The Heart (fig. 13.3 p. 242 (external), fig. 13.4 p. 243(internal))

Structure
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-- the heart is a cone-shaped muscular organ about the size of a fist.

-- it is located between the lungs and behind the sternum.

-- tilted so that the bottom (apex) points slightly left.

-- possesses three major tissue layers:

i. Outer pericardium – a thick, membranous sac that is fluid-filled to cushion the heart and allow for its contractions to occur in a stable space;

ii. Middle myocardium – the major, muscular portion of the heart;

iii. Inner endocardium – elastic, connective tissue allowing for smooth blood flow.
-- the myocardium’s muscle is a specific type called cardiac muscle which is structured very much like skeletal muscle (in that, it is striated) but can contract/relax unconsciously like smooth muscle.

-- the heart has a well-defined right and left side separated by a rather thick, internal, muscular wall called the septum.

-- the left side of the heart possesses a thicker muscle layer.  Why?  

* It needs to service the entire systemic circuit.

-- each side of the heart has two chambers:


a.  Two Atria (singular:  Atrium):



-- upper, thinner-walled, smaller chambers.

-- receive blood from veins (vena cavae and pulmonary veins) outside of the heart.



-- possess ‘protrusions’ or ‘wrinkled flaps’ known as auricles 


that allow for further expansion upon receiving blood.

b.  Two Ventricles:



-- lower, thicker-walled, larger chambers that receive blood 


from the atria and pump blood into arteries 
-- the heart also possesses four notable valves, which mitigate the risk of blood backflow (which would make the heart (and blood-flow) much more inefficient):

1.  ATRIOVENTRICULAR VALVES:



-- regulate blood-flow from the atria to the ventricles.

-- prevents the flow of blood back into the atria upon ventricular contraction.

-- they are supported by strong fibers called chordae tendineae, which serve to prevent the valves from inverting.
-- Two types of atrioventricular valves:




i.  TRICUSPID VALVE:





-- 3 flaps (cusps) found on right side.




ii. BICUSPID VALVE:




-- 2 flaps (cusps) found on left side.

2.  SEMILUNAR VALVES:



-- regulate blood-flow from the ventricles to their respective 

arteries (aorta from left ventricle, and pulmonary trunk from right ventricle).



-- Two types:




i.  PULMONARY SEMILUNAR VALVE:

-- lies between RV and pulmonary trunk.
ii. AORTIC SEMILUNAR VALVE:





-- lies between LV and aorta.

PASSAGE OF BLOOD THROUGH THE HEART/BODY (fig. 13.4 (b) p.243)

The following steps 1-3 refer to Pulmonary Circulation:

1.  The RA contracts (simultaneous to LA) and sends blood through the tricuspid atrioventricular valve into the RV.

2.  The RV contracts (simultaneous to LV) and forces blood through the pulmonary semilunar valve into the PULMONARY TRUNK and then into the two PULMONARY ARTERIES, one to each lung.
3.  A total of four PULMONARY VEINS carry oxygenated blood to the heart and into the LA.

The following steps 4-6 refer to Systemic Circulation:

4.  The LA contracts (simultaneous to RA) and sends blood through the bicuspid atrioventricular valve into the LV.

5.  The LV contracts (simultaneous to RV) and forces blood through the aortic semilunar valve into the AORTA and eventually off to all body cells.  Blood returns to the heart in many veins that eventually drain into either the Superior or Inferior Vena Cava.
6.  The Superior Vena Cava (from head) and the Inferior Vena Cava (from the lower body) carry deoxygenated blood into the RA.




Key Points:

-- if our circulatory system functions without error(s), deoxygenated blood will NEVER mix with oxygenated blood.

-- deoxygenated blood is relegated to right side of heart (pulmonary circuit), while oxygenated blood is relegated to left side of the heart (systemic circuit).

-- the heart is colloquially known as a dual pump because the right side performs pulmonary circulation and the left side performs systemic circulation.
-- in order for blood to travel from the right side of the heart to the left side of the heart, blood must pass through the lungs.
The Heartbeat (aka CARDIAC CYCLE)
-- see fig. 13.5 p. 244.

-- there exist three steps to the Cardiac Cycle:


1. Both Atria contract simultaneously (ventricles relaxed).

2. Both Ventricles contract simultaneously (atria relaxed).

3. Both the Atria and the Ventricles relax.

-- the heart beats, on average, about 70 times per minute and each heartbeat, on average, lasts 0.85 seconds.

-- cardiac output is the volume of blood per minute that the left ventricle pumps into the systemic circuit.  This volume is dependent on two factors: the heart rate (pulse) and the stroke volume (the amount of blood pumped by the LV per contraction).


- on average, a human LV pumps 75 mL of blood per beat.

- assuming this, in one minute, the cardiac output is 5.25 L/min which is near equivalent to the total volume of blood in the circulatory system.

Definitions:


SYSTOLE -- contraction of the heart muscle (pushing blood).


DIASTOLE -- relaxation of the heart muscle (accepting blood).

-- a heart contraction (systole) generally refers to the ventricles contracting (ventricular systole), when discussing the pulse, for instance.

	TIME
	ATRIA
	VENTRICLES

	0.15 s (0 – 0.15 s)
	Systole
	Diastole

	0.30 s (0.15 – 0.45 s)
	Diastole
	Systole

	0.40 s (0.45 – 0.85 s)
	Diastole
	Diastole


Totals:  Atrial Systole = 0.15 s;  Atrial Diastole = 0.70 s; Ventricular Systole = 0.30 s; Ventricular Diastole = 0.55 s.

Sound of heartbeat = LUB DUP


‘Lub’ --> the sound of the atrioventricular valves closing (due to 



ventricular contraction)


‘Dup’ --> the sound of the semilunar valves closing (due to back 



pressure of blood in the arteries)

Heart Murmur -- a slight ‘slushing’ sound just after the Lub...

-- due to ineffective AV valve(s) (usually the bicuspid), allowing slight blood leakage (backflow) into the atria.

** solution:  surgically fix the valve or provide an artificial valve.

INTRINSIC CONTROL OF HEARTBEAT

-- the heart possesses a unique type of tissue called NODAL TISSUE that has both nervous and muscular characteristics.

-- this nodal tissue is localized in two areas of the heart:


i.  The Sinoatrial (SA) Node located in the upper wall of the RA.


ii.  The Atrioventricular (AV) Node found in the base of the RA near 


     the septum (see fig. 13.6a p. 245 for both).




-- the SA Node initiates the heartbeat by sending out an automatic nerve impulse of excitation every 0.85 seconds.

-- this SA Node excitation spreads quickly to the muscle fibres of the Right and Left Atria (from cell to cell via gap junctions (quick nerve messages)) and causes simultaneous atrial contraction.

-- the SA Node excitation impulse also spreads quickly to the AV Node.

-- the AV Node delays to allow the atria to complete their contraction, then spreads its excitation signal via the atrioventricular bundle (two nerve branches) in the septum and on to the Purkinje Fibres, which loop back up the non-septal ventricular wall sections.
-- the Purkinje Fibres carry the AV Node excitation impulse to all of the cardiac muscle cells in the ventricular walls (both Right and Left).

-- the ventricles then contract simultaneously.

* the SA Node is commonly referred to as the 'pacemaker' because it keeps the heartbeat regular.


-- if it fails to work regularly, the AV node is somewhat capable of handling the ‘pacemaker’ duty, but the beat is slower (40-60 per minute on average) ( will eventually require an artificial pacemaker, which can be programmed to stimulate the heart every 0.85 s.

EXTRINSIC CONTROL OF THE HEARTBEAT

-- if the heart rate is to change, the cardiac control center in the medulla oblongata sends a nerve message to the SA node to either speed up (via sympathetic nervous system nerves) or slow down (via parasympathetic nervous system nerves) its self-generated (intrinsic) impulses.

- during exercise or stress, more oxygen may be required in a given period of time, so heart rate must increase, whereas during restful times, the opposite occurs in order to save energy.


Measuring Blood Pressure


-- measured in arteries.


-- instrument known as a sphygmomanometer.





-- two measurements ( SYSTOLIC/DIASTOLIC = 120/80 (mm Hg)










   (normal)

Hypertension – high blood pressure; caused by higher blood volume (more water due to high solute levels in blood) or plaque build-up in vessels due to high saturated fat/cholesterol diet.
-- Heart has to work harder!


- generally defined as >140 mmHg (systole) and >90 mmHg (diastole)

Hypotension – low blood pressure; caused by lower blood volume (less water due to low solute levels in blood) – heart not working as hard, but less oxygen/nutrients getting to cells in a given period of time.

Read pp. 256-259 re: heart ailments.
Internal Heart Anatomy
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