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Types of Cardiac Arrhythmias
Abnormalities of Impulse Formation:

Rate disturbances.@
Triggered automaticity.

Abnormalities of Impulse Conduction:

Blocks.
Reentry.
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such as bradycardia and tachycardia 
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The electrical activity of the heart is recorded by two tracings :

1- ECG : which is an outside recording , it is an indirect recording of the actual electrical activity of the heart ( depending on the leads which are recording )

2- Action potential: is the direct recording  of the heart done by recording the voltage deflection between a pair of electrodes .
As we know , the action potential is different in contractile cardiac muscle cells from the action potential in autorhythmic fibers of the conduction system of the heart .

Sometimes abnormalities of impulse initiation or conduction might occur .
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As you can see, every part of the action potential is related to a certain ionic current ( it could be Na, k, Ca ,Cl...) , and every current is controlled by a gene producing a protein .
On the left side , you can see the currents affected by the presence of certain genes and proteins seen on the right side .
The doctor didn't read the details .
We will see how there is a genetic background for many of the cardiac arrhythmias .
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Sticky Note
L and T types of Ca channels are present in the heart 


Causes of Cardiac Arrhythmias
Cardiac Causes:
2 Ischemic heart disease.®

1 Inflammation. =
1 Trauma e.g. heart surgery.
8 Congestive heart failure.=

_ Hypotension.=
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Affecting the nervous tissue of the heart 
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Sticky Note
like in viral myocarditis 

USER
Sticky Note
due to the stretching and hypertrophy of the muscles causing a stretching of the neural tissue of the heart .

USER
Sticky Note
causing stimulation of the baroreceptor reflex and increasing the sympathetic activity triggering tachycardia or triggering automaticity from abnormal sites of the heart (ectopic pacemaker) .


Causes of Cardiac Arrhythmias

Non Cardiac Causes:

1 Electrolyte imbalance.
1 Acid-Base imbalance.
1 Hypoxia.

1 Drugs: Digitalis, Anesthetics, Tricyclic,
Diuretics, Bronchodilators.

1 G.l. reflexes.
1 Neural reflexes.
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Sodium channels are present in three states :
1-Resting state ( m gate closes the channel)
2- Activated state ( both m and h gates are openend)
3- Inactivated state ( h gate closes the channel ) 

Antiarrythmic drugs actually work on active or rapidly acting Na channels more than on the resting or inactive state of Na channels .
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You can see here two action potentials recorded from the purkinjie fiber as well as from the SA node.
Phase 0 in purkinjie fiber is due to Na current , while in SA node Ca contributes more than Na .
The cycle is repeated in the SA node that's why it is the pacemaker of the heart . 
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In contractile myocardium, Ca contributes to the contractility and the maintenance of the plateau phase .
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Sticky Note
Notice the differences between SA node and contractile myocardium action potentials 


SA node automaticity
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Resting potential of the SA node is about -60 mV and the electrical activity is continually generated to reach the threshold (-40 mV)
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The opening of T types of Ca channels causes depolarization reaching the threshold, and this will initiate the opening of the L type of Ca channels .
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Repolarization due to k efflux 
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Sticky Note
Slow inward (depolarizing) Na currents are called the funny currents 
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You can see here the normal impulse conduction in a ventricular muscle .
The electrical activity is moving through this pathway ( represented by the arrows) . It will bifurcate and eventually the two portions will meet , collide تتصادم, and neutralize each other , meaning that this is the point where the electrical activity disappears, and another electrical activity will come next in the same pathway and so on .
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In the case of re-entry , an abnormal electrical activity is keep repeating .
In other words , the electrical signal is not completing the normal circuit but rather an alternative circuit is looping back upon itself .
This is a type of cardiac arrhythmia ( dangerous ventricular tachycardia ).
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You can see that after the bifurcation of the electrical signal occurs , the two portions won't meet ; one will stop and the other will continue.
( retrograde impulse continues its pathway and keeps looping around itself  , whereas forward impulse is delayed ) .
And that's due to differences in the refractory period between normal and abnormal areas .
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Sticky Note
this impluse is delayed here 

USER
Sticky Note
It is assumed that there is a depressed region ( abnormality ) by ischemia for example ( but not complete ischemia , complete ischemia will not transmit impulses in both directions and will produce bidirectional block , and this case is much better than the incomplete ischemia ) .
Here we are talking about incomplete ischemia which is much more dangerous because it produces unidirectional block (allows passage in one direction only)  leading to reduced responsiveness of the muscle for electrical stimulation .
This reduced responsiveness will affect the refractory period in the depressed region while not affecting it in the other regions .
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This impulse continues its pathway then passes the ischemic area  in a retrograde manner
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This is another illustration of re-entry showing completely dead areas in addition to normal areas , leading to stunning after blood reperfusion , and this will cause dangerous  cardiac arrhythmias ( of which re-entry is an example) .
So the idea here is that the current will pass normal and abnormal areas which differ in their refractory periods , and this what affects the electrical pathway leading to re-entry phenomena. 
Whereas in completely dead areas (complete ischemia ) , heart failure occurs ( and it's still less dangerous than arrhythmias caused by stunning ) 



Pre-requisites for Reentry
(Circus Movement)

1 Anatomic or physiologic obstacle.

1 Unidirectional block.

1 Conduction time around the circuit must be
longer than the effective refractory period.
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The treatment in case of re-entry is giving Na channel blockers  ( they are antiarrhythmic drugs , will be taken in details )


TABLE 14-1 Molecular and genetic basis of some cardiac arrhythmias.

@ Chromosome lon Channelor
Type Involved Defective Gene Proteins Affected Resul
LQT-1 11 KCNQI lis LF
LQT-2 7 KCONH2 (HERG) lis LF
LQT-3 3 SANSA Ina GF
LQT-4 4 Ankyrin-B' LF
LQT-5 21 KCNET (mink) lys LF
LQT-6 21 KCNE2 (MIRPT) lks LF
LQT-7° 17 KN 12 e LF
LOT-8° 12 CAQVAIC ley GF
SQT-1 7 KCNH2 Is GF
SQT-2 11 KCNQT Is GF
SQT-3 17 KCN J2 lgye GF
cpvr-1* | hRyR2 Ryanodine receptor GF
CPVT-2 | CASQ2 Calsequestrin LF
Sick sinus syndrome 150r3 HN4 or SONSA® LF
Brugada syndrome 3 SCNSA Ina LF
PCCD 3 SANSA Ina LF
Familial atrial fibrillation 11 KINQ1T lis GF
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We can see that certain genetic defects might lead to cardiac arrhythmias .
Nothing was mentioned here by the doctor ( will be taken in the next slides )


ECG of some Arrhythmias
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Nothing was mentioned here 


Torsade de Pointes
Polymorphic Ventricular Tachycardia

LQT, syng)pe, and sudden death.

Causes:

1 Familial long QT interval

1 Drug - Induced (drugs which prolong APD)

Mechanisms: -

_ Increased inward current (GF), or

_ Decreased outward (LF) current during
the plateau. o

1 Genetic Studies:

2 300 different mutations in at least 8 ion
channel genes.
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Action potential duration 
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Sticky Note
إغماء
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Sticky Note
Gain of function 
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Sticky Note
Loss of function 
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Electrocardiogram from a patient with the long QT syndrome during two episodes of torsades de pointes. The polymorphic ventricular tachycardia is szen at the start of this
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episode of ventricular tachycardia of the torsades type. The usual symptoms include dizziness or transient loss of consciousness. (Reproduced, with parmission, from Basic and
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just know that this is how it looks on ECG . 


Torsade de Pointes

Risk Factors:

_ Bradycardia.

_ Hypokalemia.

_ Triggered upstrokes.

1« Drugs which T APD.

Treatment: -

_ K+

1 B Triggered upstrokes (B Blockers or Mg++)
1 | APD (Pacemaker or isoproterenol).

www.sads.org
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decrease 

USER
Sticky Note
increase 
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Other Congenital Arrhythmias

1 Short QT Syndrome: B

— GF mutations in three potassium channel
genes(KCNH2, KCNQ1, and KCNJ2).

1 Chatecholaminergic Polymorphic
Ventricular Tachycardia (CPVT):
— Stress or emotion-induced syncope.

— Caused by mutations in sarcoplasmic proteins
that control calcium.
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The doctor only read the names of the arrhythmias ( written in yellow ) in this slide and the next one .
He only said that these arrhythmias happen due to defects in certain genes which control ion channels .
He didn't focus on details ( written in white ).


Other Congenital Arrhythmias

1 Sick Sinus Syndrome:
— Mutations in HCN4 and SCN5A

1 Brugada Syndrome:

— Ventricular fibrillation, persistent ST elevation,
and BBB.

— Linked to LF mutations in SCN5A
1 Familial Atrial Fibrillation:

— Linked to GF mutation in the potassium
channel gene, KCNQ1.
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Nonpharmacologic Therapy
1Surgery. @

1 Radiofrequency Catheter Ablation.=

1 Implantable Cardioverter- Defibrillator (ICD)=z
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like in case of re-entry 

USER
Sticky Note
From wikipedia :
Catheter ablation is a procedure used to terminate a faulty electrical pathway from sections of the hearts of those who are prone to developing cardiac arrhythmias.
classified by source of energy to : radiofrequency ablation and cryoablation. 

USER
Sticky Note
for ventricular fibrillation mainly


Mechanism of Action of Antiarrhythmic Drugs

1 Readily bind to activated channels or inactivated
channels, but bind poorly to rested channels.
i.e.. Use —Dependent or State-Dependent.

1 Channels in normal cells will rapidly lose the
drug from the receptors during the resting
portion of the cycle.

1 This selectivity is lost with increasing doses,
leading to drug-induced arrhythmias.

1 Also, these drugs may become” Proarrhythmic or
B Arrhythmogenic” during fast heart rates,
acidosis, hyperkalemia, or ischemia.
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It's right that these drugs might cure specific types of arrhythmias , but they might be arrhythmogenic (causing another type of arrhythmia  such as ventricullar fibrillation) , or might be proarrhythmic ( causing the same type of arrhythmia more frequently).
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antiarrhythmic drugs will affect the shape of action potential ; some of them will cause decreased phase 4 slope , and this slope as you know determines the initiation of the next beat .

USER
Sticky Note
 They might also increase the threshold or increase the maximum diastolic potential or increase action potential duration 
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Many effects antiarrhythmic drugs can have on action potential illustrated here:
graph 1: is normal action potential 
graph 2: decreasing the slope so that the threshold will be reached at a later point 
graph 3: the threshold has been elevated 
graph 4: the resting potential has dropped to a lower point , and this will cause delayed appearance of the next beat of the cardiac cycle 


Table 17.1 The mechanism of action, the electrophysiological actions and clinical uses of selected antidysthythmic drugs

= Example Mechanism of action  Electrophysiological actions (]  Clinical use

: Class la Disopyramide Reduced rate of depolarisation of  Ventricular fibrillation, especially

2 Na* channel block action potential, increased ERP,  associated with myocardial

o Classlb Lidocaine decreased AV conduction infarction

2 Class Il Propranolol, B-Adrenoceptor Slowed pacemaker activity, Dysrhythmia prevention in

0 atenolol antagonism increased AV refractory period myocardial infarction; paroxysmal

g atrial fibrillation due to

g sympathetic activity

i Classlll - Amiodarone, sotalol ~ K* channel block Increased action potential Alrial fibrillation; ventricular

% duration and increased ERP fibrillation

§ Class IV Verapami Ca® channel block ~ Decreased APD, slowed AV Supraventricular tachycardias;
conduction atrial fibrillation

N Adenosine K* channel activation  Slowed pacemaker activity, Given i.v. for supraventricular

g slowed AV conduction tachycardias

< E O Digoxin K* channel activation  Slowed AV conduction (block) Atrial fibrillation

02 (vagal action)

2 >

fg i Magnesium ? Ca®* channel block Ventricular fibrillation; digoxin

< chloride toxicity

APD, acticr potential duration; AV, atrioventricular; EVP') efigClive leitacitry period. '



USER
Sticky Note
Classification of antiarrhythmic drugs according to Vaughan Williams classification :
Class Ia and Ib : are sodium channel blockers which will affect the electrical activity significantly . This is the largest group of antiarrhythmic drugs .( there is also class Ic)
Class II: are beta blockers .
Class III: most of them are potassium channel blockers , but some of them have beta antagonistic activity or calcium antagonistic activity .
Class IV: are calcium channel blockers .
Please do study the examples as well.
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These 3 drugs do not fit in the upper classification , they are miscellaneous drugs . ذات خصائص مختلفة
You should study them and their mechanisms of action .

USER
Sticky Note
The doctor didn't talk about the electrophysiological actions and cinical use ( will be discussed later ). 
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Required slide .
According to what we've seen in the previous slide , we can conclude what class works on which phase . 




TABLE 14-3 clinical pharmacologic properties of antiarrhythmic drugs.

Effect on AV @ Usefulness In Arrhythmias
Nodal
Effect on SA Refractory QRS Qr Supra-

Drug Nodal Rate Period PRInterval Duration  Interval  ventricular Ventricular  Half-Life
Adenosine i1 LI 1 0 0 b ? <105
Amiodarone W LI} Variable T 11 i b (weeks)
Diltiazem ™ L} T 0 0 b4t - 4-8h
Disopyramide ~ T1" T2 2 ™ ™ + +H 7-8h
Dofetilide e 0 0 0 T ¥ None 7h
Dronedarone T b4t - 24h
Esmolol W ™ ™ 0 0 + + 10 min
Flecainide None ) ) T ™1t 0 i HH 20h
Ibutilide Y 0 0 0 ™ ++ ? 6h
Lidocaine None' None 0 0 0 None® F+ 1-2h
Mexiletine None' None 0 0 0 None +H 12h
Procainamide I Tl [k 1 ) 4 - 3-4h
Propafenone 0,4 ) T ™ 0 + 4 5-7h
Propranolol H 1} ™ 0 0 + + 5h
Quinidine T 1?2 T2 1} T | 4 6h
Sotalol W L} ™ 0 T b4+ b4 7h
Verapamil W L) ™ 0 0 b+ - 7h
Vemakaiﬂn‘f (13 1 M-[mu GharalbehiVIDRRhDRNVIEHRPE o N ? h;".)
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The doctor only said focus on drugs used in emergencies (they have short half-life ) .
The rest of the table is not required .


Class 1A Drugs

Quinidine: D S

11/27/17

Cinchona tree — Antipyretic.
Antimalarial.

Prototype,

Inhibits oo and muscarinic receptors.

Slows upstroke, conduction, and
prolongs A@PD and QRS duration.
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Action potential duration 


Quinidine

1 Use restricted to patients with normal
hearts( no failure, no ischemia), but
have atrial or ventricular arrhythmias.

1 Occasionally used in acute severe
malaria.
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Quinidine

Side Effects: Toxic
1 Nausea (18%), Diarrhea (33%).

1 Headache, Dizziness, and tinnitus= Cinchonism
1 Hypersensitivity, fever, rash, angioedema.

1 Thrombocytopenia.
2

Excessive prolongation of QT interval, slowed
conduction and sudden death (TdP)=

1 Hypotension.

1 TSerum Digoxin levels.
1 T Warfarin effects. @

1 Sudden death.
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Torsades de pointes: abnormal heart rhythm leading to sudden cardiac death 

USER
Sticky Note
anticoagulant 


Class 1A Drugs

Procainamide: N
2 Oral, but has short t'-.

1 = L.E. (30% of patients Tx over 6
moths)

1 Acetylated —» NéPA (Class lll) action
Disopyramide

1 More anticholinergic effects but less
diarrhea than quinidine
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Lupus erythematosus

USER
Sticky Note
treated
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Sticky Note
N-acetylprocainamide (NAPA) or Acecainide is the N-acetylated metabolite of procainamide .
It is a class III antiarrhythmic drug .


Class 1B Drugs
Lidocaine: =

_ High affinity to bind with activated and
inactivated Na+ channels with rapid
kinetics.

1 Acts selectively in ischemic tissue to
promote conduction & block reentry.

1 More effective with T K+.
1 Not effective in atrial arrhythmias. =

0
H o
N_
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commonly used as a local anesthetic

USER
Sticky Note
So it is usually used in ventricular arrhythmias 


Class 1B Drugs
Lidocaine:
Kinetics:

1 Well absorbed, but ineffective orally, due
to first pass effect, so given IV.

_ Well distributed, including the brain.

Side Effects:

1 Least cardiotoxic of the class, except for
hypotension with high doses due to
depression of the myocardium.

1 CNS: parasthesia, tremor, nausea, slurred
speech, and convulsions. 5

1 Was routinely given to all Ml patients to
prevent ventricular arrhythmias.
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Or to ischemic heart disease patients 

USER
Sticky Note
Myocardial infarction


Class 1B Drugs
Tocainide:
_ Oral analog of lidocaine.
1 @ CNS, Gl and blood dyscrasia.
Mexiletine:
_ Oral analog of lidocaine.
_ Neurologic side effects.
Phenytoin: @
_ Digitalis induced arrhythmias.
_ Epilepsy.
_ Arrhythmias after congenital heart
surgery.
n... Congenital prolonged QT interval. N
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is effective in the treatment of :

USER
Sticky Note
side effects 


Class 1C Drugs

Flecainide:

1 Potent blocker of Na + and K+ channels.
1 Negative inotropic effect.

1  Proarrhythmic — ventricular.
_

Effective in supra ventricular
tachycardia with normal hearts.

1 Side Effects: Ventricular arrhythmias,
CNS, and sudden death.
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Class 1C Drugs

Propafenone:

1 Blocks Na+ channels but also has beta
blocking and Ca++ blocking activity.

1 No effect on QT interval.
1 Used for supraventricular arrhythmias.

1 Side effects: metallic taste,
constipation, and arrhythmias.
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Class Il Drugs
Propranolol:

1 Besides beta blocking, membrane
stablllzatlon and intrinsic sympathmimetic
activities, has effective antiarrhythmic
activity =

1 Very effective, well tolerated, and
documented to reduce mortality after acute
myocardial infarction by reducing
arrhythmias.
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with high doses it causes membrane stabilization of the cells 
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due to beta blockade


Class Il Drugs

Esmolol:

1 Short acting, used in intraoperative and
acute arrhythmias 2

1 31 selective
1 No membrane stabilization effect.=

Acebutolol:

1 Short acting, used in intraoperative and
acute arrhythmias.

1 31-selective.
1 Also has direct membrane stabilizing.

11/27/17 Munir Gharaibeh MD h , MHPE
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membrane stabilization is not important in the antiarrhythmic activity 
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used in hypertensive crisis 


Class lll Drugs

] E‘QOCHZCHZN e
Amiodarone: ST

Blocks K+ channels and markedly prolongs
APD.

Class | actions.
Blocks a and 3 Receptors.
Ca++ blocking actions.

So, effect is due to alteration of lipid membrane.

Reserved for life-threatening atrial and
ventricular arrhythmias.

Slows heart rate and AV conduction.

Low incidence of TdP despite significant QT
prolongation.

w2717 Peripheral vaswoditaton (orbyweith V).
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Class lll Drugs
Amiodarone:
1 Given IV (Loading dose 10gm) and orally.

1 Slow kinetics (t'2 25-110 days), metabolized
by CYP3A4 enzymes.

Toxicity: mainly extracardiac and dose related.

Lung fibrosis (1%).

CNS.

Thyroid( hypo and hyper).

Gl and liver.

Corneal deposits,

1 Skin: photodermatitis and discoloration.

1 T Digoxin & Anticoagulants.

1 Interactions: affected bx CYP3A4 activity=
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It is subjected to drug interactions because any drug which is also metabolized by CYP3A4 can suppress the metabolism of Amiodarone and cause toxicity 


Class lll Drugs

Sotalol:
_ Beta blocker and Class lll actions.
| For atrial and ventricular arrhythmias.

| Bradycardia, HF, Prolongation of QT.
Bretylium Tosylate:
_ Originally an antihypertensive, but tolerance

develops.
| Releases NE, then | Release / Reuptake
| Rarely used except in the prevention of ventricular
fibrillation after failure of cardiversion and lidocaine.
_ Hypotension, Parotid swelling.
1 lbutilide.

1 Dofetilide.
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Class IV Drugs
(Ca++ Channel Blockers)

Verapamil

Diltiazem

Block activated and inactivated L-type Ca++
channels.

1 Effects more marked in tissues that fire frequently,
less completely polarized at rest, and those
dependant on Ca++ (SA node and AV node).

1 Paroxysmal Supraventricular Tachycardia. @
1 Vasodilators and have negative inotropic effects.
1 Can cause severe AV block in diseased hearts.

1 Safe: Constipation, gastric discomfort, vertigo,
headache, nervousness, pruritis.

1 T Digoxin levels. =
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Digoxin has very low therapeutic index  , so any drug which increases Digoxin level will cause severe toxicity which might lead to mortality .


Miscellaneous Drugs

DigoXxin: =

1 Old fashioned agent for atrial
arrhythmias.=

_ Direct Actions.=

1 Vagotonic Effects.

1 T AV refractoriness.=
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It is an inotropic agent .
In case of atrial fibrillation, it causes early heart block , blocking the transmission of impulses from atria to ventricles , so that the patient can live safely .
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whereas its side effects include ventricular arrhythmias 
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on atria and on vagus 
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Increases the refractory period in the AV node 


Miscellaneous Drugs
Magnhesium:

1 Works on Na+/K+ ATPase, Na+ channels, certain
K+ channels and Ca++ channels.

1 Effective IV in refractory digitalis- induced
ventricular arrhythmias only in hypomagnesemic
patients.

1 Also, in TdP patients even if serum Mg++ is
normal.

Potassium salts:

1 For digitalis- induced arrhythmias with
hypokalemia.

_ Dep?ress ectopic pacemakers and slow
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Miscellaneous Drugs
Adenosine:
1 Naturally occurring nucleoside.
1 Stimulates purinergic(P1) receptors.

1 Activates inward rectifier K+ current and
inhibits Ca++ current.

Very short acting (t 1/2 10 seconds).
! Phase 4 depolarization in SA node.
! AV conduction.

No effect on ventricles.
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Miscellaneous Drugs
Adenosine:

1 90-95% effective in supraventricular
tachycardia, replaced verapamil.

1 Less effective in the presence of
adenosine receptor blockers, e.g.
theophylline and caffeine.

1 Can cause transient flushing (20%),
chest tightness, AV block, headache,
hypotension, nausea, and paresthesia.
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