Topic 4.2: The Heart
pg. 663-692

Pulmonary and Systemic Circuits
-Heart = 2 pumps, side-by-side
(a) Right side responsible for circulating blood, collects incoming oxygen-poor blood and sends to lungs to be oxygenated and dispel CO2. Pulmonary circuit: the blood vessels that carry blood to and from the lungs.
(b) Left side receives oxygenated blood from the lungs and pumps this blood throughout body. Systemic circuit: blood vessels that carry blood to/from all body tissues.

4.2.1
Internal and External Anatomy of the Heart
-The heart is a pump that pumps through hollow blood vessels, it is a transport system and the blood vessels are the delivery routes.
-Enclosed in mediastinum (medial cavity) of thorax, extends from the 2nd rib to the 5th intercostal space. Surrounded by lungs and liver
-Most of mass on left side- it needs to work harder to pump blood all through body
-Broad, flat base (posterior surface) directed towards right shoulder, apex points towards left hip
-Apex sits on diaphragm
-Great vessels come off of base

3 Layers (Coverings of the Heart)
1. Pericardium: surrounds entire heart
-Is a double-walled fibro-serous sac. 
A. Fibrous pericardium: the loosely-fitting, superficial part of the sac. This tough, dense CT (1) protects the heart, (2) anchors it to surrounding structures, and (3) prevents the overfilling of the heart with blood.
B. Serous pericardium: Is deep to the fibrous pericardium. A thin, slippery, 2-layer membrane that forms a closed sac around the heart.
	(a) Parietal layer: lines the internal surface of the fibrous pericardium. Attaches to the		large arteries exiting the heart, then turns and continues over the external heart surface as 	the:
	(b) Visceral layer: aka epicardium, which is an integral part of the heart wall. Often 	infiltrated with fat, esp. in older people
(c) Between these 2 layers is the slitlike pericardial cavity, which contains/secretes a film of serous fluid. This lubricates the serous membranes and allows them to glide smoothly past one another, allowing the heart to work in a relatively friction-free environment
2. Myocardium: middle layer, composed mainly of cardiac muscle, forms the bulk of the heart
-This is the layer that contracts
-The branching cardiac muscle cells are tethered to one another by crisscrossing CT fibers and arranged in spiral or circular bundles. These interlacing bundles are the cardiac skeleton:
	-Reinforce myocardium internally and anchor cardiac muscle fibers
	-Provide additional support for great vessels & valves (so that they don’t stretch)
	-Direct the spread of APs across heart to specific pathways, limiting it to specific 	pathways in the heart
3. Endocardium
-Glistening white sheet of endothelium (squamous epithelium) resting on a thin CT layer
-Located on inner myocardial surface, lines the heart chambers and convers the fibrous skeleton of the valves
-Is continuous with the endothelial linings of the blood vessels entering/leaving the heart.

4.2.1.3
4 Chambers of the Heart
-Left and right are always with respect to the patient. Opposite when you are looking at it
-2 atria (upper/superior), 2 ventricles (lower/inferior); R and L atrium, R and L ventricle
-Interatrial septa: wall between the 2 atria
-Interventricular septa: wall between 2 ventricles
-Right ventricle forms most of the anterior surface of the heart; the left ventricle dominates the inferoposterior aspect of the heart and forms the heart apex.
-2 exterior grooves, indicate boundaries of the four chambers, and each carry the blood vessels supplying the myocardium
	1. Coronary sulcus: aka atrioventricular groove: encircles the junction of the atria and 	ventricles like a crown. Is the division between the upper atria and lower ventricles
	2. Anterior-posterior interventricular sulcus: cradles the interior interventricular artery, 	marks the anterior position of the septum separating the right and left ventricles. It 	continues as the posterior interventricular sulcus, which provides a similar landmark on 	the heart’s surface. 

1. Atria: Receiving Chambers
-Thin-walled, smaller of the chambers. Need to contract only minimally to convey blood to the ventricles. Contribute little to the propulsive pumping of the heart
-Have small appendages called auricles 
-Are receiving chambers for blood returning from the heart from circulation
-Right atrium: 2 parts, a smooth-walled posterior part and an anterior portion in which bundles of muscle tissue form ridges in the walls
-Left atrium is mostly smooth
-Deoxygenated blood enters right atrium via 3 veins (KNOW THESE)
1. Superior vena cava: upper big vein. Brings blood from limbs, upper body (regions superior to the diaphragm)
2. Inferior vena cava: lower big vein. Brings from lower body (below the diaphragm)
3. Coronary sinus: thin-walled vein. Brings deoxy blood draining from the myocardium
-Oxygenated blood returns to the left atrium via 4 pulmonary veins

2. Ventricles: (ventr = underside) discharging chambers, pumps. Together, make up most of the volume in the heart.
-Have internal muscle bundles:
(a) Trabeculae carneae are irregular ridges of muscle that mark the internal walls of the ventricular chambers.
(b) Papillary muscles are other muscle bundles which play a role in valve function, project into the ventricular cavity. Connect to chordae tendineae 
-The ventricles are the discharging members, the actual pumps of the heart. Walls are much more massive than atrial walls. Contract to propel blood out of heart into the circulation
-Right ventricle pumps blood into pulmonary trunk
-Starts off as big trunk, innervates to two lungs where gas exchange occurs
-Left ventricle pumps blood into aorta, main exit point of oxy blood. Largest artery: coming off the aorta are 100 different blood vessels that feed capillary beds in body
-Left vs right: left ventricle has way more musculature than right. Left does more work.
-Right pumps to lungs, left pumps to entire rest of body

-Pectinate muscles: on walls of right atrium
-Fossa ovalis: groove in the wall b/w right and left atrium. 
-When baby’s circulatory system is developing, gets O2 from mom. There is a hole in intra-atrial septa, this hole is called the  foramen ovale. Closes at time of birth, leaves indentation in the wall that is the fossa ovalis.
-If baby born with hole in heart, this is what is referred to. Sometimes fixes itself, otherwise pediatric cardiologists go in and surgically fix hole.

-Veins: return blood TO the heart
-Arteries: carry blood AWAY from the heart
	-Doesn’t matter if it is oxygenated or deoxygenated
-One-way flow of blood through the heart: ensured by heart valves

Heart Valves
-Ensure unidirectional flow of blood, open and close in response to differences in blood pressure on their two sides.
1. 2 Atrioventricular (AV) Valves: one located at each atrial-ventricular junction, prevents backflow into the atria when the ventricles contract. 
(a) Right AV valve: tricuspid valve, has 3 flexible cusps (flaps of endocardium reinforced by CT cores. Right atrium to right ventricle
(b) Left AV valde: mitral valve, has 2 cusps. Aka bicuspid valve. Left atrium to left vt.
-Attached to each AV valve flap are tiny white collagen cords called chordae tendineae, which anchor the cusps to the papillary muscles protruding from the ventricular walls. Need to know all three names for this valve.
-When heart is completely relaxed, AV flaps hang loosely into ventricular chambers. Here, blood flows into the atria and then through the open AV valves into the ventricles. When ventricles contract, compressing the blood in their chambers, the interventricular pressure rises, forcing the blood superiorly against the valve flaps. Blood catches in the cusps, causing the valve to close.
This prevents blood from being regurgitated backwards.

2. 2 Semilunar (SL) Valves: b/w ventricles and vessels taking the blood out (aorta and pulmonary trunk). When ventricle is filling, they are closed. Each SL valve has 3 pocket-like cusps. When ventricles contract and blood is being ejected, intraventricular pressure rises above the pressure in the aorta and pulmonary trunk, the force opens the valve and blood flows through. Their cusps flatten against the arterial walls as blood rushes part them. When ventricle relaxes, blood comes back down towards the heart. Blood catches in the cusps and forces the valve closed so no blood can re-enter the ventricle. See slide 12 for good diagram.
(a) Pulmonary SL valve: right ventricle to pulmonary artery
(b) Aortic SL valve: left ventricle to aorta
-In response to changes of volume of blood and pressure changes: valves will open and close
-An important omission with valves: there are no valves guarding the entrances of the venae cavae and pulmonary veins into the R/L atria. Small amounts of blood do spurt back into these vessels during atrial contraction, but backflow is minimal because of the inertia of blood and because the atrial myocardium compresses these venous entry points.
-Problems with valves:
-Valvular insufficiency (can open efficiently but has problems closing): forces the heart to pump the same blood over and over again due to backflow
-Stenosis (can close efficiently but has problems opening). Valve flaps become stiff (due to Ca deposits or scar tissue formation) and constricts the opening. Needs to pump twice as hard to remove the same amount of blood; heart size will increase, efficiency will decrease
-These cause heart murmur: when doctors listen to heart, listen for turbulence (as ventricles are contracting, is regurgitation. Rather than going forwards some of the blood is going backwards) caused by improper valve function, by sound can tell if it is insufficiency or stenosis. Faulty valves can be replaced by mechanical, pig, or cow valves, or even valves grown from the patient’s own tissue

-Need to know everything about figure on slide 14 (pg. 674)
-What would happen if stenosis was to happen to this valve, that valve, etc. Need to understand diagram in detail.

4.2.2.2
Pulmonary circuit: right side, going from heart to lungs. Short distance
Systemic circuit: has a longer way to go, from heart to toes. Meets more resistance so the muscle is much larger. 
-Need to know what would happen if problem in one circuit and how it would affect the other
-Know what coronary sinus is

4.2.3: Coronary Circulation
-Even though blood is going in/out of heart constantly, it doesn’t use any to nourish itself. It has its own blood supply, is nourished through the coronary circulation, which is the shortest circulation in the body
Coronary Arteries
-Left and right coronary arteries branch off the base of the aorta, and encircle the heart in the coronary sulcus (atrioventricular groove). Provide blood to myocardium. Many branches of these.
-See pg. 675 for full artery list
-Have anastomoses, interconnections around different branches of the arteries. Provides collateral circulation: an additional path for blood to get to the different areas of the heart in case one is blocked (occluded), etc. Complete blockage leads to tissue death and heart attack.
-Heart only gets its supply of blood when it is relaxed: systole (systolee) (contraction), diastole (diastolee) (relaxation)
-When heart is contracting, it compresses the blood vessels so that they cannot flow, blocks supply. Heart is the only muscle that has an intermittent blood flow, but also one of the only muscles in the body that works 24/7 for the whole lifetime. Also requires a lot of ATP.
-Takes up 10 times more blood relative to its weight
-Left ventricle receives the most blood supply

Coronary venous supply
-After passing through capillary beds of the myocardium, the venous blood is collected by the cardiac veins, whose paths roughly follow those of coronary arteries.
-These veins join to form an enlarged vessel called the coronary sinus, which empties the blood into the right atrium. 
-The sinus has 2 large tributaries: the great cardiac vein, the middle cardiac vein, and the small cardiac vein. Additionally, several anterior cardiac veins empty directly into the right atrium.

Diseases of Coronary Vessels
-Angina pectoris: thoracic pain caused by fleeting deficiency in blood delivery to the myocardium. It may result from stress-induced spasms of the coronary arteries or from increased physical demands on the heart. The myocardial cells are weakened but do not die. 
-Fatty deposits, buildup on walls of coronary vessels. Narrowing of the vessel  high BP. Possibility of blood clots because the platelets will stick to the rough surface, this is a blockage of blood supply. Name means pain that starts on the left side, down side of left arm. This is due to insufficient supply of oxygen to heart muscle. If vessels collapsed, squeezed, blockage  insufficient oxygen supply.
-Myocardial Infarct (heart attack): Prolonged coronary blockage in which cells do die. Total blockage of blood supply to particular region of heart muscle. Because cells are mostly amitotic, the cells are replaced with scar tissue. They will put them on heparin to prevent new blood clots, also on synthetic tPA (dissolves clot, discussed in last lecture), also on beta blockers (you don’t want the heart to undergo further stress). If there are multiple blocks, will do a coronary artery bypass (when it is so severe that they can’t rescue it). This means they take an artery from another uncritical part of the body, and will use it to loop around the blocks.



4.2.4
Skeletal vs Cardiac Muscle
-Table on slide 18
-The heart contracts as a unit: cardiac have gap junctions between cells for quick cell-cell communication, AP spreads across cells. Because of these gap junctions, the entire heart contracts as one unit (either contracts or does not contract). Ensures effective pumping.
-Source of Ca: sarcoplasmic reticulum and extracellular fluid. In cardiac muscle, depolarization opens special Ca channels in plasma membrane that allow entry of 10-20% of the Ca needed for contraction. Once inside, this influx of Ca stimulates the SR to release bursts of Ca that are the other 80-90% needed for contraction.
-Have self-excitable pacemaker cells: gives heart muscles myogenicity. Do not need a signal from NS to contract, gives them the property of automacity
-Tetanus not possible with the heart. Need to get through an entire contraction/relaxation phase before starting another. No relative refractory period. If the heart were to contract tetanically, it would be unable to relax and fill, and so would not work as a pump.
-Supply of ATP is only aerobic: cardiac muscle has more mitochondria because it only uses aerobic. B/c of this, heart cannot operate for long without O2. Cardiac muscle is very adaptable to fuel molecules, will readily switch metabolic pathways to whatever is available (including lactic acid)

4.2.4.2
The cardiac muscle cell: striated, contracts using the sliding filament mechanism. Cells are short, fat, branched, and interconnected. Each fiber contains 1-2 large, pale, centrally-located nuclei. Intracellular spaces are filled with loose CT matrix (endomysium) containing numerous capillaries. This matrix is connected to the cardiac skeleton (fibers in the myocardium)

Intercalated disks: junctions between plasma membranes of adjacent cells where they interlock. Intercalated disks contain anchoring desmosomes and gap junctions. The desmosomes prevent adjacent cells from separating during contraction, and gap junctions allow ions to pass from cell to cell, transmitting current across the entire heart. 
-Because gap junctions electrically couple cardiac cells, the myocardium behaves as a single coordinated unit, or functional syncytium 
-If heart contracted and cell-cell connection was weak, it would fall apart

4.2.5
2 kinds of cells:
-Contractile cells: myosin/actin
-Pacemaker cells: don’t contract, but set the rate at which the heart contracts. Different groups throughout the heart. Do NOT need nervous stimulation, can self-depolarize




4.2.6
Intrinsic Conduction System: consists of non-contractile (autorhythmic) cardiac cells specialized to initiate and distribute impulses throughout the heart, so that it depolarizes and contracts in an orderly, sequential manner
-Unstimulated contractile cells maintain stable resting potential. 
-About 1% or cardiac fibers are autorhythmic cardiac pacemaker cells. Have special ability to depolarize spontaneously and pace the heart. Are part of intrinsic conduction system.
-Pacemaker cells have an unstable resting potential that continuously depolarizes, drifting slowly towards threshold. These are called pacemaker potentials/prepotentials and initiate the action potentials that spread throughout heart to trigger contraction.
-3 parts of pacemaker AP:
1. Pacemaker potential
2. Depolarization
3. Repolarization
-Typical pacemaker cells are found in the sinoatrial and atrioventricular nodes
-Can also act as pacemakers: cells of atrioventricular bundle, R and L bundle branches, and subendocardial conducting network (Purkinje fibers)
-How impulses travel across the heart:
1. Sinoatrial (SA) node: is crescent-shaped, found in the right atrial wall. Typically generates 75 impulses/minute. Sets the pace for the heart as a whole b/c no other region of conduction system has a faster depolarization rate. This is the heart’s pacemaker and its characteristic rhythm (sinus rhythm) determines the heart rate.
2. Atrioventricular (AV) node: from the SA node, depolarization wave spreads via gap junctions throughout atria and via the internodal pathway to the atrioventricular node. At the AV node, impulse delayed 0.1 seconds, allowing atria to respond and complete their contraction before the ventricles contract. This delay reflects the small fiber diameter, and that they have fewer gap junctions for current flow. AV node conducts impulses more slowly than other parts of the system. Rate-determining. If there is something wrong with SA, AV can depolarize on its own, but will be slower.
3. Atrioventricular (AV) bundle: From AV node, impulse sweeps to the AV bundle (aka the bundle of His). Atria and ventricles are not connected by gap junctions- AV bundle is the only electrical connection b/w them. The fibrous cardiac skeleton is non-conducting and insulates the rest of the AV junction.
4. Right and left bundle branches: The AV bundle persists only briefly before splitting into 2 pathways- the right and left bundle branches, which course along the interventricular septum towards the heart apex.
5. Subendocardial conducting network: Long strands of barrel-shaped cells with a few myofibrils form the subendocardial conducting network (aka Purkinje fibers). It completes the pathway through the interventricular septum, penetrates into the heart apex, and then turns into the ventricular walls. The bundle branches excite the septal cells, but the bulk of ventricular depolarization depends on cell-to-cell impulse transmission through gap junctions. This network is much more elaborate in the left ventricle than the right because it is much larger.
-Total time to complete: 0.22 seconds
-Doctors can insert an artificial pacemaker if SA is down

4.2.6.3
Rate of SA node can be regulated extrinsically by Autonomic NS. 
(a) Sympathetic NS: can be activated by emotional or physical stressors, sympathetic nerve fibers will release norepinephrine at cardiac synapses. This causes the threshold to be met more quickly, so SA node fires more rapidly and heart beats faster. SNS can also enhance contractility and speed relaxation. It enhances Ca movement in contractile cells. This process does not lower systolic volume as it would if only the heart rate increased.
(b) Parasympathetic NS opposes sympathetic effects and reduces heart rate when a stressful situation has passed. PNS-initiated cardiac responses are mediated by acetylcholine, which hyperpolarizes the membranes of effector cells by opening K channels. Has little effect on cardiac contractility. 
-Normally, both SNS and PNS continuously send impulses, but the dominant influence is inhibitory. The heart is said to exhibit vagal tone, so the heart rate is generally slower than it would be if the vagal nerves were not innervating it
-When one of the autonomic divisions is activated very strongly, the other division is temporarily inhibited.

-Sinus rhythm: normal heart rate, 72-80 in females, 64-72 in males (beats/min)
-Bradycardia: slower than normal heart rate (completely different from the healthy heart of an athlete which doesn’t need to pump as often), < 60 beats/min
-Tachycardia: faster than normal heart rate, > 100 beats/min

AP of Contractile Cardiac Muscle Cells
1. Depolarization due to Na influx, -90 mV to +30 mV
2. Plateau phase due to Ca influx through slow Ca channels, keeps the cell depolarized because most K channels are closed
3. Repolarization die to Ca channels inactivating and K channels opening. Allows K efflux, which brings the membrane potential back to its resting voltage. 
-Absolute Refractory Period: necessary for heart to be an efficient pump. Blood needs to rest, because relaxed heart collects blood, if less rest time volume of blood pumped out will be less.

4.2.7
Electrocardiogram: a graphical record of heart activity detected with an electrocardiograph. Composed of all the APs generated by nodal and contractile cells at any given time- not the tracing of a single AP. 
-(EKG/ECG): recording of the electrical activity of the heart. Can infer as to what is going on with the heart electrically, because mechanical activity follows electrical activity. 
-To record an ECG, recording electrodes are placed at various sites on the body surface, typically 12 “leads” per ECG. Measure voltage difference b/w different body parts. Lead II is most informative, because heart points to right and apex is at left hip. Depolarization wave moves towards apex. Lead to is right chest to left leg, measures difference in potential there.
-Typical ECG has 3 distinguishable waves/deflections: 
-P wave: results from movement of the depolarization wave from the SA node through the atria. Lasts about 0.8 seconds. Atria contract 0.1s after P-wave begins
-QRS Complex: results from ventricular depolarization and precedes ventricular contraction. Has a complicated shape b/c depolarization paths through ventricular walls change continuously, producing changes in current direction. Also depends on ventricle size. Avg. duration is 0.08 seconds. Electrical AP travels from AV node down s contractile system to Purkinje fibers. Ventricles contract from apex upwards.
-T wave: caused by ventricular repolarization, typically lasts 0.16 seconds. Much slower than depolarization, so T wave is more spread out and has a lower amplitude than the QRS complex. 
-Also, P-R interval: the time (about 0.16 s) from the beginning of atrial excitation to the beginning of ventricular excitation. If the Q wave is visible, its marks the beginning of ventricular excitation, so this is also sometimes called the P-Q interval.
-S-T segment: wen the AP of the ventricular myocytes are in their plateau phases, the entire ventricular myocardium is depolarized.
-Q-T interval: lasts 0.38 s, is the period from the beginning of ventricular depolarization through ventricular repolarization.
-ECG shows only voltage (electrical events), but from these we can deduce contractile events.
-You can have excess in these waves, each will tell you something. They know what normal looks like, can interpret results based on that
-Cannot see atrial repolarization on ECG: the ventricular de/repolarization is so large that it overshadows the recording of atrial repolarization

Slide 30: (top to bottom)
1. Normal sinus rhythm, normal ECG trace
2. Junctional rhythm: the SA node is non-functional. As a result, P waves are absent, and the AV node paces the heart at 40-60 beats/min
3. Second-degree heart block: the AV node fails to conduct some SA node impulses. As a result, there are more P waves than QRS waves. In this tracing, there are 2 P waves for every QRS wave.
4. Ventricular fibrillation: Electrical activity is disorganized. APs occur randomly throughout the ventricles. Results in chaotic, grossly abnormal ECG deflections. Seen in acute heart attack and after electrical shock.

Cardiac Cycle
4.2.8
-Depolarization  contraction  repolarization  relaxation
		         (systole)				(diastole)
1 cardiac cycle is all the events that take place during 1 heartbeat. Avg. 75 times/minute
-Each cycle takes about 0.8 seconds (60/75)
-Cardiac cycle has to do w a lot of volume and pressure changes
-Atria are receiving chambers, ventricles are ejecting chambers.
-When atria contract, ventricles relax. When ventricles are relaxing, atria contract

Atrial systole and diastole  ventricular systole and diastole
During the relaxation phase (maximizes volume), filling happens for a and v
During contraction phase (minimizes volume), ejection happens for a and v

(Start: mid-to-late diastole, atria and ventricles are quiet.)
1. Period of Ventricular filling (mid-to-late diastole)
-Pressure in the heart is low, blood returning from circulation is flowing passively through the atria and the open AV vales into the ventricles
-Aortic and pulmonary valves are closed
-80% of ventricular filling occurs at this point, just due to gravity, and the AV valve begins to drift into the closed position.
-Now: atrial systole;
-Following depolarization (P-wave), the atria contract, compressing the blood in their chambers. This causes a slight rise in atrial pressure, which propels residual blood (the other 20%) into the ventricles
-At this point, ventricles are in the last part of their diastole and have the maximum volume of blood they will contain in the cycle: this volume of blood is called the end diastolic volume (EDV)
-Then, the atria relax and the ventricles depolarize (QRS). Atrial diastole persists through rest of cycle.

2. Ventricular systole (atria in diastole)
-As the atria relax, the ventricles begin contracting from the apex upwards. Their walls close in on the blood in their chambers, and ventricular pressure rises rapidly and sharply, closing the AV valves. Reaches a point where there is enough built-up pressure to close the AV valves, but not enough to open SL valve to pulmonary artery.
-The split-second period when the ventricles are completely closed chambers (a 2-closed system, both AV and SL valves are closed) and the blood volume in the chambers remains constant as the ventricles contract is the isovolumetric contraction phase.
-Here: if valves fail to open/close properly  heart murmur. Is working as hard but not pumping as much. Works 2x more than should
-Ventricular pressure continues to rise. When it finally exceeds the pressure in the large arteries issuing from the ventricles, the SL valves are forced open and ejection occurs: blood rushes from the ventricles into the aorta and pulmonary trunk. Here, pressure is usually up to 120 mm Hg.

3. Isovolumetric relaxation (early diastole)
-During this brief phase following the T wave, the ventricles relax.
-The blood remaining in the chamber, end systolic volume (ESV), is no longer compressed, so ventricular pressure drops rapidly and blood in the aorta and pulmonary trunk flows back towards the heart, closing the SL valves.
-Closure of the aortic valve raises aortic pressure briefly as backflowing blood rebounds off the closed valve cusps, an event beginning at the dicrotic notch on the pressure graph. 
-Once again, ventricles are totally closed.

4. Back to (1)
-All during ventricular systole, atria continued in diastole, and have been filling. 
-The intra-atrial pressure has been rising. When BP on atrial side of AV valves exceeds that in the ventricles, the AV valves are forced open and the ventricular filling phase (1) begins again

2 Features Driving Cardiac Cycle
a. Blood flow through heart is controlled entirely by pressure changes
b. Blood flows from high to low pressure (pressure gradient) through any available opening
	-Ventricular systole: AV valves closed and SL valves open: blood can ONLY go thru SL 	valves. If this doesn’t work, heart murmur

Entire cycle: 0.8 seconds, 75 beats/minute
-Atrial systole 0.1 sec
-Ventricular systole 0.3 seconds
-Quiescent phase 0.4 seconds (relaxation phase. More time in relaxation phase, more blood volume. So, half the time of the cycle is devoted to filling)
*Ventricles always have some amount of blood in them, but atria empty completely

On the right side of the heart: essentially the same as on the left, except for the pressure. Pulmonary circulation is low-pressure, so has much thinner myocardium. Typical systolic/diastolic pressure for pulmonary artery is 24/10, while for aorta it is 120/80. However, both sides eject the same blood volume with each heartbeat. Their electrical activity is almost simultaneous.

4.2.8.3
-When doctors listens to heart, are listening for opening and closing of valves. Lub-dup
-1st sound: AV valves close = beginning of systole. Tends to be louder, longer than 2nd. 
-2nd sound: SL valves close = end of systole. Short, sharp sound.
-Usually lub-dup, pause, lub-dup, pause, and so on. Pause indicates period when heart is relaxing.
-Listening for something that doesn’t match the expected sound- can diagnose valve problem based on the wrong sound being made. 
-Heart murmur: lub, dub, then extra sound
-Young children often have heart murmur even though heart is healthy, because their 	heart walls are thin and vibrate with rushing blood
-Incompetent/insufficient valve: a valve that fails to close completely. There is a swishing 	sound as blood regurgitates through the partially-open valve after it should have closed
-Stenotic valve: fails to open completely, its narrow opening restricts blood flow through 	the valve. A high-pitched sound or click can be detected when the valve should be wide 	open during ventricular contraction, but is not

4.2.9
Cardiac output (CO): the volume of blood pumped by each ventricle into aorta in 1 minute
CO = Heart rate (beats/min) x Stroke volume (mL/beat)
Stroke Volume (SV): the volume of blood pumped out by one ventricle with each beat, generally correlates with the force of ventricular contraction
SV = EDV-ESV

Normal adult CO is 5.25 L, so entire blood volume is pumped/recycled by heart every minute
-One RBC makes the complete circuit in 1 min. This is why they last only a short period of time.
-CO is highly variable

Cardiac reserve- the difference between resting and maximal CO (ex. sitting vs being chased by a dog). How much blood can heart physically pump in 1 min?
	-Determined by level of fitness 
	-Non athletic person can increase their cardiac output by 4-5 times
	-Marathon runner can increase CO by 7 times (tend to have huge heart). Would be 	considered at rest to be bradycardic. Not a pathology- the muscle is just much stronger

4.2.10
i. Depolarization of SA node under influence of ANS. (see pg 691)
-Sympathetic stimulation enhances contractility and speeds relaxation by enhancing Ca movements in the contractile cells. This lowers ESV, so SV does not decline as it would if only heart rate increased. 
-Parasympathetic division opposes sympathetic effects, effectively reduces heart rate when a stressful situation has passed. PNS-initiated cardiac responses are mediated by acetylcholine, which hyperpolarizes the membranes of effector cells by opening K channels. PNS has little effect on contractility.
-Resting: both PNS and SNS send impulses to the SA node, but the dominant influence is from PNS and is inhibitory. So, the heart is said to exhibit vagal tone, and heart rate is generally slower than it would be if vagal nerves were not innervating it. If cut vagal nerve, resting heart rate would immediately increase by 25 beats/min because of loss of parasympathetic innervation. This reflects the inherent rate (100 beats/min) of SA node
ii. Circulating hormones
-Epinephrine: (and norepinephrine) released by SNS, enhances heart rate and contractility
-Norepinephrine increases rate of spontaneous depolarization
-Thyroxine: thyroid hormone which increases metabolic rate and production of body heat. When released in large quantities, causes increase in heart rate. Also enhances effects or (nor)epinephrine
iii. Circulating ions
-Ca can affect rate and strength of contraction. Too much Ca (hypercalcemia) and not enough (hypocalcemia) is detrimental to the heart. Very high Ca levels can cause life-threatening arrhythmias
-Ions like Na, K, H, can produce hyperpolarization, etc
-Too much K (hyperkalemia) alters heart electrical activity by depolarizing the resting potential, may lead to heart block and cardiac arrest
-Plasma electrolyte imbalances pose real danger to the heart
iv. Body Temperature
-As body temp rises, heart rate increases to cool internal organs, shunts it to surface of skin
-In surgery, the body is cooled down to decrease heart rate
-Tachycardia leads to decreased Cardiac Output. Can be temporary tachycardia after exercise. Over time, will come back to normal. People with pathological tachycardia, resting hr is 150-170 bpm. When heart rate speeds up, has to go through all the steps of cardiac cycle. When hr speeds up, filling phase will shorten. Because the quiescent phase shortens, volume of blood you received will decrease, which will decrease your CO. 

4.2.10.2
What affects Stroke Volume
1. Preload: degree to which muscles are stretched before they contract, controls SV because it affects EDV
-Frank-Starling law of the heart: the relationship between preload and SV. if EDV increase  stroke volume increase  cardiac output increase. Degree of stretch of ventricles will determine end diastolic volume. More stretch, then more tension, then force of contraction increases (imagine rubber band). There is an optimal length of muscle fibers
-The most important factor stretching cardiac muscle is venous return, the amount of blood returning to the heart and distending its ventricles. Anything that increases venous return increases EDV, and consequently, SV and contractile force
-Exercise and increased filling time (slower heart beat) increase EDV
-Increased venous return stretches ventricles and increases contractile force
-Low venous return might result from severe blood loss or tachycardia that does not allow time for filling. This decreases EDV, causing heart to beat less forcefully and lowering SV
2. Contractility
Contractility: the contractile strength achieved at a given muscle length. If independent of muscle stretch and EDV. Rises when more Ca enters the cytoplasm, and enhanced contractility means more blood is ejected from the heart (↑ SV, so ↓ ESV)
-Increased by increased sympathetic stimulation. One effect of (nor)epinephrine is to initiate a cyclic AMP second-messenger system that increases Ca entry, which in turn promotes more cross-bridge binding and enhances ventricular contractility
-Substances that increase contractility are called positive inotropic agents, and include epinephrine, thyroxine, and glucagon; the drug digitalisl and high levels of Ca
-Negative inotropic agents include excess H+ (acidosis), rising extracellular K, and drugs called calcium channel blockers
3. Afterload: 
Afterload: the pressure the ventricles must overcome to eject blood
-Tends to be the pressure in the aorta, normally 80 mmHg, or 10 mmHg in pulmonary trunk. Once it passes this threshold, SL valve will open
-In healthy individuals, not a major determinant of stroke volume because it is relatively constant. However it is important in people with hypertension
-The problem with hypertension (afterload has increased, means that ventricles have to work harder to eject the same volume of blood), over a period of time, ventricles will work harder and harder. Ventricles will get bigger, and eventually will fail. You’re causing it to work hard just like in exercise, but end result is damage to the heart. The difference is that hypertension happens 24/7, no time to stop and recover like after exercise. Eventually wears itself out. That is the problem.

Important to understand slide 44

4.2.10.5
When you have heart failure, they sometimes inject (nor)epinephrine. Don’t want to give a drug with left heart failure that speeds up heart rate, causing it to work harder. Digitalis increases force of contraction without increasing rate of contraction. 

Congestive Heart Failure: a progressive condition when the CO is so low that blood circulation is inadequate to meet tissue needs. The needs of the systemic circulation is not being adequately met. Usually caused by a weakening of the myocardium.
-Some factors: coronary atherosclerosis (buildup of fat in plaques in vessels, reduced blood flow to the heart); persistent high blood pressure (the force against which the ventricles have to pump in order to pump blood. Means that it is working harder and harder to pump the same amount of blood. Heart doesn’t get a break- this is the problem with persistent, muscle will get bigger and bigger); multiple myocardial infarcts (heart attacks, portions of heart cells die and scar, scar tissue has no elastic fibers and lacks the ability to contract); dialated cardiomyopathy (enlarged muscles, contractility reduced)
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