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אנטיאריתמיות תרופות
Antiarrhythmic Drugs
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 Pharmacology
 Pharmacodynamics

 Pharmacokinetics

 Use Dependency

 Vaughn Williams classification
 Ion Channel blockers

 Adverse effects:

:

 Cardiovascular
 Proarrhythmia

 Exacerbation of CHF

 Noncardiovascular

נושאי הוראה

 AF Model

 Special Situation
 ICD

 PM

 Brugada syndrome

 Pregnancy



Pharmacodynamics Principles

The effect of the drug on the 
patients



כללי

 AA drugs cross the cell membrane and 
interact with receptors in the membrane 
channels when the latter are in the
 Rested
 Activated
 Inactivated

 Different association and dissociation rate 
constants
 Voltage and time dependent

 When the drug is bound to a receptor ionic 
channel can not conduct, even in the 
activated



USE-DEPENDENCE

 AA that exert inhibitory effects on the upstroke of the 
action potential
 At rapid rates of stimulation
 After longer periods of stimulation

 Depression of V·max, is greater after the channel has 
been "used" (i.e., after action potential depolarization)

b

 Interaction of the AA with
 Open
 Inactive

 Little interaction with the resting channels
 class IB exhibit fast kinetics
 class IC drugs have slow kinetics
 class IA drugs – intermediate
 With increased time diastole - slower rate

 a greater proportion of receptors become drug free



REVERSE USE-DEPENDENCE
 Exert greater effects at slow rates than at 

fast rates
 Particularly true for drugs that lengthen 

repolarization
 The QT interval becomes prolonged more at 

slow than fast rates
 This effect is opposite to what the ideal 

antiarrhythmic  - precipitating torsades de 
pointes.

p
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Pharmacokinetics Principles

Absorption, Distribution, Elimination





Ion Channel Concepts



Antiarrhythmic Mechanisms of Action



סווג של תרופות אנטיאריתמיות
Vaughn Williams
• Class I – Na Channel blockers

• Ia

• I b

• I c

• Class II - Beta Blockers

• Class III – K channel blockers

• Class IV – Ca Channel blockers

 Digoxin

 Adenosine



The Sicilian Gambit

A New Approach to the Classification of 
Antiarrhythmic Drugs Based on Their 
Action on Arrhythmogenic Mechanisms

Circulation 1991;84:1831

C







Mechanisms of Action of Antiarrhythmic Drugs 
Class I

a b c

C > A > B



Ia

Ib

Ic



Quinidine
Quinidine: a valuable medication joins the list
of ‘endangered species Sami ViskinEuropace 2007

 Brugada syndrome
 congenital short QT syndrome
 Idiopathic VF
 AF?

A

 ICD?

I



Copyright ©1999 American Heart Association

Yan, G.-X. et al. Circulation 1999;100:1660-1666

Y

Effect of quinidine on pinacidil-induced ST-segment elevation



Copyright ©1999 American Heart Association

Yan, G.-X. et al. Circulation 1999;100:1660-1666

Y

Effects of Ito blockers 4-AP and quinidine on pinacidil-induced phase 2 reentry 
and VT in arterially perfused RV wedge preparation



Lidocaine
● Slows conduction: blocks the fast Na

+ channels
 rapid heart rate
 high K+, ischemia

● Decreases refractoriness
● Blocks Na+ entry during the plateau 

phase of AP.

p

● APs of longer duration have greater 
“window currents”.

“

● Therefore, APs of greater duration 
are preferentially shortened.

a

Lido



Mechanisms of Action of Antiarrhythmic Drugs 
Class II



Mechanisms of Action of Antiarrhythmic Drugs 
Class III



Class III
Drugs that prolong repolarization

Amiodarone
Sotalol
Bretylium

Dofetilide
Ibutilide
Azimelide

Dronedarone



Overall Effect
• Slows the heart, lowers MVO2

2

• Maintains cardiac output
• Inhibits ventricular tachycardia
• Negligible proarrhythmic activity
• Minimises effects of early
 depolarisation
• No negative inotropicity
• Prolonged therapeutic effect

Na+ channel
blockade

“…amiodarone may be effective because of, rather 
than in spite of, its pharmacological complexity.”

t

Nadamanee,1992

K+ channel blockade

Thyroid hormone inhibition

Sympathetic
blockade

Ca++ channel
blockade

Phospholipase
inhibition

No effect on
LV function

Unusually long
plasma half life

Amiodarone: a multifactorial approach



New Class III
   Dofetilide
 Ibutilide
 Azimelide

 Dronedarone
 - noniodinated benzofuran no iodine
 - inhibiting the potassium currents 

I(Kr), I(Ks), I(KI), I(KACh), I(sus), I 
Na L-Ca, antiadrenergic properties.



 Multicenter double-blind
 Patients hospitalized with CHF and severe LVD receive 400 mg of 

dronedarone X2 or placebo.

d

 Pprimary end point was the composite of death or hospitalization 

for HF for heart failure.

f

 627 patients
 Prematurely terminated
  During a median follow-up of 2 months,

D

 25 patients in the dronedarone group (8.1%) and 12 patients in 
the placebo group (3.8%) died (hazard ratio in the dronedarone 

group, 2.13; [CI], 1.07 to 4.25; P = 0.03).

g

 Excess mortality was predominantly related to worsening of HF
Conclusions
In patients with severe HF and LV systolic dysfunction, 

treatment with dronedarone was associated with increased 
early mortality related to the worsening of heart failure.

e

ANDROMEDA



ANDROMEDA



ATHENA

• A Trial with dronedarone to prevent 
Hospitalization or dEath in patieNts with Atrial 
fibrillation/flutter

• Tested the hypothesis that dronedarone, a 
multichannel blocking antiarrhthymic drug would 
prolong time to first cardiovascular hospitalization 
or death in moderate- to high-risk elderly 
patients with AF

• Prospective, multicenter placebo controlled, 
minimum follow-up of 1 year

ClinicalTrials.gov Identifier: NCT00174785

Hohnloser SH. J Cardiovasc Electrophysiol. 2008;19:69-73.

.

http://clinicaltrials.gov/ct2/show/NCT00174785


ATHENA: Inclusion criteria

• Paroxysmal or persistent AF:
― Patients ≥ 75 years or 70-74 years with 1 or more 

of the following:
− Hypertension (antihypertensive drugs of at least 2 

different classes)

d

− Prior CVA (stroke or TIA) or systemic embolism

− Diabetes

− Left atrium diameter ≥50 mm by echocardiography

− LVEF < 0.40 by 2D-echo

ClinicalTrials.gov Identifier: NCT00174785

Hohnloser SH. J Cardiovasc Electrophysiol. 2008;19:69-73.

.

http://clinicaltrials.gov/ct2/show/NCT00174785


ATHENA

• Unique primary endpoint:

U

―  Time to first CV hospitalization or all-cause mortality

•  Secondary endpoint
―  All cause mortality

―  Cardiovascular death

―  Cardiovascular hospitalization

•  >500 international centers

•  4628 patients randomized

• Largest antiarrhythmic drug trial in patients with 
AF ever conducted

ClinicalTrials.gov Identifier: NCT00174785

Hohnloser SH. J Cardiovasc Electrophysiol. 2008;19:69-73.

.

http://clinicaltrials.gov/ct2/show/NCT00174785


ATHENA

•  Population
― Typical elderly AF population at risk for 

hospitalization

― Mean age 72 years
― 47% female
― 2/3 structural heart disease
― 1/3 evidence of coronary heart disease
― 21% CHF NYHA class II/III, IV HF excluded
― 12% patients LVEF < 45%
― 70% on effective baseline medication

ClinicalTrials.gov Identifier: NCT00174785

Hohnloser SH. J Cardiovasc Electrophysiol. 2008;19:69-73.

.

http://clinicaltrials.gov/ct2/show/NCT00174785


Mean follow-up 21 ± 5 months
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ATHENA: Primary Outcome
Time to first cardiovascular hospitalization or death

Hohnloser SH. Heart Rhythm Society 2008 Scientific 

Sessions; May 15, 2008; San Francisco, CA.



New Class III
Dronedarone Son of 
Amiodarone EURIDIS, ADONIS, 
ANDROMEDA, ATHENA

 Not for CHF
 No amiodarone like toxicity; 

thyroid or pulmonary problems

For normal or moderate hearts



Class IV

Verapamil
Diltiazem



  

Mechanisms of Action of Antiarrhythmic 
Drugs Class IV

RECALL: INWARD Ca++ CURRENT CAUSES DEPOLARIZATION
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Therapeutic Uses
● Treatment and prophylaxis of SVT
● Slows ventricular rate in AFib and flutter

● Electropharmacological 
Actions
- Atrial Fibrillation

● Idiopathic  Ventricular 
Tachycardia (verapamil)

T



Adenosine

 interacts with A1 receptors present on the extracellular 
surface of cardiac cells

 direct effects mediated through the guanine nucleotide

 activating K+ channels (IK Ach, IK Ado) acetylcholine like
 increase in K+ conductance shortens atrial APD
 decreases atrial contractility
 in the sinus and AV nodes

 Indirect
 antagonizes catecholamine-stimulated adenylate cyclase to 

decrease c amp
 decrease ICa-L and the pacemaker current If in sinus node cells

 slows the sinus rate -> reflex increase in sinus rate
 N region of the AV node, conduction is depressed

 prolongation of the AH interval results, often with transient first-, 
second-, or third-degree AV node block

 Delay in AV nodal conduction is rate dependent



Adenosine
SVT:
- AVNRT
- AVRT   
VT: - 
- :AT

-
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DIGOXIN

CONTRACTILITY

M2 agonist



Digoxin

 Autonomic nervous system
 enhancing both central and peripheral 

vagal tone
 slowing the sinus node discharge rate
 shortening atrial refractoriness
 prolonging AV nodal refractoriness

 Denervated hearts little effect



לכל יצור הומאוטרמי מספר נתון של פעימות לב

הממהר – מקצר ימיו

Sinoatrial Sinoatrial I I ff  current blocker a new   current blocker a new 
target for heart rate reductiontarget for heart rate reduction

Ivabradine = ProclanIvabradine = Proclan

המאיט – מאריך ימיו



 Reduction in heart rate with ivabradine 
does not improve cardiac outcomes in all 
patients with stable coronary artery disease 
and left-ventricular systolic dysfunction, but 
could be used to reduce the incidence of 
coronary artery disease outcomes in a 
subgroup of patients who have heart rates 
of 70 bpm or greater.

.



Ranolazine
Noval anti anginal agent with 
:Antiarrhythmic properties

:

Ion channel effect similar to 
chronic amiodarone Rx
Reduced
•Ikr
•Iks
•Late INa
•ICa
•Suppress EAD & TdP



Scirica B. European Society of Cardiology Congress 
2007; September 5, 2007; Vienna, Austria.

MERLIN TIMI-36:

M

 Antianginal agent ranolazine shown to be antiarrhythmic



Mechanism of arrhythmias

 refractoriness   conduction



Automaticity
Enhanced 
Normal

Automaticity
Abnormal

Triggered 
Activity
EAD

DAD

Na Channel 
Dependent

Reentry
Long excitable gap

Na Channel 
Dependent

Reentry
Short excitable gap

Ca Channel 
Dependent

Reentry
Long excitable gap

Mechanism

Braunvald’s  Heart Disease 8th edition chapter 33
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Proarrhythmia



Types of Proarrhythmia During Treatment With
Various Antiarrhythmic Drugs for AF or Atrial Flutter According
to the Vaughan Williams Classification



  





  



  



?אמבולטורי או באישפוז: התחלת טיפול

?

אין קונצנזוס
    -  :AHA חולים עם EF באישפוז- נמוך
תקין אמבולטוריQT , לב תקין-    

 מינון נמוך- התחלה אמבולטורית
QTמעקב -     
ג.ק.מעקב א-     

באשפוז? מודאג
סיכון גבוה : EFירוד , ,CHF סיכון לTdP

אנטיהיסטמיניקה, אנטיביוטיקהK, Mg  , נשים   



אפקט על ספי קיצוב ודפיברילציה



Rate of Device Discharges and 
Therapies

Circulation. 2007;115:1170-1176

.



אפקט על ספי קיצוב ודפיברילציה



0מוריד

0

Sotalol

?מעלה 

?

0

0

Amiodarone

+)או ( 0 

(

Propafenoneמעלה

+)או ( 0  

(

Flecainideמעלה

+) *או ( 0 

*

+)או ( 0  

(

Mexiletine

+)או ( 0  מעלה

(

Lidocaine

?

?

Disopyramideמעלה בריכוז טוקסי

Procainamideמעלה בריכוז גבוהללא אפקט

Quinidineמעלה בריכוז גבוהעשוי לעלות בריכוז גבוה

DefibrillationPacingDrug



אינטראקציה



שינוי מינון במחלות שונות או עם תרופות אחרות



שינוי מינון במחלות שונות או עם תרופות אחרות



שינוי מינון במחלות שונות או עם תרופות אחרות



שינוי מינון במחלות שונות או עם תרופות אחרות



New Approach to 
Antiarrhythmic Therapy

Members of the Sicilian Gambit
Circulation 2001;104:2865

C









Recommended Doses of Drugs Proven Effective for 
Pharmacological Cardioversion of Atrial Fibrillation



Antiarrhythmic Drug Therapy to Maintain Sinus in pts 
with Recurrent Paroxysmal or Persistent Atrial 

Fibrillation





השפעת תרופות אנטיאריתמיות על תמותה

JAMA 1993

J



THERAPIES FOR VENTRICULAR 
ARRHYTHMIAS

 With the exception of BB, AA no rule  
in the prevention of SCD

 May be effective as adjunctive 
therapy
 Amiodarone
 Sotalol
 Quinidine



 AA drugs have not been shown to be effective for 
primary prevention (exception of BB)

p

 AA may be effective as adjunctive therapy under 
special circumstances

 Potential adverse side effects

 Both sotalol and amiodarone have also been shown to 
reduce the frequency of ICD shock therapy



Brugada Syndrome





ACLS 2005

A



Amiodarone



WPW

תרופות המשפיעות
APעל 

תרופות המשפיעות
AVNעל 

תרופות המשפיעות
APועל  AVNעל 





תרופות אנטיאריתמיות בהריון

חלק מן התרופות נכנסו לשימוש בשל •
העדר דיווחים על תופעות לוואי

•  Amiodarone  - D

•   Atenolol   - D

•Sotalol    - B

C- אחרים   •
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Antiarrhythmic drug therapy to maintain sinus rhythm in 
patients with recurrent paroxysmal or persistent atrial 

fibrillation

Dronedarone

Dronedarone

Dronedarone



תרופות אנטיאריתמיות הינן תרופות
בעלות אפקטים אלקטרופיזיולוגיים

אשר לעיתים גם מועילים

Antiarrhythmic DrugsAntiarrhythmic Drugs::

:

Agents with occasionally beneficial side-effectsAgents with occasionally beneficial side-effects


