Experiment HS-1: Breathing Parameters at Rest and After Exercise

Exercise 1: Breathing While Resting

Aim: To measure breathing parameters in a healthy, resting subject.

Procedure
1. Instruct the subject to:
* Sit quietly and become accustomed to breathing through the spirometer flowhead.
* Breathe normally before any recordings are made.
* Hold the flowhead so that its outlets are pointed up.

* Remove the flowhead from his or her mouth and hold it at the mouth level in a position
that prevents a breath from moving through the flowhead.

Note: The LabScribe software will zero the Lung Volumes channel during the first ten seconds of
recording. No air should be moving through the flow head during this time.

2. Type <Subject’s Name> Resting in the Mark box that is to the right of the Mark button.

3. Click on the Record button. After waiting ten seconds for the Lung Volumes channel to zero,
have the subject place the flowhead in his or her mouth and begin breathing. Press the Enter key
on the keyboard to mark the recording.

4. Click the AutoScale buttons of the Air Flow and Lung Volumes channels. Notice the slowly
moving wave on the Lung Volumes channel. Record five breaths, which normally takes about
forty-five seconds to record.

5. Type Forced in the Mark box. Press the Enter key on the keyboard as the subject inhales as
deeply as possible. After reaching his or her maximum inhalation volume, the subject should
exhale as quickly and as completely as possible.

6. After the forced exhalation is complete, the subject should continue to breathe normally through
the spirometer for five breath cycles.

7. Click Stop to halt recording. Your data may look like Figure HS-1-1.1.

8. Select Save As in the File menu, type a name for the file. Choose a destination on the computer
in which to save the file, like your lab group folder). Designate the file type as *.iwxdata. Click
on the Save button to save the data file.
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Figure HS-1-L1: Air flow and lung volumes of the normal and forced breathing of a subject at rest.

Data Analysis-Normal Breathing at Rest

1. Scroll through the recording and find the section of data recorded when the subject was
breathing while resting.

2. Use the Display Time icons to adjust the Display Time of the Main window to show at least
four complete breathing cycles on the Main window. Four adjacent breathing cycles can also be
selected by:

* Placing the cursors on either side of a group of four complete breathing cycles; and

* Clicking the Zoom between Cursors button on the LabScribe toolbar to expand the four
selected breathing cycles to the width of the Main window.
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Figure HS-1-L2: The LabScribe toolbar.
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3. Click on the Analysis window icon in the toolbar (Figure HS-1-1.2) or select Analysis from the
Windows menu to transfer the data displayed in the Main window to the Analysis window
(Figure HS-1-L3).

4. Look at the Function Table that is above the uppermost channel displayed in the Analysis
window. The mathematical functions, V2-V1, Max_dv/dt, Min_dv/dt, and T2-T1 should appear
in this table. Values for V2-V1, Max_dv/dt, Min_dv/dt, and T2-T1 on each channel are seen in
the table across the top margin of each channel.

5. Minimize the height of the Air Flow channel by clicking on the arrow to the left of the channel’s
title to open the channel menu. Select Minimize from this menu to reduce the height of the
channel display.

6. Maximize the height of the trace on the Lung Volumes channel by clicking on the arrow to the
left of the channel’s title to open the channel menu. Select Scale from the menu and AutoScale
from the Scale submenu to increase the height of the data on that channel.

7. Once the cursors are placed in the correct positions for determining the volumes and rates of
each breath cycle, the values of the parameters in the Function Table can be recorded in the on-
line notebook of LabScribe by typing their names and values directly into the Journal.

8. The functions in the channel pull-down menus of the Analysis window can also be used to enter
the names and values of the parameters from the recording to the Journal. To use these
functions:

* Place the cursors at the locations used to measure the volumes and rates of the breath
cycle.

* Transfer the names of the mathematical functions used to determine the volumes and
rates to the Journal using the Add Title to Journal function in the Lung Volumes Channel
pull-down menu.

* Transfer the values for the volumes and rates to the Journal using the Add Ch. Data to
Journal function in the Lung Volumes Channel pull-down menu.

9. On the Lung Volumes channel, use the mouse to click on and drag the cursors to specific points
on the recording to measure the following volumes:

* Tidal Volume (TV), which is the volume of air inhaled or exhaled during a normal
breathing cycle. To measure the tidal volume of the subject during breathing at rest,
place one cursor in the trough prior to inhalation, and the second cursor on the peak of
the cycle. The value for the V2-V1 function on the Lung Volumes channel is the tidal
volume.(Figure HS-1-1.3).

* Maximum Inspiratory Flow Rate, which is the maximum rate of air movement during
inhalation. To measure the maximum inspiratory flow rate of the subject during
breathing at rest, leave the cursors in the same positions used to measure the tidal
volume. The value for the Max_dv/dt function on the Lung Volumes channel is the
maximum inspiratory flow rate of that breath cycle.

*  Maximum Expiratory Flow Rate, which is the maximum rate of air movement during
exhalation. To measure the maximum expiratory flow rate of the subject during
breathing at rest, place one cursor on the peak of the breath cycle, and the second cursor
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in the trough to the right of that peak. The value for the Min_dv/dt function on the Lung
Volumes channel is the maximum expiratory flow rate of that breath cycle (Figure HS-1-
L4).This function is used since the exhalation portion of the breath cycle has a negative

slope.
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Figure HS-1-L3: Breathing pattern of a subject at rest, displayed on the Lung Volumes channel in the
Analysis window. The cursors are positioned on the trough and the peak of the breath cycle to measure
the tidal volume (TV) with V2-V1 function and the maximum inspiratory flow rate with the Max_dv/dt

Jfunction.
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Figure HS-1-14: Breathing pattern of a subject at rest, displayed on the Lung Volumes channel in the
Analysis window. The cursors are positioned on the peak of the breath cycle and the trough of the
succeeding cycle to measure the maximum expiratory flow rate with the Min_dv/dt function.
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* Breath Period, which is the duration of each breathing cycle. To measure the breath
period of the subject during breathing at rest, place one cursor on a peak of a breath
cycle, and the second cursor on the peak of an adjacent cycle. The value for T2-T1 on
the Lung Volumes channel is the period of that breath cycle (Figure HS-1-L5).
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Figure HS-1-L5: Normal breathing pattern of a subject at rest, displayed on the Lung Volumes channel
in the Analysis window. The cursors are positioned on the peaks of successive breath cycles to measure
the breath period with the T2-T1 function.

10. Record the values in the Journal using the one of the techniques described in Steps 7 or 8.

11. Repeat the measurements of tidal volume, maximum inspiratory flow rate, maximum expiratory
flow rate, and breath period on two additional normal breath cycles.

12. Average the three values obtained for each parameter and enter the means in a table in the
Journal. You can open and close the Journal by clicking on its icon on the LabScribe toolbar
(Figure HS-1-L.2).

13. Record the means for the tidal volume, rates, and breath period in Table HS-1-1.2.

14. Calculate the normal breathing rate of the subject at rest using the following equation:

Breath Rate (breaths/minute) = 60 (seconds/minute) / mean breath period (sec/breath)

15. Multiply the mean tidal volume by the breathing rate to calculate the volume of air passing in
and out of the resting subject’s lungs each minute.

16. Record the values for these calculations in the table.

Human Spirometry — Breathing-Rest-Exercise — Labs HS-1-5

Copyright iWorx Systems Inc. Note: Only for evaluation by prospective customers.



Data Analysis-Forced Expiration at Rest

1. Use the slider or the arrows on the scroll bar, at the bottom of the Analysis window, to position
data recorded when the subject exhaled with maximum force in the window.

2. Use the Display Time icons to adjust the Display Time of the Analysis window to show the
forced expiration curve and the two normal breaths, that occur before the force expiration curve,
on the same window. These breathing cycles can also be selected by:

* Placing the cursors on either side of the group of appropriate breathing cycles; and

* Clicking the Zoom between Cursors button on the LabScribe toolbar to expand the
selected breathing cycles to the width of the Main window.The segment of the recording
displayed in the window should be like the recording in Figure HS-1-L.6.

3. Use the same techniques used earlier to record volumes and rates in the Journal.

4. Place the cursors on the forced expiration data displayed on the Lung Volumes channel to
measure the following volumes and rates using the V2-V1, T2-T1, Max_dv/dt, and Min_dv/dt
functions. Check the labels to identify the volumes and rates that you will measure:

* Tidal Volume (TV), by placing one cursor in the trough before the inhalation segment of
the resting breath and the second cursor on the peak of that resting breath cycle. The
value for the V2-V1 function on the Volume channel is the tidal volume.

* Inspiratory Reserve Volume (IRV), by placing one cursor on the peak of the normal
breath prior to the maximum inhalation and the second cursor on the peak of the forced
breath cycle. The value for the V2-V1 function on the Lung Volumes channel is the
inspiratory reserve volume.

* Forced Inspiratory Flow Rate, by keeping the cursors in the same positions used for
measuring IRV. The value for the Max_dv/dt function on the Lung Volumes channel is
the forced inspiratory flow rate.

* Forced Vital Capacity (FVC), by placing one cursor on the peak of the forced breath
cycle and the second cursor on the flat line after the subject has expelled all the air from
his or her lungs. The value for the V2-V1 function on the Lung Volumes channel is the
forced vital capacity.

* Forced Expiratory Flow Rate, by keeping the cursors in the same positions used for
measuring VC.The value for the Min_dv/dt function on the Lung Volumes channel is the
forced expiratory flow rate.

* Expiratory Reserve Volume (ERV), by placing one cursor in the trough before maximal
inhalation and the second cursor on the flat line after subject has expelled all the air from
his or her lungs. The value for the V2-V1 function on the Lung Volumes channel is the
expiratory reserve volume.

* Forced Expiratory Volume at 1 Second (FEV ), by placing one cursor on the peak of the

maximum breath cycle and the second cursor on the data point that is one second after
the peak. Use the T2-T1 function to determine the data point that is one second after the
peak. The value for the V2-V1 function on the Lung Volumes channel is the forced
expiratory volume at one second.
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