Biology 2021: Human Anatomy and Physiology 

Lab Guide 3
For the 10th edition 

Exercise 32: Anatomy of Blood Vessels, pp. 469-484

Exercise 33A: Human Cardiovascular Physiology--Blood 
Pressure and Pulse Determinations, pp. 491-504

BIOPAC Lesson 17: Heart Sounds


Learning Objectives 

At the conclusion of today's lab the student will be able to: 

1. 	Identify the microscopic structure of blood vessels 
2. 	Relate the microscopic structure of different types of blood vessels to their functions in the circulatory system 
3. 	Describe the tunics of blood vessel walls and state the function(s) of each. 
4. 	Identify the major blood vessels of the body, especially those of clinical significance 
5. 	Identify the main circulatory pathways of the circulatory system: systemic, pulmonary, hepatic portal, fetal, and cerebral 
6. 	Use the stethoscope to auscultate the heart sounds and to relate heart sounds to cardiac cycle events. 
7. 	Define cardiac cycle, heart sounds, pulse, and pulse deficit.
8. 	Describe the clinical significance of heart sounds and murmurs. 
9. 	Demonstrate the thoracic locations where the sounds of each valve are most accurately auscultated. 
10. Use BIOPAC to record an ECG and pulse plethysmogram

  
Exercise 32: Anatomy of Blood Vessels

Activity 1: Examining the Microscopic Structure of Arteries and Veins
 
Observe the microscopic structure of blood vessels under the microscope (slide# 44 in the slide box, labeled "artery, nerve, vein" or "artery, vein, capillaries"). Learn to identify the three layers of arteries and veins: tunica interna (tunica intima), tunica media, tunica externa (tunica adventitia). You need to know the main tissue components of each layer. There is a poster on the wall in the lab to help you learn these structures. See Histology Atlas Plate 38, and lab manual Figure 32.1, p. 470. Do not expect to be able to distinguish the layers of blood vessels as clearly as these figures illustrate. Note: arteries are relatively thicker walled and are usually more rounded in shape than veins; in addition, the internal elastic lamina of arteries is often a very bright salmon pink or orange red undulating line which almost seems to glow. 
You may also be interested in observing an atherosclerotic artery (slide #45 in the slide box, labeled "atherosclerosis"). This condition is promoted by heredity, various disease processes, smoking, high fat diet, and sedentary life style. 

Activities 2-6: Locating Arteries and Veins of the Systemic, Pulmonary, Hepatic Portal, Fetal, and Cerebral Circulations 

Learn the major vessels (those in bold typeface on the model keys) on the heart, circulatory tree, torso, vascular arm, muscular arm, muscular leg, head, thorax, and pelvis models in the lab.  Rely on the illustrations in your lab manual for the hepatic portal, fetal, and cerebral circulations.
 
Exercise 33A: Human Cardiovascular Physiology--Blood Pressure and Pulse Determinations 

Activity 1: Auscultating Heart Sounds, pp. 492-494 
Skipe this!  We will do this later today using a Biopac exercise! 
Activity 2: Palpating Superficial Pulse Points, p. 495 
Palpate on your lab partner the superficial pulse points illustrated in figure 33A.3, p. 495, of your lab manual with the possible exception of the femoral artery in the groin.
Activity 3: Measuring Pulse Using Biopac, pp. 495-497

Open the Biopac program and select L07-ECG-Pulse.  Follow the on-screen directions for the calibration and data collection.  The procedure is very similar to the ECG lab, except a pulse plethysmograph transducer will be used to record your peripheral pulse at the same time as the ECG.  The pulse plethysmograph monitors each surge of blood into the index finger during each systolic pressure wave.  You will collect a baseline set of data and determine the effects of cold water and gravity on blood pressure and the ECG.  Work in groups of no more than four at each computer station.  Remember, you can work on other lab activities (such as review of heart anatomy, etc.) if you have to wait for a computer station to become available. Obtain complete data for each person in the group before proceeding to data analysis, to be sure all students get data recorded during the official lab time.  Data analysis may be completed later, in open lab time, if necessary.  These are the steps you will take: 

I. Setup 
Attach the ECG electrodes and pulse plethysmograph 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 7: ECG & Pulse.  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 
Click on Calibrate to test the transducers.  If the calibration looks good, then proceed to Step 3 (Record).  If the calibration looks wrong, click Redo. 

III.  Record data 

Treatment 1: At Rest 
Click Record to collect15 seconds of data while the subject is seated with their arms at rest on the lab bench.  If the recording is not good, click on Redo to repeat it. 

Treatment 2: Cold Water 
If the previous recording is good, place the subjects' right hand* in ice water and immediately click on Resume to collect 15-30 seconds of data while their hand is in ice water.  If the recording is not good, click on Redo to repeat it.  (*The hand that is not attached to the plethysmograph.)   

Treatment 3: Gravity 
If the second recording is good, have the subject raise their left arm over their head and click Resume to collect 15 seconds of data with their hand raised over their head.  If the recording is not good, click on Redo to repeat it.  

When you have successfully collected the above three sequences of treatment data, 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?"  If you have not collected the data for all the members in your group, choose "Record from Another Subject" and repeat #3.  If you have collected data on all members of your group, proceed to analyze the data you just collected by choosing "Analyze Current Data File."    

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 7 data file you created earlier.  Recall that channel 1 refers to the ECG recording and channel 40 is the pulse recording. 

1. Set the channel number and measurement boxes.  Set measurement channel box 1 to measure delta T in channel 1, set box 2 to measure BPM in channel 1, set box 3 to measure p-p in channel 1, and set box 4 to measure p-p on channel 40.  

2. Measure ECG and Pulse data for each of the three data sections you collected.  Using the I beam tool, measure and record each of the following measurements in table 1 of your lab assignment: 
a. from the peak of one R-wave to the peak of the next R-wave.   
b. from the peak of the first to the peak of the second pulse wave. 
c.  the amplitude of the first pulse wave (from peak to trough).

Print a representative section of your ECG-pulse graph showing one good ECG cardiac cycle (use the "landscape" page setting) and attach your ECG-pulse graph to your lab report.  
Activity 4: Taking Apical Pulse, p. 497
As described in lab manual. 
Apical pulse, the actual number of heart beats determined by auscultation at the apex of the heart, can be compared to radial pulse, the number of heart beats determined by palpation of the radial artery at the wrist, to determine a pulse deficit.  Large pulse deficits may indicate that the heart is pumping with insufficient force to push blood into the arterial tree where it can be palpated. 
Record the 3 results (apical pulse, radial pulse, and pulse deficit) in your lab manual and write them in your lab report. 
Biopac Lesson 17: Heart Sounds 
Open the Biopac program and select L017-HS-1.  The procedure is very similar to the ECG lab except a stethoscope will be recording heart sounds at the same time as the ECG is being recorded.  The stethoscope monitors the vibrations (sounds) caused by the closing of the AV and SL valves during the cardiac cycle.  You will collect data for each of the four valves by placing the stethoscope on four different thoracic locations.  These are the steps you will take: 
I. Setup 
Attach the ECG electrodes as illustrated in the posters at the computer stations.  Keep these electrodes attached until you have completed the second Biopac experiment.  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 17: Heart Sounds (L017-HS-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 
Click on Calibrate to test the transducers.  Read the prompt and click on OK.  One person in the group should lightly tap the stethoscope diaphragm twice after the calibration tracing begins. When the calibration is completed you should see two "sound recordings" in Channel 3 and a typical ECG recorded on channel 4.  If the calibration looks good, then proceed to Step III, Part A.  If the calibration looks wrong, click Redo. 
III.  Record data 
There are two parts to the data recording in this Biopac Lesson.  In Part A, a simple written description of how each valve sounds to each member of the group is recorded.  In Part B ECG and heart sounds are recorded.
Part A.  Describing each of the four valve sounds.  
The term heart sounds refers to the sounds made by the closing of the atrioventricular (AV) and semilunar (SL) valves of the heart, lub and dup, respectively.   Refer to figure 33A.1a, p. 493, in your lab manual to see the points in the cardiac cycle when the heart sounds occur. Figure 33A.2 on page 494 shows the stethoscope positions you can use to hear the four different sounds.  Abnormal heart sounds are called murmurs and often indicate problems with a heart valve. 
Your lab instructor may demonstrate the procedure for auscultating heart sounds.  Then, find an agreeable male subject in the lab to allow you to auscultate his heart during this portion of the lab.  Female lab partners may wish to auscultate each other's heart sounds in the privacy of the women's lavatory in the atrium portion of the building. 
One person in the lab group will assist the subject in placing the stethoscope in the four different valve positions illustrated on the posters in lab corresponding to the Aortic (A), Pulmonary (P), Tricuspid (T), and Mitral (M) valves while a second assistant will operate the computer program and type in the description of each valve sound.  This part of the Biopac exercise begins when second assistant will click on the Note Sounds button.  Recording the description of each valve sound consists of the following 3 steps:
1. The first assistant places the stethoscope on the first valve position, “A”, and listens to the valve sound.
2. When the first assistant indicates they have listened to the valve sound at that position, the second assistant clicks on Done.   
3. A dialogue box labeled “notes for “Aortic” position (“A“ in figure)” will appear.  The first assistant will describe the sound of the Aortic valve and the second assistant will type this description into the dialogue box and click on OK.
Repeat steps 1-3 for each of the remaining 3 valve positions.  After you have entered the description of the 4th (Mitral) valve a dialogue box will appear informing you that “the text you entered will be automatically saved in the Journal.  Would you like to re-enter this text?”  If you are not satisfied with your previous descriptions click Yes to re-enter your descriptions.  If you are satisfied with your descriptions click on No and proceed to Part B, record ECG and heart sounds. 
Part B.  Collecting ECG and Heart sounds data.  
Follow the on-screen instructions (subject seated and relaxed …” and click on Record to begin data recording ECG and heart sounds.  Collect twenty second of data and click on Suspend.  If you did not record a good ECG and heart sounds check your electrode connections and the position of the stethoscope and click on Redo.  If you did record a good ECG and heart sounds, ignore the on-screen instructions to engage in light exercise and click on Done.  A dialogue box will appear asking “are you sure you are done recording. …”  Click on Yes.
Until ECG and heart sounds have been recorded for every member of your lab group, choose "Record from Another Subject" and repeat Parts A & B on each subject.  Only when the last person in the group has completed the recording of their data may you proceed to data analysis by choosing "Analyze Current Data File."
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 17 data file you created earlier.  Recall that channel 3 refers to the stethoscope data and channel 4 to the ECG recording.  Data analysis consists of the following three steps:
1.  Setting Measurement Boxes.  Select CH4 (ECG) as the first measurement box and select delta T from the drop down menu as the measurement to be made in that box.  Select Channel 3 (Stethoscope) as the second measurement box and select delta T as the measurement to be made in that box.  
2. Measuring and Recording time intervals.  Use the magnifying glass tool to zoom 4-5 cardiac cycles into view.  Use the I-beam to highlight from the peak of an R-wave to the 1st heart sound.  Record this measurement in table 2 of your assignment.  It is the "delay between R-wave and first heart sound" (highlight from the R wave to the peak of the heart sound).  Using the same measurement box settings, highlight the interval from the peak of the T-wave to the peak of the 2nd heart sound.  Record this measurement into your assignment, it is the "delay between T-wave and second heart sound."   
3. Print a representative section (3 or 4 cardiac cycles) of your heart sounds and ECG chart (you will attach this to your lab report).  
Label P, QRS, and T waves on the ECG (Ch4) and heart sound 1 and heart sound 2 on the stethoscope recording (Ch3) of the printed graph you attach to your lab report.  On the back of your graph describe the mechanical events to which each of these labeled events correspond.  Refer to Figure 33A.1, p. 493, in you lab manual for a reference that summarizes the events occurring in the heart during the cardiac cycle.

Lab Report Assignment
 
Complete the following questions on D2L:

Review Sheet Exercise 32, p. 485-490. 

Microscopic Structure of the Blood Vessels # 1
Major Systemic Arteries and Veins of the Body #5, 9 (arteries and veins) 

Exercise 33A, pp. 505-507

Cardiac Cycle #1
Heart Sounds #7.

Measuring ECG and Pulse Using Biopac
 
Attach to your lab report the representative section of your ECG and Pulse chart graph.
 
Label the P, QRS, and T waves on your ECG tracing.  
Answer, and turn in the questions listed at the end of this guide.

Biopac Lesson 17 Recording of Heart Sounds and ECG
 
Attach the printout of the Heart Sounds and ECG graph.  Remember to label P, Q, R, S, and T waves on your ECG as well as Heart sounds 1 and 2.  



Biology 2021: Human A & P   Lab 3 - Exercise 31:  Cardiovascular Physiology
Your Name:______________________________________________________________
Instructor’s Name:_________________________________________________________
Day and Time of Lab:_______________________________________________________
Measuring Pulse Using Biopac:
Compute and fill out the table below using your Biopac measurements.  
	Table 1: Measuring Pulse using Biopac

	
	Procedure 1
Seated w/arms relaxed
	Procedure 2
Seated w/one hand in ice water
	Procedure 3
Seated w/ arm raised above head

	Cardiac cycle duration
(R-R, delta T)
	
	
	

	Pulse duration
(peak to peak, delta T)
	
	
	

	Pulse strength
(peak to trough, P-P)
	
	
	



Print a representative section of your ECG-pulse graph showing one good ECG cardiac cycle (use the "landscape" page setting) and attach your ECG-pulse graph to your lab report. Be sure to label the P, Q, R, S, and T waves. 

1. Record the following (from Activity 4):

a. Apical pulse: _________

b. Radial pulse: _________

c. Pulse deficit: _________


2. How much did the amplitude of the QRS complex (cardiac cycle) change between conditions (Ch1 p-p)?

a) Extreme Temp – Arm Resting:   ____________mV

b) Arm Up – Arm Resting:  __________________mV


3. How much did the pulse amplitude (pulse strength) change between conditions (Ch40 p-p)?

a) Extreme Temp – Arm Resting:   ___________mV

b) Arm Up – Arm Resting:  _________________mV

4. Does the amplitude of the QRS complex (cardiac cycle) change with the pulse amplitude  (pulse strength)?


5. How?



6. Is the duration of a given cardiac cycle similar to the time between pulses?



7. Which part of the cardiac cycle corresponds to the activity in the heart that generates the pulse?


8. With which wave or interval is the pulse most close associated(circle correct choice)?
(End of) T        or                     T to next P. 



Biopac Lesson 17 Recording of Heart Sounds and ECG

	Table 2: ECG and Heart Sounds Data

	
	Segment 1
	Segment 2

	Delay between R wave and first heart sound (delta T)
	
	

	Delay between T wave and second heart sound (delta T)
	
	


Print a representative section (3 or 4 cardiac cycles) of your heart sounds and ECG chart (you will attach this to your lab report).  Label the P, Q, R, S, and T waves on the ECG (Ch4) and heart sound 1 and heart sound 2 on the stethoscope recording (Ch3).  
9. Describe the heart sounds

Aortic position ('A' in figure): 

Pulmonic position ('P' in figure): 

Tricuspid position ('T' in figure): 

Mitral position ('M' in figure): 



10. What mechanical event is responsible for heart sound 1? 


11. What mechanical event is responsible for heart sound 2? 


Description of Electrical and Mechanical Events of the Cardiac Cycle

12. The P-wave denotes _________________, this causes _______________ which persists during the P-Q interval.

13. Next, the QRS complex denotes _________________ and ______________, causing atrial ___________ and ventricular ____________, respectively.  Ventricular contraction persists through the ________ interval.

14. When ______________ pressure is greater than ___________ pressure, the AV valves close causing the ________ heart sound. 

15. When ventricular pressure exceeds aortic pressure, the __________ valve opens and blood is ejected from the heart.

16. The T-wave represents ____________.  The ventricle ________ during and after this occurs.  

17. When ______________ pressure falls below __________ pressure, the semilunar valves close, causing the __________ heart sound. 
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