· The heart is a transport pump where the bv are the delivey routes
· The right side = receives o2 poor blood – pumps this blood to the lungs dispels the co2 and picks up o2 
· Bv that bring the blood back to and from the lungs = pulmonary circuit
· The left side = receives o2 blood from the lungs – pumps it to the body to supply o2 and nutrients to body tissue
· Bv that carry blood to and from the blood tissues = systematic circuit

Size:
· Size of fist
· Hollow cone shaped
· Mass of 250-250 g (<  1 lbs)
Location:
· Enclosed in mediastinum , the medial cavity of the thorax and extends 12-14 cm from the 2nd rid to the 5th intercostals space 
· Rests on superior surface of the diaphragm and anterior to the vertebral column and posterioir to the sternum
· 2.3 of this mass lie towards the left of the midsternal line and balances it to the right
· Lungs flank laterally and partially obscure it
Orientation:
· Broad flat base/ posterior surfaces = 9cm wide and directed towards the right shoulder
· Apex points inferiorly toward the left hip
· Apical impulse = hearts beating apex where is touches the chest wall
Coverings of the wall:
· Enclosed in a double walled sac = pericardium
· Fibrous pericardium = loosely fitting superficial part
· Protects heart
· Anchors it to surrounding structures
· Prevents overfilling of the heart with blood
· Serous pericardium = thin slippery two layered serous membrane
· Closed sac around the heart
· Its parietal layer lines the internal surface of the fibrous pericardium
· Superior margin of the heart – parietal layer attaches to large arteries exiting the heart, then turns inferiorly and continues over external heart surface
· Visceral layer – epicardium is integral part of the heart wall
· b/n parietal and visceral layers is a slit like pericardial activity which contains serous fluid
· lubricated by fluid, glide moothly past one another = heart can work in a relatively frictionless area
Layers of the heart wall:
· heart wall = richly supplied with blood vessels
· superficial epicardium = 
· visceral layer of serous pericardium and often infiltrated with fat
· middle layer = myocardium 
· composed mainly of cardiac muscle
· forms bulk of the heart
· layer that contracts
· branching cardiac muscles are tethered to one another by cross crossing ct fibres arranged in spiral or circular bundles
· cardiac skeleton = ct fibres form a dense network
· reinforces myocardium
· anchors cardiac muscle fibers
· collagen and elastic fibres = thicker in some areas than others
· constructs rope like rings that provide additional support where great vessels from the heart and around the heart valves
· without support the vessels and the valves might eventually = stretched b/c of continuous stress of blood pushing through them
· not electrically excited = cardiac skeleton limits the spread of AP to specific pathways in the heart
· endocardium = glistening white sheet of endothelium
· squamous epi
· rests on thin connective tissue layer
· inner myocardial surface 
· lines heart chambers and covers fibrous skeleton of the valves
· continuous with the endothelial linings of the bv leaving and entering the heart
Chamber and associated bv:
· four chambers : 2 superior atria & 2 inferior ventricles
· interatrial septum = internal partition: divides heart longitudinally (separates the atria)
· interventricular septum = separates the ventricles
· right ventricles dominates the inferoposterior aspect of the heart and form the heart apex
· 2 grooves visible of the hearts surface = boundaries of the four chambers and carry bv cupplying the myocardium
· Coronary sulcus = atrioventricular groove encircles the junction  of the atria and ventricles like a crown
· Anterior interventricular sulcus = cradles anterior interventricular artery marks the anterior position of the septum separating the right and left ventricles 
·  Posterior interventricular sulcus = provides similar landmark on the hearts posteroinferior surface
Atria = receiving chambers:
· Auricles = small wrinkled appendages which increase the atraial volume
· Right and left atria =  free of distinguishable special features
· Right atria = two parts:
· Smooth walled posteros part 
· Anterior portion where bundles of muscle tissue ( pectinate muscles )form ridges in the walls 
· Separated by C shaped ridge = crista terminalis
· Left atria 
· Smooth and pectinate muscles only found in the auricle
· Interatrual septum = shallow depression 
· Fossa ovalis = marks the spot of the opening
· Foramen ovale = existed in the fetal heart
· Relatively small, thin walled chambers only needed to contract minimally to push blood into ventricles
· Contribute little of the propulsion pumping activity of the heart
· Blood enters right atria via 3 veins:
· Superior vc = returns blood from the regions superior to diaphragm
· Inferior vc = returns blood from the body areas below the diaphragm 
· Coronary sinus = collects blood draining from the myocardium
· 4 pulmonary veins enter the left atrium and makes up most of the hearts base
· These veins transport blood from the lungs back to the heart and are seen in posterior view
Ventricles = the discharging chambers:
· Make up most the volume of the heart
· Right ventricle forms most of the hearts anterior surface 
· Left ventricle dominates posteroinferior surface
· Trabaculea carneae:  Irregular ridges of muscles mark internal wall of the ventricular chambers
· Conelike papillary muscles: play a role in valve functions, project into the ventricular cavity
· Actual pumps of the heart
· Walls = massive 
· When the contract they propel blood out of the heart into circulation
· Rv pumps blood to the pulmonary trunk which routes the blood to the lungs where gas exchange occurs 
· Lv ejects blood into aorta 
Valves:
· Blood flows in one direction from atria to ventricles and out the greater arteries  leaving the superior aspect of the heart
· 4 valves enforce this traffic and open and close in response to differences in BP on their two sides
Atrioventicular valves:
· Located at each atrial – ventricular junction 
· Prevent backflow into atria when ventricles contract
· Right AV =
· Tricuspid valve = 3 flexible cusps – flaps of endocardium reinforced by ct cores
· Left AV =
· Mitral valve = 2 cusps and is sometimes called the bicuspid valve
· Chordae tendinae = tiny white collagen cords attached to each AV valve
· Anchors the sups to the papillary muscles protruding from the ventricular walls
· When heart = relaxed AV valve flaps hang limply in the ventricular chambers below and blood flows into atria and hen through the open AV valves to ventricles
· Ventricles contract = compressing blood in the chambers = intraventricular pressure rises forcing the blood superiorly against the valve flasps
· Flap edges meet = closing the valve
· Serve as guy wires along with papillary muscles which anchor the valve flaps in a closed position 
· If cusps = not anchored = blown upward in the atria
· Papillary muscles contract with other ventricular musculature = take up the slack on the chordate tendinaea as the full force of the ventricular contraction hurls the blood against the AV valve flaps
Semiunar valves 
· Aortic and pulmonary valves guard the bases of the large arteries issuing from the ventricles into the associated ventricles
· Fashioned from 3 pocketlike cusps each roughly shaped like a crescent moon
· Open and close in response to difference in pressure 
· Ventricles contract = intraventricular pressure rises above the pressure in aorta and pulmonary trunk and SL valves are forced open and cusps flatten against the artery walls as blood rushes past them
· Ventricles relax = blood flows backwards toward the heart and fills the cusps and closes the valves shut
· No valves guarding the entrances of venae cavae and pulmonary veins into right and left atria 
· Small amounts of blood so spurt back into these vessels during atrial contraction 
· Backflow = minimal b/c of inertia of the blood and b/c it contract = atrial myocardium compresses theses venous entry points
Coronary circulations:
· Functional blood supply of the heart and shortest circulation in the body
· Coronary arteries:
· Left and right coronary arteries arise from base of aorta and encircle the heart in the coronary sulcus 
· Provide arterial supply of the coronary circulation 
· Left coronary artery =  runs towards the left side of the heart and divides into two major branches:
· Anterior interventricular artery = follows Anterior interventricular sulcus and supplies blood to the interventricular septum and anterior walls of both the ventricles
· Circumflex artery = supplies the left atrium and posterior walls of left ventricles
· Right coronary artery  = courses to the right side of the heart a d gives rise to 2 branches
· Right marginal artery = serves myocardium of lateral side of the heart
· Posterior interventricular artery = runs to heart apex and supplies the posterior ventricular walls. Artery merges with the anterior interventicular artery
· Together branches of the right coronary artery supply right atria and nearly all the left ventricle
· Arterial supply of the heart varies 
· Many junctions among coronary arterial ranches
· Fusing networks provide additional collateral routes for blood delivery to the heart muscles but are not robust enough to supply adequate nutrition when an coronary artery is suddenly blocked 
· Provide intermittent pulsating blood flow of myocardium
· Vessels and main branches lie in epicardium and send branches inward to nourish the myocardium
· Deliver blood when heart = relaxed but = fairly ineffective when the ventricles are contracting b/c they are compressed by the contracting myocardium
· 1/200 of body weight but 1/20  of the blood supply
· Lv receives the most blood supply
· Coronary veins;
· Venous blood is collected by cardiac veins = paths are roughly the same as coronary arteries
· Veins join to form an enlarged vessel called the coronary sinus = empties blood intro right atrium
· Coronary sinus = posterior aspect of the heart
· Has 3 large tributaries:
· Great cardiac vein : in anterior interventricular sulcus
· Middle cardiac vein : in posterior interventricular sulcus
· Small cardiac vein: running along hearts right inferior margin
· Anterior cardiac veins = empty directly into the right atrium anteriorly
Cardiac Muscle Fibres:
· Cardiac muscle: striated, contracts by sliding filament mechanism
· Short, fat branched, interconnected
· Contains one or at most two large pale centrally located nuclei
· Interacellular space filled with loose ct matrix (endomysium ) containing numerous capillaries and is connected to the fibrous cardiac skeleton  which acts as both a tendon and an insertion = giving cardiac wall something to pull and exert force on
· Plasma membrane of adjacent cardiac cells interlock
· Intercalated discs = contain anchoring desmosomes and gap junctions
· Desmosomes prevent adjacent cells from separating during contractions
· Gap junctions = allow ions to pass from cell to cell , transmitting current across entire heart 
· Functional syncytium = mycocardium acts as one single coordinated unit b/c gap junctions electrically couple cardiac cells
· Large mitochondria (25-35%) of volume of cardiac cells = highly resistant to fatigue
· Remaining volume = occupied by myofibrils composed of sarcomeres which have A and I bands and Z discs that resemble the thick myosin and thin actin filaments
· Myofibrils of cardiac muscle cells vary in diameter and branch extensively accommodating the mitochondria between them
· This difference = < dramatic banding pattern than in skeletal muscle
· System of delivering Ca 2+ = < elaborate in cardiac muscle cells
· Cardiac sarcoplasmic reticulum = simpler and lacks large terminal cisterns  , therefore no triads!
Mechanisms and Events of Contraction:
· Means of stimulation:
· Some cardiac muscles are self excitable and cant initiate their own depolarization but that of the rest of the heart in a spontaneous, rhythmic way (automaticity/ autorhythmicity) 
· Organ vs. Motor unit contraction: 
· all fibers in the heart contract as a unit or the heart doesn’t contract at all.
·  This action occurs b/c gap junctions electrically tie all the cardiac muscles together into a single contractile unit
· Depolarization wave travels across the heart from cell to cell via ion passage through the gap junction
· Length of the absolute refractory period
· Lasts as long as 200 ms – almost as long as the contraction
· Prevents titanic contractions which would usually stop the hearts pumping action
· contractions are triggered by AP that sweep across cell membranes
· -1% of the cardiac fibers are autorhythmic – ability to depolarize spontaneously and therefore pace the heart
· Bulk of heart muscle is composed of contractile muscle fibers responsible for the heart pumping activity
· Contractile muscle cells = sequence of events leasing to contraction: 3 steps:
Energy Requirements:
· Greater dependence on o2 for its energy metabolism
· Heart relies almost all on aerobic respiration
· Cardiac muscle cannot work for long without o2 
· Cardiac muscle can contract for prolonged periods by carrying out anaerobic respiration and then its reserves of o2 and fuel using excess postexercise o2 consumption (EPOC)
· More adaptable and readily switches metabolic pathways to use whatever nutrients are available including lactic acid 
· Danger of inadequate blood supply is lack of O2

· Ability for the cardiac muscle to depolarize and contract = instrinsic
· Property of heart muscle and does not depends on the nervous system
· Is amply supplied with autonomic nerve fibers that can alter its basic rhythm
AP by Pacemaker Cells:
· Unstimulated contractile cells of the heart
· Maintain stable resting membrane potential
· Cardiac pacemaker cells – autorhythmic cells making up the intrinsic conduction system = unstable resting potential = continues to depolarize, drifting slowly toward threshold
· Pacemaker potentials –(prepotentials) : initiate AP that spread throughout the heart to trigger its rhythmic contractions

· Total time b/n initiation of an impulse by the SA node and depolarization of the last of the ventricular muscle cells = 0.22s
· Ventricular contraction = immediately follows ventricular depolarization wave
· Contraction begins at heart apex and moves towards the atria following the direction of the excitation wave though the ventricle walls 
· Contraction ejects some blood superiorly into the large arteries leaving the ventricles
· Pacemaker cells = different rates of spontaneous depolarization
· SA node drives the heart at 75 bpm
· WO SA node AV node would only depolarize about 50 bpm 
· WO AV node the AV bundle and subendocardial conducting network would depolarize 30 times/min
· Slower pacemakers cannot dominate the heart until faster pacemakers stop working
· Heart conduction system coordinated and synchs heart activity  and WO it impulses would travel 0.3 -0.3 m/s instead of several meters / second
· Slower rate = longer muscle contractions for some muscles reducing the hearts overall effectiveness
Extrinisic Innervation of the heart:
· Fibers of the ANS modify the marchlike beat and introduce a variability from one beat to another
· SNS increases the rate and force of the heartbeat but PNS slows down the HR
· Cardiac centres are located in the medulla oblongata
· Cardioaccelatory centre projects to sympathetic neuronsand synapse with postganglionic neurons in the cervical and thoracic sympathetic trunk
->  Postganglionic fibres run through the cardiac plexus to the heart where they innervate the SA and AV nodes, heart muscle and coronary arteries
· Cardioinhibitory centre sends impulses to the parasympathetic dorsal vagus nucleus in the medulla = sends inhibitory impulses to the heart via branches of the vagus nerves 
-> most parasym postganglionic motor neurons lie in the ganglia and in the heart wall and their fibers project most heavily in the SA and AV nodes
Electrocardiography:
· Electrical currents generated and transmitted through the heart spread throughout the body and can be detected with an electrocardiograph
· Electrocardiogram = graphic record of the hearts activity = composite of the AP generated by nodal and contractile cells at a given time
· Electrodes are placed on different parts of the body where the electrodes are 3 bipolar and lead to  measure the voltage difference between the arm & leg or arm and arm and 9 unipolar
Heart Sounds:
· Auscultating to the thorax with a stethoscope will reveal two sounds ; lub-dub caused by the heart valves closing
· Pause indicates the period when the heart is relaxing
· First sound is when the AV valves close, ventricular pressure rises above atrial pressure
-> longer, louder and more resonant
· Second sound: SL valves snap shut and its the beginning of the ventricular relaxation 
-> short snap sound
· b/c mitral valve closes slightly before the tricuspid valve and the aortic SL valve and generally snaps shut before pulmonary valve and it is possible to distinguish the individual sounds be auscultating four specific regions of the heart (corners) 
Mechanical Events:
· heart undergoes dramatic writhing movements as it alternately contracts forcing blood out of its chambers, then relaxes and allowing its chamber to refill with blood
· systole = periods of contraction
· diastole = period of relaxtion
· cardiac cycle = events associated with blood flow through the heart in one heartbeat – atrial systole and diastole followed by ventricular systole and diastole 
-> marked by succession of pressure and blood volume changes 
-> we begin in heart in total relaxation : atria end ventricles = quiet and = mid to late diastole
·  during ventricular systole the atria have been in diastole filling up with blood and intra-atrial pressure  has been rising
· When blood pressure on the atrial side of the AV valve exceeds that in the ventricles, the AV valves = forced open and ventricular filling phase occurs
· Quinescent period = 0.4 second period of relaxation in the heart
· Two important points :
-> blood flow through the heart is cause by pressure changes
-> blood flows down a pressure gradient through any available opening 
· Blood flows in one direction due to alternating contraction and relaxation of the myocardium which causes valve to open
· System is almost the same in the left side except for pressure b/c pulmonary circulation = low pressure and has a much thinner myocardium – pressure of 24 and 10 mm Hg
· Both sides still eject the same blood volume with each heart beat
Cardiac Output:
· Amount of blood pumped out by each ventricle in a minute
· Product of stroke volume and heart rate
· Stroke volume correlates with force of ventricular contraction 
· Normal adult blood volume = 5L and passes through heart one each minutes
· Varies with SV and HR meaning that when o2 increases SV increases and or HR increases 
· Cardiac reserve = difference b/n resting and maximal CO
· Normal resting = 20-25 L and athletic = 35 L
Regulation of Stroke Volume:
· Difference between EDV and the amount of blood that collects in a ventricle during diastole and ESV , volume of blood after contraction in the ventricle
· EDV is normally 120 ml and determines how long ventricular diastole lasts
· Higher the arterial BP , the higher the ESV
· Factors that affect SV by altering the EDV/ESV are : preload , contractility and after load
Regulation of Heart rate :
· healthy = SV = constant
· Blood volume drops, heart weakens, SV declines and CO is maintained by increasing HR and contractility
· Temporary sensors influence HR and Co by acting through homeostatic mechanisms induced neurally, chemically and physically
· Factors that increase HR = positive chronotropic and decrease HR = negative chronotropic
ANS Regulation of the Heart:
· Most impt extrinsic affect on heart rate
· Stress = release of NE at cardiac synapse = NE binds to beta 1 adrenergic factors receptors in heart = threshold is reach more quickly = increased HR
· Sympathetic stimulation also enhances contractility and speeds relaxation by enhancing Ca 2+ movements in the contractile cells ( increased contractility = lovers ESV so SV does not decline and HR increases
· Parasymp = mediated with ACh which hyperpolarizes membranes of effectors cells by opening K+ channels 
· Vagal innervations of ventricles is sparse and has little effect on cardiac contractility
· Autonomic divisions always send signals to the SA node but dominant influence in inhibitory = vagal tone = slower HR
· Cutting vagal nerves = immediate increase in HR
· Barorecptors respond to changes in the systemic BP 
· Atrial Bainbridge reflex = initiated with venous return and increased atrial filling  stretching atrial walls increase HR by stimulating SA node and atrial stretch receptors (triggers reflexive adjustments of autonomic output to SA node)
· Increased/ decreased CO = changes to systemic BP 
Chemical regulation of Heart:
· Chemicals may affect the heart if they becomes excessive or deficient :
-> hormones:
· E = released by adrenal medulla by the Sym NS , same cardiac effect as NE and increases contractility and HR
· Thyroxine: thyroid gland hormone which increases metabolism and production of body heat , when released in large quantities it increase HR , acts on heart and increases the effects of E and NE
               -> ions:
· Normal heart fxn = normal levels of ions in intra- and extracellular fluid and imbalance of this = danger
Other factors that affect HR:
· age, sex, body temp and exercise
· Resting HR is fastest in a fetus
· Avg HR = faster in females than males
· exercise increases HR by increasing systemic BP and routes more blood to working muscles
· resting HR in fit people is lower
· enhancing metabolism of cardiac cells = increases HR and cold temp decreases HR

Before Birth;

· tube develops 4 slightly bulges areas = earliest heart chambers
1) Sinus venous: 
· Chamber initially receives all the venous blood 
· Smooth walled right atria and coronary sinus
· Gives rise to SA node which sets early HR in the embryonic development
2) Atrium:
· Embryonic chamber = pectinate muscle ridged parts of the atria
3) Ventricle: 
· Strongest pumping chamber of early heart and gives rise to left ventricle
4) Bulbus cordis:
· Chamber plus cranial extension = truncus arteriosus give rise to pulmonary trunk and most of right ventricle
· over three weeks it goes under rightward looping and major structure changes to convert into a 4 chamber organ
· ventricle moves caudally and atrium moves cranially
· midline septum forms . bulbus cordis splits into pulmonary trunk and as ascending aorta
· foramen ovale =connects two atria and allows blood entering into right atria to bypass pulmonary circuit and lungs
· ductus arteiorosus = exists between aorta and pulmonary trunk 
· after birth theses shunts close between left and right sides of the heart
· fossa ovalis = reveals the positions of foramen ovale 
· ligamentum artiosum = fibrous remnant of the ductus arteriosus 
· two disorders:
1) mixing deoxy blood with oxy blood
2) narrowed valves or vessels that greatly increase the workload on the heart

Heart Function throughout life:
· ppl who exercise a lot have a heart that is efficient and is used to working hard due to the demand
· aerobic exercise also clears fatty deposits from bv walls in body slowing down artherosclerosis and CHD 
· persists in old age
· regular exercise increases myocardial endurance and strength
· intermittent vigourous activities may push a heart beyond its ability to the unexpected demands = myocardial infarction
· other structural changes include:
· valve flaps thicken and become stiff = stress of blood = greatest and heart murmurs are more common in older ppl
· cardiac reserve declines : aged heart is less able to respond to sudden and prolonged stressors that demand increased output . max H declines as sympathetic control of the heart = less efficient 
· cardiac muscles are fibroses: cardiac cells die and replaced with fibrous tissue= heart stiffens and fills less efficiently and reduces the SV. Nodes = fibrosed and arrhythmias and other conduction problems may occur
· artherosclerosis: inactivity, stress and smoking increase it and the most serious consequences to heart are hypertensive heart disease and coronary heart occlusion = increase heart attack and stroke. Aging process = changes in  blood vessel walls and diet is the most impt contributor to the cardiovascular disease


therefore heart = engineered double pump that operates with precision tp propel blood into large arteries leaving the chambers 
- continuous circulation depends on the pressure dynamics in the bv
