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INTRODUCTION 
 

The electrocardiogram (ECG or EKG) is a recording of the electrical activity of the heart.   
 
The heart has itôs own electrical or conduction system. 
 
Normally the electrical signals are initiated and travel through the heartôs conduction 
system in a specific order.  This is accomplished by a process known as depolarization 
.  The pathway receiving the electrical stimulus is negatively charged (polarized). It must 
be made positive so that the impulse can be conducted.  This process is called 
depolarization.  These cells later recharge or repolarize in  preparation for receiving the 
next electrical impulse.  As depolarization and repolarization occur, certain electrical 
signals are seen on the ECG. 
 
This learning guide will help you identify those signals on the ECG. 
 
The patient will be hooked up to an ECG monitor that is at the bedside (hardwire), or a 
battery operated system (telemetry).  Telemetry(softwire)  is a portable box that is worn 
by the patient , and the rhythm is displayed centrally at the nursing desk. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

CARDIAC CONDUCTION SYSTEM 
 

 
 
 
 
The heart has both electrical and mechanical properties. 
The electrical event occurs first followed by the mechanical event. 
 
Normal electrical conduction: 
Åthe cardiac impulse begins in the sinoatrial (SA) node and travels to the right and left 
atria 
Åthe atria depolarize and generate the p wave on the electrocardiogram  
Åthe conduction then travels to the atrioventricular (AV) node where the conduction 
speed is reduced 
Åconduction then speeds up and travels down the Bundles of His, and the right and left 
bundle branches to the Purkinje fibers  
Åthe Purkinje fibers distribute the impulse rapidly and uniformly and ultimately depolarize 
the ventricular myocardium- this generates the QRS wave on the electrocardiogram 
 
Mechanical Events: 
Åafter the P wave is generated the atria contract.  This contraction contributes 20% of 
the blood flow to the ventricle.  This is called atrial kick 
Åafter the QRS wave is generated the ventricles contract 



Åthe reduction in depolarization speed at the AV node allows time after the atrial 
mechanical contraction for the ventricles to fill before they contract. 

CARDIAC CONDUCTION SYSTEM 
 

 
 

 
Automatic Cardiac Tissues 
There are different conduction tissues in the heart that can act as pacemakers and 
initiate the electrical sequence.  These are: SA node, atrial tissues, AV node,  and the 
ventricles. 
 
 These tissues each have their own intrinsic or pre-set rate.  Normally the SA node 
initiates the electrical sequence because it has the highest intrinsic rate.  If the SA node 
cannot sustain this rate for some reason, the pacemaker with the next highest rate 
would then take over as the pacemaker of the heart.   This is called an escape rhythm 
and is the heartôs emergency pacing system.  
 
 It is very uncommon to see an atrial escape rhythm , even though they are the next 
pacemaker in line.  The AV node (junction) is the pacemaker that most often escapes 
when the SA node fails. 

 

 
 
 
 
 

Escape 
rhythms 



INTRODUCTION TO CARDIAC MONITORING 
 

The  ECG monitor: 
The patient must be attached to a heart monitor in order to see the electrical signals 
from the heart.  This is done by applying electrodes (sticky sensors) to the patientôs 
skin.  Wires attached to a cable are snapped on to the electrodes.  The cable is 
attached to the monitor.  A signal will now appear on the monitor. 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Monitoring Guidelines: 
 
1)  Electrodes: 

Åprepare skin- shave if required, cleanse with alcohol and abrade skin with 
backing on electrode 
Åelectrodes will dry out over time: 
Åchange if monitor signal is poor or patient is complaining of itchiness underneath 
electrode 
Åuse new unopened package of electrodes each time 

 
2)  Documentation: 

Å6 second monitor strips are placed on the chart on each shift and when 
arrhythmias are detected 
Åevaluation of the rhythm strip by the nurse is documented with the strip 
*ptôs name and CR number on strip 
*do not tape over important information- it will fade and disappear over time 

 



INTRODUCTION TO CARDIAC MONITORING 
 
 

 
 

 
The electrodes detect the heartôs electrical activity. 
There may be 3 or 5 electrodes attached to your patient. 
Placement of electrodes: 
ÅRA-right arm-below right clavicle         white 
ÅLA-below left clavicle           black          3 lead         5 lead 
ÅLL-left leg-left lower rib cage or abdomen       red 
ÅRL-right lower rib cage or abdomen               green 

ÅC- 5 th ICS anterior axillary line                 brown 
 
 
3 lead system:  RA  LA and  LL electrodes 
Åthese electrodes form a triangle around the heart 
Åyou can choose to monitor  leads I, II, or III with a 3 lead system-these are called limb 
leads 
 
 
5 lead system:     RA       LA         LL         RL           C        electrodes 
Åthe C electrode can be positioned in any one of 6 designated positions on the left 
anterior chest- these are called the V1-V6 positions and are called chest leads 

Åthe RL electrode is a ground electrode and is not used as a recording electrode 
Åwith a 5 lead system you can choose to monitor leads I,II,III,aVR,, aVL , aVF , V1-V6 



 

 

INTRODUCTION TO CARDIAC MONITORING 

 

 
The electrical activity is picked up between 2 electrodes.   A different pair is used to 
record each lead.  One electrode is considered negative and one positive.  It is the 
positive one that is recording the electrical activity. 
ÅLead 1- uses the RA (neg) and LA (positive) for electrical recording 
ÅLead 2 -uses the RA(neg) and LL(positive) for recording 
ÅLead 3-uses the LA(now neg) and LL (positive) for recording 
ÅThese limb leads record the electrical conduction of the heart  from three different 
viewpoints.  They are called bipolar leads because they use a pair of electrodes to 
record the activity 

 

 
 
 
 
 
 
 
 
 
 
 

Remember it is the positive electrode that records the heartôs electrical activity- 
think of the positive electrode like a camera, watching the electrical activity of the 
heart.   

¶ The electrical activity of the heart remains the same but each lead views this 
activity from a different angle. 



 
 

 
 

 
INTRODUCTION TO CARDIAC MONITORING 

 

 
ÅRecording the electrical 
waves: 
Åan upward deflection will be 
recorded on the monitoring 
paper if the conduction goes 
towards the positive electrode 
Åa downward deflection will be 
recorded on the monitoring 
paper if the conduction goes 
away from the positive electrode 

 
 
 
 
 
 
 
 
 
 
 

ÅLead 2- the positive electrode is the LL which is positioned just below  the heart 
Ånormal conduction in the heart is down and to the left, therefore Lead 2 will pick up the 
conduction (or depolarization) coming towards it -the waves will be recorded as upright 
on the monitoring paper 
ÅLead 2 is the limb lead usually used in monitoring 



 
RECORDING ELECTRICAL EVENTS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The recording paper is graph paper which records at a specific speed. 
The horizontal lines measure the amplitude of events in millimeters or millivolts 
One horizontal line measures 1 mm 
 
The vertical lines measure the duration in seconds of any events. 
Between 2 vertical lines the  measure is .04 of a second.  This is called a small box. 
 

Youôll notice that every 5th vertical line is bolded.  This is called a large 
box and measures .04x5= .20 of a second. 
 
The next section discusses what events will be seen on the recording paper. 
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WAVES OF THE ECG COMPLEX 
 

 
 

The P wave represents the depolarization of the atria.   Atrial depolarization begins in 
the SA node and spreads through both atria.  
The p wave is small, rounded and usually upright. 
 
Atrial repolarization is usually not seen on the ECG because it is hidden in the 
subsequent  QRS waveform and is of low voltage. 
 
 

WAVES OF THE ECG COMPLEX 
 



 
 
The largest wave in the ECG is the QRS complex.   
The electrical impulses spreading through the ventricles produce the QRS complex.  
Therefore the QRS represents ventricular depolarization.   
Normal QRS duration (interventricular conduction time )is .05-.10 seconds 
Abnormal QRS duration is > .12 seconds. 

ÅIndicates that conduction has been delayed in the ventricles 
Q wave 

Åthe first downward wave of the QRS complex 
Åprecedes the R wave 
Åoften absent on the ECG 

R wave 
Åthe first upward wave of the QRS complex 
Åan upward wave is always called an R wave 
Åa second upward wave is called an R prime ( Rô) 

S wave 
Åthe downward wave following the R wave 

 

 

 
 
 

 
Ventricular contraction following the QRS creates the pulse.

An upward wave is always called an R wave 
 
The downward wave before the R is called the Q wave 
 
The downward wave after the R wave is called the S wave 
 
 



WAVES OF THE ECG COMPLEX 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 small squares= .08 seconds    NORMAL 
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3 ½ small squares= .14 seconds   WIDE 
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2 small squares= .08 seconds  NORMAL 

 



WAVES OF THE ECG COMPLEX 
 

 
 

Even though we call this complex the QRS complex, not all QRS complexes have all 
three components. 
The examples above illustrate different QRS complexes and the names of all the 
components. 

 

 



WAVES OF THE ECG COMPLEX 
 

 

 
 
The T wave represents ventricular repolarization or recovery. 
The T wave follows the QRS and is smooth and rounded.  It is usually upright. 
 
Inverted T waves: 
If a T wave is upside down (inverted) this is usually an abnormal finding. 
It can indicate myocardial ischemia.   
 
Notched or pointed T waves: 
Heavily notched or sharply pointed T waves in adults may indicate MI or pericarditis. 
 
Tall T waves: 
Tall T waves suggest an MI or hyperkalemia 

 

 
 
 
 

If any of the above are new findings on the monitor a 12 lead ECG should be 
done 
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INTERVALS AND SEGMENTS 
 
 
 

 
 

This is the segment between the P wave and the QRS.   
ÅThis represents the time interval between when the atria depolarize and when the 
ventricles depolarize.  The electrical impulse is spreading to the AV node, Bundle of His 
and Purkinje fibers. 
 
ÅThis is considered a baseline from which we measure changes in the ST segment. 

 

 
 



INTERVALS AND SEGMENTS 
 

 
 

The PR interval is measured from the beginning of the P to the beginning of the QRS.   
If there is no Q wave then it is measured from the beginning of the P wave to the 
beginning of the R wave. 
Å It represents atrial and atrioventricular conduction time.  This includes atrial 
depolarization, the normal conduction delay in the AV node, and the passage of the 
electrical impulse through the bundle of His and the bundle branches. 
ÅIf conduction is occurring normally then this will take between 0.12 and .20 of a 
second or 3 to 5 small boxes 
 
 
ÅShort P-R interval: 

ÅAV conduction time is shortened: could be due to: 
Åinitial impulse in the junction (AVnode) or 

Åanother (faster)conduction pathway betweeen atria and ventricles 

ÅLong P-R interval:   
ÅAV conduction time is longer than normal: could be due to: 

Åa conduction delay in the AV junction 

Åa conduction delay through the atria 

 

 



INTERVALS AND SEGMENTS 

 

 

The ST segment is the segment after the QRS and before the T wave. 
This segment represents ventricular repolarization. 
 
Normal ST segment: 
Åhorizontal and flat 
Ålevel with the PR segment or baseline 
 
ÅJ point: 
Åthe junction between the ST segment and the QRS is called the J point 
 

If the ST segment is more than 1 mm (1 small square) above the baseline it is 
considered elevated 
If the ST segment is more than 1 mm below the baseline for .08 seconds 
(2 small squares) after the J point, it is considered depressed 

 
 



 

 
 
 
 

 
 
ÅST depression: 

ÅThe ST segment falls below the baseline for .08sec (2 small squares) past the J 
point 
Åindicates myocardial ischemia 

ÅST elevation: 
ÅThe ST segment is above the baseline 
Åacute ST elevation indicates myocardial injury 
Åprolonged ST elevation may indicate something other than myocardial injury:  
pericarditis, ventricular aneurysm or cardiac contusion 

 
 If any of the above are new findings on the monitor a 12 lead ECG should 

be done 



 

 
The QT interval is measured from the beginning of the QRS until the end of the T wave. 
 
ÅThe QT interval represents ventricular depolarization and repolarization. 
 
Å Normal QT interval: 

Å  usually between 0.36 and 0.44 second 
Å  varies greatly according to age, gender ,heart rate, and whether the patient is 
asleep 
Å  should be less than 1/2 the distance between two consecutive R waves (R-R 
interval) when the rhythm is regular 

 
Prolonged QT interval: 
Repolarization means that the muscle cell resets itself so it can depolarize again. 
Measured on an ECG, the time between the Q wave and the T wave is prolonged in this 
condition.  This leads to a longer vulnerable period.  If the next QRS begins before the 
end of repolarization, an arrhythmia or irregular heart beat could occur, such as 
ventricular fibrillation, or Torsades de Pointes which could be fatal. This condition is 
diagnosed on a 12 lead  ECG.  
 
 
 

ÅCause:congenital, medications (Amiodarone, Haldol, Procainamide,Sotalol, 
some antibiotics ), hypokalemia and hypomagnesemia, intracranial or 
subarachnoid hemorrhage 
 

Intervals and Segments 

A 12 lead ECG should be done if the QT appears prolonged 

Intervals and Segments 
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PR=.16 sec    NORMAL 
ST-depressed 1mm for .08 sec 

past the J point-ABNORMAL 

QT- less than ½ the R-R  
       NORMAL 

J point 

PR= .32 sec       PROLONGED 
ST- slightly depressed, but not  

       1mm-  baseline-NORMAL 
QT- less than ½ the R-R  

       NORMAL 

 

PR= .20 seconds    NORMAL 
ST-  baseline-NORMAL 
QT- more than ½ the R-R  

       PROLONGED 



RHYTHM REGULARITY 
 
Rhythm Regularity: 

¶ Refers to the regularity of the QRS complexes  

¶ Measure the distance between the QRS complexes-this is referred to as 
the R-R interval 

 
There are three ways to describe regularity: 
Regular rhythms 

¶ R-R intervals are all the same or vary slightly. 

¶ In regular rhythms the QRSs usually look alike 
 
 
 
 
 
 
 
 
 
Regular but interrupted 

¶ Most of the R-R intervals are constant 

¶ Interrupted by premature beats or a pause 
 
 
 
 
 
 
 
 
 
 
 
Irregular 

¶ R-R intervals vary  

¶ Not due to premature beats or pauses, but because the actual rhythm is 
irregular 

 

 
 
 

 
 

 

 



 
 

MEASUREMENT OF HEART RATE 

 
 

1 2 3 5 64

 
To determine HR: 

¶ There are small line markers on the top of the graph paper 

¶ These occur every 3 seconds 
 
Count # of QRS complexes in a 6 second strip. 
Multiply by 10. 
Above example:   
 QRSôs in 6 seconds = 6 
 6 X 10 = 60 beats/min 
 

3 seconds 

6 seconds 

6 SECOND METHOD  




























































































































