BIOL1152L – Electrocardiograms


Before coming to lab, you should read through this entire handout

Written by Barbara Musolf, 2009, Clayton State University, Morrow, GA.  Do not copy or use this document without permission.


Knowledge skills: 

1. Identify terms indicated in bold face.

2. Learn the principles that underlie the ECG.

Introduction to Electrocardiograms
An electrocardiogram (ECG or sometimes EKG) is a reading of the electrical activity of the heart.  There are electrical signals that can be detected from two different types of cardiac muscle, the autorhythmic fibers that make up the electrical conduction system of the heart and the cardiac muscles that produce muscle contractions.  The signals are detected by electrodes that measure electrical potential between different points on the body. A typical ECG is taken using 10 wires and is referred to as a 12 lead ECG. Electrodes are place on each limb and are referred to as augmented limb leads and 6 precordial leads are placed directly on the chest. The final lead is the ground lead and is generally placed on the right leg, although it can be placed anywhere on the body. The ground is used as a point of reference. In the ECGs that you will record in class, we will use 3 leads. The leads will be placed on the inside of the forearms near the elbow joint and the ground lead will be placed on the right wrist.
The electrical conduction system of the heart consists of the sinoatrial node (SA node), located in the superior wall of the right atrium, which is the heart’s primary pacemaker. These fibers automatically produce an electrical signal at a particular pace that is conveyed to atrioventricular node (AV node), located in the medial wall of the right atrium.  The signal from the AV node travels to the atrioventricular bundle and the right and left bundle branches, located in the interventricular septum. From the septum, the signal travels to the Purkinje fibers, which project along the outer walls of the ventricles. Not only does the signal travel through the autorhythmimc fibers that make up the electrical conduction system, but the electrical signal travels through gap junctions to the cardiac muscles, where electrical impulses lead to cardiac muscle contractions. The ECG is the electrical activity of the heart as it is displayed on an oscilloscope.  It has 5 different wave deflections: P. Q, R, S and T.  In general, ECGs are useful for detecting abnormal rhythms caused by damage to the autorhythmic fibers or abnormal levels of electrolytes such as potassium, sodium or calcium. They are often not as useful in detecting damage to cardiac muscle.

The P. Q, R, S and T deflections and intervals between indicate the following:

The P wave represents the electrical signal produced by the SA node in the right atrium and the propagation of that impulse to the AV node and to the cardiac muscles of the atria.
The PR/PQ interval runs from the beginning of the P wave to the beginning of the QRS complex. During this interval includes what is mentioned in the P wave as well as the contraction produced by the atrial cardiac muscles.  Atrial contraction occurs during the flat part of the interval.
The QRS complex represents the depolarization of the ventricles. Reflected in this is the movement of the electrical signal down the AV bundle, right and left bundle branches, Purkinje fibers and the propagation of that signal to the cardiac muscles of the ventricles.  Because of the greater muscle mass of the ventricles, the signal is much larger than the P wave. Also during this time you have repolarization of the atrial cardiac muscles, however the electrical signal is masked by the large depolarization produced by the ventricular muscles.
The ST interval represents the contraction of the ventricles.  It is measured from the junction of where QRS ends and the T wave begins.

The T wave represents the repolarization of the ventricles.  The absolute refractory period occurs during the ST interval and extends to the apex of the T wave.  The relative refractory period the latter half of the T wave.

The QT interval runs from the beginning of the QRS complex to the end of the T wave.  This represents the time it takes for depolarization and repolarization of the ventricles. This interval will vary with heart rate. 

	Typical times for segments of an ECG

	Segment
	time (ms)

	P/Q interval
	120-200

	QRS complex
	60-100

	ST interval
	80-120

	Q/T interval
	300-440


Experimental equipment and procedures
Equipment:

ECG sensor with leads (electrode patches)

Computer interface and computer

Experimental setup:  The electrode patches will be placed on the inside of the forearms near the elbow joint and the ground lead will be placed on the right wrist. The red alligator clip is attached to the electrode patch on the …., the green alligator clip is attached to the electrode patch on the …, and the black alligator clip is attached to the ground electrode patch on the right wrist. 

Experimental procedure:

1) Choose one member of your group to be the subject and apply the electrode patches as described in the experimental setup.

2) Record the ECG of your subject at rest.  The subject should be sitting, relaxed, and breathing at a normal rate.  You may want to record rate of breathing (optional) to compare how it changes under the other conditions. Record the required interval times.

3) Record the ECG of your subject after three minutes of deep, slow breathing that is done in a supine or sitting position. Try to get the breathing rate down to 5 breaths or less a minute. Record the breathing rate. Record the required interval times.

4) Record the ECG of your subject after three minutes of mild exercise.  You may choose jogging in place or choose some other type of exercise for that length of time. Record the breathing rate. Record the required interval times.

Analysis:

1) Choose three representative ECG traces and measure the intervals that are listed in the chart above for the three different conditions. Your ECG Lab worksheet has a table for you to record this information. 
2) Calculate an average for the intervals.

3) Calculate heart rate and the average heart rate under the three different conditions.

Results and Conclusions: Answer questions on the ECG lab worksheet.

Objectives


Upon completion of this lab, you will be able to:


Understand and be able to identify the different deflections seen in an electrocardiogram, a trace of the heart’s electrical activity.  


Determine how exercise and a supine position affect a person’s ECG.








