Causes of arrhythmias

Abnormal Automaticity
-often result of ischemic damage

-Early After Depolarizations (fiber fails to completely repolarize after firing)

-Delayed After Depolarizations (fiber reploarizes, but has several small depolarizations)

-cells remain partially depolarized during diastole

-therefore they are closer to threshold and may fire earlier than normal

•Drug correction via:

-raising threshold

-decreasing phase 4 slope

Abnormal Conduction  (fig 17.3 Lipp)

-product of unidirectional block

-block can arise from:

-prolonged refractory period
-a high partial depolarizaton that chronically leaves too many fast Na channels  

   inactivated

-any prolongation of phase 0 decreases conduction velocity
-blocked signal path leads to reentry excitation
-due to rerouting delays

-or maybe due to the partially depolarizes cell ability to still produce a slow response
•Drug correction via:

-improving conduction in abnormal pathway (conversion to normal)

-slowing conduction and/or increasing refractory period in normal side (conversion to 

  bidirectional)

NOTE: Drug plasma concentrations increase in CHF

                                                                                        ------

Antiarrhythmics

Class I:  
Na + Channel blockers


-Membrane stablizer; alters TM potential (maximal rate of upstroke rise)

-affects Purkinje fibers and cardiac muscle fibers

-Nodal fibers are not dependent on the fast Na influx

     1-IA
-bind open Na channels

-slows conduction velocity all cells that depend on fast Na+ channels (normal + depressed fibers)

Depress normal automaticity (fig 9 in notes, fig 17.2 Lipp)

slows phase 0 depolarization (( upstroke)
-(threshold potential

-also (rate of diastolic depolarization  (longer phase 4 in purkinjes)

Prevents Ventricular Reentry arrhythmias

prolongs action potential duration (APD) and effective refractory period (ERP) 

-inhibition of K+ channel (lengthening phase2)

-produces bidirectional block

Side effects

-Can produce arrhythmias
-drug not equally distributed in heart

-prolongation of refractory periods in some areas and not others = unidirectional block

-Vagolytic, may actually increase conduction velocity at AV node
-some K blockade can cause Torsades de pointes (long QT and wide QRS)

Effects on AV nodal conduction

-Direct action = (AV nodal conduction via some slow channel inhibition
-Indirect action = Vagolytic properties ((AV nodal conduction)

-Net effect = (AV nodal conduction
Quinidine
-max half life 8-10 hrs

-oral, hepatic metabolism + renal excretion, 80% protein bound

-beware of dosing patients with renal, hepatic, or cardiac insufficiency

     Side Effects:

-hypersensitivity

-anorexia

-thrombocytopenia

-high dose: cinchonism (blurred vision, headache, photophobia, altered color perception)

     Drug Interactions:

-Curare (muscle relaxant), prolongs effects

-Warfarin, potentiates it

-Digitalis, can incr. plasma level

Procainamide

-10-30% is converted to NAPA (class III-K channel blocker) by N-acetyl transferase.

-NAPA has longer half life 6.8 hrs as oppose to 2-5 hrs

     Side effects:

- chronic use: Lupus-like symptoms (skin rash, arthritis, pleuritis, hepatoslenomegaly) 

     Drug interactions:

-Curare: increases effects

Disopyramide

-can aggravate heart failure

-lots of anti-cholinergic activity… limits its usefulness

     2-IB
-bind both open and inactive states of Na channels

-more inhibitory in depressed, depolarized (ischemic) fibers than normal cells

All depress delayed after depolarizations (DAD)

( diastolic depolarization time (longer phase 4 in purkinjes)

(APD and ERP leads to accelerated repolarization (( K+ conductance)

-treats early after depolarizations (EAD)

•Note: in conditions with premature Purkinje firing, this can have the detrimental effect of

                        enhancing conduction velocity

Lidocaine
-IV only
-anesthetic
-extensive liver metabolism
      ->Propanolol (( blocking in liver) + cimetidine  will increase plasma concentrations

-In normal cells, it removes unidirectional block -> improving conduction by (APD
     Drug of Choice for:

-Ventricular tachycardia
-Digitalis-induced arrhythmia
     Side effects:

-drowsiness

-confusion

-paresthesia (numbness)

-High dose: hypotension, wide QRS, AV block

Tocainide (oral)

-like lidocaine but oral -> used for long-term arrhythmia control

- side effect: like lidocain + agranulocytosis (low wbc) 

Mexiletine (oral)

like lidocaine but oral
Phenytoin

-oral or iv

-liver metabolism (first order, then zero order… so be careful)

-can push maximal diastolic potential (MDP) more negative ( phase 3 further below threshold)

-this further slows rate of diastolic depolarization

-central effect of (vagal activity

-(AV nodal conduction + ( ERP at AV node (beneficial if used for digitalis-induced arrhythmias)

     Side effects:

-dose-dependent

-High dose (40(g/ml): Teratogenic
     3-IC
-binds open Na channels

-( Upstroke (prolonged phase 0).  No/little change in ADP/ERP 

-Like IA, (AV conduction -> prolong PR interval

-Like IB, doesn’t alter SA node activity

-some AV/SA nodal conduction velocity decrease
-13 hr half life

Flecainide

Propafenone           Like classs IA, these possess potential for Pro-arrhythmia
Moricizine

Class II: 
(-Blockers


-depress phase 4 diastolic depolarization (indirectly by ( sympathetic)

-(AV conduction by antagonizing positive dromotropic effects of Catecholamines

Propanolol


-used primarily to control ventricular response in Atrial flutter/fibrillation


-in preventing post-MI ventricular arrhythmia + sudden dealth

Acebutolol, Esmolol


-both are FDA-approved for arrhythmia


-Acebutolol: control ventricular arrhythmia

Class III: 
K+ channel blockers
-( APD/ERP

-(-)Torsades de pointes (prolong QT)  

-treat ventricular fibrillation, alternative to lidocaine
Amiodarone



-Also bind inactivated Na+ channel
-30 day half life, slow onset

-(-)GI problems, thyroid dysfunction, yellow eyes
Bretylium

-Initial effect: causes an initial NE release -> ( BP, HR + facilitate digitalis toxicity

-most common side effect is orthostatic hypotension

Sotalol

-also a non-selective (-blocker (prolong QT)


Ibutilide 



-IV: termination of atrial fibrillation/flutter

NAPA



-breakdown product of Procainamide (class IA)

Class IV: 
Ca++ channel blockers
-extensive first-pass metabolism

-(slow inward Ca current in SA + AV nodes (RMP < -5OmV), not normal tissues

-or damaged tissues that depend on the slow Ca influx


-> suppress spontaneous depolarization
-action: (AV conduction velocity (( phase 0)

-good for AV reentrant arrhythmias (superventricular tachycardia-SVT)

Verapamil

Diltiazem           only these two are effective, others (Nifedipine-not much affinity for Ca+ channel in heart) 

     cause too much peripherial dilation and reflex sympathetic output (fig 19.9 Lipp) 

     -> bad for arrhythmia



-Like quinidine: ( digitoxin level



-negative chronotropic + inotropic: cautious using with (-blocker (propanolol) 



-Caution with SA/AV dysfunction, asystole

Class V: 
Miscellaneous
Digitalis

-treats superventricular tachycardia 

-prefered over Verapamil,  (-blocker in presence of cardiac failure
Effects on AV conduction

-direct depressant effect

-indirect vagomimetic effect -> slow impulse thru AV node -> protect ventricle

Adenosine

-slows AV nodal conduction + (AV nodal refractory period

-drug of choice (IV) for supraventricular tachycardia (SVT)
-10 second half life, so thought to be safer than Verapamil in treating SVT 


Mg++



-Drug of choice for Torsades de Pointes
                                                                             ---

Arrhythmia Treatment (Pg. 169 Lipp)

bold type = drug of choice

Supraventricular Tachyarrhythmia Treatment

-goal:  (AV conduction ->  protect ventricles from excessive driving frequencies


how: (parasympathetic, stimulate Ach release.

     •Drugs:

-Verapamil: via ( slow channel-dependent conduction

-Propanolol: block (1 in AV node -> ( sympathetic

-Cardiac glycosides: Vagomimetic: ( rate of rise and amplitude of AP + ( ERP of AV node
•Note : do not use class IA, their net effect is to ( AV conduction (vagolytic) at therapeutic dose

Atrial Fibrillation: paroxysmal or chronic

-goal: (AV conduction -> protect ventricles from excessive driving frequencies

     
     •Drugs:

-Verapamil: preferred over Propanolol in patient w/ COPD.

-Propanolol

-Digoxin >> preferred in patients w/ heart failure (impaired ventricular function)

               

 >> does not convert arrhythmia to a sinus rhythm
-direct current cardioversion >> if patient has severe left ventricular failure or hypotension

-NO class IA (Quinidine) unless digitalis, propanolol, or verapamil given first in order to protect 

  ventricle from its tendency to increase AV conduction.

-Quinidine’s benefit is in slowing conduction in both normal + injured fibers this creates a

                   

 unidirectional block that may convert an atrial flutter/fibrillation back to a sinus rhythm.

Atrial Flutter
-same as above except digoxin might help restore sinus rhythm while Verapamil and Propanolol 
                                                                                                                              will not
Supraventricular Tachycardia (SVT)
-usually due to unidirectional junctional block re-entrance instead of ectopic signal origin 

-paroxysmal SVT should first be treated with carotid massage/Valsalva (vagomimetic effect)

   
    •Drugs:

- Adenosine ( IV): treatment of choice
-verapamil
-propanolol
-prophylactic:    -digitalis and/or quinidine to prevent recurrence




-oral Verapamil, propanolol

Pre-excitation syndrome

-anomalous fast Na+ pathway between atria and ventricles (Kent bypass) leads to pre-excitation of 

  

  ventricles

-two-way path, circumvents the AV node

-accessory path thought to be associated with SVT of Wolff-Parkinson-White (WPW) syndrome

-treat: carotid sinus massage, Valsalva maneuver

    
    •Drugs to use:

-Amiodarone (III)
-prolongs ERP in accessory (Kent bundle) pathway

-Flecanide (IC)
-impairs accessory path more than AV path

-Quinidine and Procainamide (IA)
-increase block in accessory path

-indirect Speed-up in AV path

   
     •Drugs to Avoid: when atrial flutter/fibrillation associated with WPW

-Verapamil

-(-blockers                      all 4 slow AV node conduction

-Digoxin

-Adenosine

-Vagal maneuver: ( ERP of Kent bundle.

Ventricular Tachyarrhythmias
•Ventricular Premature Contraction (VPC)  (one for every normal sinus beats)

-often supercedes death in an MI

-(-blockers reduce death in post-MI patients

-Class I agents: ( death in post-MI patients
     •Drugs:

-no drug of choice.  Discontinuation of  smoking, caffeine, alcohol.

-(-blockers are used

•Sustained Ventricular Tachycardia
     •Drugs:

-IV Lidocaine (IB): drug of choice

-Procainamide (IA)

-Bretylium (III)

     •Drugs for long-term prevention:

-(-blockers (II)

-Class IA drugs

-Class IC drugs

-Amiodarone (III)

Digitalis-induced arrhythmia
-Stop digitalis
     •Drugs:

-Fab fragment: drug of choice

-Lidocaine
-phenytoin ((  AV nodal conduction)
