Rhythmical Excitation of the Heart
· The human heart has a special system for rhythmic self-excitation and repetitive contraction approximately 100,000 times each day or 3 billion times in the average human lifetime. 
· This function is performed by  
· generates rhythmical electrical impulses to initiate rhythmical contraction of   the heart muscle and
· conducts these impulses rapidly through the heart. 
· When this system functions normally, the atria contract about one sixth of a second ahead of ventricular contraction.
Specialized excitatory and conductive system of the heart/ Junctional tissues of heart:
· Sinus (sinoatrial) node 
· 3 internodal pathways
- anterior internodal tract of Bachman

-  middle internodal tract of Wenkebach

- posterior internodal tract of Thorel
· A-V node (Atrio-ventricular node)
· A-V bundle or bundle of His

· Right & left bundle branches
· Purkinje fibers
Anterior interatrial band: Impulse passes through anterior wall of the atrium to the left atrium.
Specialized Excitatory and Conductive System of the Heart      
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Figure 10-1. Sinus node and the Purkinje system of the heart
showing aso the atroventricular (4-V) node, atrial internodal path-
Ways, and ventriular bundie branches
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closed and remain so. Therefore, only the slow sodium-
calcium channels can open (i.¢., can become “activated”)
and thereby cause the action potential. As a result, the
atrial nodal action potential is slower to develop than
the action potential of the ventricular muscle. Also, after
the action potential does occur, return of the potential to
its negative state occurs slowly as well, rather than the
abrupt return that occurs for the ventricular fiber.

Self-Excitation of Sinus Nodal Fibers. Because of the
high sodium ion concentration in the extracellular fluid
outside the nodal fiber, as well as a moderate number of
already open sodium channels, positive sodium ions from
outside the fibers normally tend to leak to the inside.
Therefore, between heartbeats,influx of positively charged.
sodium ions causes a slow rise in the resting membrane
potential in the positive direction. Thus, as shown in
Figure 10-2, the “resting” potential gradually rises and
becomes less negative between each two heartbeats.
When the potential reaches a threshold voltage of about
40 millivolts, the L-type calcium channels become “acti-
vated! thus causing the action potential. Therefore, basi-

cally, the inherent leakiness of the sinus nodal fibers to
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	The specialized excitatory and conductive system of the heart that controls cardiac contractions. 
· The sinus node ( sinoatrial or S-A node), in which the normal rhythmical impulses are generated.
· The internodal pathways that conduct impulses from the sinus node to the atrioventricular (A-V) node
· The A-V node, in which impulses are delayed before passing into the ventricles
· The A-V bundle, which conducts impulses from the atria into the ventricles
· The left and right bundle branches of Purkinje fibers, which conduct the cardiac impulses to all parts of the ventricles. 


	Conduction speeds in cardiac tissue:
Tissue
Conduction Rate (m/s)

SA node
0.05
Atrial pathways

1
AV node

0.05
Bundle of His
1

Purkinje system
4
Ventricular muscle

1
Sinus (Sinoatrial) Node: 


	· The sinus node (also called sinoatrial node) is a small, flattened, ellipsoid strip of specialized cardiac muscle about 3 millimeters wide, 15 millimeters long and 1 millimeter thick.
· It is located in the superior posterior-lateral wall of the right atrium immediately below and slightly lateral to the opening of the superior vena cava. 
· The sinus nodal fibers connect directly with the atrial muscle fibers so that any action potential that begins in the sinus node spreads immediately into the atrial muscle wall. 
· Resting membrane potential of the sinus node is less negative i.e. about -55 to -60 millivolts. The cause of this lesser negativity is that the cell membranes of the sinus fibers are naturally leaky to sodium and calcium ions and positive charges of the entering sodium and calcium ions neutralize some of the intracellular negativity.
· Self-Excitation of Sinus Nodal Fibers. The inherent leakiness of the sinus nodal fibers to sodium and calcium ions causes their self-excitation.
· The sinus node ordinarily controls the rate of beat of the entire heart.
SA Node (Sinoatrial) is called pacemaker of heart because
· SA Nodal Fibers have capacity of Self-Excitation.  
· It originates impulse first.
· Its rate of rhythmical discharge is greater than any other junctional tissues of heart. 

· Its rate of discharge determining the rate at which the heart beats.
(Pacemaker makes or determines the pace of a race.)




	


A-V node: 

The A-V node is located in the posterior wall of the right atrium immediately behind the tricuspid valve. 
The impulse, after traveling through the internodal pathways, reaches the A-V node about 0.03 second after its origin in the sinus node.
A-V nodal delay:
There is a delay of 0.09 second in the A-V node itself before the impulse enters the penetrating portion of the A-V bundle, where it passes into the ventricles.
	Cause of the Slow Conduction /A-V nodal delay: 

· Fibers are small in size

· Diminished numbers of gap junctions between successive cells in the conducting pathways.
Advantage of A-V nodal delay:
A-V nodal delay allows the atria to contract ahead of ventricular contraction, thereby pumping blood into ventricles before ventricular contraction begins.



	


A final delay of another 0.04 second occurs mainly in this penetrating A-V bundle, which is composed of multiple small fascicles passing through the fibrous tissue separating the atria from the ventricles.
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	Rapid Transmission in the Ventricular Purkinje System:

 


	· They are very large fibers, even larger than the normal ventricular muscle fibers, and they transmit action potentials at a velocity of 1.5 to 4.0 m/sec, a velocity about 6 times that in the usual ventricular muscle and 150 times that in some of the A-V nodal fibers.
· This allows almost instantaneous transmission of the cardiac impulse throughout the entire remainder of the ventricular muscle. 




	· The rapid transmission of action potentials by Purkinje fibers is due to a very high level of permeability of the gap junctions at the intercalated discs of the Purkinje fibers. Therefore, ions are transmitted easily from one cell to the next, thus enhancing the velocity of transmission.
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· Normal sinus rhythm-70-80 beats/min.
· Bradycardia- when heart beat is less than 60 beats /min

· Tachycardia- when heart beat is more than 100 beats /min

“Ectopic" pacemaker:

A pacemaker elsewhere than the sinus node is called an "ectopic" pacemaker. 
An ectopic pacemaker causes an abnormal sequence of contraction of the different parts of the heart and can cause significant debility of heart pumping. 
Idioventricular rhythm:
When conduction from atria to the ventricle is completely interrupted, complete heart block results, ventricles beats at a low rate independently to atria is known as idioventricular rhythm.
(When A-V block occurs-that is, when the cardiac impulse fails to pass from the atria into the ventricles through the A-V nodal and bundle system-the atria continue to beat at the normal rate of rhythm of the sinus node, while a new pacemaker usually develops in the Purkinje system of the ventricles and drives the ventricular muscle at a new rate 15- 40 beats per minute.)
Stokes-Adams syndrome:
After sudden A-V bundle block, the Purkinje system does not begin to emit its intrinsic rhythmical impulses until 5 to 20 seconds later because, before the blockage, the Purkinje fibers had been "overdriven" by the rapid sinus impulses and, consequently, are in a suppressed state. 
During these 5 to 20 seconds, the ventricles fail to pump blood, and the person faints after the first 4 to 5 seconds because of lack of blood flow to the brain. This delayed pickup of the heartbeat is called Stokes-Adams syndrome.
 If the delay period is too long, it can lead to death. 
Ventricular Escape:

Stimulation of parasympathetic (Vagal) nerves to the heart decreases the rate of rhythm of SA node and also decreases the excitability of A-V junctional fibers, slowing the transmission of cardiac impulse into the ventricle.

Strong stimulation of the vagi can stop completely the rhythmical excitation by the sinus node or block completely transmission of the cardiac impulse from the atria into the ventricles through the A-V node. Rhythmical impulses are no longer transmitted into the ventricles. 
The ventricles stop beating for 5 to 20 seconds. Then some small area in the Purkinje fibers develops a rhythm of its own and causes ventricular contraction at a rate of 15 to 40 beats per minute. This phenomenon is called ventricular escape. 
(Parasympathetic (Vagal) Stimulation Can Slow or Even Block Cardiac Rhythm and Conduction-"Ventricular Escape.")
Effects of sympathetic stimulation on heart:
· Increases the rate of sinus nodal discharge

· Increases the rate of conduction 

· Increases the level of excitability

· Increases the force of contraction of cardiac muscle.

	Mechanism of the Sympathetic Effect: 



	Stimulation of the sympathetic nerves releases norepinephrine at the sympathetic nerve endings. It increases the permeability of the fiber membrane to sodium and calcium ions.
 Effects of parasympathetic stimulation on heart:

· Decreases the rate of sinus nodal discharge

· Decreases the rate of conduction 
· Decreases the level of excitability


Mechanism of the parasympathetic/vagal Effects:

The acetylcholine released at the vagal nerve endings greatly increases the permeability of the fiber membranes to potassium ions, which allows rapid leakage of potassium out of the conductive fibers. This causes increased negativity inside the fibers, an effect called hyperpolarization, which makes this excitable tissue much less excitable. 

Spread of cardiac impulse and showing the time of appearance:
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· Time required for conduction of impulse from SA node to ventricle:
· From SA node to AV node - 0.03 second

· A-V nodal delay                  -0.09 second

· Delay in A-V bundle           -0.04 second

                           Total 0.16 second
The excitatory signal finally reaches the contracting muscle of the ventricles after 0.16 second of its origin. 

	· Conduction of impulse from the bundle branches in the ventricular septum to the Purkinje fibers requires only 0.03 second. 

Therefore, once the cardiac impulse enters the ventricular Purkinje    conductive system, it spreads almost immediately to the entire ventricular muscle mass. 


· Conduction of impulse from the endocardial surface to the epicardial surface of the ventricle requires as much as another 0.03 second.
Thus, the total time for transmission of the cardiac impulse from the initial bundle branches to the last of the ventricular muscle fibers in the normal heart is about 0.06 second.
EFFECT OF POTASSIUM AND CALCIUM IONS ON HEART FUNCTION-
A. Effect of potassium ions:

· Excess potassium in the extracellular fluids causes the heart to become dilated and flaccid and slows the heart rate. 
· Large quantities of potassium also can block conduction of the cardiac impulse from the atria to the ventricles through the A-V bundle. 
· Elevation of potassium concentration to only 8 to 12 mEq/L (two to three times the normal value) — can cause severe weakness of the heart, abnormal rhythm and death.
B. Effect of calcium ions:
· Excess calcium ions cause the heart to move toward spastic contraction
· Deficiency of calcium ions causes cardiac weakness.
