iWorx, Wayne, Ziser,  2010

Respiratory Physiology

Spirometry

Purpose: This exercise is designed to familiarize the student with pulmonary function tests.
Performance Objectives: At the end of this exercise the student should be able to:

1.
Organize and setup the iWorx analog to digital converter and computer to perform 
pulmonary function tests.

2.
Measure and define, tidal volume, inspiratory reserve volume, expiratory reserve volume 
and vital capacity.

3.
Recognize the physiological factors that can produce abnormal lung volumes.

4.
Define residual volume, FEV1 and FVC and Minute Respiratory Volume.
5.
Explain the significance of FEV1/FVC ratios.

6.
Explain the effect of CO2 on respiratory rate.

Introduction


Spirometry is the classic pulmonary function test, which measures the volume of air inspired or expired as a function of time. It can monitor quiet breathing and thereby measure tidal volume, and also trace deep inspirations and expirations to give information about inspiratory reserve volume, expiratory reserve volume and vital capacity. Spirometry can also be used to measure forced expiration rates and volumes and to compute FEV1/FVC ratios
Equipment Setup and use of spirometer:

1.  
The equipment and screen should already be set up (see instructor for settings). 
2.  
The tubes of the flow head should always be in the vetical position (coming off of 
the top of the flow head) to avoid problems with condensation.
3. 
Avoid turbulent airflow, when breathing into the spirometer make sure that air is not 
escaping around the mouthpiece or through the subject’s nose.

4.  
The spirometer will display flow on the upper channel and volumes, in liters, will be 
displayed on the lower channel. Take your measurements from the 
channel the lung 
volumes channel.  If you want you can minimize the other channel.
5.  
Convert all values into milliliters as you record them.

6.  
Do not discard your filter until the end of the lab, you will be using them several times.

Activity:  Measuring Respiratory Volumes:

A.  Lung Volumes:  TV, IRV and ERV

Each student should collect the following lung volumes:




TV

=
Tidal Volume




IRV

=
Inspiratory Reserve Volume




ERV

=
Expiratory Reserve Volume




VC

=
Vital Capacity

1.  
Have the subject tape the disposable, sterile filter to the flowhead. A noseclip should be 
used to prevent breathing through the nose. The filter end of the flowhead should be 
placed in the subject’s mouth.
2. 
Type “TV” and the subject’s name in the marks window and click <Record> and 
immediately press <enter> on the keyboard

3. 
Allow the resting subject to breath in and out 5 or 6 times through the spirometer.

4.  
Press <stop>.
5.  
Select <save as> from the file menu, type the subjects name and save the file on the 
desktop.

6. 
Type “IRV” in the marks window, click <Record> > and immediately press <enter> on 
the keyboard.

7.  
Have the subject breathe normally, then ask them to inhale as much as possible during 
a  normal inhalation.
8.  
When they have inhaled completely, press <stop>.

9.  
You may want to repeat this procedure a couple of times so that you can compute an 
average for each value in the data analysis part of the exercise.

10.  
Allow a minute or two for the subject’s breath to return to normal and then click 
<Record>.

11.  
Type “ERV” on the keyboard and after the subject take several normal breaths, ask the 
subject to exhale as much as possible then press <enter> just before they begin to exhale

12.  
After they have exhaled as much as possible, click <stop>.

13. 
Repeat this procedure two more times and compute an average for each value in the data 
analysis part of the exercise.

B.  Vital Capacity and Forced Vital Capacity (timed vital capacity)
1. 
Type “VC” in the marks area and click <Record>.
2.  
Press <enter> as the subject begins to blow air into the spirometer.

3.  
When readys have the subject inhale as much as possible followed by a complete 
exhalation.then exhale completely.  This is Vital Capacity.
4.
Have the student inhale as much as possible then exhale as rapidly possible until no 
more air can be exhaled.  This is Forced Vital Capacity.
5.  
When the subject has exhaled as much as possible press <stop>. It is recommended that 
the best of 3 FVC trials be taken, the best 2 being within 5% of each other.  Pick one of 
the two that are within 5% of each other.
5.  
Or you may want to repeat this procedure a couple of times so that you can compute an 
average for each value in the data analysis part of the exercise.

C.  
Data Analysis

1.  
After each subject has completed taking their measurements, scroll through your data or 
click on the <marks> icon  and select the segment of your data that you wish to 
analyze.

2.  
Click on the <2 cursor> icon.
3.  
Use the mouse to click and drag the two cursors to the appropriate peaks and valleys of 
each of the breathing cycles on the volume recordings on the channel tracings

4.  
Read the volume in the window to the upper right of the channel tracing.
5.  
Record  the volumes in milliliters  in the table #1  on the data sheet.

6.  
Record two or three values each for TV, IRV, ERV and VC and determine the average 
for each value; record the average vital capacity (direct measurement) in both tables on 
your data sheet

7.  
Use the formula in this exercise to determine our “predicted vital capacity” and enter this 
value in the table on your data sheet.

8. 
Then calculate VC by adding the average values you have already obtained for TV, IRV 
and ERV:






VC   =   TV   +   IRV    +   ERV


enter that value into the data table.
9.  
Follow the procedure in the data sheet to estimate Residual Volume, then enter the 

value. 


10.  
Calculate your Minute Respiratory Volume (MRV) using the formula provided in your 
data sheet and enter the value in the data sheet.
11.  
Use the tracing from measuring the Forced Vital Capacity vital capacity to determine 
the Forced Expiratory Volume. 

Forced Expiration



Forced expiration is a very useful pulmonary function test. A spirometry tracing 
is obtained by having a person inhale as much as possible and then exhaling 

completely and as rapidly as possible. The tracings can then be used to separate normal 
respiratory states from obstructive and restrictive states. 



In a normal forced expiration curve, the volume that the subject can expire in one 
second (referred to as FEV1) is usually about 80% of the total forced vital capacity 
(FVC).



In an obstructive condition, however, such as asthma, bronchitis or emphysema, 
the forced vital capacity is not only reduced, but the rate of expiratory flow is also 
reduced. An individual with an obstructive defect might have a forced vital capacity of 
only 3.0 liters, and in the first second of forced expiration, exhale only 1.5 liters, giving a 
FEV1/FVC of 50%. With a restrictive disease, such as fibrosis, forced vital capacity is 
also compromised. However, due to the low compliance of the lung in such conditions, 
and the high recoil, the FEV1/FVC ratio may be normal or even greater than normal. For 
example, a patient with a restrictive condition might have a FVC of 3.0 liters, as was seen 
in the obstructive cases, but the FEV1 might be as high as 2.7 liters, giving a FEV1/FVC 
ratio of 90%. 



FEV1 is the volume of air expelled in the first second of maximal forced expiration from 
a position of full inspiration.
 
 Use the 2-cursor icon and place one cursor at the beginning of the VC tracing.  Move the 
second cursor while watching the T2-T1 until it shows 1 second.  The value in the 
volume box is your FEV.  Enter this value into the table on your data sheet. 

++++++++++++++++++++++++++++++++++++++++++++++

The remainder of this exercise will be performed as a group

++++++++++++++++++++++++++++++++++++++++++++++

Activity:  Visualizing Respiratory Variations

A.  
The Effects of Exercise on Tidal Volume

1.  
Have the subject walk to the first floor and back up to the seventh (or some portion of 
that that won’t kill them but will allow them to exercise for at least 1 - 2 minutes); they 
can also use the exercise bike or run in place, etc.

2.  
Have them breathe through the spirometer, click <Record>.

3. 
 Type “exercise” and press <enter> and record about a minute of post-exercise breathing

4.  
Click <stop> and <save>

5.  
Analyze the data by clicking the <marks> icon and selecting “exercise”

6.  
Click the <2 cursor> icon and measure the volume from trough to peak of three typical 
breaths and enter the volumes, in milliliters, on table #3 on your data sheet

7.  
Then use the two cursors to measure the time interval of a single breath (eg. peak to peak 
or trough to trough), measure three typical breaths and record in table #3.

8.  
Calculate the average volume per breath and an average time/breath and record on the 
same table.

9.  
Calculate breaths/min by dividing 60 by the average time interval and enter it on table #3; 
or have someone time the number of breaths per minute with a watch

10.  
Calculate volume/min by multiplying breaths/min by average volume/breath and enter 
the value on table #3.

11.  
Compare these values to the resting values for the same subject and note any increase or 
decreases in volume or rate in the table on your data sheet

Activity:  Effect of pCO2 levels on the Respiratory Rate

1.  
Observe your lab partner and record their respiratory rate (number of breaths per minute) 
in the table on your data sheet

2.  
Instruct your lab partner to take rapid, deep breaths until she tires (not more than a couple 
of minutes max)

3.  
After the forced breathing, record their respiratory rate on the table below.

4.  
Record the resting respiratory rate of another lab partner in the table below

5.  
Have your lab partner breathe in and out holding a paper bag to cover their nose and 

mouth for one 
or two minutes or until breathing becomes difficult.

6.  
Remove the bag and record their respiratory rate on the table on your data sheet

Activity:  Effect of pCO2 Changes on pH 
1.  
Use a pH meter to determine the pH of 50 ml of distilled water in a 150 ml flask and 
record on the table on your data sheet. Make this measurement immediately before the 
subject begins breathing through a straw into the water

2.  
Have subject pinch nostrils shut and exhale into the bottom of the flask through a straw.

3.  
Record the pH of the water immediately after exhaling into it.

4.  
Repeat, blowing into the water 5 additional times, taking a deep breath each time and 
record the pH of the water immediately after each exhaled breath.

5.  
Next, have  subject breath into the paper bag until breathing becomes difficult.

6. 
 Taking another 150 ml flask with 50 ml of fresh distilled water, record its pH 
immediately before subject begins to exhale into it through the straw

7. 
 Remove the bag and, pinching nostrils, exhale through a straw into the water and record 
the new pH.

8.  
Repeat, exhaling 5 additional times, this time and immediately read and record the pH on 
the table on your data sheet.

These should be normal breaths not deep breaths as above 

9.  
Graph your results with pH on the y axis and exhalations on the x axis and attach it to 
your data sheet.

Respiratory Physiology

Data Sheet

Activity:  Measuring Respiratory Volumes:
A.  Resting Breathing Rate (breaths/minute):_______________

B.  Lung Volumes:  TV, IRV and ERV

	Table #1:  TV, IRV and ERV

	Lung Volumes (ml)
	1st 

reading
	2nd 

reading
	3rd 

reading
	Average

(ml)

	Tidal Volume
	
	
	
	

	Inspiratory Reserve Volume
	
	
	
	

	Expiratory Reserve Volume
	
	
	
	

	Vital Capacity
	
	
	
	

	Forced Vital Capacity
(Forced Expiratory Reserve)
	
	
	
	

	Forced Expiratory Volume (FEV1)
	
	
	
	

	Residual Volumea
	
	
	
	

	Minute Respiratory Volumeb
	
	
	
	


aapproximately 1200ml for men and 1000ml for women

bMinute respiratory volume = tidal volume x respiratory rate
C.  Vital Capacity

	Table #2:  Vital Capacity

	
	
	   Vital Capacity 

(ml)

	Predicted 

Vital Capacity (from formula)
	VCp
	

	Directly Measured 

Vital Capacity  (from iWorx data)
	VCdm
	

	Calculated

Vital Capacity (TV+IRV+ERV)
	VCc
	


Predicted Vital Capacity 
Use the equation below to calculate your predicted Vital Capacity. 
  




males = 
[27.63 - (0.112 x age)] x height in cm



females = 
[21.78 - (0.101 x age)] x height in cm
    

                                                         V.C.     Vital Capacity in liters
                                                         H          Height in centimeters
                                                         A          Age in years
                                       
Calculate the difference between your predicted vital capacity and your directly measured vital capacity:





VCdm
–   VCp =

___________

 At your discretion, provide the following information and record it on your data sheet:


a. do you smoke ____________
   if yes, estimate packs/day:
____________


b. do you exercise regularly:_________      if yes, estimate hours/week: ____________

1.
Do you think your lung volumes have been changed by any of the above activities?  
Explain.

2.  
How do your measured lung volumes compare with average values for each from your 
text?  Explain.

3.  
Which method seemed to produce the most accurate vital capacity

4. 
 Describe and interpret your individual results (eg. compared to average values, compared 
to your classmates, compared to predicted values for vital capacity, causes of differences, 
etc.)

5.  FEV1 is normally 75-80% of Vital Capacity.  How did your FEV compare to your VC?

D.  The Effects of Exercise on Tidal Volume

	Table #3:  Effects of Exercise on Tidal Volume

	Tidal Respiration
	1st
Recording
	2nd
Recording
	3rd
Recording
	AVERAGE

	***Resting***



	Tidal Volume
	
	
	
	

	Time Interval
	
	
	
	

	

	
	Breathing Rate (breaths/min)   =
	Minute Volume 

(ml/min)  =

	***Exercise***



	Tidal Volume
	
	
	
	

	Time Interval
	
	
	
	

	

	
	Breathing Rate (breaths/min)  =
	Minute Volume 

(ml/min)  =


Describe and explain any significant effects of exercise on:

a.  
Tidal Volume

b.  
Breathing Rate

c.  
Minute volume

Activity:  Effect of pCO2 levels o the Respiratory Rate

	
	beginning

resp rate
	ending

resp rate
	increase or

decrease

	Subject #1:

Deep Breaths
	
	
	

	Subject #2:

Paper Bag
	
	
	


Effect of pCO2 Changes on pH

	
	pH after deep breaths
	pH after breathing into paper bag

	original pH


	
	

	after 1st exhalation


	
	

	after 2nd exhalation


	
	

	after 3rd exhalation


	
	

	after 4th exhalation


	
	

	after 5th exhalation


	
	


Describe and explain the results on the effects of hyperventilating and breathing into a paper bag on respiratory rate.

Describe and explain the results on the effects of hyperventilation and breathing into a paper bag on the pH of exhaled air.
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