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Antiarrhythmic drugs: 
Key concepts for the Boards

• EP basis for AAD action
– Classification
– Mechanism of action

• AAD choices in specific clinical situations
– Clinical trial data and ACC Guidelines

• Adverse effects
– Clinical pharmacology
– Proarrhythmia
– Drug-drug interactions
– Other ADEs

• Bullet points for individual drugs
• Case-based questions



Goodman and Gilman, 11th ed, 2006

The cardiac action potential

• Key points:
– Phase 0 : Sodium current
– Phase 1: Transient outward 

current
– Phase 2-3: Calcium current 

(inward) vs. Potassium 
current (outward)

– Phase 4 by If (“funny” current)

Marban E, Nature 2002;415:213



Katzung, Basic and Clinical Pharmacology, 10th ed., 2007

The cardiac action potential - 2



Classification: Vaughan Williams
Class I: Sodium channel blockers

- Inhibit depolarization (phase 0)
- Slow conduction velocity

Class II: Beta-blockers
- Major effects on sinus and AV nodes
- Additional effect on autonomic NS

Class III: Potassium channel blockers
- Prolong repolarization (phase 3)

Class IV: Calcium-channel blockers
- Major effects on AV > sinus node

Other drugs: Adenosine, digoxin
atropine, magnesium



Lau W et al. 
Drugs 
2000;60:1315

Circulation 
1991;84:1831-
1851

Sicilian 
Gambit



Cardiac sodium channel physiology

• Three states: Resting (closed) -> Activated 
(open) -> Inactivated (closed)

Katzung, Basic and Clinical Pharmacology, 10th ed., 2007



Class I: Sodium channel blockers
• Type 1A agents: Quinidine, procainamide, 

disopyramide
– Intermediate kinetics, affinity for activated Na-channel
– Also have class III effects (prolong APD/ QT - TdP)
– Negative inotrope

• Type 1B agents: Lidocaine (IV), mexiletine (PO)
– Rapid kinetics, affinity for inactivated Na-channel
– Little effect on atrial tissue 
– Greatest effect on diseased/ ischemic ventricle

• Type 1C agents: Flecainide, propafenone
– Slow kinetics, affinity for activated Na-channel
– Most potent Na-blocking effect/ greatest effect on ECG
– Negative inotrope



Class II: Beta-adrenergic blockers
• Main examples: Metoprolol, atenolol, propranolol, 

carvedilol, esmolol
• Mechanism of action: Blockade of cardiac B1-

adrenergic receptors
– Decrease in cytosolic calcium 

Clinical effects:
1. Slow sinus rate
2. Prolong AV node 
conduction and 
refractoriness
3. Inhibit automaticity
4. Block cardiac 
sympathetic innervation 
and effect of circulating 
catecholaminesOpie LH, Drugs for the Heart



Class III: Potassium channel blockers
• Main examples: Sotalol, dofetilide, ibutilide
• Amiodarone unique: Properties of all 4 classes
• Mechanism of action: Block cardiac potassium 

channels mediating IKr and IKs
– Prolong refractoriness/ APD
– Ibutilide also prolongs sodium channel opening

Shah M, et al. Circulation 
2005;112:2517



Class IV: Calcium channel blockers

• Verapamil and diltiazem
• Does not include the dihydropyridines: 

nifedipine, amlodipine, etc.
• Mechanism: Blockade of cardiac L-type 

calcium channel -> decrease cytosolic 
calcium

• Clinical effects:
– Prolong AV node conduction and refractoriness
– Mild sinus slowing effect
– Mild reduction in automaticity
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AAD: Prevention of VT/VF Arrest

• 1980s -
Enthusiasm 
for treatment 
with 
antiarrhythmic 
drugs

Circulation 1988



Prevention of VT/VF arrest:
Cardiac Arrhythmia Suppression Trial (CAST)

• Patients post-
MI with 
frequent VPBs
or NSVT

• Drugs suppress 
VPBs/NSVT

• Mortality 
increased with 
active drug

• Carry “black 
box” warning 
on label

JAMA 1993; 270:2451

Encainide, 
flecainide, 
moricizine vs. 
placebo



Prevention of VT/VF :
Other Antiarrhythmic Drugs

• D-sotalol -> Mortality increased
– SWORD (Lancet 1996; 348:7)

• Dofetilide -> Neutral
– DIAMOND-MI (Lancet 2000;356:2052)

• Azimilide -> Neutral
– ALIVE (Circulation 2004;109:990)

• Amiodarone -> Mixed results (overall neutral)
– EMIAT (Lancet 1997;349:667)

– CAMIAT (Lancet 1997;349:675)

– SCD-HeFT (NEJM 2005;352:225)



Prevention of VT/VF arrest:
SCD-HeFT

• No benefit to amiodarone over placebo
• Other trials: GESICA, CHF-STAT, EMIAT, CAMIAT

N=2521 patients, 
LVEF < 35%, 
NYHA class II,III

Mean age 60 
years

1:1:1 
randomization

Bardy GH, et al. NEJM 2005;352:225



Treatment of VT/VF arrest

• VF/VF refractory to 
shock
– Amio 300 mg IV 

(MR 150 mg IV)
– Lidocaine second-

line agent

• Procainamide and 
bretylium removed 
from algorithm

2005 ACLS update. Circulation 2005;112:58



Treatment of VT/VF arrest

• Amiodarone improves survival to hospital 
admission in ARREST

• Amiodarone superior to lidocaine in ALIVE

ARREST ALIVE

N=504 N=347

Dorian P, et al. NEJM 2002;346:884

Kudenchuk PJ at el, NEJM 1999;341:871



Treatment of sustained 
monomorphic VT

• IV Amiodarone
• Other agents:

– Procainamide IV
– Beta-blockers/ 

verapamil for 
idiopathic VT

2005 ACLS update. Circulation 2005;112:67



Indications for use: VT/ ICD shocks

• For prevention of ICD shocks:
Amiodarone > sotalol > beta-blocker alone

- Beta-blockers important for rx of VT storm 
(Nademanee K, et al. Circulation 1999;102:742)

Pacifico A, et al. NEJM 1999;340:1855

N=302 secondary prevention ICD 
patients

OPTIC

N=412

Connolly SJ, et al. JAMA 2006;295:165



Indications for use: SVT

• For chronic medical therapy if no structural heart 
disease:
– Beta-blockers, CCBs
– Flecainide, propafenone (Ic)
– Sotalol, dofetilide (III)
– Amiodarone

Acute medical conversion:

ACC SVT Guidelines; 
Circulation 2003;108:1871



ACC/AHA Guidelines: AF and AADs

• Structurally normal heart or HTN/mild LVH
– Flecainide/ propafenone / sotalol
– Amiodarone / dofetilide

• HTN/ Substantial LVH
– Amiodarone

• Coronary artery disease
– Dofetilide (DIAMOND) / sotalol
– Amiodarone (EMIAT / CAMIAT)

• Heart failure
– Amiodarone (SCD-HeFT, GESICA, CHF-STAT)
– Dofetilide (DIAMOND)

JACC 2006;48: e194
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Clinical Pharmacology
• Pharmacokinetics: Drug concentrations 

following drug administration
• Pharmacodynamics: Variability in clinical 

response to drug concentration
• Pharmacogenetics: Inherited genetic 

variability in drug response
– Example: Fast and slow acetylators of 

procainamide
• Slow acetylators more susceptible to lupus
• Fast acetylators have higher NAPA levels

– Explain idiosyncratic response to drugs 
causing LQTS/TdP?



Drug elimination
• Important for understanding mechanisms of drug 

toxicity and drug-drug interactions
• Renal excretion: Must reduce dose in CKD

– Sotalol
– Dofetilide
– Digoxin

• Hepatic excretion: Reduce dose in liver failure
– Lidocaine
– Propafenone
– Amiodarone



Drug elimination

Desethyl
amiodarone

3-15 wk99%Amiodarone

4-6 hr75%10%Ibutilide

8-10 hr70%30%Dofetilide

10-20 hr90%Sotalol

5-OH propafenone2-32 hr99%Propafenone

11 hr25%70%Flecainide

8-12 hr90%Mexiletine

2-4 hr90%Lidocaine

Mono-N-dealkyl-D7-9 hr35-80%10-35%Disopyramide

N-acetyl PA3-5 hr30-60%40-70%Procainamide

3-OH quinidine7-18 hr10-30%50-90%Quinidine

Active 
metabolites

T ½RenalHepaticDrug



Cytochrome P-450 system

• Found in liver, GI mucosa, lungs
• Oxidative metabolism of most AADs
• CYP 3A4 and CYP 2D6 most important for 

AADs
• Genetic polymorphism for CYP 2D6 

deficiency (5-10% of population)
– Enhanced drug effect

– Propafenone � 5-OH propafenone (weak BB)
• CYP 2D6 deficient patients have enhanced BB 

effect and higher CNS side effects



Drug-drug interactions

Roden D. Heart 2000;84:339



Digoxin excretion: P-glycoprotein

• Multi-drug transporter 
found in GI tract, liver, 
kidney
– Described as multi-drug 

resistance gene (MDR) 
for cancer drugs

• Renal excretion also 
important for dig

Roden D. Heart 2000;84:339



Use-dependence

• Use-dependent = Greater drug effect at 
faster HR
– Type Ic: Flecainide, propafenone

– Generally a positive attribute . . .
• Except for rate-dependent AV block

• Reverse use-dependent = Greater drug 
effect at slower HR
– Type III: Sotalol, dofetilide
– Generally negative attribute – LQT/torsades



QT prolongation

• Results from prolongation of APD with 
Class 1A and Class III AADs

• Exacerbated by low K+/Mg++, other QT 
prolonging drugs (www.qtdrugs.org)
– Chloroquine, chlorpromazine, cisapride, 

clarithromycin, droperidol, erythromycin, 
haloperidol, methadone, pentamidine

V1

II



Torsades de pointes

• Usually non-sustained
– May degenerate to VF -> must defib

• More common in females, low BMI, CKD, CHF
• Treatment:

– Withdraw offending agent
– Magnesium IV
– Correct hypokalemia
– Isoproterenol or pacing 90-100 bpm
– IV lidocaine
– Not amiodarone or procainamide (also cause TdP)
– Not beta-blockers (because of reverse-use dependence)



Effect on DFTs
• Increase DFTs and pacing thresholds 

(Sodium-channel blockers)
– Mexiletine
– Flecainide / propafenone
– Amiodarone

• Decrease DFTs (Potassium-channel 
blockers)
– Sotalol
– Dofetilide

• Minimal effect
– Digoxin, BBs, CCBs



Miscellaneous ADEs - 1
• Type I AAD (Na-channel blockers) may 

bring out latent Brugada syndrome
– Used as diagnostic agent for this condition

Brugada R, et al.Circulation. 2000;101:510



Miscellaneous ADEs - 2
• Type Ic drugs 

(flecainide/ 
propafenone) 
may cause AF to 
organize to slow 
atrial flutter with 
1-1 AV 
conduction
– Generally give 

with BB or CCB

Atrial rate 220 bpm Ventricular rate 220 bpm

Atrial rate 220 bpm Ventricular rate 90 bpm
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Digoxin

• Clinical uses: Rate control of AF, CHF
– Major use is AF + CHF
– Also useful as second agent if BB or CCB inadequate
– Largely obsolete for other uses

• Not useful in PAF
– Poor at rate control
– Does not prevent paroxysms or terminate AF 

Digitalis purpurea



Digoxin – Key facts
• Mechanism 1: Block Na-K ATPase �

increase intracellular Ca++
• Mechanism 2: Increase vagal tone
• Toxicity: N/V, visual disturbance, CNS, 

proarrhythmia
– Proarrhythmia examples: AF or AT with AV 

block, bidirectional VT, VF

• Excretion: P-glycoprotein multi-drug 
transporter, kidney
– T ½ : 1.5 - 3 days 
– Reduce dose in renal failure



Digoxin: Proarrhythmia - 1

AF with 3rd

degree AVB 
- note “scooped”
ST segments

Atrial 
tachycardia
with 2nd / 3rd

degree AVB



Digoxin: Proarrhythmia - 2
Kummer JL, et al. Circulation 2006;113:e156

Bidirectional 
VT

VF



Digoxin: Proarrhythmia

• Risk of digoxin proarrhythmia increased:
– Hypokalemia
– Heart failure / cardiomyopathy
– Renal dysfunction
– Elderly
– Other drugs (ie, amio, verapamil)

• Treatment:
– Correct K+/ Mg++
– Atropine / pacing for bradycardia
– Lidocaine for VT / VF
– Anti-digoxin Fab antibody fragments (Digibind)

• Refractory VT/VF, hyperkalemia



Digoxin: DIG trial

• No mortality benefit to dig in CHF
• Keep serum levels < 0.9 ng/mL to 

minimize adverse effects
• Dig does not reduce risk for recurrent AF

N=6800 pts with 
CHF, LVEF < 
45%

0.5-0.8 ng/mL

0.9-1.1

> 1.1

Mortality by Dig level

NEJM 1997;336:525 JAMA 2003;289:871



Adenosine - 1

• Nucleoside given IV to terminate SVT
• Mechanism:

– Binds to adenosine A1 receptor
– Activates outward potassium current (IKAdo) in 

atrium
– Calcium channel blocking secondary effect

2005 ACLS update. Circulation 2005;112:67



Adenosine - 2
• Clinical effects: SA node slowing, AV block, 

shortens atrial refractoriness
• T ½ = seconds – cellular uptake and metabolism 

in blood
• Verapamil equally effective for terminating SVT

– 89% vs 92% in metaanalysis

• ADEs: 
– Flushing, headache, chest pain
– Asystole
– Atrial fibrillation (10-15%)
– Bronchospasm (contraindicated in asthmatics)

• Blunted effect: Caffeine, theophylline
• Enhanced effect: Heart transplant, dipyridamole



SVT response to Adenosine

Ganz and Friedman, NEJM 1995;332:161

Some ATs
terminate

Block in 
AVN

Block in 
SP

Increased 
AV block

Neither termination nor absence of termination with 
adenosine is diagnostic of arrhythmia mechanism



Class IA drugs
• Quinidine

– High SE profile: Diarrhea, vagolytic effects, TdP
(idiosyncratic), hypersensitivity, low plts/pmn’s

– Numerous drug interactions: Dig, warfarin

• Procainamide
– Slow and fast acetylators, renal elimination
– Plasma acetylation to NAPA (causes LQTS/TdP)
– ADE’s: Lupus-like syndrome (esp. slow acetylators), 

TdP, agranulocytosis

• Disopyramide
– Anticholinergic / vagolytic effect
– Dry mouth, urinary retention
– Niche use in “vagally-mediated” AF
– CI: Glaucoma, BPH, CHF
– Powerful negative inotrope (niche use in HCM)



Class IB drugs
• Lidocaine

– Inactivated by hepatic microsomes
• Lower levels with hepatic enzyme inducers (phenytoin, 

rifampin, barbiturates)

– Not used prophylactically after MI
– Inferior to amiodarone for VT/VF arrest (ALIVE trial)
– ADE’s: Neurologic/CNS, sinus node slowing
– Niche use: Torsades, VT/VF post-MI

• Mexiletine
– Oral lidocaine congener
– Hepatic clearance (90%) – CYP2D6
– ADE’s: Neurologic/CNS, GI
– Niche use: ICD shocks, congenital LQT3



Class IC drugs

• Flecainide
– Drug used in CAST: Doubled mortality after MI, inc. VT
– Approved for chronic suppression of SVT, WPW, AF
– Use-dependence
– Give with BB or CCB to avoid AFl with 1-1 conduction
– ADEs: Paresthesias, diplopia, chest pain

• Propafenone
– Not used in CAST, but results apply to it
– Similar to flecainide, except TID and some beta-

blocker activity
– Active metabolite (5-OH propafenone) with little BB 

activity



Beta-adrenergic 
blockers (II)

• Important mortality benefit and antiarrhythmic 
effect post-MI and with chronic CHF

• Controls ventricular rate in AF.

• Useful in treatment of VT storm (without 
cardiogenic shock).

• Prevent torsades de pointes in patients with 
congenital LQTS, but not drug-induced LQTS. 

- The latter is a bradycardia-dependent arrhythmia



Class III drugs
• Sotalol

– Mild class II (BB) effect, mix of d- and l- isomers
– Major risk is LQT/ TdP (1-5%) – reverse use 

dependence
– Renal excretion
– May lower DFT
– Major use is AF and VT in ICD patients

• Dofetilide
– Pure IKr blocker
– LQT/ TdP as per sotalol (1-5%)
– Renal excretion 
– Must initiate in hospital x 72 hours
– May lower DFT
– Only indication is persistent AF (DIAMOND studies)



Ibutilide (III)

• IV used to terminate AF and atrial flutter
• 1mg over 10 minutes, MR x 1
• Blocks IKr and prolongs sodium current
• Risk: LQT/ TdP (1-5%)
• Converts 30-60% of AF/ AFL

– Conversion better for AFL than AF
– Conversion better if more recent onset
– Facilitates DCCV of AF in one study (Oral H, et al, 

NEJM 1999;340:1849)



Amiodarone (III)

• Features of all four Vaughan Williams classes
• Most effective drug for preventing recurrent AF 

and for VT/VF causing ICD shocks
• IV amiodarone improves survival to hospital 

admission in out-of-hospital cardiac arrest due to 
refractory VT/VF

• No mortality benefit in SCD-HeFT
• May raises DFT
• Numerous side effects and drug interactions



Amiodarone – Adverse drug effects

• Every organ system except the kidney
– Cardiac: Brady, LQTS/ TdP
– Pulmonary: Fibrosis, BOOP
– Thyroid: Hypo > hyperthyroidism
– Gastrointestinal: LFTS, nausea
– Neurologic: Ataxia, tremor, neuropathy 
– Ocular: Corneal deposits, retinopathy
– Dermatologic: Photosensitivity, blue skin
– Drug interactions: Warfarin, dig, statins



Calcium CBs (IV)

• Greatest effect on AV node > Sinus node
• Uses: Rate control of AF, termination (IV) and 

chronic suppression (oral) of PSVT
• IV verapamil as effective as adenosine for PSVT 
• ADEs: Hypotension, constipation, negative inotropy
• May raise dig levels, synergistic bradycardic effect 

with beta-blockers (esp. IV)



Antiarrhythmic drugs: Key points

• Vaughn-Williams classification and basic 
mechanism of action

• Major clinical uses
– Acute setting (conversion, cardiac arrest)
– Atrial fibrillation
– Treating VT to prevent ICD shocks

• Major side effects, interactions and 
proarrhythmia

• Special attention to amiodarone and digoxin
– Drugs most commonly used are most likely to be 

tested on the boards
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Question 1

You are called to consult on a 48 year old woman being treated for 
pneumonia in the ICU on hospital day 8 because of the non-
sustained arrhythmia shown above. Her medications include 
erythromycin, haloperidol, furosemide, and potassium 
replacement. She has no prior history of cardiac disease or 
arrhythmia and her admission ECG was normal. Which of the 
following is the most appropriate initial treatment?

A. Amiodarone 300 mg IV
B. Procainamide 1 gram IV
C. Metoprolol 5 mg IV
D. Magnesium 2 grams IV
E. Verapamil 5 mg IV



Question 1: Answer

The rhythm strip a prolonged QT interval and a run of non-
sustained polymorphic VT (torsades de pointes - TdP). 
The clinical scenario suggests acquired long QT syndrome 
from medications. IV magnesium has been established as 
effective treatment and is endorsed by ACLS guidelines as 
first-line treatment. 

Other answers:
A. and B .  Amiodarone and procainamide are both have Class III 
antiarrhythmic action well-known to cause QT interval prolongation 
and TdP, and could exacerbate the arrhythmia.
C. TdP from acquired LQTS is usually bradycardia-dependent and so 
metoprolol could exacerbate the arrhythmia.
E. Verapamil has not been shown to be an effective treatment for 
polymorphic VT and, like metoprolol, may exacerbate bradycardia-
dependent TdP.

D. Magnesium 2 gm IV



Question 2

A 26 year old woman with a  history of asthma requiring steroid treatment presents 
to the emergency department with sustained palpitations, dyspnea, and 
chest tightness. Her blood pressure is 110/75 mmHg. She looks 
uncomfortable and is tachycardic but the exam is otherwise unremarkable. 
Her ECG is shown above. Carotid sinus pressure has no effect. What is the 
most appropriate next treatment? 
A.  IV adenosine
B.  IV verapamil
C. Immediate synchronized electrical cardioversion
D. Oral digoxin load 
E. IV magnesium



Question 2: Answer

The 12-lead ECG shows a regular narrow complex 
supraventricular tachycardia (SVT). There appears to 
be a p-wave just after each QRS (short RP). Differential 
diagnosis includes AVNRT, AVRT, and atrial 
tachycardia. Adenosine (A) is contraindicated in a 
patient with severe asthma because it may trigger 
serious bronchospasm. Verapamil is equally effective in 
terminating PSVT and is the next best treatment.

Other answers:
C. Electrical cardioversion is usually not necessary in a 
young patient with tolerated SVT
D. Digoxin is largely obsolete for the acute and chronic 
treatment of SVT
E. IV magnesium is not effective in treatment of SVT

B.  IV verapamil



Question 3
You are going to initiate oral amiodarone for treatment of 

symptomatic atrial fibrillation in an 82 year old man you 
are seeing in your office. His other medications include 
verapamil, warfarin, omeprazole, digoxin, furosemide, and 
glyburide. Which of the following should you also do at this 
time ?

A. Double the dose of digoxin
B. Arrange for serial measurement of serum creatinine
C. Reduce warfarin dose by one-third and arrange for 
more frequent INR checks
D. Perform baseline chest computed tomography
E. Reduce the dose of glyburide and have the patient 
check blood glucose four times daily



Question 3: Answer

In addition to numerous cardiac and non-cardiac side effects, amiodarone 
has a number of important drug interactions, and it must be initiated 
carefully in patients taking other medications. Amiodarone inhibits CYP 
2C9, the main enzyme complex that metabolizes warfarin, and will
usually require lowering the warfarin dose. 

Other answers:
A. Amiodarone increases digoxin levels in part by inhibition of the P-
glycoprotein pathway. The dose of digoxin is usually reduced by half.
B. Amiodarone generally does not affect renal function.
D. While amiodarone may cause serious pulmonary toxicity, there is no 
evidence that baseline or screening chest CT reduces this complication 
and no guideline recommends this.
E. Amiodarone does not significantly affect blood glucose or 
metabolism of glyburide.

C. Reduce warfarin dose by one-third and 
arrange for more frequent INR checks





Question 4

A 72 year old woman is admitted to the telemetry service with weakness, 
fatigue, nausea, and blurred vision. She has a history of atrial
fibrillation treated with warfarin and digoxin 0.25 mg daily. Verapamil 
was recently added to her regimen. Examination showed HR 45 bpm, 
BP 115/70, and was otherwise unremarkable. Laboratory values are
notable for a potassium level of 3.3 mmol/L, INR 1.7, digoxin level of 
1.9 ng/mL. Her 12-lead ECG is shown.



Question 4
What is the next best course of action?

A. Immediate synchronized electrical 
cardioversion
B. Hold digoxin and verapamil, replete 
serum potassium level, and observe
C. Permanent pacemaker implantation
D. Thrombolytic therapy for probable acute 
stroke syndrome
E. Give anti-digoxin-specific antibody Fab
fragment therapy



Question 4: Answer

The patient’s ECG shows fine atrial fibrillation with complete AV block, a 
junctional escape, and “scooped” ST segments characteristic of 
digoxin use. She recently started verapamil, which likely caused
additive effects on AV conduction, as well as increase in digoxin 
levels due to block of P-glycoprotein.    

A. One would generally not cardiovert a stable patient with 
chronic AF with subtherapeutic INR in the absence of more 
anticoagulation and TEE.

C. Permanent pacemaker implantation is not immediately 
needed because the AV block will likely resolve with drug 
discontinuation. 

D. No evidence is presented that the patient is having a stroke.
E. Anti-digoxin Fab fragments are reserved for cases of digoxin 

poisoning associated with life-threatening ventricular arrhythmia.

B. Hold digoxin and verapamil, replete serum potassium 
level, and observe


