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IE #$BhNormal cardiac rhythm

site of origin of the impulse SA node

Its rate or regularity 60 - 100 beat/min

FRIH10%6LLTF

Its conduction. normal pathway

normal rate (beats/min): SA node (100); AV
node (70); His bundle (60); Purkinje fiber (40)
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Action potential phases

0: Upstroke S

1: Early-fast repolanzation

2: Plateau

3. Hepolarization

4: Diaslole ECG
——

Resting potential
1



Sinoatrial nodeD E & EE
I‘<UI"
Overshoot: +10 mV
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| blocker: Bradycardic agent, ivabradine,
HCN (Hyperpolarization-activated cyclic nucleotide-gated)
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ECG

Ventricular
Fibrillation (VT)

No synchronization

No Cardiac Output

Death
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Disturbances of impulse formation
HMELHORE )

increased pacemaker rate  [E4-200:#

1) less negative maximum diastolic potential

2) Increase of the slope of diastolic (phase 4)
depolarization

3) less positive threshold potential
4) shortening of the action potential duration (APD)

{5l sympathetic and parasympathetic effects on SA node
(%l IR ﬁl.::5+)




Disturbances of impulse formation
BELXHORE ii)
Hypokalemia; ectopic pacemaker generation

due to the decrease in gk (inherent in K*
channels)

Hypokalemia results in an increased risk of early
and delayed afterdepolarization (EAD, DAD),
and ectopic beat

Hyperkalemia stabilizes the membrane close to
the Ex (due to the increase In gk )



Disturbances of impulse formation
HELFORE iii)

Triggered pacemaker activity due to intracellular Ca

overload E4-19C)

R IE 12 I 5> 48 (DAD: delayed afterdepolarization)
{EHYr) L Tl 2" A hidigitalis toxicity AN F
ELOTUY,

Transient inward current—@BERRERIZER
oscillation of [Ca®*]i; Ca-induced Ca release

spontaneous Ca release from SR through ryanodine R.

(inward Na-Ca exchange current + nonspecific cation current)
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Disturbances of impulse formation

HMELRORE iv)

EAD: early afterdepolarization (arises from the plateau)

B R 51

EAD at various membrane potentials

APDDERNHSH. BLDF/E . R,

a) inhibition of K* current (Cs*, Ba**, low K*e)

b) modulation of Na™ current (aconitine, veratridine)
c)enhancement of Ca** current (isoproterenol, Bay K 8644)

E4-19D)

long QT syndrome BEQTIE R
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ECG / QT prolongation
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Disturbances of impulse conduction
HREELREODRE i)
AV block; SA block (sick sinus syndrome)
Bradycardia f&¥  "Bradyarrhythmia"
Isoproterenol or atropine
Pacemaker R— R A —H §&i%

Catheter ablation



Disturbances of impulse conduction
HELREORE ii)
Reentry Y2 R J(—) p.150
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2) unidirectional block in the circuit (depressed
conduction) — A EITETOw 7,
3) conduction time around the circuit > effective
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Disturbances of impulse conduction
HBERBOREI)

WPW syndrome (Wolff-Parkinson-White) fiE {&&*

KentFRIZARESNADE LD EBDRIEERZEL T
DIDE~DRIHBEFREIZ LY. HIBFKEparoxysmal
supraventricular tachycardiaz{£> & &.
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% Catheter ablation of accessory pathway (WPW syn.)
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linear ablation

Stage: Baseline 137ms
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AF termination by radiofrequency (RF) linear ablation
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[I. A EBARZE DR & ABEikR
herapeutic mechanisms of action against arrhythmias
A. Na* channel blockade (Class 1. I£%)

- modulated receptor theory
- dynamism of blockade

B. B Blockade (Class 2 . lI£$)
C. K* channel blockade (Class 3 . IlIE%)

prolongation of refractory period (APD)

D. Ca2* channel blockade (Class 4 . VIE#)
E. Miscellaneous
cf. Sicilian Gambit, 53 F¥F % 212
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A. Na channel blocking drugs (Class 1)

1) Quinidine (Class 1A)

« PUTAWURBREDT7 A RF+F/F (Cinchona)
a. Cardiac effects

« Blocks Na* channel in the activated state

 Slow Kkinetics recovery from block

* Prolong APD — prolong QT (block of K,, channel )

« Ca?* channel blocking action

b. Therapeutic use: nearly every form of arrhythmias

2) Disopyramide
 Like quinidine; Slow kinetics recovery from block

 anitmuscarinic effects (more marked than quinidine),
o structurally likes isopropamide; all of the side effects of atropine
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3) Procainamide (Class 1A)

procaine (LA) ‘amide' (Kdl =370 uM)

Like quinidine; Slow kinetics recovery from block
without anitmuscarinic effects

Side effects; heart failure; lupus erythematosus-
like syndrome, slow acetylator [ZZ 0,

FFfigi T N-acetylation Xz h B,

N-acetylprocainamide: class 3 action
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4) Propafenone#, Flecainide, Pilsicainide™® (Class 1C)
« Blocks Na channel in the activated state (like quinidine);
no effect on APD
o #incidence of heart failure (9.3%)

* *Very slow kinetics recovery from block, | -R = 0.05
/msec

 premature ventricular contraction; very effective
 without anitmuscarinic effects

« Myocardial infarction with arrhythmias (long term
administration) higher mortality than placebo CAST

study: New Engl. J. Med. 321: 406-412, 1989. (8 #FH 2% A P
p.156) Risk-benefit ratio



IVHA=FHBINEITUAA=F#HET S RBEOERFE,
DEEREBIRIEHEHESNA-10O0., SECERIEAFAEIKE
LLIZFIDFIETH-T=, CAST study (N Engl J Med 321: 406-412,

1989)

£7E%)

751K (n=725)

a5 T
I NA=FF=IE
901 2L A4 =F(n=730)
i P=0.0006
]_ | - | | | |

0 50 100 150 200 250 300 350 400 450 500
HAR(A)



5) (Class 1B) Lidocaine (i.v. administration);
Mexiletine (p.o. administration)

Blocks both activated and inactivated Na channels
Fast kinetics recovery from block; I -R =1 /msec
Shorten APD

no suppression of normal conduction,

Inhibition of the ectopic beat with short coupling intervals
(<500 ms)

selective inhibition of the ectopic beat at high basal
frequency
very effective for suppressing arrhythmias associated with

depolarization (ischemia, myocardial infarction,
digitalis toxicity)
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percent of maximum
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Resting membrane potential

Dependence of Na channel function on the membrane
potential preceding the stimulus (V,).
The shift in the curve illustrates the effect of a typical local

anesthetic antiarrnythmic drug.



(note logarithmic scale) Recovery time
constant (ms)

100.0007 Drug
c U, L ...... t,
.|.— |'_'|‘ 0, 000
RIEFEAL
Vh ] /
AR T I O DN B B Control
J - /
ccrecovery” s 10— | - B
-151:' —lEIiHJ '!H:' —é-l] iy

Resting membrane potential

The time constant for recovery from inactivation
after repolarization also depends on the resting
potential.



Modulated receptor theory p.152

Channel blocking drugs have high affinity for
activated or inactivated channels but low affinity
for rested channels.

ZLDBLREFEFYRIL (K- FrRILEHEEE
LTE{E. 52k, p.25) ICERAT 2 EMD/EFENRE
BRI LH5LETSEICES

“modulated receptor theory” &l [FvRIVERT
FILFMHIE (A) HAWNIFRFEIRE (1) DFv
RIVIZEBRMEZARL. FILREOFrRILIC(E
BEWSEZRT, IEEHD,
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Slow kinetic (recovery from block ) drugs

Slow kinetics (disopyramide); quinidine: intemed.
*Very slow Kinetics (flecainide, pilsicainide)
l. merits

«inhibition of the ectopic beat®2FrtE Bl E at low frequency
of sinus rhythm

Iinhibition of the ectopic beat with long coupling intervals
& f5 3

11. demerits
esuppression of normal conduction with use-dependency{s#

RiEFEICIEEREZHIG]9 %, prolongation of QRS
(proarrhythmicfEFEIR{ER)




Toxicity of class 1 antiarrhythmic drugs

1) suppression of normal conduction with use-
dependency

2) prolongation of QRS (proarrhythmic, drug-

induced arrhythmias) hyperkalemia increases
the depressant effect of class 1

*T% by increasing serum pH (reduction of [K*],)
to reduce the depressant effect of class 1 at
normal or high [K*],

3) Convulsion [TUL LA



B. B Adrenoceptor blocking drugs
(Class 2)

B,-blockers (metoprolol, bisoprolol, carvedilol) are
better than propranolol

esmolol (short acting, intraoperative, acute arrhythmias)

 prevent recurrent infarction and sudden death In
Pts recovering acute myocardial infarction

« Arrhythmias with chronic heart failure

» Thyrotoxicosis FAKIRBERETTAESE ; Z A DK
[(XFEAR (B, AN) DADIZEEHY,

» Sotalol ( + Class 3 action: prolongation of APD)
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C. Class 3 antiarrhythmic drugs

¢ Amiodarone, Sotalol, Nifekalant, Vernakalant

Prolongation of APD and refractory period; prolong QT
Interval

Amiodarone (all actions of Class 1A, 2, 3, 4)
noncompetitive blockade of (3-receptor

Very effective against both supraventricular and
ventricular arrhythmias

Wolff-Parkinson-White syndrome (WPW)
— accessory conduction pathway (Kent bundle)

#Vernakalant (K, Kacp, |, ,J07H 5 10 E#E), AVROER)
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Amiodarone® EE ¥ EREPK

(Melmon & Morreli's Clinical Pharmacology 3rd Ed.)

Oral bioavalilability (F) 0.22 - 0.86
Time to maximum conc. (Tmax) 3-7hr
Volume of distribution (Vd) 18 - 148 L/kg
Protein binding 96%

Clearance (% renal < 1) 100 - 175 ml/min
half-life  t1/2a (redistribution) NR
t1/2b (clearance) 2.5 - 10 days (initial)
40 - 55 days (terminal)
Therapeutic range 1-2.5mg/L



Toxicity of amiodarone

Its toxicity limits its clinical usefulness i MDHT A~ B PRZE
DT, BREFEIROEFIZAWLS,

Deposition in every tissue In all cases with long term
administration

Corneal deposition (yellowish-brown microcrystals)
Photodermatitis

Paresthesias BE T, tremor R, ataxia &5,
neadache

Thyroid dysfunction; hypo- or hyper-
EEBEZRALIAVRETSTT=H
L_ung fibrosis (fatal)
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D. Class 4 antiarrhythmic drugs

Non-vasoselective Ca2* channel blockers

— Cf. vascular selective Ca?* channel blockers (DHP Ca
antagonists: nifedipine, amlodipine, ...)

Verapamil (anti-anginal drug)

Diltiazem (anti-anginal, antihypertensive drug)

Bepridil (+ 1, 3 actions)

Paroxysmal supraventricular tachycardia
suppression of AV conduction (Ca?* current)



E. Miscellaneous antiarrnythmic drugs

1) Adenosine, ATP

 supraventricular tachycardia

* Increased gK (Gi protein-coupled A;R —Kg 5
channel (i.e. Kyop)  B)

« inhibition of cAMP-induced Ca?* influx

2) Magnesium

» digitalis-induced arrhythmias
(hypomagnesemia)

* torsade de pointes

 acute myocardial infarction
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"Magnesium replacement should be administered

for signs or symptoms hypomagnesemia (arrhythmia,
muscle cramps) and can be routinely give (with

uncertain benefit) to all subjects receiving large doses
of diuretics or requiring large amount of K*
replacement. "

Braunwald’s Heart Disease 10th edition 2014: p525.
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ROMK= Renal outer medullary K* channel
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J Am Soc Nephrol. 2007 Oct;18(10):2649-52




E. Miscellaneous antiarrnythmic drugs

3) Potassium

« Hypokalemia results in an increased risk of EAD,
DAD, and ectopic pacemaker activity, especially in
the presence of digitalis.

« normalizing potassium gradients and pools in the
body

4) Digitalis as an Antiarrhythmic (via vagal n. st.)
- ILE M Batrial flutter — 1 E#lSEhatrial fibrillation
- AFBEERLUEEHEHEIT N
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