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ECG LABORATORY 

 

 

ELECTROCARDIOGRAPHIC MEASUREMENTS: PART I  

 

The purpose of this laboratory is to familiarize the student with the methods and 

techniques used to record a patient's electrocardiogram (EKG).  The laboratory also will provide 

the student with opportunity to discuss the underlying physiological principles necessary for an 

understanding of the EKG waveforms and their interpretation. 

 

The Electrocardiogram 
 

The electrocardiogram (ECG or EKG) is a surface recording of electrical potentials 

generated by cardiac muscle during activation (depolarization) and recovery from activity 

(repolarization). The EKG is one of the important tools in diagnosis of certain types of heart 

disease. Although the information derived from an EKG deals specifically with the electrical 

activity of cardiac muscle and in no way measures contractile events, the EKG does provide 

presumptive evidence for certain mechanical disturbances in cardiac function. This laboratory is 

designed to provide a basic understanding of the methods used to record the EKG and how to 

determine your mean frontal plane vector from your EKG recordings. 

 

Description of the EKG 

 

The electrocardiogram is a record of the electrical changes in the heart, as recorded from 

leads placed on the surface of the body. The record consists of a series of deflections, or waves: 

P, Q, R, S and T.  The Leads to be recorded in this laboratory are the Standard Limb Leads 

(Leads I, II, & III) and the Augmented Limb Leads (Leads AvR, AvL, & AvF).   

 

Clinically, a total of 12 leads are usually recorded. These include the 3 standard bipolar 

limb leads, 3 augmented unipolar limb leads, which are a modified form of standard leads, and 6 

precordial unipolar leads in which exploring electrodes are placed on specific thoracic locations. 

 

 In an EKG, the P wave resulting from depolarization of the atria, the QRS complex 

results from depolarization of the ventricles, and the T wave results from repolarization of the 

ventricles.  Mechanical systole of the ventricles normally begins just after the peak of the R wave 

and ends approximately with the end of the T wave. In the period between the S and T waves 

(the ST segment) the action potential is at the plateau phase and the ventricles reach their peak 

ventricular systolic pressure. 

 

During the ST segment the EKG recording is normally "isoelectric", i.e., there is no 

current flow between the electrodes and therefore no deflection.  Similarly, the EKG is normally 

isoelectric between the end of the T wave and beginning of P wave. 

In some individuals, ventricular depolarization may be represented in one or more leads 

by an R wave only. Nevertheless, it is still referred to as a QRS complex. The variable patterns 
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of this QRS complex, in normal and abnormal records, require that standard terminology be 

used. The EKG does not measure depolarizations and repolarizations.  Therefore, upward and 

downward EKG deflections are not directly related to depolarization and repolarization of the 

heart muscle, respectively.  Rather, the EKG measures vectors of current flow (to be discussed in 

the EKG lecture).  Therefore, by convention upward EKG deflections are called positive (+), and 

downward EKG deflections are called negative (-).  The following examples show various forms 

of QRS complexes, and illustrate the labeling procedure: 

 
Several general rules can be applied to the labeling of the waves in a QRS complex: 

a. R wave = first upward deflection. 

b. Q wave = first downward deflection preceding the first upward deflection. 

c. S wave = first downward deflection following the first upward deflection. 

 

Recording the EKG 

 

1) The subject should sit quietly with muscles relaxed.  Moving will cause artifacts on the 

EKG, which will make interpretation of the recordings difficult.  If you do any physical 

activity between EKG recordings (such as exercise to accelerate heart rate) be certain that 

the electrocardiograph machine is on PAUSE during the exercise. 

2) When all the leads are attached correctly, turn the EKG to the ON position. Record your 

resting EKG. An instructor will be available to assist you. 
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Analysis of EKG Recordings: 
The following routine procedure should be used to study your own electrocardiogram.  All data 

and comments should be entered in the data sheet provided below.  Keep a copy of your EKG 

recording. 

 

1) Rate: Determine the number of atrial and ventricular complexes occurring per minute in 

each lead. Is tachycardia or bradycardia present? Note whether the atrial and ventricular 

rates are the same. At a paper speed of 25 mm/sec., you can use the “300 rule” to 

estimate heart rate.  Count the number of large boxes between successive R waves on the 

EKG recording and divide that number into 300 to estimate your heart rate.  For example, 

5 boxes between R waves divided into 300 = 60 beats/min.  In this example, 5 boxes = 25 

mm = 1 sec. (paper speed is 25 mm/sec).  This method only works if the rhythm of the 

heart beat is reasonably regular.  

 

2) Rhythm: Measure the interval between a number of successive P waves and also between 

a number of R waves to determine whether the heart rhythm is regular, or whether an 

arrhythmia is present. Locate a section of your record showing sinus (respiratory) 

arrhythmia.  Examine the record for the presence of premature beats.  Note whether they 

are of atrial or ventricular origin. 

 

3) Time Intervals: In 3 cardiac cycles, selected for the clarity of the various waves, measure 

the duration of the following: 

 

a. P wave - the interval from the time the P wave leaves the isoelectric line until it 

returns to isoelectric. This measures the duration of atrial depolarization. Normal 

values: 0.08 - 0.10 sec. 

 

b. PR interval - time from beginning of P wave to the beginning of the Q wave. If no Q 

is present, measure to the beginning of R wave. This interval, which is of great 

clinical importance, measures the time from beginning of atrial depolarization to 

beginning of ventricular depolarization.  This value is important in the identification 

of AV conduction defects. Normal values: 0.12 - 0.20 seconds. 

 

c. QRS interval - time from beginning of Q wave to end of S wave, or irrespective of the 

form of the QRS complex, the time interval of all deflections that constitute 

ventricular depolarization. Normal value: 0.06 - 0.11 seconds. 

 

d. QT interval - time from beginning of the Q wave (or initial ventricular activation) to 

the end of the T wave. This measures the total time for depolarization and 

repolarization of the ventricles, and is a fair estimate of the time for mechanical 

systole of the ventricles.  It corresponds approximately with the duration of the 

ventricular muscle action potential.  Normal Value: 0.3 - 0.4 seconds, but value is 

highly dependent on heart rate. 

 

 

4) Amplitude - The interpretation of amplitudes during a routine examination of the EKG is 
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secondary to timing measurements and pattern discrimination.  Abnormal amplitudes are 

of importance in clinical diagnosis of cardiac irregularities, but the subject is 

complicated. In general, the following are adequate guidelines for the present: 

 

P wave: 0.1 - 0.3 mV 

QRS complex: about 1.0 mV from top of R to bottom of S wave. 

T wave: 0.2 - 0.3 mV 

 

5) Note the direction of the P, QRS and T waves in each of the three leads. 

 

6) Examine the form of the deflections. Is the P wave notched or diphasic? Are any of the 

ventricular deflections notched or slurred? Is the T wave diphasic? 

 

7) Examine the ST-segment. Is it above or below the isoelectric line?  It is generally 

considered an abnormal finding if the ST-segment is more than 1-2 mm above or below 

isoelectric. 

 

Vector Analysis of the Normal EKG: 

 

Modern electrocardiography derives from the work of W. Einthoven and his development of an 

instrument that gave accurate electrocardiographic recordings. He introduced the present day 

terminology for the PQRST designations and did important work on the theoretical and 

diagnostic basis of electrocardiography. He was awarded the Nobel Prize in Physiology and 

Medicine in 1924 for "the discovery of the mechanism of the electrocardiogram". 

 

If the 3 bipolar limb leads are considered to form a closed circuit then according to Kirchoff’s 

law the algebraic sum of all the potential differences in this closed circuit is zero; i.e., Lead I + 

Lead II + Lead III = 0 mV.  Historically, Einthoven reversed the connections of Lead II, so that 

the deflections recorded in this lead as well as in Leads I and III would all be upright for most 

normal individuals. Therefore, the following relationship holds for the amplitude of each 

deflection of the EKG:  

 

Lead I + Lead III = Lead II. 

 

1) Determination of the Mean Frontal Plane Vector: 

The mean frontal plane vector is used clinically to gain information about whether the 

depolarization of the ventricular muscle is occurring normally or abnormally. 

 

At any moment in time during ventricular depolarization, the average direction in which the 

depolarization wave is proceeding in the muscle and the average potential amplitude can be 

represented by a vector which is called the instantaneous mean spatial vector. By use of the 

Einthoven triangle, each student can easily determine the frontal mean QRS vector from his/her 

own EKG. This vector represents the AVERAGE direction and amplitude of potential changes 

during the total period of ventricular depolarization, as contrasted with an INSTANTANEOUS 

vector that gives information about one particular moment in time during ventricular 

depolarization.  Instructions for determining the mean frontal plane QRS vector are given below.  
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1) Assume that the following traces represent the QRS recordings from the three standard 

limb leads. 

 

 

 

 

 

2) Measure the amplitude of the QRS waveform above (+) and below (-) the baseline (count 

the small boxes on the EKG paper).  Sum the positive and negative values for each lead 

algebraically: 

 

a. Lead I:  +1.0 + (-0. 2) = +0.8 mV 

 

b. Lead II: +1.2 + (-0.2) = +1.0 mV 

 

c. Lead III: +0.8 + (-0.2) + (-0.4) = + 0.2 mV. 

 

Actually, only 2 of the 3 leads are necessary to derive the vector, but use all three and see 

whether the relationship holds that Leads I + III = II.  

In the above case: 0.8 mV + 0.2 mV = 1.0 mV. 

 

3) Use the Einthoven triangle to plot the values obtained from the measurements of your 

EKG. 

 

a. Starting from the 0 potential in Lead I (center of the triangle's side that represents 

Lead I), plot off a point equal to the algebraically summed potential (+0.8 mV) in 

Lead I, observing the indicated polarity (+).  In our example, to make it graphically 

easier, plot 8 equal spaces toward the positive electrode of Lead I.  Draw a line from 

this point perpendicular to Lead 1. Then draw a second line from the 0 potential 

(center of the Lead I line where you started) to the center of the triangle, also 

perpendicular to Lead I. 

b. Repeat this procedure for the algebraically summed potentials in Lead II (+1.0mV) 

(use 10 equal spaces toward the positive electrode in Lead II) and Lead III (+0.2 mV) 

(use 2 equal spaces toward the positive electrode in Lead III. 

c. The three perpendicular lines should meet in a common point (approximately).  A line 

drawn from the center of the triangle to this common point of intersection is the 

frontal mean QRS vector. Its amplitude in mV can be measured by laying the length 

of the line along the scale on any side of the triangle. Its direction or axis can be 

derived directly from the circumscribed and numbered circle. The clinical 

implications of the mean frontal plane vector will be discussed at the EKG lecture.  . 
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INTERPRETATION 

 

Student's Name________________________ 

 

1. HEART RATE (per min.) 

 

(a) Atrial____________________ 

 

(b) Ventricular________________ 

 

2. RHYTHM (regular or irregular). If irregular, describe the irregularity. 

 

3. TIME INTERVALS (in seconds) (in general, use lead 11). 

 

P-R interval______________________ 

 

QRS interval_____________________ 

 

Q-T interval_____________________ 

 

4. AMPLITUDES (Millivolts) (up +; down 

 

P wave       Lead I_________Lead 11_______Lead III________ 

 

R wave       Lead I_________Lead 11_______Lead 11I_______ 

 

T wave       Lead I_________Lead 11_______Lead III________ 

 

5. DESCRIBE (Notches, slurs) 

 

P wave_______________________________ 

 

QRS_________________________________ 

 

T wave_______________________________ 

 

S-T segment (elevated or depressed)____________________ 

 

6. MEAN FRONTAL PLANE QRS VECTOR=_____________degrees 
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The Hexaxial Reference System. The mean frontal plane vector is considered normal if it is 

between 90º and -30º  (red arrows).
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Study Questions: 

 

1. In the standard limb lead EKG, there is no deflection corresponding to atrial 

repolarization. How do you explain this? 

 

2. What are the functional implications of an abnormally long PR interval? 

 

3. In terms of ventricular depolarization, what inferences can you make from a QRS 

complex with marked notching? 

 

4. The P wave in a patient is downward in all three-limb leads. Explain the reason for this 

finding. 

 

5. In a patient, the R wave in Leads I and III are of equal amplitude, but Lead I is downward 

and Lead III is upright. Radiographic examination shows that one ventricle is 

hypertrophied. From the EKG evidence, will the patient have right ventricular or left 

ventricular hypertrophy? What will the R wave look like in Lead II? What value is the 

mean frontal plane vector? 

 

6. You are told that the mean frontal plane P vector is +120'. What will be the direction of 

the P wave in each of the 3 limb recordings? In which lead will its amplitude be greatest? 

 

7. Analysis of an EKG shows a P-P interval of 0.8 seconds, and an R-R interval of 1.6 

seconds. How do you explain this, and what is the name applied to this finding clinically? 

 

8. Describe the sequence of events in an individual who slowly develops delayed 

conduction in the AV node, until complete AV block occurs over a period of years. What 

progressive changes will be seen on the EKG? What clinical problems may arise? How 

can they be alleviated? 

 

9. What is a premature ventricular contraction (PVC)?  What determines the form of a QRS 

complex in a PVC?  How will the waveforms of different PVC differ? 

 

10. The normal range of values for the mean frontal QRS vector is -30o to +90o. Using this 

information, in which lead is it possible to have a downward QRS complex in a normal 

individual? At what angle within this normal range will Leads II and III have equal 

amplitudes and direction? 

 

  

 


