Experiment HH-4: The Six-Lead Electrocardiogram

Background

The cardiac cycle involves a sequential contraction of the atria and the ventricles. These
are triggered by the coordinated electrical activity of the myocardial cells in the heart.
currents produced by the heart are large and can be recorded through electrodes placed
recording is known as an electrocardiogram or ECG (Figure HH-4-B1). When diagnosing
the heart, electrocardiograms are recorded from specific positions around the
determine existence of cardiac disease. These positions or combinations of posit
leads or views. However, the data collected from this experiment should not be use
health of fitness of any subject’s heart.

ECG Components

Cardiac action potentials contain three phases. In addition to th larization and repolarization
ac aCtion potentials contain a
ateau is pronounced in the

ead I in Figure HH-4-B1, is

e specific waveforms associated

plateau depolarization after the period of rapid depolarizatio
potentials from ventricular fibers. A recording from a si
adequate for demonstrating the basic components of th

These events and waveforms are:

* The atrial depolarization whic

* The atrial repolarization and the ar depolarization which produce the QRS
complex.
* The ventricular rep@lari ich produces the T wave.
Multiple Leads

There are twelve common ca
are in the frontal plane
The six chest, or prec

iographic leads, six limb and six chest. The six limb, or coronal, leads
ich is the plane parallel to the floor when the subject is reclining.
are in the transverse plane of the body which is the plane

ity of the heart from twelve different angles can be a valuable clinical
5 pass through different parts of the heart can indicate abnormalities or

. By measuring the magnitudes of the electrical activity from different

as of the heart that are abnormal can be identified. A clinician can gain a better
e health of the heart by having more views of that organ.
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Figure HH-4-B1: ECG trace in the Main window with labels

I
M ORS and T waves.

In this experiment, students will place five electrodes o be able to record six different
views of the subject’s heart. Each view is often referre IS is possible because the
electrodes are used in different combinations, as eit ding or reference electrodes, to create six
different views of the heart.

The standard limb leads, or bipolar leads, meas

right arm.

* Lead II (I): the po
right arm

* Lead III (IID):
left arm.

The augmented limb le
recording electrode a
Each augmented limb
The augmented 1}

1 leads, measure the potential difference between a signal
tion of other electrodes that form a composite negative electrode.
iew of the heart that at a right angle to one of the standard limb leads.

ositive electrode is on the right arm and the electrodes on the left arm and the
a composite negative electrode.

eg form a composite negative electrode.

aVF: The positive electrode is on the left leg and the electrodes on the right arm and the

\ left arm form a composite negative electrode.
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The diagram that describes the axes of the leads and the vectors of the ECG signals directed toward the
leads is known as Eithoven’s Triangle (Figure HH-4-B2). For example, the positive electrode in Lead I,
which is on the left arm, has a view of the electrical activity of the heart while it is looking towaz
right shoulder. As shown in the same figure, the axis of Lead I is parallel to a line that con
shoulders. By definition, the axis of Lead I is defined as zero degrees.

In a subject with a normal heart in a normal orientation, the ECG recording from Lead I
R wave with the highest amplitude of all the limb leads. In Lead II, the positive electrod
has a head-on view of the electrical activity of the heart because this electrode 1 is facing
shoulder. The axis of Lead II is right through the septum that divides the ven
site of the tissue bundles responsible for carrying the depolarization of the hea
the apex of the heart. By definition, the axis of Lead II is +60 degrees.

, Lead | (OOC axis)
Right Am — -+ | eft Am

+ =

\aVR

Lead Il (+600)

Figure HH-4-B2: Einthoven's Triangle Mng the axes of the six limb leads.

In this lab, students will attac

ne ground and four recording electrodes to the subject and record
electrocardiograms fro known as Lead I and Lead II. The other four limb leads will be
synthesized from the om Leads I and II and a series of equations. These equations are
incorporated into the cribe Software as computed functions in the add function pull-down menu.
They only need togbegact

;

ed to synthesize ECG’s for different leads are appended to the end of this
uations do not need to be used by students since the LabScribe recording software is

computed functions take the raw data recorded on these channels and derive
the other four limb leads. These leads can be displayed on any of the six
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Experiment HH-4: The Six-Lead Electrocardiogram

Equipment Required

PC or Mac Computer
IX-B3G data recorder
USB cable

Five electrode lead wires
Alcohol swabs

Disposable ECG electrodes

IX-B3G Setup
Use the USB cable to connect the computer to the USB port e

Start the Software

1. Click on the LabScribe shortcut on the computer’
not available, click on the Windows Start menu
the listing for iWorx. Select LabScribe from
will appear as the program opens. There wi
recognized the IX-BIO.

en the program. If a shortcut is
r to All Programs and then to
entl. The LabScribe Main window

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

3. Locate the folder that contains the setti
Open.

4. Pull down the Settings mefu again. ct the SixLeadECG settings file in Human Heart.

5. After a short time, LabScribe will a r on the computer screen as configured by the
SIXLeadECG settings.

6. For your information,
unit for this experi
viewed by selecting Pr

7. Once the setti ile ha
of the followin

e settings used to configure the LabScribe software and the IX-B3G
grammed on the Preferences Dialog window which can be
rences from the Edit menu on the LabScribe Main window.

een loaded, click the Experiment button on the toolbar to open any
ents:

p (opens automatically)
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ECG Cable Setup
1. Locate the red, black, green, frown, and white electrode lead wires (Figure HH-4-S1).

and the insides of both cal

7. Snap the lead wires onto the el s, so that:

is attached to the left wrist or under the left clavicle,

nected to the right wrist or under the right clavicle,

move 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
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Experiment HH-4: The Six-Lead Electrocardiogram

Exercise 1: Six Lead ECG from Resting Subject

Aim: To record a Six Lead ECG from a resting subject and determine the QRS axis of thegmabjec
heart.

Procedure

1. Click on the Record button, located on the upper right side of the Lab
(Figure HH-4-L1). The signal should begin scrolling across the screen.

Note: If the user clicks the Record button and there is no communicatio en the iWorx unit and
computer, an error window will appear in the center of the Main wind, re the iWorx unit is
connected to the USB port of the computer. Click OK and selec Fi rdware function from the

LabScribe Tools menu.

2. Click on the AutoScale buttons at the upper margin o,
look like Figure HH-4-L1.

* Ifthe signal on the Lead I and the Lead
trace in Figure HH-4-L1, click on the ow 10 the left of the channel title and
select the Invert function. The trace

» Ifalarger ECG signal is required, the'€lectrodes should be moved from the wrists to the

skin immediately below ea%
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3. When you have a suitable trace, type <Subject’s Name> Resting ECG/Pulse in the Mark box to
the right of the Mark button. Press the Enter key on the keyboard to attach the comment to the

on the Save button to save the data file.

Data Analysis
1. Scroll through the recording and find a section of data with four to six exempla®y’ ECG cycles in

succession.
2. Use the Display Time icons to adjust the Display Time of the n to show at least
four complete ECG cycles on the Main window. Four a t cygles can also be selected

by:

data. Record for a minute or two.
4. Click Stop to halt recording.
5. Select Save As in the File menu, type a name for the file. Choose a destination on om
in which to save the file, like your lab group folder. Designate the file type as *.ifwxd ic

* Placing the cursors on either side of a group of four ¢ ECG cycles.
* Clicking the Zoom between Cursors button o % ribe toolbar to expand the

segment with the four selected ECG fh of the Main window.

File New Main Journal Stimulator  Zoom  AutoScale One Record

l Filel Open l FFT Miter l display Ail clursor Views PreIiew l

NEE @RS S e 20 EAEQANRE e | Flor] | © @

T T ] r RS

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

Figure HH-4-L2: The LabScribe toolbar®

icon in the toolbar (Figure HH-4-1.2) or select Analysis from the
the data displayed in the Main window to the Analysis window

able that is above the uppermost channel displayed in the Analysis
of the mathematical function used in the analysis, V2-V1, appears in this
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'xors in position to measure

Figure HH-4-L3: Six lead ECG displayed on the Analysis win
the amplitude of the R wave.

indow can also be used to enter
¢ Journal. To use these

6. The functions in the channel pull-down menus o
the names and values of the parameters from th

functions:
* Place the cursors at the locations u e the amplitudes of the waves in the
ECG cycle.

e Transfer the value
function in the EC

e The R-wave a
wave that

litude. To measure the R wave amplitude, place one cursor on the Q
wave and the second cursor on the peak of the R wave. The

at precedes the P wave and the second cursor on the peak of the P wave. The
-V1 on the ECG channel is this amplitude. Measure the amplitudes of two
P waves.

T-wave amplitude. To measure the T wave amplitude, place one cursor on the
line that precedes a P wave and the second cursor on the peak of the T wave that is
in the same cycle as the P wave. The value for V2-V1 on the ECG channel is this

\ amplitude. Measure the amplitudes of two additional T waves.
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Figure HH-4-L4: ECG recording displayed in the Analysis ow. Lifles and labels were added to

indicate the locations where cursors should be placed to

(Baseline-P), and T (Baseline-T) waves.

8. Calculate the mean amplitudes of the P wa
Enter your results into the Journal and,

IP (in

Table HH-4-L.1: The Mean Am

Lead.

L 4

Mean Amplitudes (mV)

P Wave

R Wave T Wave

Lead I

Lead II

Lead III

aVR

aVv

N
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9. Determine the QRS axis of the subject:

* Examine the ECG recordings from the six limb leads. Find the lead that creates an
where the magnitude of the R wave is equal to magnitude of the S wave, b
waves go in opposite directions. This lead is known as the isoelectric lead. The
isoelectric lead often has the smallest QRS.

two leads are close to being perpendicular to the isoelectric lead. The QR
perpendicular lead that best fits the direction of the other ECG leads.

* Ifnone of the leads are isoelectric, look for two of the leads tha
isoelectric These two leads are always 30° apart. Find the perpendic each lead

and choose an approximate QRS axis within the 30° range. Occasionally’each of the six
coronal leads is small and/or isoelectric. The axis cannot rmined and is called
indeterminate. This is a normal variant.

Questions

electrode (left arm, right arm,
120 degrees) were these leads
o refer to the Background

1. From which leads were upright R waves recorded? R
left leg, or right leg) and along which axis (-150, -

information to answer these questions.

2. From which leads were inverted R waves MBsom which electrode (left arm, right arm,
left leg, or right leg) and along which axis (- -30, 0, 60, 90, 120 degrees) were these leads
looking at the depolarization of the v

3. Which lead is the isoelectric lead?

4. What is the QRS axis of t
range of the QRS axis? R

5. Which ECG lead provided the larges
6. Which lead is closest to the QRS axis of the heart?

s the QRS axis of your subject within the normal
tbook to find the normal range.

wave for the subject?

Exercise 2: Six Lead E€G from Other Subjects

Aim: Record or obtai Lead"ECGs from other subjects and determine the QRS axes of their hearts.

Procedure

ise Q er subject. Record a six lead ECG from as many subjects as possible.

iques used in Exercise 1 to analyze the data from other subjects.
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Questions

1. Do the R waves from the same lead go in the same direction for all subjects? The P waves? The

T waves?
2. What would cause an ECG wave from the same lead to go in the opposite directions 1 @l
subjects?

3. Do all subjects have the same QRS axis? What is the range of QRS axes from allithe in
the class? Does the any subject have a QRS axis that is outside the normal range?

4. Does any subject have an inverted P or T wave on any lead when co ed to the samc lead

from a normal ECG?

Appendix: Equations Used by LabScribe to Graph the Augmented Limb Leads

The ECG is a representation of the electrical activity of the heart. It is uantity with magnitude
and direction. The various leads (I, II, III, aVL, aVR, aVF) measure th it@de of the ECG along a
particular direction (Figure HH-4-L5).

The derivations of the equations used to calculate the cardiograms fo four other limb leads (II1,
aVL, aVR, aVF) from the cardiograms recorded from Leads I vided for your information.
These equations do not need to be used to perform this expediin computed functions that

calculate the four remaining limb leads are already p ettings file for this experiment.

Lead Il axis al
aR
Lead RS D Lead' Lead | - axis
> V( Cardiac vector)
Lead N
4 aVF Lead |l axis

Figure HH-4-L5: Lea the g))jection of the cardiac vector (V) along the Lead I axis. Similarly
Lead Il is the pr 0 diac vector along the Lead Il axis, and so on.

Treat ECG

N\
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1th magnitude V and an angle 6:
dI=Vcos(0)
Lead IT = Vcos(60 - 6)
Lead IIT = -Vcos(60 + 0)



aVF = Vsin(0)
aVL =Vcos(30 + 0)
aVR =-Vcos(30 - 6)

1. Calculate Lead III from Leads I and II:

Lead I =1=Vcos(0) (D)

Lead IT =1I = Vcos(60 - 0) (2)

Lead III = III = -Vcos(60 + 0) 3)
Using the following trigonometric identities:

cos(A + B) = cosA cosB - sinA sinB 4)

cos (A - B) = cosA cosB + sinA sinB 5)

2. From equations 3 and 4:

I = -V {cos(60)*cos(B) - sin(60)*sin(0)}
3. Using equations 2 and 5:
II = V{cos(60)*cos(8) + sin(60)*sin(0)}

4. Adding equations 6 and 7:
IT - IIT = 2*V*cos(60)*cos(0) = 2* S5*cos(®) = Vcos(0)

5. Therefore:
M-M=LII=1I-1;and, L dIl-Leadl

Calculate aVF from Leads I and

aVF = Vsin(0) ()
1. From equation 7:
IT=V{cos
=1/
2(I0) =
2. Therefor
w dn -1y /3 9)
=D - 1)/ V3 (10)

L 4

Nﬂg aVL from Leads I and II:
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aVL = Vcos(30+0)

1. Therefore:
aVL = V{cos(30)*cos(0) - sin(30)*sin(0)}
aVL = cos(30)*Vcos(0) - sin(3)*Vsin(0)
aVL = cos(30)*I - sin(30)*aVF

2. Therefore:
aVL = ((/3)/2)*1 - (1/2)*(2*11 - 1)/ /3
aVL = ((/3)/2)*1-11/,/3 + (1/2)*1/ /3
aVL=(2*I-11)/ /3 (11)

Calculate aVR from Leads I and II:
aVR =-Vcos(30-0)

1. Therefore:
aVR = -V{cos(30)*cos(B) + sin(30)*sin(
aVR = -cos(30)*I - sin(30)*aVF

2. Therefore:
aVR = -((,/3)/2)*1 - (1/2)*(2*I1 - 1)/
aVR =-((,/3)2)*1 - 11/ /3 + @/2)
aVR = -(I+ 1)/ /3 (12)

Calculate Cardiac Angle from Leads I and
1. From equation 9:
V*sin(0) = 2*W- )/ /3
2. From equation
Vcos(0
3. Dividing

1 9 By equation 1:
¥ - 1)/ /331

= + Arctan((2*11 - )/,/3 *I) (13)
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