Cardiac Arrythmias
Two Mechanisms of Bradyarrythmias
1.  Abnormal impulse formation (sick sinus syndrome).

2.  Abnormal impulse conduction (usually due to fibrosis in AV node or bundle branches).

Three Mechanisms of Tachyarrythmias
1.  Automaticity is the spontaneous depolarization during Phase 4 that occurs mostly in the SA node.

This is why the SA node is the predominant pacemaker.  Automaticity occurs in the AV 
node but to a lesser extent.  Autonomic activity regulates automaticity.  Under pathological 
states, myocardial cells themselves acquire automaticity.  This is abnormal automaticity.
2.  Triggered afterpotentials occur at the end of action-potentials. 

--Early afterpotentials (EADs) occur from fresh Ca2+ influx during Phase 3.  They 


prolong action potential interval and thus QT interval.  EADs are seen in 



congenital Long QT Syndrome and with Quinidine (Type Ia anti-arrythmic).

--Delayed afterpotentials (DADs) occur from Ca2+ oscillations during Phase 4.  They are 


associated with Digoxin toxicity.
3.  Reentry is the most common mechanism of arrythmia.  There are three pre-requisites for reentry 
to occur:  (1) anatomic circuit, (2) one half of circuit conducts more slowly, (3) one half of 
circuit has a longer refractory period.  These conditions allow a unidirectional block to set 
up and propagate.  Reentry often occurs around dead MI tissue.  Reentry starts abruptly and 
goes away with Valsalva (ACh jolt to the heart).

Automatic Ventricular Arrthmias

Idiopathic VT is due to firing of a cluster of cells near the pulmonary valve in the right ventricle.  
Usually in young adults, it is not life threatening.

Triggered Ventricular Arrythmias

Torsade de Pointes is characterized by a long QT interval, caused either by Ia anti-arrythmic drugs 
or by congenital long QT syndrome (both causes of EADs).  QRS amplitude undulates.
Reentry Ventricular Arrythmias

1.  Sustained monomorphic ventricular tachycardia (SMVT) is caused by a fixed reentry circuit 
in the ventricle.  This often occurs when the border of an MI scar has some fibrotic and 
some normal tissue.  This increases the risk of sudden cardiac death.  ECG may not have 
1:1 AV association, and QRS will be wide due to cell-to-cell conduction.


Think of SMVT as “ventricular flutter.”
2.  Ventricular fibrillation (VF) is irregularly irregular, and arises from multiple reentry circuits.  
Causes sudden cardiac death.

(Raymond removed images of abnormal cardiomyocyte action potentials, SMVT, and fibrillation.)

Automatic Supraventricular Arrythmias
Sinus tachycardia is a normal arrythmia in response to stress or exercise.  Normal peak heart rate 
is (220 bpm – Age).  Sinus tachycardia starts and stops gradually.  Since it is sinus, it has 
1:1 AV conduction.
Triggered Supraventricular Arrythmias

Multifocal atrial tachycardia (MAT) results from irregular atrial depolarization from multiple foci.

Usually triggered by DADs (Digoxin) in response to exacerbated severe pulmonary disease 
and hypoxemia.  Atrial tachycardia is irregular, and P waves all vary.
Reentry Supraventricular Arrythmias (most common)
1.  Atrial Flutter is a single large reentry circuit in the right atrium.  Seen in older people.  ECG 
shows a very regular atrial depolarization around 300 bpm and a sawtooth appearance.

Impulses do not go to ventricles, which only have a mild tachycardia (loss of 1:1 AV 
conduction).  Atrial flutter is associated with a risk of stroke.
2.  Atrial Fibrillation is the simultaneous presence of multiple non-stationary reentrant foci in 
both atria.  Multiple foci just migrate around, sending atria to over 400 bpm.  Seen in 
older people.  Impulses do not go to ventricles, which have a normal but irregular rate.    
P waves may be coarse or fine, with irregularly irregular ventricles.  High risk of stroke, 
so these patients must be anticoagulated with coumadin.
3.  AV node reentrant tachycardia (AVNRT) requires both fast and slow pathways through the 
AV node.  An aberrant impulse blocks the fast pathway, conducts down the slow pathway, 
and returns by the fast.  There will be no P waves (because atria and ventricles are 
contracting simultaneously) and 1:1 tachycardia around 200 bpm.  AVNRT is the main 
cause of “paroxysmal supraventricular tachycardia,” which has abrupt onset, fast regular 
rate, and abrupt termination.
4.  Atrioventricular reciprocating tachycardia (AVRT) involves atria, ventricles, and AV node.  
In addition, there is a muscular accessory pathway.  


--In the most common AVRT, the impulse travels down through the AV node and back 

(retrograde) thru the accessory pathway.  This gives a narrow QRS and 1:1 AV relationship.

--In Wolff-Parkinson-White syndrome, the impulse travels down through the accessory 

pathway and also down through the AV node.  This spreads out the depolarization, giving 
a wide QRS “delta” complex and very short PR interval.  Note that the QRS complex 
ends at the normal time but starts earlier due to the accessory pathway.  This widens the 
curve early in QRS and also encroaches on the PR interval.
Abnormal Impulse Conduction Bradycardia
1.  First degree heart block maintains a 1:1 AV relationship, although PR interval is long.

2.  Second degree heart block has intermittent block in the AV node or bundle branches (>1:1 AV)
3.  Third degree heart block has no conduction through AV node, although ventricles will 
maintain independent slow, regular, automatic contractions.









