Anti-Arrhythmic Drugs
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Abbreviations

P = Plateau phase

RE = Repolarization

DE = Depolarization

PP = Pacemaker potential

RR = Relative refractory period

AR = Absolute refractory period

Sinoatrial node

Sinoatrial node

Spread of action potential
(depolarization)

Flow of ions across ion channels
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Cell membrane)

Cardiac Electrophsiology

- A voltage
difference (about -9go mV) exists across the surface
membrane of all cardiac cells due to uneven
distribution of ions.

This is created primarily by active cell membrane
transport of Na+ (3 out) and K+ (2 in) by Na+/K+
ATPase.

Action Potential (AP) - When cardiac cells are
electrically excited, a sequence of voltage changes
(depolarization and repolarization) occur as a function

of time. @
@ © T L

These changes in voltage are due to changes in
conductance of ions (mainly Na+, Ca++, and K+) across ExtraceIIuIar
the cell membrane. — —
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Electrical Activity of the Heart

The sinoatrial node

Cardiac cells undergo depolarization and
repolarization to initiate cardiac action
potentials: 60 times/ minute.

Contractile myocardium
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Sinoatrial node

The shape and duration of each action
potential are determined by the activity of
ion channel protein complexes in the
membranes of individual cells.
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Cardiac Arrhythmias

These are disorders of rate, rhythm, electrical
impulse generation or conductionin the heart.

Disorders can range from benign to life threatening.

Anti-arrhythmic drugs alter movement of ions in
cardiac cells.

All these drugs can aggravate or generate
arrhythmias.



Cardiac Arrhythmias

Arrhythmiaitis a disfunction that occur leading to abnormalitiesin impulse
formation and conductionin the myocardium.

It hasa lot and different systemic symptoms (complex with variety of
symptoms):

#

#

A. Sinustachycardia. B. ventricular tachycardia.

C.Atrial or ventricular premature depolarization. D.Atrial flutter.

Abnormal origin

It can be due different causes:

1. Ectopic peacemaker (like AV node firing instead of SA).

2. Traveling impulses through extra pathways; leading to deviation in
polarization (ex. AV reentry or Wolff-Parkinson’s-white syndrome (WPWS)).




Types of Cardiac Arrhythmias

Rate disturbances[Tachycardia or bradycardias].

Triggered automaticity [Automaticity is the
property of cardiac cellsto generate
spontaneous action potentials].

Blocks.
Reentry.

Irregular sign:

Typical heartbeat

1 T




Cardiac Causes of
Arrhythmias

Ischemic heart disease.
Inflammation.

Trauma e.g. heart surgery.
Congestive heart failure.

Hypotension.

Arrhythmia Causes

R ©

autonomic heart disease

imbalance

genetic disorders

Disorganized

| electrical signals



Non-Cardiac Causes
of Arrhythmias

Electrolyte imbalance.
Acid base imbalance.
Hypoxia.

Drugs: Digitalis,
Anesthetics, Tricyclic,

Diuretics, Bronchodilators.

Gl and Neural Reflexes.
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Anti-arrhythmic Drugs

Most of the arrhythmic agents suppress
automaticity by blocking either sodium or
calcium channels to reduce the ratio of these
ions to potassium, thus result in a reduction in
the depolarization or diastolic and raises the
threshold of discharge to a less negative
voltage.

Prevent reentry by slowing conduction and/or
increasing the refractory period,

Class IV
Calcium-channel blocker
Verapamil

Class |

Sodium-channel blocker

Ic (strong): flecainide,
propafenone

Diltiazem
la (moderate): quinidine,
procainamide
Ib (weak): lidocaine, mexiletine Class lll
Potassium-channel

blocker

Amiodarone
Sotalol

K* (rectifier)

Class Il
Beta-blocker
Propranolol
Metoprolol




Class |

Agents with local anesthetic

properties; blockade of Na channels:

A. Procainamide, Quinidine
(lengthen action potential duration).

B. Lidocaine, Phenytoin (abbreviate
action potential duration).

C. Flecainide (produces no changein
action potential duration, but
marked depression of conduction
velocity).

Class IA

Membrane
potential

OmV

« Prolonged AP duration
« Slow conduction velocity

lime

Class IB

[ime

’\g;'gé%r{: :f « Shortened AP duration
« Slow conduction velocity
OmV
Class IC
Membrane
potential ) )
Slow conduction velocity
OmV

[ime




Class IA : Procainamide

: Atrial and ventricular arrhythmias (acute MI).

Procainamide  structurally related to the local anesthetic
procaine.

A. Decrease automaticity — decrease phase 4 spontaneous
depolarization and increase threshold.

B. Decrease conduction velocity throughout heart due to
decrease in membrane responsiveness (Vmax) by decreasing
the sodium leakage.

C. Increase in action potential duration and refractory period
in atrial and ventricular cells — blocks K+ efflux.

| Class IA drugs slow Phase 0
depolarization. In addition,
because of their Class llI
activity, these drugs prolong
| the action potential.




Class IA : Procainamide

K*/CI
(Out) Class 4
A.ECG may be greatly altered; P-R, QRS and QT Intervals are Ca?" <+— Ca? channel
prolonged. (In) blocker
B. Possible excessive slowing of conduction.
Class 3
K*channel
Class 1 blocker
] i i Na*channel —»
A. Hypotension with large i.v. doses. i n
B. Lupus erythematosis-like (auto-immune) syndrome mayoccur. Class 2
B-blocker

C. Prolongs QT interval, possible “torsades de pointe”

A. Can be given orally, I.V., or .M.

B. Has short T1/2 (3-4 hrs); frequent administration or use
sustained release formulation.

C. Some individuals rapidly acetylate procainamide (NAPA -

cardioactive metabolite). Torsades de pOiIltC W




Refractory Period

Refractory period is the time interval between
two impulses until the second impulse
propagate.

It is a target for certain drug such as
acetylcholine which lengthens the period on
the other hand the norepinephrine which
shortens the time.

In case of a refractory period propagate after
an effective refractory period but still the
heart did not recover the full function this will
cause decrease in conduction velocity.




Class IA : Quinidine

Quinidine is also a class 1A with similar
effects as procainamide, but it can
precipitate fatal ventricular fibrillation.

It has drug toxic potential when interacting
with calcium channels blockers such as
Verapamil.

It has been replaced by other drugs.

increased
threshold

decreased membrane
, +
responsiveness (1 gNa )

\
\
>

decreased slope phase 4

increased |

APD and ERP



Class IB drugs shorten
Phase 3 repolarization

and decrease the duration
of the action potential.

Class IB : Lidocaine

Lidocaine (Xylocaine®) is used to teat ventricular arrhythmias
caused by myocardial infarction.Prominent use in emergency
treatment of venticular arrhythmias.

A. Depresses automaticity (phase 4 slope).

B. Shortens ventricular action potential (AP) duration and
effective refractory period (RP).

C. Usually no effect upon conduction velocity.




Class IB : Lidocaine

Involving central nervous system: disorientation,
convulsions, drowsiness, coma.

Given LV. or .M. only-Rapidly inactivated by \

liver; plasmaTa/2 of 0.5 — 1 hour | slope

Due to high first pass effect on liver it must be Lidocaine| :"S
given IV or IM other types from same family can Painful stimulus onmopedi

Action potential

be given orally such (mexiletine and tocainide).

Used as an local anaesthetic (be careful for
patient with arrhythmiassinceit canblocks
sodium channels).

Sensory Neuron

Blocks LIGAND-gated NA+ channels




Used mainly with : VentricularTachycardia.

Class IB : Lidocaine

Lidocaine - Rx of VT [ preventVfib after cardioversion.




Class IC : Flecainide

A. Marked affinity for and blockade of Na+ channels.

B. Marked slowing of conduction velocity (shallow
phase oslope).

C. Little change in AP duration.

D. Useful in resistant, life-threatening ventricular
arrhythmias.

Propafenone is a drug with same affect (wide spectrum
antiarrhmatic)

Proarrhythmic, particularly in Ml patients.

Blurred vision.

Class IC drugs markedly

slow Phase 0
depolarization.
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CLASS Il : B Blockers B
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Propranolol (Inderal®), Metoprolol (Lopressor®), Esmolol \
(Brevibloc®), Carvedilol - B and o adrenergic blocking agent. - ! N

g -

—60mV

Propanolol.  Metoprolol Atenolol Esmolol

A. Automaticity (S-A node and elsewhere; heart rate)

B. A-V conduction.

NP NErURINE $-BLOCKERS
C. Refractory period ~ | Ca? ENTERING CELL in PHASE 4
' | CONDUCTION
VELOCITY

PACEMAKER CELLS

Quinidine-like effects on membranes.

PHASE 4

| FIRING

Depression of conduction velocity.

| HEART RATE

MEMBRANE POTENTIAL (wV)

TIME



CLASS II': B Blockers

Hypotension

A. Paroxysmal atrial tachycardia.

B. Arrhythmias associated with hydrocarbon anesthetics.
Bradycardia
C. Arrhythmias resulting from tricyclic antidepressants or L-dopa.

D. Pheochromocytoma.

A. Negative inotropic action on heart. Fatigue

B. Bronchospasm.
C. Depression and nightmares (lipid-soluble agent).

D. Rebound increase in sensitivity to f-adrenergic agonists

onwithdrawal. Insomnia

E. A-V block.




Class

CLASS Il ANTIARRHYTHMICS

REPOLARIZATION

Agents which prolong refractory period; + (phase 3)

Amiodarone, Sotalol, Dofetilide

(CARDIAC DELAYED
RECTIFIER K* CHANNELS)

IKy

MEMBRANE POTENTIAL (mV)

TIME

VOLTAGE -GATED
k-CHANNEL R0




Class lll drugs prolong
Phase 3 repolarization,

Class Il : Amiodarone | withoutaltering Phase 0.

AMIODARONE (Cordarone ®): Originally a coronary
vasodilator; very effective in resistant ventricular arrhythmias
but dangerous.

A. Blocks outward K+ current.

B. Marked prolongation of refractory period all over the heart
(including the accessory A-V pathway associated with WPW
syndrome). Without affecting the phase o or resting
membrane potential.

C. Efficacy for life-threatening arrhythmias.




Class Il : Amiodarone

A.Yellowish brown corneal
deposits.

B. Slate blue color to skin with
long use.

C. Pulmonary fibrosis.
D.Thyroid dysfunction.

E. Risk of ‘torsade’ less than with
other K+ current blockers.

OPTIC TOXICITY

- Optic neuropathy
- Corneal deposits
(cat’s whiskers)

THYROID DYSFUNCTION

- Hypothyroidism (AIH)

- Hyperthyroidism (AIT type
I and type Il)

SKIN ALTERATIONS
- Photosensitivity
- Blue-gray discoloration

LUNG TOXICITY (AIPT)
- Acute pneumonitis
- Interstitial lung fibrosis

HEPATOTOXICITY
- Acute hepatitis

- Chronic liver failure PERIPHERAL NEUROPATHY

G.l. DISTURBANCES MYOPATHY
- Constipation
-N
ausea CARDIAC TOXICITY
- Sinus bradycardia
G.U. TOXICITY - AV nodal block
- Epididimitis

- Hypotension




Class Il : Amiodarone

Also used as antianginal agent (coronary vasodilator).
This drug contain iodine and related structurally to

It resembles classes 1,2 and 4 in action.

The dominant effect is to prolong the refractory period and

action potential period.

Unlike class 1 drugs, it the
with moderate to sever heart failure patients).

Used to treat severe refractory supra-ventricular
tachyarrhmias.

(used

Amiodarone Hydrochloride
Tablets

Each tablet contains 200mg Amiodarone
Hydrochloride PhEur

Also contains

aclose

28 tablets (Crescent

4Ho

Amiodarone

Thyroxine (T,)



Class|ll:
Amiodarone

 Pharmacokinetics:

* A. Long half-life (~100 days) makes dosing

difficult.

- B. i.v. form available for acute therapy

* Uses:

* A. Efficacy for resistant life-threatening

arrhythmias (VT /VF).

- B. Efficacy in atrial fibrillation.
 C. A-V re-entry arrthythmias associated with

WPW syndrome.



Electrical System of Heart

Wolff-Parkinson-White (WPW)
and reentry arrhythmia

Wolff-Parkinson-White syndrome
SA Node (accessory conduction pathway)
bundle of Kent

A
7
A reentry arrhythmia is a self-sustaining cardiac W
rhythm abnormality in which the action potential e
propagatesin a manneranalogousto a closed-
|OOp circuit. eitr;er antegrade conc;uction
: : : : : Right thru the node or the bypass tract
It is a disorder of impulse conductionand is Bundie Sranch
discrete from disorders of impulse generation
2 - - 20 WOLFF- PARKINSON WHITE SYNDROME. - Awessory pothwa
such as automaticity or triggered activity. e Ro T g

Ventricle§
Wolff-Parkinson-White (WPW) syndromeis a - gy
relatively common heart condition that causes

the heart to beat abnormally fast for periods of

time.

Atnal acraathmia + Bundle of Kent

atrial rate: 300%opm
ventricular vate : 300 bpm |
la cmt::?:"”d?

woLk
3 Ss“

This causes an extra electrical connectioninthe
heart (due to injury or congenital problem).




Class IV drugs slow Phase 4
spontaneous depolarization
and slow conduction in

tissues dependent on calcium
C | a SS I V currents, such as the AV node.

Class IV - Ca++ channel antagonists;
Verapamil, Diltiazem




Class IV : Verapamil

Class IV
o » Decreased slope of
. : hase 4 and phase 0
Verapam” (lSOPtm ) Membrane gegf;leariza:ﬁo% -
potential

\ ¢ Prolonged repolarization

A. Inhibits transmembrane fluxes of Ca++ /<>,<
mediated slow response activity.

OmV

= Time
B. Suppresses Ca ++ fluxes in S-A and A-V
nodes; prolongs A-V node refractory period.

T hreshold
potential




Class IV : Verapamil

A. Bradycardia.
B. Complete A-V block.

C. Depressed cardiac contraction and
hypotension.

A. Paroxymal atrial tachycardia.
B. Atrial fibrillation and flutter.

C. A-V nodal rhythms [used with re-entry
arrhythmias also].

+n~v0

—40mV -

—G0mV
Verapamil  Diltiazem
NONDI HY DRD veauﬂeegsucmn CHANNEL




: - Digitalis - sensitizes baroreflexes to increase vagal
M ISce”a NEouUs tone and depress sympathetic activity to heart.

Agents * Adenosine - brief slowing of AV conduction.




USED to TREAT: MECHANISM

of ACTION:

* ATRIAL INHIBITS

FIBRILLATION Na* K* ATPase ENZYME
* ATRIAL 277 @ XS0

FLUTTER ¢ .

) - \

% CONGESTIVE  \\ v

HEART FAILURE INCREASES FORCE of

HEART’S CONTRACTIONS

Congestive Heart Failure: Increasesforce of myocardial

- - contraction, and Reduce reripheral vascular resistance
Digitalis Used For:  (afeasod P

Atrial Fibrillation & Flutter: Increases A-V Refractory Period.




Digitalis

- Electrophysiological actions:
- A. Prolong A-V refractory period.

- B. Effectlargely through sensitization of baroreflex

receptors; Enhancement of vagal tone and
withdrawal of sympathetic nerve activity.

* Therapeutic action:

* Reduces ventricular rate by making A-V node more

refractory to the numerous atrial impulses.

« Adverse actions:

- Arrhythmias (PVCs, AV conduction block), nausea,

and blurred vision — often with halos.



Adenosine

ADENOSINE (Adenocard®):

Concentration of adenosine rises with hypoxia as
ATP production is reduced.

Use in paroxysmal supraventric tachycardias
(PSVT).

A.Acts on A1 receptors to inhibit adenylate cyclase
(LcAMP).

B. Activates K+ currents and hyperpolarizes nodes.

C. Slows conduction in AV node.

Paroxysmal supraventricular tachycardia
Electrical signals

Left atrium

Left
ventricle



Adenosine

A. rapid onset of action, i.v.—10-20 seconds.

B. very short half life — 10 seconds.

A. hypotension, facial flushing, headache.
B. Possible “symptoms” of angina.

C. bronchoconstriction, arrhythmias.

Treatment of PSVT (nodal reentry) / diagnosis
of supraventricular vs ventricular tachycardia.

SIDE EFFECTS
*‘_Chest discomfort ~  Shortness of breath
N\ Lightheadness ) Nausea/Vomiting
' Chest tightness Neck/Jaw discomfort

Feelings of warmtl_l/J" Brief asystole or bradycardia




Can abolish
Change the slope of tachyarrhythmia
phase 0 caused by reentry
circuit

Nat+ channel blocker

Can indirectly alter
K and Ca
conductance

lheart rate and

Hllae conduction velocity

1. taction potential
duration (APD) or
effective refractory Inhibit reentry
period (ERP). tachycardia
2. Delay
repolarization.

K+ channel blocker

Slowing the rate of rise
Ca** channel blocker in phase 4 of SA
node(slide 12)

lconduction velocity
in SA and AV node




