cardiac contractility, the baroreceptor reflex will increase heart rate and total peripheral resistance in an attempt to restore arterial pressure to the normal level.  To simulate these conditions, use the Edit pull-down menu to Reinitialize Values to Default. Then, once the variables are steady, turn on the Pause switch, set venous return to 2.5 L/min, heart rate to 120 beats/min, and total peripheral resistance to 2.  Then turn off Pause to resume.  

Question 5A.  How would you describe the pulse pressure during this simulated heart attack?

(circle one)                weak       normal        stronger than normal

Question 5B.  What are the two main factors that directly affect the arterial pulse pressure?

a. venous return and heart rate

b. stroke volume and arterial compliance

c. total peripheral resistance and stroke volume

d. arterial compliance and total peripheral resistance

e. none of the above

If you wish, you can perform additional simulations of your own design to make sure that you understand how each factor affects mean arterial pressure and the pulse pressure.  Extreme values for the independent variables can cause computing errors: NaN = not a number, i.e. even your computer can’t divide by zero; Inf = infinity, etc.

Using this program you have discovered the two main factors that directly affect the arterial pulse pressure. However, there are several other aspects of the pulse pressure that you should look up in a textbook.  First, an additional secondary factor that directly affects the arterial pulse is one that this program cannot simulate: the speed of ventricular ejection. Second, we have not touched on the speed at which the pressure wave travels from the left ventricle to the periphery or why that speed might be greater in older adults. The speed of the pressure wave is much greater than the speed at which the blood is moving. Third, the amplitude of the pulse is not the same throughout the arterial tree, and it can be greater at a distance from the heart, nor have we considered how and why it is markedly dampened before it reaches the capillary beds. There is more to learn about the pulse pressure!

If you have comments, criticism, or suggestions about this program, send them to 

sangrelux@gmail. com or leave them at sangrelux.com. 

Don’t forget to return your completed worksheet to your instructor.  Thank you.

