EKG rhythm recognition
Electrophysiology
Two things that must be present:

--Electrical activity—conductive cells

--Mechanical activity—contracting cells

Without electrical stimulus, mechanical activity doesn’t occur.

The electrical activity of the heart is what is shown on the EKG, not mechanical action.

Automaticity allows the cardiac cells to discharge an electrical current without an external stimulus.  Cardiac cells are specialized and are the only ones in the human body with this property.

When the cardiac cell is polarized, the positive and negative charges are balanced and no electricity flows.  This is the resting state.  The sodium pump allows the cardiac cells to modify their membrane and pull sodium into the cell while potassium exits.  This depolarizes the cell and a contraction results.

The first impulse that starts the flow of electrical current through the heart comes from the SA node.  Scientists think the impulse travels through the atria by way of the intraatrial pathways and to the AV node via intranodal pathways, but these pathways haven’t been found when the cells have been examined microscopically.  The inherent rate of the SA node is around 60 – 100 beats per minute.
The AV junction is the next site of pacemaking cells.  Its inherent rate is around 40 – 60 beats per minute.  It generally doesn’t act as the primary pacemaker, unless the SA node slows down or fails.
The inherent rate of the ventricles is about 20 – 40 beats per minute.

The fastest inherent rate is usually the pacemaker for the heart, which means the AV junction could become the primary pacemaker, if it starts discharging faster than normal.  This is called irritability.

The sympathetic branch of the autonomic nervous system can increase rate, irritability, and conduction through the AV node, if it is stimulated.  It works on the atria and ventricles.  The parasympathetic branch (think vagus nerve) has the opposite effects, but only influences the atria.  So, if the vagus nerve were blocked, the heart rate and irritability would increase.  If the nerve were stimulated, heart rate would fall.
Waves and measurements
An impulse moving towards the positive electrode will produce a positive deflection on the EKG.

An impulse moving away from the positive electrode (or towards the negative electrode) will produce a negative deflection on the EKG.

An isoelectric (flat) line is produced when there is no impulse present (think asystole).

Since electrical flow through the heart is from the SA node towards the ventricles and the positive electrode is placed on the left side of the abdomen or left ankle, the EKG should show a primarily positive deflection, if the heart’s electrical function is normal.  
What are the waves?  
P-waves are produced when the atria are depolarized.  P-waves should be symmetrical, upright, and rounded.  
QRS complexes are produced by depolarization of the ventricles.  The Q-wave is the first negative deflection, the R-wave is the first positive deflection, and the S-wave is the second negative deflection.
T-waves represent ventricular repolarization and should be upright and no more than half the height of the QRS complex.
The atria repolarize when the ventricles depolarize, so nothing is seen on the EKG.
Refractory periods

The relative refractory period is when the cells have been depolarized and have not had time to repolarize properly, but still may contract, if the stimulus is great enough.  This is the downward slope of the T-wave.  Stimulus here could cause V-fib. 
The absolute refractory period is when no impulse could cause depolarization.  This is from the Q-wave through the upward slope of the T-wave.

A rhythm is determined by:

The rate—60 – 100 is normal


Think 300, 150, 100, 75, 60, 50


Remember that each tiny box = 0.04 second and 5 tiny boxes (to dark line) = 0.20 second.

The rhythm

Should be regular


Is there a pattern to any irregularity?

The presence of a P-wave for every QRS complex and a QRS wave for every P-wave


Do all of the P-waves look alike?


Are irregular P-waves associated with ectopic beats?

The P-R interval, which should be from 0.12 – 0.20 seconds and represents the delay at the AV node

Are the intervals all the same?


If they are different, is there a pattern?

The width of the QRS complex, which should be less than 0.12 seconds


Do they all look the same?

Are there unusual QRS complexes associated with ectopic beats?

If any of the above is out of range, the rhythm isn’t normal sinus rhythm.

Sinus rhythms
Normal sinus

Normal rate


Normal rhythm


Normal P-waves

Normal P-R interval

Normal QRS complex

Sinus arrhythmia


Same as above, but rate is regularly irregular


Changes with patient’s respirations

Sinus bradycardia


Rate is less than 60


Everything else is normal

Sinus tachycardia


Rate is 100 – 160


Everything else is normal

Atrial rhythms

Wandering pacemaker


The rate is usually normal


Rhythm can be slightly irregular


Morphology of the P-wave changes as the pacemaker site changes


The P-R interval varies slightly with the pacemaker sites


The QRS complex is normal
Supraventricular tachycardia


Often a catch-all for a fast, regular, rhythm with unidentifiable P-waves


Rate is greater than 160

Rhythm is regular


P-waves are buried in the QRS complexes


P-R interval is unidentifiable


QRS complex is usually normal

Atrial flutter

Flutter waves ratio to QRS complexes can be 2:1, 3:1, 4:1, etc.


Atrial rhythm is regular; ventricular rhythm is usually regular


Atrial rate = 250 – 350 beats per minute; ventricular rate varies


P-waves are in saw tooth pattern




P-R interval is unidentifiable


QRS complex is normal

Atrial fibrillation

Rhythm is irregularly irregular

Rate is controlled if ventricular rate is under 100 beats per minute


P-waves are unable to be measured—fibrillating rather than properly depolarizing


P-R interval cannot be measured


QRS complex is normal

Junctional rhythms

Junctional rhythm (junctional escape rhythm)
It’s called an escape rhythm because the SA node isn’t firing at the expected rate.   The inherent rate of the AV node is 40 – 60, so that’s the typical rate of junctional rhythms.


Rhythm is regular


Rate is 40 – 60 beats per minute


P-waves, if visible, will be inverted, but may be before or after the QRS complex


P-R interval will be less than 0.12 seconds, unless it follows the QRS complex


QRS will be normal

Accelerated junctional


Rhythm is regular


Rate is 60 – 100 beats per minute


P-waves, if visible, will be inverted, but may be before or after the QRS complex


P-R interval will be less than 0.12 seconds, unless it follows the QRS complex


QRS will be normal

Junctional tachycardia


Rhythm is regular


Rate is 100 – 180 beats per minute


P-waves, if visible, will be inverted, but may be before or after the QRS complex


P-R interval will be less than 0.12 seconds, unless it follows the QRS complex

QRS will be normal

Heart blocks 
They’re usually caused because of obstructed conduction at the AV node.  The rhythm produced is determined by the type of obstruction.

First degree block is an incomplete block because all of the impulses get through—they’re just delayed at the AV node.  This is not a true block.

Rhythm depends on the rhythm of the underlying rhythm


Rate depends upon the underlying rhythm


P-waves are normal


P-R interval is greater than 0.20 seconds and the interval is constant


QRS is normal

Second degree blocks

Wenckebach (Mobitz I) is an intermittent block where the delay gets progressively longer and longer until one beat is eventually blocked

Rhythm is irregular


Rate is usually slower


P-waves are normal, but are not always followed by a QRS complex


P-R interval gets longer and longer until a QRS complex is blocked; cycle starts over


QRS complex is normal

Classical (Mobitz II) occurs when some beats are conducted and others are intermittently blocked

Rhythm will be regular, if the P to QRS conduction ratio is consistent (2:1, 3:1, etc)


Rate for P-waves is usually normal; rate for QRS complexes is often slow


P-waves are normal, but are not always followed by a QRS complex


P-R interval is constant, but it might be longer than normal


QRS complexes are normal

Third degree block (complete heart block) is caused by a complete block at the AV node.  There is no correlation between the atria (P-waves) and the ventricles (QRS complexes)

Rhythm is regular


Rate is usually 

P-waves are normal, but there will be more P-waves than QRS complexes

P-R interval—there will be no correlation between the P-waves and QRS complexes

QRS complex will be normal, if the pacemaker is in the AV junction.  If it’s in the ventricles, the QRS complex will be wider than 0.12.
Ventricular rhythms occur when the heart depolarizes from the ventricles up, not the atria down.  This makes it much less efficient—and operating off the lowest site of the conduction system.
Ventricular tachycardia may or may not produce a pulse.

Rhythm is usually regular


Rate is 150 – 250 beats per minute


P-waves are not discernable


P-R interval doesn’t exist


QRS is wide and bizarre with T-waves in opposite direction of R-waves



Ventricular fibrillation never has a pulse and is grossly chaotic

Rhythm is irregular with no discernable waves or complexes


Rate cannot be determined


P-waves are not discernable


P-R interval doesn’t exist


QRS complexes are not discernable



Idioventricular rhythm is found in a dying patient whose heart’s rhythm is being generated by the last, unreliable pacemaker in the heart

Rhythm is usually regular


Rate is often less than 20 beats per minute


P-waves are absent


P-R interval doesn’t exist


QRS complex is wide and bizarre

Asystole is a period of absent electrical activity and is characterized by a flat, horizontal line.  It is often the end result of coarse V-fib that worsened to fine V-fib that finally flattened completely.  Make sure your cables are plugged in and verify this rhythm in more than one lead.
Ectopic beats

Premature atrial contractions are early beats

A single ectopic beat; otherwise normal rhythm


Rate varies with underlying rhythm


The P-wave is different than the other P-waves


P-R interval is different with this beat


The QRS complex is unchanged

Premature junctional contractions are caused by an irritable focus in the AV junction that fires early and produces a single ectopic beat.  Retrograde depolarization occurs (from the bottom upward) in the atria and depolarization in the ventricles is normal.  This makes the P-waves inverted, if they’re not buried in the QRS complex.

Rhythm depends on underlying rhythm


Rate depends upon underlying rhythm

P-waves inverted, either before or after the QRS complex, depending upon which depolarizes first.


P-R interval is less than 0.12, if it precedes the QRS complex

QRS complex is normal

Premature ventricular contractions are early beats caused by one or more irritable locations in the ventricles.  Often, they’re followed by a compensatory pause—if you shifted the PVC to where the next QRS complex should have been, then the rhythm would be regular.  These can be dangerous if they fall on the T-wave (R on T-wave).

Rhythm is irregular because of the PVC

Rate depends upon the underlying rhythm


P-waves are not usually seen


P-R interval can’t be determined


QRS is wide and bizarre and the T-wave usually goes in the opposite direction of the R-wave

