Biology 2021: Human Anatomy and Physiology 
Lab Guide 4
For the 10th edition 

Exercise 33A: Human Cardiovascular Physiology--Blood Pressure and Pulse Determinations. 

Exercise 33B: Cardiovascular Dynamics: PhysioEx Computer Simulation pp. PEx-87-PEx-96

Learning Objectives: 
At the completion of this lab exercise the student should be able to:
  
1. 	Define systole, diastole, blood pressure, systolic blood pressure, diastolic blood pressure, and Korotkoff sounds. 
2.  	Indicate the normal length of the cardiac cycle, the relative pressure changes occurring within the atria and ventricles during the cardiac cycle, and the timing of valve closure. 
3. 	Determine a subject's systolic and diastolic blood pressures with a sphygmomanometer and relate them to events of the cardiac cycle. 
4. 	Use Biopac to record ECG, heart sounds, and blood pressure.
5. 	Understand the role of the heart in sustaining blood pressure via its pumping activity, i.e., cardiac output
6. 	Understand the role of blood vessels in sustaining blood pressure by maintaining resistance to blood flow 
7. 	Relate measures of hemodynamics to circulatory system health and fitness.
Exercise 33A: Human Cardiovascular Physiology--Blood Pressure and Pulse Determinations 
Activity 5: Using a Sphygmomanometer to Measure Arterial Blood Pressure Indirectly, pp. 498-499 
We will use Biopac lesson 16 to complete this activity.
Biopac Lesson 16: Blood Pressure 
Open the Biopac program and select L016-BP-1.  The procedure is very similar to Lesson 17: Heart Sounds except a sphygmomanometer will be recording blood pressure at the same time as the ECG and Korotkoff sounds are being recorded. 
Korotkoff sounds - There are five sounds which are heard as the blood pressure in the sphygmomanometer cuff is released during the measurement of arterial pressure; these are described as: 
· Korotkoff I is a sharp thud 
· Korotkoff II is a loud blowing sound 
· Korotkoff III is a soft thud 
· Korotkoff IV is a soft blowing sound 
· Korotkoff V is silence
While, technically, five Korotkoff sounds may be heard, we will note only the first, when a sharp thud begins, and the last, when the sounds end.  These are the easiest to hear and the most important to obtaining an accurate blood pressure measurement.
The Biopac program will display ECG, blood pressure, and the Korotkoff sounds simultaneously to help you better understand the anatomical and physiological basis of blood pressure measurement. See pp. 498-499 of the lab manual for additional explanation of blood pressure measurement using a sphygmomanometer. 
Identify the components of the sphygmomanometer used to determine blood pressure: pressure cuff, pressure gauge, inflation bulb, adjustment screw. Define: systolic pressure, diastolic pressure, pulse pressure, and Korotkoff sounds.   
These are the steps to follow in Biopac: 
I. Setup 
The electrodes from Biopac Lesson 17 should still be attached, if not, re-attach the ECG electrodes as illustrated in the posters at the computer stations.  The transducers are already plugged in and ready to go.  Click on the Biopac icon on the computer desktop to start Biopac.  A menu of Lessons will appear.  Select Lesson 16: Blood Pressure (L016-BP-1).  Type in your (folder) name.  If you have a folder on this computer station a window should appear with the message "A folder with this name already exists.  Would you like to use it or create a new folder?"  Choose Use it. 
II. Calibration 
Fold the cuff on itself (not on a subject’s arm) using the velcro seal made.  Lay the cuff on the counter.  Click on Calibrate to test the transducers.  Inflate the cuff to 100 mm Hg. Read the on-screen prompt and click on OK.  When prompted, carefully deflate the cuff to 40 mm Hg.  Read the on-screen prompt and click on OK.  When you click OK the calibration recording will begin. One person in the group should lightly tap the stethoscope diaphragm twice during calibration.  
When the calibration is completed you should see a constant 40 mm Hg pressure recorded on channel 1 (red line), two "sound recordings" in Channel 3 (green line), and a typical ECG recorded on channel 4 (blue line).  If the calibration looks good, then proceed to Step III. (Record).  If the calibration looks wrong, click Redo. 
III.  Record data 
In this procedure one person in the lab group will assist the subject in placing the pressure cuff and stethoscope and will listen for the Korotkoff sounds.  A second assistant will work on the computer to run the Biopac program.  
First deflate the blood pressure cuff completely.  Then place it on the subject’s arm.
This Biopac program is set up to expect eight data segments of four repeated procedures: two measurements from the left arm while sitting up, two measurements from the right arm while sitting up, two measurements from the left arm while lying down, and two measurements from the right arm after exercise. 
To save time, we will only do one measurement on the left arm while sitting up, one measurement on the right arm while sitting up, and one measurement from the right arm after exercise.  (You may do all of the steps if you like, but they are not required.)  Remember, if any part of the recording is not good, you can click on Redo to repeat it. 
Use the spaces below to record your systolic and diastolic pressures for each treatment for your use in data analysis later:
Left Arm:  ______/______  Right Arm:  ______/______  R Arm after Exercise:  ______/______
Procedure 1.  Place the deflated pressure cuff and stethoscope on the subjects left arm.  Inflate the cuff to 160 mm.  Click on Record to collect the blood pressure on the left arm while sitting up.  Slowly release the pressure from the pressure cuff at about 2-3 mm Hg per second while observing the pressure meter and listening to the Korotkoff sounds.  If the data recording is not good, click on Redo.  Otherwise, click on Resume and Suspend to skip the second recording segment on the left arm while sitting up.  
Procedure 2.  Switch the pressure cuff to the right arm, position the stethoscope, inflate the pressure cuff to 160 mmHg, and click on Resume to collect the blood pressure data for the right arm while sitting up.  Slowly release the pressure from the pressure cuff at about 2-3 mm Hg per second while observing the pressure meter and listening to the Korotkoff sounds.  If the data recording is not good, click on Redo.  Otherwise, click on Resume and Suspend to skip the second recording segment on the right arm while sitting up. 
Procedure 3. Click on Resume and Suspend two more times to skip this third procedure (lying down) and to “fool” the program into "thinking" you have done all but the last procedure.
Procedure 4. Leave the pressure cuff on the right arm.  Click on resume and suspend to skip over the data segment for the left arm.  The subject is to run in place for one minute to elevate their heart rate, pulse, and blood pressure.  As soon as the subject sits down, reattach all electrodes, position the pressure cuff and stethoscope, inflate the cuff to 160 and click on Resume.  Slowly release the pressure from the pressure cuff at about 2-3 mm Hg per second while observing the pressure meter and listening to the Korotkoff sounds.  If the data recording is not good, click on Redo.  Otherwise, click on Done.  A dialogue box will appear and ask if you are sure you have completed the data recording.  Choose Yes.  
At this point a menu box will appear and ask "What would you like to do now?"  You may proceed to analyze the data you just collected if this is the last subject in the group by choosing "Analyze Current Data File" or, choose "Record from Another Subject" and repeat Step III above if there are subjects in the group who Have not yet recorded their data.  Be sure each person in the group has completed their data recording before any data analysis is performed.
IV. Data Analysis 
If you did not proceed directly to "Analyze Current Data File" from step 3 you will start Biopac and select Review Saved Data from the Lessons menu.  Open your folder in the "Data Files" folder, and then open the lesson 16 data file you created earlier (L016-BP-1).  
1. Setting Measurement Boxes.  Recall that channel 1 refers to cuff pressure, channel 3 refers to the stethoscope data, and channel 4 to the ECG recording.  Select CH1 (Cuff Pressure) as the first measurement box and select MAX as the measurement to be made in that box.  Select CH1 (Cuff Pressure) as the second measurement box and select MIN as the measurement to be made in that box. Select CH1 (Cuff Pressure) as the third measurement box and select P-p as the measurement to be made in that box.    
2. Measuring and Recording Blood Pressure.  Use the magnifying glass tool to zoom the portion of the graph from just before the first Korotkoff sound to just after the last Korotkoff sound into view.  Select the Select the I-Beam measurement button and highlight the interval on the graph from the first to the last Korotkoff sound.  Record the blood pressure measurements (Systolic: Max(1), Diastolic: Min(1), and Pulse Pressure: P-P(1)) into table 1 of your homework assignment.  
Print the graph in landscape format of your blood pressure for the left arm while sitting.  
Label P, QRS, and T waves on your ECG and the first and last Korotkoff sounds on the graph.   
Activity 6: Estimating Venous Pressure (Skip!) 
Activity 7: Observing the Effect of Various Factors on Blood Pressure and Heart Rate (Skip!)
Activity 8: Examining the Effect of Local Chemical and Physical Factors on Skin Color (Skip!) 
Exercise 33B. Cardiovascular Dynamics: PhysioEx Computer Simulation pp. PEx-87-PEx-96
 
This computer simulation is on the PhysioEx CD that came with your lab manual.  Recall that F (blood flow) = MAP (mean arterial pressure)/Resistance.  Therefore, blood flow is dependent on both the heart, which creates the MAP by pumping, and the blood vessels, which determine resistance (R) to blood flow primarily by regulating the size (radius) of their lumens.  
Start the PhysioEx CD and choose "Cardiovascular Dynamics" from the main menu when the program opens.  The flow of blood through the cardiovascular system depends on two physiological conditions: vessel resistance (collectively known as peripheral resistance) and cardiac output.   There are two main experiments in the Cardiovascular Dynamics module.  We will record the results for activities 1 and 4 using in the "Vessel Resistance" experiment.  When the "Vessel Resistance" experiment starts, you should see a screen with an experimental apparatus consisting of two blood reservoirs connected by a tube, simulating blood vessels (Figure 33B.1, p. PEx-89, in your lab manual).  Follow the instructions for activities 1 and 4 in your lab manual and below to complete this part of the lab.  Then, select "Pump Mechanics" from the experiment menu to complete activities 5 and 6.  When the "Pump Mechanics" experiment starts, you should see a screen with an experimental apparatus consisting of three blood reservoirs connected by tubes, simulating blood vessels (Figure 33B.2, p. PEx-93, in your lab manual).  Follow the instructions for activities 5 and 6 in your lab manual and below to complete this part of the lab. 

Activity 1: Studying the Effect of Flow Tube Radius on Fluid Flow
 
As described in lab manual.  Record your data for each blood vessel radius.  You will print this data later, together with the data from activity 4 below. 

Activity 2: Studying the Effect of Viscosity on Fluid Flow (Skip!) 

Activity 3: Studying the Effect of Flow Tube Length on Fluid Flow (Skip!) 

Activity 4: Studying the Effect of Pressure on Fluid Flow 

As described in lab manual.  Record the data for each blood pressure.  Print out the data you recorded for activities 1 and 4 and attach to your lab report. 

Activity 5: Studying the Effect of Radius on Pump Activity
 
Carry out this simulation as described on pp. PEx-93-PEx-94 in your lab manual. You will print three graphs of your data by selecting Tools>Plot. You must use the slide bars (blue squares) at the bottom of the plot window to specify the appropriate x-axis variable and y-axis variable to plot.  Set the X-variable to Right Radius and the Y-variable to Flow.  Click on Print plot in the upper left portion of the plot window to print this plot.  Now select Stroke Volume as the Y variable and print this plot.  Lastly, select Rate as the Y-variable and print this plot.  If you have trouble getting your computer to print the plots, you will have to plot your data by hand.  You will attach your plots to your lab report assignment.  

Activity 6: Studying the Effect of Stroke Volume on Pump Activity 

Perform this simulation as described in your lab manual on p. PEx-94-PEx-95.  You will print two graphs of your data by selecting Tools>Plot.  Plot the Stroke Volume, X-variable, versus the Y- variables Flow and Rate as described for Activity 5 and attach to your lab report.  
Lab Report Assignment:
Complete the following questions on D2L:
Exercise 33A, pp. 509
Observing the Effects of Various Factors on Blood Pressure and Heart Rate #28.  Indicate increase by I and decrease by D.
Biopac Lesson 16 Recording of Blood Pressure, Korotkoff Sounds, and ECG 
Complete the homework assignment below.

Exercise 33B.  (PhysioEx Simulation)  

Complete the homework assignment below.

Biology 2021: Human A & P   Lab 4 - Exercise 31:  Cardiovascular Physiology: Blood Pressure
Your Name:______________________________________________________________
Instructor’s Name:_________________________________________________________
Day and Time of Lab:_______________________________________________________
Lab Guide 4: PhysioEx and Biopac Questions

BioPac Lesson 16:
	Table 1: Biopac Blood Pressure Measurements

	
	Systolic (mmHg)
	Diastolic (mmHg)
	Pulse Pressure (mmHg)

	Procedure 1 (left arm, sitting)
	
	
	

	Procedure 2 (right arm, sitting)
	
	
	

	Procedure 4 (right arm, sitting, post-exercise
	
	
	



1. Attach the graph in landscape format of your blood pressure for the left arm while sitting.

2. Label P, QRS, and T waves on your ECG and the first and last Korotkoff sounds on the graph.  Report the blood pressure measurements for this graph (systolic/diastolic) and calculate the corresponding pulse pressure.

3. Describe the mechanical events in the heart and arteries to which each of these labeled events (on your graph) correspond (below).


  





4. What causes the 1st Korotkoff sound?


5. What causes the 2nd Korotkoff sound?


6. Which procedures should you compare to examine the effect of exercise on blood pressure?



7. How did the systolic pressure change after exercise?




8. How did the diastolic pressure change after exercise?




9. How did exercise affect the pulse pressure (note: write the pulse pressure value below)? 



10. How did exercise affect the heart rate? 



PhysioEx

11. Attach the 2 sets of data tables (Act. 1, 4 and Act. 5, 6) from your PhysioEx simulations.

12. Attach the five plots from the PhysioEx simulations (Act. 5, 6) you performed. 


PhysioEx Activity 1:

13. What happened to fluid flow when you increased the radius?



14. Is the relationship between radius and fluid flow linear or exponential?



15. While resting after a heavy meal, blood vessels in the skeletal muscles would probably be ___________ while those in the digestive system would be _____________.



PhysioEx Activity 4:

16. How does driving pressure alter fluid flow?



17. Is the relationship between driving pressure and fluid flow linear or exponential?



18. Why doesn’t the human body change the driving pressure to control blood flow?
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