Experiment HS-7: Ventilation and Oxygen Saturation Levels, Part 2
This experiment is a continuation of Experiment HS-6: Ventilation and Oxygen Saturation Levels.

Equipment Required

PC or Mac Computer

IXTA, USB cable, IXTA power supply
USB Pulse Oximeter

PT-104 Pulse Sensor

RM-204 Respiration monitor

Pulse Oximeter and Respiration Monitor Setup

1. Locate the USB pulse oximeter, the RM-204 respiration moni PT-104 Pulse sensor.

2. Plug the PT-104 pulse sensor into Channel AS. Strap the sen the volar surface of the
subject’s left thumb. Make sure it is not too loose or too

Warning: The photoplethymograph sensor pa avelengths of light through the subject’s
fingernail. For proper recording, the subject’s nail should not be covered with nail polish,
artificial nails, or any coating, clear ise.

Figure HS-7-S1: B pulse oximeter.
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Figure HS-7-S2: The RM-204 respiration monitor.

Figure HS-7-S3: A PT-104 pulse sensor and aRM-204 respiration monitor connected to an IXTA unit.
The USB Pulse oximeter will connécted directly to the computer via a USB port.
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Figure HS-7-84: Enable External Devices dialog boxes.
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Set-up and Enable the USB Pulse Oximeter
Once the setting file has been opened
* Click External Devices on the main menu bar.
* Select CMS50D+ Pulse Ox or CMS-50D-BT
*  Click Setup.
* Put a check mark in the box to Enable the PulseOx Sensor.

* Check to make sure a Port is being recognized — choose that p

e (Click on the OK button.
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Experiment HS-7: Ventilation and Oxygen Saturation Levels, Part 2

This experiment is a continuation of Experiment HS-6: Ventilation and Oxygen Saturation Levels.

Exercise 1: Normal Breathing and Oxygen Saturation
Aim: To determine the effect of normal breathing on the oxygen saturation levels of the subject’s'blood.

Approximate Time: 20 minutes

Procedure

1. Remind the subject to sit quietly before and during the recordings to prevent,the creation of
motion artifacts, to sit erect, and to breathe normally.

2. Begin the recording when the subject’s breathing is regular and predictable.
3. Type Normal in the Mark box.
4. Click Record. Click the mark button to mark the recording.
5. Click the AutoScale All button. Record for at least thirty/seconds.
6. Click Stop to halt recording.
7. Select Save in the File menu.
Data Analysis

1. Position the data that was recorded whilethe subject was breathing normally in the Main
window.

2. Use the Display Time icons to adjust the Display Time of the Main window to show the
complete breath cycles on the Main window:
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Figure HH-7-L1: The LabScribe toolbar:
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Done Calculating data for Block 1
Figure HH-7-L2: Pulse, oxygen saturation, respiration, heart rateyand breath rate during normal
abdominal breathing, as displayed on the Main window.

3.
4.

Click AutoScale All.

Sections of the data displayed on the Breath\Rate ¢hannel may be calculated incorrectly if
breaths on the raw data channel has low amplitudes. Breaths used in the rate calculation can be
properly identified by either adjusting the position of the trace on the Resp Monitor channel or
adjusting the position of the threshold, a parameter in the rate function dialogue window which
identifies the pulses to be countedsifi the rate calculation.

* To raise the level of the trace on the Resp Monitor channel, use the mouse to click on
and drag the trace higher on thé'screen. If the trace is moved up by the proper amount,
the peaks of the missed breaths will intersect the invisible threshold level set by the rate
function dialogug.window. The waves that used to be missed in the rate calculation will
now be included in the calculation. On the Breath Rate channel, the revised plot of the
rate calculation will be displayed automatically. If the rate is still not displayed properly,
the trace can'be moved up again.

* To adjustthe levelof the threshold parameter for the Breath Rate channel, click on the
black words (P Rate) to the right of the channel title. Select Setup Function from the
menu. Change the level of the threshold: by typing a new value in the box; or, by
clicking on'the up or down arrows on the right side of the box; or, by clicking on and
sliding the threshold line, that is displayed on the graph of the data at the bottom of the
dialogue window, up or down.

Note: Setting the proper threshold level also prevents small artifacts in the data from being counted.
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5. Click on the Analysis window icon in the toolbar.

6. Look at the Function Table that is above the uppermost channel displayed in the Analysis
window. The mathematical functions, Max, Min, Max-Min, Mean, and T2-T1 sheuld appear on
the Functions Table at the top of the Analysis window. Values for Max, Min, Max-Min, Mean,
and T2-T1 on each channel are seen in the table across the top margin of each channel:

7. Once the cursors are placed in the correct positions for determining the saturation levels and
heart rate, 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.
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Done Calculating data for Block 1

Figure HH-7-L3: Pulse, oxygen saturation, respiration, heart rate, and breath rate during normal
abdominal breathing, as displayed on the Analysis window.

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 paramieters from the recording to the Journal. To use these
functions:

* Place the cursors at the locations used to measure the oxygen saturation levels, heart
rate, and<breath rate of the selected data.

e Transfer the names of the mathematical functions used to determine the values to the
Jourhal using the Add Title to Journal function on the pull-down menu of any channel.

10. On the Respiration channel, use the mouse to place a cursor at the beginning of the inhalation of
the first breath being measured. Place the second cursor at the end of the exhalation of the third
breathyMeasure the following levels and rates.
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*  Maximum Oxygen Saturation Level, the value for Max on the O2 Saturation channel.
*  Minimum Oxygen Saturation Level, the value for Min on the O2 Saturation channel.
* Mean Oxygen Saturation Level, the value for Mean on the O2 Saturation«hannel.

* Change (A) in Oxygen Saturation Level, the value for Max-Min on the O2 Saturation
channel.

* Maximum Heart Rate, the value for Max on the Heart Rate channel.

*  Minimum Heart Rate, the value for Min on the Heart Rate channel.

* Mean Heart Rate, the value for Mean on the Heart Rate channel,

* Change (A) in Heart Rate, the value for Max-Min on the Heart Rate ¢chafinel.

* Mean Breath Rate, the value for Mean on the Breath Rate channel.

11. Record the value in the Journal using the one of the techniques described in Steps 8 or 9, and in

Table 1.

12. Click Save to save the file.

Exercise 2: Shallow Abdominal Breathing and Oxygen Saturation

Aim: To determine the effect of shallow abdominal breaths onithe oxygen saturation levels of the
subject’s blood.

Approximate Time: 20 minutes

Procedure

1.

AR

The subject should sit quietly and breathe normally before the recording begins. Also, remind
the subject to sit erect and quietly during the recordings, and to breathe normally at the
beginning of the exercise.

In this exercise, the subject breathes normally until a regular breathing pattern is established.
Then, the subject takes shallow breaths at the rate of 30 to 40 breaths per minute, using the
diaphragm as the primary force for moving air in and out of the lungs. The subject should take
shallow breaths for 30 to 60 seconds. Finally, the subject returns to breathing normally.

Type Normal in the Mark box.
Click Record. Click,the mark button to mark the recording.
Click the AutoScale All button. Record until the subject’s breathing is regular and predictable.

Type Shallow Abdeminal in the Mark box. Click the mark button as you instruct the subject to
start shallow abdominal breathing.

Type Returnto Normal in the Mark box. Click the mark button as the subject exhales and
returns t0 breathing normally. Continue to record until the subject’s oxygen saturation level is
normal.

Click Stopito, halt the recording.

Human Spirometry — USBOZ2Saturation-Ventilation - Part2 — Labs HS-7-4



9. Click Save to save the file.
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Done Calculating data for Block 2

Figure HH-7-L4: Pulse, oxygen saturation, respiration, heart rate and breathing rate during shallow
abdominal breathing, as displayed in the Main window.

Data Analysis

Human Spirometry — USBOZ2Saturation-Ventilation - Part2 — Labs

1. Position the data that was recorded before,during, and after the subject performed shallow

abdominal breathing in the Main window.

2. Use the same technique employed in Exercise 1 to show the period of shallow abdominal
breathing and the normal breaths before and after that period on the Main window.
Display the data in the Analysis window using the technique used in Exercise 1.

4. On the Respiration channel; place;the cursors at the beginning and end of the shallow

abdominal breathing segment. Measure the following levels and rates.

Maximum Oxygen Saturation Level, the value for Max on the O2 Saturation channel.

Minimum'Oxygen Saturation Level, the value for Min on the O2 Saturation channel.

Mean Qxygen Saturation Level, the value for Mean on the O2 Saturation channel.

Change (Ayin Oxygen Saturation Level, the value for Max-Min on the O2 Saturation
channel.

Maximum Heart Rate, the value for Max on the Heart Rate channel.

Minimum Heart Rate, the value for Min on the Heart Rate channel.
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* Mean Heart Rate, the value for Mean on the Heart Rate channel.
* Change (A) in Heart Rate, the value for Max-Min on the Heart Rate channel.
* Mean Breath Rate, the value for Mean on the Breath Rate channel.
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Done Calculating data for Block 2

Figure HH-7-L5: Pulse, oxygen saturation, respiration, heart rate, and breathing rate during shallow
abdominal breathing, as displayed in the Analysis window. The breathing rate increased from a mean
of 7.38 to a mean of 82.01 breaths per minute during shallow abdominal breathing. at the same time,

the mean oxygen saturation level dropped from 98.14 to 97.32%

5. Record the values in the Journal using the one of the techniques described in Exercise 1, and in
Table 1.

6. Move the first cursor from the beginning of the shallow abdominal breathing period to the point
in the recovery period where the oxygen saturation level returned to normal.

7. Repeat Steps 5 and 6 for the data collected during the recovery period.
8. Measure the following parameters and record their values in the Journal:

* Responge Time to'Shallow Abdominal Breathing. Place one cursor at the beginning of
shallow abdominal breathing, and the second cursor at the first change in the oxygen
saturation level during shallow abdominal breathing. The value for the T2-T1 function is
this response time. Record the values in the Journal.

* Response Time to Decrease in Oxygen Saturation Level. Place one cursor at the
beginning of shallow abdominal breathing, and the second cursor at the lowest oxygen
saturation level. The value for the T2-T1 function is this response time. Record the
values in the Journal.
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* Recovery Time to Normal Oxygen Saturation Level. Place one cursor at the end of
shallow abdominal breathing, and the second cursor at the return of the oxygen
saturation level to normal. The value for the T2-T1 function is this response time.
Record the values in the Journal.

9. Click Save to save the file.

Questions

1. How does the oxygen saturation level at the end of shallow abdominal breathing compare to the
oxygen saturation level during normal breathing?

2. How do the response time to shallow abdominal breathing, response time to theé lowest oxygen
saturation levels, and recovery time to normal oxygen saturation level compare?

3. How does the heart rate during normal breathing compare to the'heart rate at the end of shallow
abdominal breathing?

4. Ask the subject to describe how he or she felt while performing,shallow abdominal breathing?

Dizzy, faint, flush?

Exercise 3: Bellows Breathing and Oxygen Saturation

Aim: To determine the effect of very rapid breathing, often referred asthe Bellows Breathing
Technique, on the oxygen saturation levels of the subject’s blood.

Approximate Time: 20 minutes

Procedure

1.

The subject should sit quietly and breathesnormally before the recording begins. Also, remind
the subject to sit erect and quietly during thérecordings, and to breathe normally at the
beginning of the exercise.

In this exercise, the subject breathes nopmally until a regular breathing pattern is established.
Then, the subject breathes as rapidly as possible for as long as possible, moving air in and out
through the nose while the mouth is gently closed. Bellows breathing can be as rapid as 2 to 3
breaths per second and ¢amilead.to dizziness. Finally, the subject returns to breathing normally.

3. Type Normal in the Mark box.

Click Record. Click the mark button. Click the AutoScale All button. Record until the subject’s
breathing is regulat and predictable.

Type Bellows in the Mark box. Click the mark button as you instruct the subject to start bellows
breathing.

Type Reeovery in the Mark box. Click the mark button as the subject exhales and returns to
breathing nommally. Continue to record until the subject’s oxygen saturation level is normal.

Click Stop to halt the recording.
Click Save to save the file.
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Data Analysis

1. Position the data that was recorded before, during, and after the subject performed bellows
breathing in the Main window.
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Done Calculating data for Block 4

Figure HH-7-L6. Pulse, oxygen saturation, respiration, heart rate, and breathing rate during bellows
breathing, as displayed in the Main window.

2. Use the same technique employed in Exercise 2 to show the period of bellows breathing and the
normal breaths before and after that period on the Main window.

Display the data in the Analysis window using the technique used in Exercises 1 and 2.

4. On the Respiration channel place the cursors at the beginning and end of the bellows breathing
segment. Measure the same parameters as in the previous exercises.

5. Record the values in the Journal using the one of the techniques described in Exercise 1, and in
Table 1.

6. Move the first cursor from the beginning of the bellows breathing period to the point in the
recovery period where the oxygen saturation level returned to normal.

7. Repeat Steps 4 and 5 for the data collected during the recovery period.
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Figure HH-7-L7: Pulse, oxygen saturation, respiration, heart rate, and breathing rate during bellows
breathing, as displayed in the Analysis window. In this exéreise, the breathing rate increased from a
mean of 5.89 to a mean of 70.81 breaths per minute during bellows breathing. at the same time, the
oxygen saturation level increased from a mean of 99.06% to a mean of 99.55%.

5. Measure the following parameters and record theirwvalues in the Journal:

* Response Time to BellowssBreathing: Place one cursor at the beginning of bellows
breathing, and the second cursor atithe first change in the oxygen saturation level during
bellows breathing. The value for,the T2-T1 function is this response time. Record the
values in the Journal.

* Response Time to Decrease in @Xygen Saturation Level. Place one cursor at the
beginning of bellow§ breathing, and the second cursor at the lowest oxygen saturation
level. The value for the T2-T1 function is this response time. Record the values in the
Journal.

* Recovery Time to Notmal Oxygen Saturation Level. Place one cursor at the end of
bellows breathing, and the second cursor at the return of the oxygen saturation level to
normal. The value for the T2-T1 function is this response time. Record the values in the
Journall

9. Click Save to save the file.

Questions

1. How:doesthe oxygen saturation level at the end of bellows breathing compare to the oxygen
saturation level during normal breathing?
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2. How do the response time to bellow breathing, response time to the lowest oxygen saturation
levels, and recovery time to normal oxygen saturation level compare?

3. How does the heart rate during normal breathing compare to the heart rate at the end of bellows
breathing?

4. Ask the subject to describe how he or she felt while performing bellows breathing?

Exercise 4: Deep Abdominal Breathing and Oxygen Saturation

Aim: To determine the effect of deep abdominal breathing on the oxygen saturation levels of the
subject’s blood.

Approximate Time: 20 minutes

Procedure

1. The subject should sit quietly and breathe normally before the recording begins. Also, remind
the subject to sit erect and quietly during the recordings, and to,breathe normally at the
beginning of the exercise.

2. In this exercise, the subject breathes normally until a regular breathing pattern is established.
Then, the subject breathes slowly and deeply, inhaling through the nose and exhaling through
the mouth for 1 minute. Finally, the subject returns'to,breathinig normally.

3. Type Normal in the Mark box. Click Record. Click the'mark button.
4. Click the AutoScale All button. Record until ghe subject’s breathing is regular and predictable.

5. Type Deep Abdominal in the Mark box. Click the mark button as you instruct the subject to
start deep abdominal breathing for one minute.

6. Type Recovery in the Mark box.«Click the mark'button as the subject exhales and returns to
breathing normally. Continue to record until.the subject’s oxygen saturation level is normal.

7. Click Stop to halt the recording.
8. Click Save to save the file.

Data Analysis

1. Position the data that was recorded before, during, and after the subject performed deep
abdominal breathing in the Main window.

2. Use the same teChnique employed in Exercises 2 and 3 to show the period of deep abdominal
breathing and the normal breaths before and after that period on the Main window.

3. Measure the same values are for the previous exercises.
4. Displaythe data in the Analysis window using the technique used in Exercises 1, 2, and 3.

5. Record thewvalues in the Journal using the one of the techniques described in Exercise 1, and in
Table 1.
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Done Calculating data for Block 3
Figure HH-7-L8: Pulse, oxygen saturation, respiration, heart rate and breathing rate during deep
abdominal breathing, as displayed in the Main window.

6. Move the first cursor from the beginning of the deep:abdominal breathing period to the point in
the recovery period where the oxygen saturation level returned to normal.

7. Repeat Steps 4 and 5 for the data collectéd during the recovery period.
8. Measure the following parametersiand record their values in the Journal:

* Response Time to deep @bdominal Breathing. Place one cursor at the beginning of deep
abdominal breathing, and the'second cursor at the first change in the oxygen saturation
level during deep abdominal breathing. The value for the T2-T1 function is this response
time. Record the values in the Journal.

* Response Time to Decrease in Oxygen Saturation Level. Place one cursor at the
beginning of deeprabdominal breathing, and the second cursor at the lowest oxygen
saturation levely The value for the T2-T1 function is this response time. Record the
values in the Journal.

* Recovery Time to Normal Oxygen Saturation Level. Place one cursor at the end of deep
abdominal breathing, and the second cursor at the return of the oxygen saturation level
to normal. The value for the T2-T1 function is this response time. Record the values in
the Journal.

9. Click Sawe to save the file.
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Figure HH-7-L9: Pulse, oxygen saturation, respiration, heart rate, and breathing rate during deep
abdominal breathing, as displayed in the Analysis window. In.this exercise, the breathing rate
decreased from 5.1 to 4.1 breaths per minute during deep abdominal'breathing. at the same time, the
oxygen saturation level increased from a mean of 98.01% to a mean of 98.50% before the end of the
deep abdominal breathing segment.

Questions

1. How does the oxygen saturation level at the.end of deep abdominal breathing compare to the
oxygen saturation level during normal breathing?

2. How do the response time to deep abdominal breathing, response time to the lowest oxygen
saturation levels, and recovery time togormal oxygen saturation level compare?

3. How does the heart rate during normal breathing compare to the heart rate at the end of deep
abdominal breathing?

4. Ask the subject to describe how he or she felt while performing deep abdominal breathing?

How do the oxygen saturation levels during the four breathing techniques studied in this
experiment compate?

Human Spirometry — USBOZ2Saturation-Ventilation - Part2 — Labs HS-7-12



Table HS-7-L1: Oxygen Saturation Levels, Heart Rates, and Breathing Rates during Various
Breathing Techniques and Recovery Periods.

% 02 Saturation Heart Rate (BPM) 3}”23‘ Rate
Breathing Pattern &
Max | Min | Mean Max | Min | Mean Mean
Normal \ i
Shallow Abdominal

Recovery - Shallow
Abdominal

Bellows Breathing

Recovery - Bellows
Breathing

Deep Abdominal

Recovery - Deep
Abdominal
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