Experiment HH-3: Heart Rate Variability (HRV)

Background

Until the mid-1990’s, it was difficult to quantify the cardiac risk factor known as stress.
indicate that people who are unable to cope with stressful events run a seven times hig
suffering from coronary heart disease than others. These persons demonstrate aggressio
dissatisfaction, and irritability during stressful events, Analysis of the variability in R- R inte
electrocardiogram (ECG), also known as heart rate variability (HRV), can in
between sympathetic and vagal influences on the heart. Comparisons of sympat
can be used as a measure of stress.

the deviation of successive N-N (normal R-R) intervals; spectr:
power spectral density of definitive frequency components of the
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ly'sis of healthy (A) and stressed (B) subjects, adapted from report of 2nd

er spectral analysis (PSA) of the heart rate variability (HRV) of a subject will
¢ subject’s ECG. The analysis involves the mathematical transformation of the
icld its power spectrum and the analysis of the spectrum to determine the density of

ourier, Lomb, or other type of mathematical transformation. The final step in the analysis is to
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determine the power spectrum density (PSD) of certain frequency ranges in the HRV power spectrum.
The magnitudes of the PSD in certain frequency ranges indicate the relative amount of activity in
certain parts of the autonomic nervous system and the level of stress in the subject. The HRV p
spectrum can be broken into four components based on frequency range:

* ULP is the power density number for the ultra low frequency range (<0.003Hz),
prognosis of sudden cardiac death taken from 24 hour ECG recordings is
accurate.

* VLP is the power density number for the very low frequency range (0 003- , and

it is thought to be connected to thermoregulation, the renin-an , and
changes in physical activity.
* LPis the power density number for the low frequency range (0.04-0.1 that is

generated mainly by sympathetic activity. It is hypothesiz t baroreceptor (pressure)
modulation is a major component of LP power.

* HP is the power of the high frequency range (0.1 0 nd i§'derived from vagal
activity which is modulated by respiration.

Since LP represents mainly sympathetic activity and HP rep
ratio) is a good indicator of sympathetlc-vagal balance. @sed to assess the balance of the

Stress

Stress is accompanied by an increase in the
of HP. The power spectral density of
HRYV ratio of this subject is 0.83,
than the sympathetic system. In
consistent with increased sympat

The power spectral density of a subjec

resgure (systolic >139mmHg, or diastolic >89mmHg) are at double the risk
es the risk of heart disease, and at four times the risk of cerebral hemorrhage

that diastolic <80mmHg) or prehypertensive (diastolic 80-89mmHg). Concurrently,
jects have a significantly lower HP value than the normotensive or prehypertensive

nalysis of hypertensive subjects placed on a six month regime of physical training
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Diabetes

Diabetic men have a fifty percent greater risk of arteriosclerosis than non-diabetics; diabetic women
have a three times greater risk! Diabetics have a two to three times greater risk of coronaryghea
disease. Neuropathy is a frequent complication of diabetes mellitus. Because it can be a fun
autonomic denervation, patients develop a fast, fixed heart rate. This causes diabetics to have lo

R variance with a smaller R-R interval. Their power spectrums look normal at rest, but s
diminished increase in LP and a diminished decrease in HP when the subjects are tilted @r s

Smoking

heart disease, and a two to four-fold higher risk of nonfatal coronary h
Smoking acts synergistically with hypertension to markedly inctease t
In women, the use of oral contraceptives is also synergistic with
attack, stroke, and brain hemorrhage. Smokers usually have LP valu
that are lower, so that HRV ratios for smokers at rest are usual r

ronary heart disease.
ase the risk of heart

In this experiment, the subject’s ECG is recorded for at
During the recording, an analysis of the ECG is perfo

ute period during each exercise.
p functions, and the results are

*  On the Heart Rate channel, the tim
measured; the inverse of these t

e peaks of the R waves in ECG are
1s the incremental heart rates, are calculated;

and the incremental heart ratefof e cart beat is plotted as a function of the recording
time. The heart rate is Onstrate any variations in heart activity during
the experiment.

* Onthe HRVLPc er spectral density (PSD) of the low frequency range of
the heart rate variab (HRV)8pectrum is plotted against the time of the recording.

This is the part of the H
nervous syste

*  Onthe HRV hannel, the power spectral density (PSD) of the high frequency range

TVous system.

tio channel, the ratio of the low frequency PSD to the high frequency
ed against the time of the recording. This quotient is a measure of the
agal-sympathetic balance.

e values for these parameters will be determined from subjects who are at rest,
vering from exercise, or taking a quiz or a test.

N\
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Experiment HH-3: Heart Rate Variability

Equipment Required

PC or Mac Computer

USB cable

IX-B3G with

Three ECG electrode lead wires
Alcohol swabs

Disposable ECG electrodes

Mechanical or electronic metronome

Step or platform, 30cm high @
\s

IX-B3G Setup
Use the USB cable to connect the computer to the USB pgrt

Start the Software

1. Click on the LabScribe shortcut on the com esktop to open the program. If a shortcut is
not available, click on the Windows Start
the listing for iWorx. Select LabScribe from thgyWorx submenu. The LabScribe Main window
will appear as the program opens. Th be
recognized the IX-B3G.

2. On the Main window, pull enu and select Load Group.

3. Locate the folder that confains s group, IXB3G.iwxgrp. Select this group and click
Open.

4. Pull down the Settings menu a
Heart.

elect the HeartRateVariablility settings file in Human

5. After a short time i ill appear on the computer screen as configured by the

unit for thisee t are programmed on the Preferences Dialog window which can be
eferences from the Edit menu on the LabScribe Main window.

\ Setup (opens automatically)
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ECG Cable Setup
1. Locate the IX-B3G and three electrode lead wires (Figure HH-3-S1).

2. Insert the connectors on the red, black, and green electrode lead wires into the matéhi
on the IX-B3G.

3. Instruct the subject to remove all jewelry from their wrists and ankles. Another
the area just under each clavicle which will give a better recording.

4. Use an alcohol swab to clean and scrub a region with little or no hair, on the inside
subject’s right wrist/clavicle. Let the area dry.

5. Remove a disposable ECG electrode from its plastic shield, and apply the trod€'to the
scrubbed area on the wrist or under the clavicle.

6. Repeat Steps 6 and 7 for the inside of the left wrist/clavicle and th

imside of the right ankle or
lower right abdomen. '

Biopotential Recorder © GSR/Resp.

sssss

nnnnnnn
nnnnnn

7. Snap the lead s ontg

* thered lead 1S attached to the left wrist or just under the left clavicle,
ad is connected to the right wrist or just under the right clavicle,
or ground) lead is connected to the right leg or on the abdomen.

bject to sit quietly with their hands in their lap. If the subject moves, the ECG
ove off the top or bottom of the screen. If the subject moves any muscles in the
er body, electromyograms (EMGs) from the muscles will appear on the ECG
ding as noise.
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Experiment HH-3: Heart Rate Variability (HRV)

Exercise 1: HRV in Resting Subject

Aim: To determine heart rate variability in a resting individual.

Procedure

1. Based on gender, weight, physical fitness level, smoking preference, health. or a

equal number of subjects; this number will depend on the time availa
created, and the number of subjects available.

2. Connect the recording equipment to a subject and instruct the subject to sit a ax for ten
minutes. To analyze five minutes of ECG using an HRV analysis function, a total of ten minutes
of data is required to properly perform the HRV analysis.

3. At the beginning of the ten-minute relaxation period, cli
upper right side of the LabScribe Main window (Figure H
scrolling across the screen.

nt cord button, located on the
ignal should begin

Note: If the user clicks the Record button and there is no
computer, an error window will appear in the center of
connected to the USB port of the computer. Click O
LabScribe Tools menu.

n between the iWorx unit and
w. Make sure the iWorx unit is
e Find Hardware function from the

4. Click on the AutoScale button at the @ppe
look like Figure HH-3-L1.

v of the ECG channel. Your recording should

* If the signal on the el side down when compared to trace in the figure

he left of the channel title and select the Invert

immediately bglow each clavicle.

5. Type <Subject’s
0 attach the comment to the data. Record the subject’s resting ECG
rk the recording at one minute intervals using the Mark button or the
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Figure HH-3-L1: The ECG, heart rate, LP, HP, HRV ratio (from ME) of a resting subject
displayed in the Main window.
se a destination on the computer

e file type as *.iwxdata. Click

7. Select Save As in the File menu, type a name fo e.
in which to save the file, like your lab group r. Designate
on the Save button to save the data file.

Data Analysis
1. Scroll to the first minute of Q prding from the resting subject.

2. Use the Display Time ico
minute of data. The first

Display Time of the Main window to include the first
an also be selected by:

* Placing the cursors on ei e of a group of four complete ECG cycles.

* Clicking the m between Cursors button on the LabScribe toolbar to expand the
segment with the four selected ECG cycles to the width of the Main window.

File New Main Journal Stimulator Zoom  AutoScale  One Record

l Filel Open l FFT Miter l display Al cursor Views Preview l

| R ! x
NEaEd @AM Y e 20 BEEQAMMAR B oo Bo] © @
P . !

. Preview
Save File  Analysis  X-Y View Marks Half Double  Two Sequences
display  display  cursors

e HH-3-L2: The LabScribe toolbar.
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3. Click on the Analysis window icon in the toolbar (Figure HH-3-L2) or select Analysis from the
Windows menu to transfer the data displayed in the Main window to the Analysis window
(Figure HH-3-L3).
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Figure HH-3-L3: The ECG, heart rate, LP, HP, HRV r.
displayed in the Analysis window.

4. Look at the Function Table that is abo ost channel displayed in the Analysis
window. The name of the mathematiga used in the analysis, Mean, appears in this
table. The values for the Mea ¢l are seen in the table across the top margin of

each channel.

5. Place the cursors on eithefsi n to twenty second section of data recorded in the first
minute. The section of data 1d be clear of artifacts on the ECG channel.

6. The values for the mean heart ratémean LP coefficient, mean HP coefficient, and mean HRV
ratio within the first nfinute of rest can be recorded in the on-line notebook of LabScribe by
typing their names andiyalues directly into the Journal, or on a separate data table.

el pull-down menus of the Analysis window can also be used to enter
e parameters from the recording to the Journal. To use these

rsors at the locations needed to select a fifteen to twenty second segment of
clear of artifacts.

he names of the mathematical functions used to determine the amplitudes and
e intervals to the Journal using the Add Title to Journal function in the ECG Channel
down menu.

Transfer the values for the amplitudes and beat period to the Journal using the Add Ch.
\ Data to Journal function in the ECG Channel pull-down menu.
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8. Use the same analysis to measure the mean values of heart rate, LP, HP, and HRV ratio from the
other one-minute segments of the recording. You should see the heart rate of a resting subject
fluctuate in a cyclical manner, known as respiratory sinus arrhythmia (RSA), which is c3
by breathing. The subject’s heart rate is displayed to demonstrate any variations in
that occur during the recording period, but the heart rate function is not a required part
heart rate variability analysis.

9. Record the values for the parameters from all five time segments in Table HH-3gL 1.

Questions
1. Did the LP values of the subject at rest go up or down as his or her HP value up?
2. How do the HRV ratios from the first through the fifth minute of t period compare? Is

your subject more or less “stressed” as the rest period passes?

e? To make a
comparison use the HRV ratio from each subject’s fifth minuty st period.

the mean resting HRV
minute in each rest period.

4. How does the mean resting HRV ratio of the study gro
ratios from other study groups? Again, use the ratio

5. Which study group had the lowest resting HRV
6. Which study group had the highest resting H
7. What can the study group with the highest

Exercise 2: HRV After Exercise

Aim: To determine heart rate vari

al during recovery from exercise.

Procedure

1. The subject will elevate his or rate by performing a three minute step test. Place the
step against the side of a lab bench or up against a wall to prevent it from slipping from under
the feet of the subject

2. The step testis t ng at the rate of 24 complete steps per minute. Each step is

ents, each movement takes place on the beat of a metronome that is
minutg? The four movements in each step are:

ight foot up on step.

sh the body up using the right leg, lift the left foot on the step.
ower the right foot to the ground.

beat: Lower the left foot to the ground.

connect the three ECG lead wires from the ECG electrodes on the subject. Leave electrode
attached to the IX USB device.

Vstruct the subject to begin the three-minute step test.
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5. As soon as the three-minute step test ends, the subject should sit in a chair.
6. Quickly connect the ECG leads to the subject’s electrodes.

7. Click on the Record button and begin recording the subject’s ECG for at least ten
same computed functions recorded during Exercise 1 will be recorded in this exercise.

8. Click Stop to halt recording.
9. Select Save in the File menu.

Data Analysis

1. Use the same techniques used in Exercise 1 to measure the mean heart rate, LBHP, and HRV
ratios from the first through fifth minute of recovery from exerci

2. Record the values for each parameter for all five time segment J al using the
techniques used in Exercise 1, or on a separate data tabl&:

3. Record the values for the parameters in Table HH-3-L1.

Questions
1. How do the HRYV ratios in the first through fifth fr ery from exercise compare? Is
your subject less “stressed” at the end of the period?

2. How does the HRV ratio from the fifth mi
from the first through the fifth minute g

sting period compare to the HRV ratios
ry from exercise period?

e study group compare to the mean recovery HRV
se the ratio from the fifth minute in each recovery

A personality test.

\ A ““lie detector” test.
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* An analogy test.
* A practice MCAT or GRE test.

* A Stroop “color” test.

2. Allow the subject to rest for a total of fifteen minutes to fully recover from Exercise
minute recovery period from the previous exercise can be included in the fifteen

3. At the end of the fifteen-minute recovery/rest period, click the Record button an
subject’s ECG, heart rate, LP, HP, and HRV Ratio values for a five-minute baseline

4. Continue to record from the subject as they take a timed psychologica Type Te§t Begins in
the Mark box to the right of the Mark button. Press the Enter key on the k rdffo attach the
comment to the data at the point the subject begins the test.

5. Type Test Ends in the Mark box. Press the Enter key when the s nishes the
psychological test or when five minutes of testing have elapse eyer is earlier.
6. Continue to record the subject’s ECG, heart rate, LP, HP, i

post-test period.

7. Click Stop to halt recording.
8. Select Save in the File menu.
Data Analysis

uring a ten-minute

1. Use the same techniques used in Exercises
2.
3.
Questions
1.

subject more or less stressed at nd of the testing period?

2. How does the HRV ra
from the first thr

from the fifth minute of the resting period compare to the HRV ratios
inute of the testing period?

3. How do the te atios of the subjects in your study group compare? To make a
comparison us atio from each subject’s fifth minute in the testing period.

gan testing HRV ratio of the study group compare to the mean testing HRV
udy groups? Again, use the ratio from the fifth minute in each testing period.
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9. How does the HRV ratio from the fifth minute of the resting period compare to the HRV ratios
from the first through the fifth minute of the post-test period?
10. How do the post-test HRV ratios of the subjects in your study group compare? To e
comparison use the HRV ratio from each subject’s fifth minute in the post-test periods
11. How does the mean post-test HRV ratio of the study group compare to the mean es
ratios from other study groups? Again, use the ratio from the fifth minute in eachfpos
period.
12. Which study group had the lowest post-test HRV ratio?
13. Which study group had the highest post-test HRV ratio?
14. What can the study group with the highest post-test HRV ratio do to reduce t RV ratio?
15. Which study group showed the healthiest recovery from the “str the test? You decide
which values to compare to best make this determination.
Table HH-3-L1:Heart Rate and HRYV Values for Each Fivem k.
Heart Rate (BPM) HRV LP
Min Rest  PostExer PreTest  Test PostTest Rest PostExer PreTest  Test @ Post Test
Ist
2nd
3rd
4th
Sth
Table HH-3-L1:Heart Rate and HR es for Each Five Minute Task (continued).
HRV HP HRYV Ratio
Min Rest PostExer PreTest @ Test Post Test = Rest PostExer PreTest @ Test Post Test
Ist "
2nd
3rd
4th
5t
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