CARDIAC ELECTROPHYSIOLOGY



Drugs of Cardiovascular System

Drugs having major action on Heart and Blood vessels and
used in various important cardiac disease conditons.

They act directly on heart structures or via Autonomic
Nervous system (ANS), Central Nervous System (CNS),
Kidney, Autacoids or Hormones:

Cardiac Glycosides

Sympathomimetics

Anticholinergic Drugs

Antiarrhythmics

Electrolytes

Thrombolytic

Anticoagulants

Antihypertensive

Analgesics
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Heart Anatomy

Right Coronary
Left Anterior Descending
Left Circumflex
Superior Vena Cava
Inferior Vena Cava
Aorta

Pulmonary Artery
Pulmonary \Vein
Right Atrium

10. Right Ventricle

11. Left Atrium

12. Left Ventricle

13. Papillary Muscles
14. Chordae Tendineae
15. Tricuspid Valve

16. Mitral Valve

17. Pulmonary Valve
18. Aortic Valve (Not
pictured)
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Heart Physiology

SA node

AV Junction
Bundle of His
His-Purkinje
Myocardial cells
Electrical potential

Autonomic Nervous
system

C 2 SAnode & node  AVbundle

/

(bundle of His)

\ "‘ % qlkinje's fibers
,l,,i of A

Left/right bundle branches



Major Cardiac Receptors
- Autonomic

Vagus
nerve

Atropinez(— ACh<

. | Chronotropy : : 1
+ Dromotropy Renal juxfl’sg;lomerular

cells

Abbreviations: ACh, acetyicholine; M2, muscarinic Iheransad
receptor; AC, adenylate cyclase; SA, sinoatrial; AV, chronotropy and Increased
atrioventricular inotropy renin release
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Major lon Channels
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Myocardial Cells

v’ Action potential Y action Potential

+50
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v" Depolarization

v" Repolarization

v" Critical electrolytes

» Sodium, potassium, calcium

v Excitability



Cardiac
Electrophysiology

To function efficiently, heart needs to contract sequentially
(atria, then ventricles) and in synchronicity

Relaxation must occur between contractions (not true for other
types of muscle [exhibit tetany — contract and hold contraction
for certain length of time]

Coordination of heartbeat is a result of a complex, coordinated
sequence of changes in membrane potentials and electrical
discharges in various heart tissues



Myocardial Cells

2 types — Pacemaker and non
pacemaker

— Pacemaker and conducting cells —
SAN, AVN, Bundle of His and
Purkinje’s fibres

— Non pacemaker — Working
?%%ardlal Cell (WMC) or

Sinus rhythm means rhythm
originates in SAN

Sinus tachycardia means tachycardia but
rhythm originates in SAN - fever,
exercise etc.

Tachycardia = heart rate > 100 per
minute

Sinus Bradycardia = heart rate < 60

per min.

Escape rhythm: Rhythm which is not

generated by SAN, but other, e.g. AVN
or bundle of His etc.

Left
Bundle
Branch

Bundle of HIS SRS
Ventricles

Right Bundle Branch



Cardiac Action Potential -
Five phases (0,1,2,3,4) E

« Phase 0 — opening of fast Na channels and rapid depolarization

Ventricular Myocyte
Action Potential
+50

0_

-50

-100- .

Drives Na* into cell (inward current), changing membrane
potential

Transient outward current due to movement of Cl-and K+

« Phase 1 —initial rapid repolarization

Closure of the fast Na+ channels
Phase 0 and 1 together correspond to the R and S waves of the
ECG

» Phase 2 - plateau phase

sustained by the balance between the inward movement of Ca+ and
outward movement of K+

Has a long duration compared to other nerve and muscle tissue

Normally blocks any premature stimulator signals (other muscle tissue
can accept additional stimulation and increase contractility in a
summation effect)

Corresponds to ST segment of the ECG.



Ventricular Myocyte

Cardiac Action Potential

Ik —

— contd.

e Phase 3 — repolarization
— K+ channels remain open,

— Alloi/vs K+ to build up outside the cell, causing the cell to
repolarize

— K + channels fipall e¥ close when membrane potential
reaches certain lev

— Corresponds to T wave on the ECG

« Phase 4 - resting phase (resting membrane potential)
* AL(- -90mvV) stable

* Phase cardiac cells remain in until stimulated
« Associated with diastole portion of heart cycle




+52 mV

Summary of 1onic basis

e K*, CI- (out)

- ltol,z {transient outward)

:

* Ca?* (in), K* (out)
® |-, (Ca long)

e ]KS {Kslow delayed rect.)

« [<* (out)

}

* Na* (in)

® | o (rapid)

96 mV

4

b IKS (Kslow delayed rect.)

e II(R {Krapid delayed rect.)

e | k1 (inwardrect.)

3

o

e | k1 {(inwardrect.)

200 ms



Cardiac Action Potential — Pacemaker
Cells — slow channels

Present in SAN and AVN and His —Purkinje cells
Most characteristic feature is in Phase-4, or slow diastolic depolarization

After repolarization membrane potential decays spontaneously and
sudden automatic depolarization

Therefore capable of generating own impulses musa | Pacemaker Action Potentia
Normally SAN has steepest phase-4 M
Characteristics: i

« [nitiation at higher threshold (less negative (-75mv)

« Slow depolarization

« Low overshoot (+10mv), low amplitude

« \ery slow a propagation

» Phase-1 and 3 are not clearly demarcated

« Can occur in fibres depolarized too much to support fast channels
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Aorta (to body)

Pulmonary
artery
Left coronary artery
Superior vena cava (a!:te:v;r';d pulmonary
(from upper body)
i Left puimonary
Right puimonary
arteries arteries (to left lung)
{to nght lung)
Left pulmenary
Right pulmonary veins (from left lung)
_ veins
L L Left atium
i i Left anterior descending
. badenil artery (coronary artery)
Right coronary
arlery Left ventricle
Inferior vena cava
(from lower body)

Right ventricie



