W- CV- Cardiovascular

	CARDIOVASCULAR SYSTEM


	GROSS ANATOMY AND HISTOLOGY OF HEART

	FOUR CHAMBERS

· Separated horizontally by ANNULUS FIBROUS

· Band of connective tissue

· Prevents electrical conduction except at AV node.

	BLOOD FLOW

· RA ( RV ( Pulmonary A ( Lungs ( Pulmonary V ( LA ( LV ( Aorta ( Systemic circulation ( RA

	MYOCARDIUM

· Endocardium

· Epicardium (visceral layer of pericardium)

· Pericardium

· Thin, fibrous sheath preventing excessive enlargement.

· 2 LAYERS

· Outer fibrous layer

· Inner serous pericardium: Parietal and visceral layer, in b/w is pericardial fluid.

· Structure

· Myocytes

· Small & branched

· Many mitochondria

· Actin & myosin: Classical M & Z line, & A, H, I bands

· Sarcoplasmic reticulum less extensive than skeletal muscle.

· Sarcolemma (cell membrane) forms T invaginations (Transverse (T) tubular system) with terminal cisternal that with the T system make up diads, an important component of excitation-contraction coupling.

· Connected by intercalated discs: With gap junctions allowing myocytes to be one functional unit.

	VALVES

· Form seal at commussures (line where leaflets meet)

· AV valves

· Mitral (2) / Tricuspid (3)

· Prevented form being everted by Chordiae Tendinae which are attached to papillary muscles.

· Semi Lunar Valves
· Both 3 cusps
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	CORONARY CIRCULATION

	· Enter circulation through aortic sinus and (95%) returns ( coronary sinus ( Right Artium.

· LEFT CORONARY CIRCULATION IS DURING DIASTOLE 

· During systole at rest, large left ventricle has ( pressure > left Coronary Artery:  ( Blood flow (
· RIGHT CORONARY CIRCULATION  IS DURING SYSTOLE 

· During systole at rest, small right ventricle has ( pressure < Aorta

· ( Blood flow (
· Right CA supplies SA and AV nodes.

· Disease of this artery can therefore ( slow HR and AV block.

	AORTA
	(
	Right CA
	(
	Right Marginal
	(RA, RV & inf post LV)
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	Posterior Interventricular
	(Post of heart)

	
	
	
	
	
	

	
	(
	Left CA
	(
	Circumflex
	(Lateral post of LV)

	
	
	
	
	
	

	
	
	
	(
	Anterior Interventricular

(aka LAD- Left anterior descending)
	(Ant septum, ant wall, apex)
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	BLOOD CELLS


	Name and Appearance
	Number / mcL
	Characteristics
	Functions

	Red Blood Cells / Erythrocytes
	· 4.8 million in females and 5.4 million in males
	· 7-8 mcm diameter, biconcave disks without a nucleus.

· Live for 120 days
	· Haemoglobin within RBCs transports most of the oxygen and part of the carbon dioxide in the blood. Also plays role in acid base buffering.

· ESR is rate at which cells sediment from blood when in presence on anticoagulant. ( when cells stack together, pregnancy, inflammatory disease. ( by low plasma fibrinogen.

	Platelets
	· 150000-400000
	· 2-4 mcm diameter cell fragments that live for 5-9 days

· contain many vesicles but no nucleus
	· Form platelet plug in hemostasis; release chemicals that promote vascular spasm and blood clotting

	White Blood Cells / Leukocytes
	· 5000-10000 
	· Most live for few hours to days
	· Combat pathogens and other foreign substances that enter the body


	Name and Appearance
	Number
	Characteristics
	Functions

	· 5 different types: WBC Count: "Never Let Mom Eat Beans" and "60, 30, 6, 3, 1" 

· Neutrophils 60%; Lymphocytes 30%; Monocytes 6%; Eosinophils 3%; Basophils 1: 
	· If High Count
	· If Low Count
	

	Neutrophils

(Granular Leukocytes)
	· 60-70% of all WBC
	· 10-12 mcm diameter.

· Nucleus has 2-5 lobes connected by thin strands of chromatin; cytoplasm has v fine pale lilac granules

· Short half life ~6hours
	· Migrate to areas of infection(chemotaxis).

· Phagocytosis. Destruction of bacteria with lysosome, defensins, and strong oxidants, eg. superoxide anion, HO, and hypochlorite anion
	· Bacterial Infection, burns, stress, inflammation
	· Radiation exposure, drug toxicity, vit B12 deficiency, & SLE
	NB

	Eosinophils

(Granular Leukocytes)
	· 2-4% of all WBC
	· 10-12 mcm diameter; nucleus has 2 or 3 lobes; large red orange granules fill the cytoplasm
	· Larger than Neutrophils and effective vs larger parasites.

· Combat the effects of histamine in allergic reactions, phagocytize antigen- antibody complexes, and destroy certain parasitic worms
	· Allergic reactions, parasitic infections, autoimmune diseases
	· Drug toxicity, Stress
	EA

	Basophils

(Granular Leukocytes)
	· 0.5-1% of all WBC
	· 8-10 mcm diameter. 2 lobed nucleus.

· Large cytoplasmic granules appear deep purple
	· Liberate heparin, histamine, and serotonin in allergic reactions that intensify the overall inflammatory response.

· Similar to mast cells.
	· Allergic reactions, leukemias, cancers, hypothyroidism
	· Pregnancy, ovulation, stress, and hyperthyroidism
	BA

	Lymphocytes

(Agranular Leukocytes)
	· 20-25% of all WBC
	· Small LCs are 6-9mcm in diameter.

· Large LCs are 10-14 mcm in diameter.

· Nucleus is round or slightly indented; cytoplasm forms a ring around the nucleus that looks sky blue.

· The larger the cell, the more cytoplasm is visible.
	· Mediate immune responses, including antigen- antibody reactions. B cells develop into plama cells, which secrete antibodies.

· T Cells attack invading viruses, cancer cells, and transplanted tissue cells. Natural killer cells attack a wide variety of infectious microbes and certain spontaneously arising tumour cells.
	· Viral infections, some leukemias
	· Prolonged illness, immunosuppression and treatment with cortisol
	LV

	Monocytes

(Agranular Leukocytes)
	· 3-8% of all WBC
	· 12-20 mcm diameter; nucleus is kidney or horseshoe shaped.

· Cytoplasm is blue gray and has foamy appearance
	· Phagocytosis (alter transforming into fixed or wandering macrophages after ~72 hours)
	· Viral or fungal infections, tuberculosis, some leukemias, other chronic diseases.
	· Bone marrow suppression, treatment with cortisol
	MV


	BLOOD VESSELS & FLOW

	ORGANISATION

· Aorta and its main braches are elastic

· Distend during systole and recoil in diastole => evening out discontinuous blood flow created by heat’s intermittent pumping

· Most of body has blood supply in parallel

· Exception is liver- hepatic portal Vein

	LYMPHATIC SYSTEM

· Function

· Immunological
· To return to CV system, the 8L/day of interstitial fluid that leaves the exchange vessels to enter body tissues

	MAIN VASCULAR HISTOLOGY (* = Arteries only.)
· TUNICA INTERNA

· Endothelium

· Basement membrane

· Internal elastic membrane*

· elastin

· TUNICA MEDIA

· Smooth muscle

· Collagen, elastin, prostaglycans

· External elastic lamina*

· TUNICA EXTERNA / ADVENTITIA

· Contains vaso vasorum in larger arteries

· Made up of collagen supporting fibroblasts and nerves.

	CAPILLARIES

	Precapilliary sphincter
	(
	Through fare
	(
	True capillaries

	
	(
	Meta-arteriole
	(
	

	· CONTINUOUS

· Found in skin, muscles, lungs, CNS

· Low permeability to molecules that cannot pass readily through membranes

· Tight junctions and overlapping membranes

· Especially tight in CNS: Form BBB

· FENESTRATED

· Found in endocrine glands, renal glomeruli, intestinal villi.

· More permeable as have leakier junctions
· Endothelial fenestrae

· DISCONTINUOUS / SINUSOIDS

· Found in liver, spleen, bone marrow

· Large irregularly shaped capilliaries with gaps large enough to allow proteins to cross their wall.


	CONSTITUENTS OF THE BLOOD

	· Blood consists of PLASMA and BLOOD CELLS
· PLASMA consists of ions in solution and plasma proteins.

	IONIC COMPOSITION

· Na is by far most common ( main determinant of plasma osmolarity ( blood volume

· Na+, K+, & Cl- are completely dissociated, but Ca2+ &d Mg2+ are partly bound to plasma proteins, so that free concentration is ~50% of total.

	PROTEINS

· Most are synthesised in liver: Other than y-globulins

· Can ionise either as acids or bases due to both –COOH and NH2 groups

· At pH 7.4, they are mostly in acidic form

· Account for 15% buffering capacity of blood.

· Important transport function

· Bind with

· Hormones- Cortisol, thyroxine

· Metals- iron

· Medicinal drugs

	· TYPES

· Albumin

· Globulin: A, B (transferrin, prothrombin, plasminogen), y (immunoglobulins)

· Fibrinogen

	BLOOD CELLS

· All produced by red bone marrow in adults (Unless, marrow damaged, when made in liver and spleen as in fetus.

· Marrow contains uncommitted stem cells which then differentiate ( committed cells for each type.


	ERYTHROPOIESIS, HB & ANAEMIA
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	RED BLOOD CELL PRODUCTION / DESTRUCTION

	ERYTHROPOIESIS

· Formation of new RBCs (erythrocytes)

· Originate from committed stem cells in bone marrow.

· Erythropoietin ( ( Erythropoiesis

· Produced mainly be kidneys

· In fetus, main source is liver

· ( No of committed stem cells

· Key stimulation for its production is HYPOXIA detected by kidneys

· Altitude and chronic respiratory distress ( ( PO2 ( polycythaemia
· Levels fall in the following: ( Anaemia
· Kidney disease

· Liver disease: Chronic inflammation

BREAKDOWN
· Erythrocytes are destroyed by macrophages in liver after 120 days:

· Spleen eradicates defective erythrocytes.

· Haem is split from haemoglobin and converted ( Biliverdin ( Bilirubin
· Iron is recycled (transferring- Fe transporter) or stored (ferratin)

· Excess bilirubin breakdown ( jaundice


	HAEMOGLOBIN

	· 4 subunits

· Globulin chain 

· Haem with potential to bind to 1 O2

	· Adult Hb: 2 a and 2 b chains

	· Fetal Hb: 2 a and 2 y chains


	BLOOD GROUPING

	Agglutination occurs when blood groups are incompatible.

· If the titre of ABs is ( enough, they bind to antigens on several RBCs, gluing them together ( rupture (HAEMOLYSE) ( anaemia

	ABO SYSTEM

· 4 groups of ISOANTIGENS / AGGLUTINOGENS

	INHERITANCE OF ABO GROUPS
· A and B allomorphs are DOMINANT

· O is RECESSIVE

· AO and AA genotypes would therefore give A phenotypes.

· AB genotype would give AB phenotype.


	Blood Group
	Antigen
	Antibody

	A
	A
	B

	B
	B
	A

	AB
	A and B
	None

	O
	None
	A and B


	· ABO SYSTEM Depends on presence of 2 antigens, A and B and their respective antibodies in the plasma.


	
	Donor

	Recipient
	A
	B
	AB
	O

	A
	(
	(
	(
	(

	B
	(
	(
	(
	(

	AB
	(
	(
	(
	(

	O
	(
	(
	(
	(


	· AB is a universal recipient and O is a universal donor

· O blood does contain antibodies, but this can normally be disregarded as they are diluted during transfusion and neutralised by free A or B antigens in the recipient plasma.

· If large or repeated transfusions are used, it preferable to use the same group.


	BLOOD TRANSFUSIONS:

	GENERAL

	· Over 90% donated blood is separated into individual cell components:

· Blood Products:

· Human Albumin Solution

· Coagulation Factor Concentrate

· Immunoglobulin

· Blood Components:

· Red Cell Concentrate

· Platelet Concentrate

· Fresh Frozen Plasma

· Cryoprecipitate

· White Cells (buffy coat).

· Donated blood tested for:

· Hep B, Hep C, HIV 1, HIV 2, Treponema Pallidum (Syphilis), Human T-cell lymphotropic Type 1 (HTLV1)
· Blood Grouping: A, B, O.

· Rhesus: C, D, E.

· Selective Testing: Antibodies to: CMV

	RED CELL TRANSFUSIONS:

	· WHOLE BLOOD: Tx Acute haemorrhage with hypovolaemia. Fresh whole blood preferred for neonates; i.e. <5 days post collection.

· RED CELLS IN OPTIMAL ADDITIVE SOLUTION (OAS), aka ‘Packed’ [e.g. Contains: Sodium Chloride, Adenine, Glucose, Mannitol…SAG-M ( Shelf life of 30-35 days]. Used to Tx Anaemia. 1 Unit ( ( Hb by 1.5g/dL. (If HF, give over 4 hrs with Frusemide. Watch for ( JVP, Pulm Oedema)
· IRRADIATED (GAMMA RADIATION) BLOOD:

· Indications: Immunosuppressed pts,  Pts receiving blood from close recipient, Transplant recipients.
· Transfusion Associated Graft-Versus Host Disease (TA-GVHD) occurs when donor lymphocytes from transfused blood engraft in the recipient and cause disease. Occurs 10-14 days post transfusion with S&S of fever, skin rash, hepatitis, diarrhoea and pancytopenia. It is fatal in more than 90% of cases.

· LEUCOCYTE DEPLETED RED CELLS: Passed through filter. Used to…

· ( reactions to leucocytes in pts sensitised to HLA antigens

· ( incidence of sensitisation to HLA antigens

· Tx Pts requiring CMV-negative components when CMV of donor is unknown (CMV-negative transplant recipients, neonates / premature babies, pregnant women)

· [also thought to ( risk of transmission of CJD]

· AUTOLOGOUS DONATION: Pt donates own blood and receives iron Tx. Eg. Before Sx

	PLATELET TRANSFUSIONS

	· Half life of 4-5 days (5 Day Shelf Life). 5x1010 are found in 50-60mL of fresh plasma.

· Standard adult dose is 5 pooled Units. ABO and Rh compatible- Non crossmatched units given
· INDICATIONS:

· Thrombocytopenia in presence of significant bleeding prior to invasive procedure. I.e. Pts with Plt < 50x109 / L
· Thrombocytopenia- Prophylactic transfusions required in patients post ChemoTx or stem cell transplant or failure of marrow production.

· Platelet function defects, DIC, Dilatational thrombocytopenia following massive transfusion.

	WHITE CELL TRANSFUSIONS: Rarely performed.

	FRESH FROZEN PLASMA

	· FFP from group AB may be used if recipient blood type unknown. Compatibility is opposite of RBCs e.g. O plasma contains Anti-B antibodies so should only be given to O recipients.
· INDICATIONS:

· Coagulation factor replacement. Pts with DIC / Massive transfusion at risk of bleeding. Single factor deficiencies best Tx with specific factor concentrate.

· Liver Disease: In presence of bleeding or prior to invasive procedures e.g. liver Bx, combined with Vit K.

· Haemolytic uraemic syndrome OR Thrombotic Thrombocytopenic purpura.

· Reversal of Oral anticoagulation or Thrombolytic Tx.

	OTHER PRODUCTS

	· Coagulation Factor Concentrates
· Factor VIII: Haemophilia A, Von Wilebrand’s Disease
· Factor IX: Haemophilia B.

· Factor VII, XI, XIII, Protein C…also used for conditions.

· Albumin

· Used to Tx hypovolaemia, esp burns as well as shock assoc with multiple organ failure. Also Tx resistant oedema in Renal and Liver disease.
· Immunoglobulins

· Specific Ig for Hepatitis B, Herpes Zoster ( Passive immune protection.
· Standard Human Ig ( Hepatitis A, Rubella, Measles

· Hyperimmune globulin ( Tetanus, Diptheria, Rabies, Mumps, Measles, Rubella, CMV, Pseudomonas.

	COMPLICATION OF TRANSFUSIONS

	· CLERICAL ERRORS: Most common!
· CONGESTIVE HF: Caused by circulatory overload, especially if too rapid.
· IMMUNOLOGICAL REACTIONS: Mismatch ( Intravascular haemolysis..
· Fever, Rigors, Haemaglobinuria, ( BP, Renal Failure.

· ATYPICAL ANTIBODIES from previous transfusions may ( Delayed Extravascular haemolysis …

· Anaemia, jaundice, splenomegaly, fever.

· VIRAL INFECTION: Seroconversion may not have occurred in donor. Risks: Transmission of HIV < 1 in 3 million, hepatitis B < 1 in 200,000, hepatitis C < 1 in 200,000.
· BACTERIAL INFECTIONS: E.g. Salmonella

· IRON OVERLOAD: Multiply transfused pts.


	PREOPERATIVE CARE (RELATED TO TRANSFUSIONS)

	· Tests: U&Es & FBC: If Hb <10 tell anaesthetist.

· Crossmatching:

· Group and Save for Mastectomy, Cholecystectomy

· 2 Units: Caesarean Section

· 4 Units: Gastrectomy

· 6 Units: Abdominal Aortic Aneurysm Sx


	CARDIAC MUSCLE CELLS- MEMBRANE POTENTIAL, ION CHANNELS AND PUMPS


	Negatively charged fixed proteins within cell

(
Attracts = Positively charged ions

(
Accumulation of K+ in cell (semi permeable membrane to K+)

(
A little K+ outside the cell due to ( concentration gradient

(
Equilibrium reached of extracellular [K] of 4nm and intracellular of 120 nm

(
Still–ve charged inside cell


	· If cell membrane only permeable to K+, then potential at equilibrium would be defined by K+ concentration gradient (K+ equilibrium potential calculated by Nernst equation).

· Actual resting membrane potential is < -ve than theoretical K+ equilibrium potential

· Other ions (eg. Na) can also cross membrane, although permeability is less.

· Unlike K+, Na concentration gradient is far from equilibrium due to Na/K/ATP pump

· 3 Na out, 2 K in.

· Intracellular Na is 10 nm

· Extracellular Na is 140 nm

· Potential at which electrical and concentration gradient forces would be balanced is ( (equilibrium potential)

· +65mV

· Na is drawn ( cell

· Amount ( in is limited by

· 1. Cell membrane is not very permeable to Na

· 2. Na/K/ATP pump

There is also a Na/Ca/ATP pump pumping 3Na in and 1 Ca out of the cell. IMPORTANT FOR LATER!


	RESTING MEMBRANE POTENTIAL IS OVERALL NEGATIVE (-90mV)

WHEN AN ION CHANNEL IS OPEN, IONS WILL MOVE ( ELECTROCHEMICAL GRADIENT.

During excitation in cardiac and smooth muscle, channels mediating the influx of Na+ or Ca+ are opened and the cell depolarises.


	VOLTAGE GATED CHANNELS

· Activated by depolarisation and are time dependant

· Once open, start to inactivate immediately

· Inactivated channels do not allow passage of ions, even though not closed. During inactivation, channels cannot be reopened.

RECEPTOR GATED CHANNELS

· Activate by hormones / neurotransmitters.

In Cardiac cycle, Action potential is initiated by initial depolarisatinon (opening of Na channels) which then activates Ca channels.


	ELECTROPHYSIOLOGY OF CARDIAC MUSCLE AND THE ORIGIN OF THE HEART BEAT

	· An action potential is the transient depolarisation of a cell as a result of the activity of ion channels.

· AP of cardiac muscle is longer than skeletal due to prolonged PLATEAU PHASE.

	PHASE 0 – INITIATION OF ACTION POTENTIAL- DEPOLARISATION

· At rest, membrane permeable to K+ and threshold potential of Na channels develops ( -65

· Inward current caused by entry of Na through volatage channels becomes too large to be balanced by outward K+ movement through K+ channels.

· ( Activates more Na channels (depolarisation is self generating)

· Due to open Na channels, membrane potential is determined by Na concentration and the cell moves towards Na equilibrium potential of +65mv

· This potential is not reached due to existing K+ permeability and rapid inactivation of Na channels.

· Reactivation cannot be achieved until back to at least –65

· ABSOLUTE REFRACTORY PERIOD

· => Cardiac muscle cannot be tetanised.

	PHASE 2- PLATEAU PHASE

· Membrane Na returns to resting value

· In skeletal muscle, this would ( rapid repolarisation

· In cardiac muscle, there is a plateau phase primarily due to Ca entering cell through voltage sensitive Ca channels which activate relatively slowly when membrane more +ve than 35mV.

· Resultant slow inward Ca couples with reduced outward K is enough to slow repolarisation until potential falls to –20mV.

· Ca entry during the plateau is vital for contraction

· Ca blockers ( this force.

	PHASE 3- REPOLARISATION

· At the end of the plateau, K outward current becomes dominant and the membrane resting potential returns to resting level.


	SINO ATRIAL NODE AND ATRIO VENTRICULAR NODES have longer Phase 0 than rest of heart

There are no functional Na channels- depolarisation is caused by Ca entry via slowly activating Ca channels.

Threshold potential in SAN is more positive than elsewhere- PACEMAKER POTENTIAL


	EFFECTS OF PLASMA K

As Plasma K ( ( membrane potential depolarises ( becomes closer to threshold potential ( May cause arrhythmias

Above 8mM ( heart blood- complete cessation of conduction

As Plasma K ( ( membrane potential ( ( > difficult to reach threshold, affecting heart conduction.


	EXCITATION – CONTRACTION COUPLING IN CARDIAC MUSCLE CELLS

· ( In Ca Conc Couples The Action Potential To Contraction

· EXCITATION- CONTRACTION COUPLING

· Most of Ca influx is bound to Calsequestrin

· Concentration builds up higher than if no binding since concentration gradient does not have so much of counteractive effect.

· Then Ca binds to Troponin C,changing its structure ( allowing dissociation of Troponin I from actin.

· The action binding sites are uncovered ( myosin crossbridges form ( tension develops.

· RELAXATION

· Once Ca-ATP pumps pump Ca back from cytosol ( Sarcoplamic Reticulum.

· As AP repolarises, Ca channels inactivate, Ca dissociates form Troponin C ( mucles RELAX.
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	CARDIAC CYCLE

	1. ATRIAL SYSTOLE

1.a. Depolarisation of SA node causes atrial depolarisation.

1.b. Causes atrial systole. Extra 25ml ( ventricle (105ml)= 130ml = End Disatolic Volume

1.c. There are no valves b/w veins and atria and so there may be an a wave of atria and venous pressure reflecting atrial systole.

1.d. Causes P wave on ECG

2. VENTRICULAR SYSTOLE & ISOVOLUMETRIC CONTRACTION

2.a. For about 0.05 secs, both SL and AV valves are closed- (muscle contraction length and ventricular volume are same)

2.b. The increasing pressure causes the AV valves to bulge into the atria ( c wave
3. RAPID EJECTION PHASE

3.a. QRS complex = onset of ventricular depolarisation.

3.b. Causing ventricular systole.

3.c. Contraction ( aortic pressure of about 80mmHg to 120 mmHg (pulmonary trunk from 15 ( 30 mmHg).

3.d. Period when SL valves are open = Ventricular ejection = 0.25 secs

4. REDUCED EJECTION PHASE

4.a. Continued contraction allows left ventricle to pump 70ml ( aorta. Volume remaining in ventricle at end of systole = 60mL (End Systolic Volume)

4.b. Stroke volume 
= EDV  
-
ESV

4.c. 70

= 130
-
60

4.d. T wave marks onset of Ventricular repolarisation

5. ISOVOLUMETRIC RELAXATION

5.a. Ventricular diastole (twice length of systole at rest but decreases in time as heart beats faster)

5.b. Back flow from blood vessels causes SL valves to close. Helped by elasticity of aorta and pulmonary A.

5.c. While the ventricles are contracting, blood continues to enter the left atrium from pulmonary veins causing atrial pressure to ( slowly over this period. This rise is reflected in the v wave.

5.d. Brief period when all valves close since ventricular pressure is still > than atrial = ISOVOLUMETRIC RELAXATION

6. RAPID VENTRICULAR FILLING.

6.a. Ventricles relaxed

6.b. Pressure in them falls below that of atria ( AV valves open ( ventricular filling.

6.c. Filling assisted by elastic recoil of ventricular walls, essentially sucking in blood.

6.d. At end of relaxation, ventricles ¾ full.

7. REDUCED VENTRICULAR FILLING.
7.a. As the ventricles relax completely, refilling slows. Towards the end of diastole, all chambers of the heart are relaxed.
7.b. The AV valves are open and the SL valves are closed.


	PRESSURE VOLUME LOOP

	· Ventricular pressure plotted vs volume.

· Shape is affected by

· Contractility

· Complicance

· Factors altering refilling / ejection: E.g afterload


	CARDIAC AUSCULTATION

	 Mighty Apes (M1T1 A2P2).
· S1

· Lubb

· Loud and longer than S2.

· Closure of AV valves. Soon after Venticular systole begins

· After R wave on ECG

· S2

· Dupp

· Quieter and shorter than S1.

· Closure of SL valves at beginning of Ventricular diastole.

· End of T wave on ECG

· S3

· Blood turbulence at rapid ventricular filling.

· Opening of AV valves at end of isovolumetric relaxation

· Occurs after 2nd heart sound.

· Occurs in thin chested children

· S4

· Blood turbulence at end of atrial systole.


	JUGULAR PULSE

	· As there are no valves b/w R atrium and internal jugular vein, pressure changes in RA are reflected in jugular pulse.

· Four components can be detected.

· A Wave


· C Wave

· X Wave

· Y Wave

· As pressures are N very low, there can N be no pulse felt.

· However during HF and certain other conditions in which the venous pressure (, pulsation of venous pressure can be observed when pt in JVP position.
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	STROKE WORK AND THE PRESSURE VOLUME LOOP

	· For a 3D system such as heart, work done is equal to change in pressure multiplied by change in volume…

· …so that the work performed by the heart each time it beats is given by the area of pressure- STROKE WORK.

· Ventricular pressure varies during the ejection phase of the cardiac cycle.

· Total work carried out by the LV during a single cardiac cycle is given by the area of the pressure volume loop, ABCDA

PICTURE
· A ( B

· Ventricular Filling

· Pressure falls at first due to suction effect of relaxing muscle.

· Then pressure ( as volume (
· B ( C

· Ventricles Contract

· Aortic valve closed

· No change in volume, but ( pressure

· = isovolumetric contraction

· C ( D

· Aortic valve opens and volume (
· D ( A

· Aortic Valve closes

· Isovolumetric relaxation

If either the stroke volume of the systolic pressure (, the area of the pressure volume loop will ( ( indicating an ( in stroke work.


	CONTROL OF CARDIAC CYCLE AND STARLING’S LAW OF HEART

	· Cardiac Output is the Volume of blood pumped through heart (L) per minute.

· Cardiac Output = Stroke Volume / Heart Rate 

· Normal in 75kg man = 5L

· For a closed circulatory system to function efficiently, heart must be able to pump a volume equivalent to that which it receives

· CO must = venous return and vica versa over any significant period of time

· Since CO is determined by HR and SV, changes in either will alter CO.

· MEASUREMENT OF CARDIAC OUTPUT

· Indicator dilution techniques

· Ultrasonography

· Methods based on Fick principle


	CARDIODYNAMICS

	· Logical to suppose that ( HR = ( CO

· True up to point

· But as HR ( the time for refilling in ventricles falls.

· SV does not ( in proportion in ( to HR

· Tends to level off when CO reaches 50% of max value.

	THE REGULATION OF STROKE VOLUME

· 2 DIFFERENT MECHANISMS

· Intrinsic Regulation

· Of force of contraction, which is determined by degree of stretch of the myocardial fibres at end of diastole

· Extrinsic Regulation

· Which is determined by the activity of the autonomic nerves and the circulating levels of various hormones

	INTRINSIC REGULATION OF THE STROKE VOLUME: FRANK STARLING RELATIONSHIP

· As blood returns to the heart in diastole, it begins to fill the ventricle.

· As it does so, the pressure ( and this stretches the myocardial fibres, placing them under a degree of tension = PRELOAD

· The greater the filling pressure, the greater End Diastolic Volume and the greater the Stoke Volume

· DURING SYSTOLE, THE VENTRICLE WILL EJECT THE VOLUME OF BLOOD THAT ENTERED DURING DIASTOLE

· => The heart automatically adjusts its CO to match its venous return.

· The most important aspect of the Frank Starling mechanism is to balance out the outputs of the right and left ventricles.

· The pressure in the aorta opposes the ejection of blood from the ventricles and represents load against which the heart must pump = AFTERLOAD

· An ( in Afterload only causes a transient fall in SV

· Ventricle more distended (i.e. ( preload) ( ( in force of muscle contraction ( ( restoration of stroke volume.

	WHAT FACTORS AFFECT THE END DIASTOLIC VOLUME OF HEART

· FACTORS AFFECTING PRESSURE OUTSIDE THE HEART- intrathoracic pressure

· Altered by breathing

· During inspiration, contraction of diaphragm ( volume of chest and ( volume of abdominal cavity.

· ( Fall in pressure within thorax and ( in pressure in abdominal cavity

· Pressure difference favours flow of blood from abdominal to thoracic veins and ( filling of RV.

· FACTORS AFFECTING PRESSURE INSIDE THE HEART

· Pressure equal to pressure in the superior and inferior vena cavae as they enter the heart.

· CENTRAL VENOUS PRESSURE

· Following on from Frank Starling… venous pressure is important determinant of CO

· Venous pressure is affected by

· Gravity

· Respiration

· Muscle Pump- compression of deep veins in exercise ( displacing blood into central veins

· Peripheral venous tone

· Venous constriction (
· Blood volume

· Haemorrhage will (

	ELECTRICAL CONDUCTION IN THE HEART

· Cardiac muscles cells connected by intercalated discs, allowing transfer of small ions ( electrical current.

· As all cells are connected, called SYNCTIUM

· 

	2. SINOATRIAL (SA) NODE

· Located at superior VC junction in RA

· Rich capilliary supply

· Stimulated

· Parasympathetic

· Sympathetic

· Normal AP = 60 beats / min (OR IS IT 300???)

	3. ATRIOVENTRICULAR (AV) NODE

· Only conducting route through Annulus fibrosus

· Similar in structure to SAN

· Normal AP = 40 beats / min

· Located near inter-atrial septum and mouth of coronary sinus

· Slow conduction velocity

· Giving delay of 0.1 sec between contraction of atria and contraction of ventricles- P-R INTERVAL

· Stimulated

· Parasympathetic: ( Conduction velocity

· Sympathetic: ( Conduction velocity

	4. ATRIOVENTRICULAR BUNDLE

· Transmits impulse through annulus fibrosus

· Separates into left and right bundles.

	5. LEFT AND RIGHT BUNDLES OF HIS

· Left divides further…4b

· Anterior fascicle

· Posterior fascicle

· Travel under endocardium.
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	6. PURKINJE FIBRES

· Distribute impulse over inner walls of ventricles.

· Fast rate of conduction

· Some produce AP (
· = 20 beats / min
	


	FLUID FILTRATION IN MICROCIRCULATION

	· Substances that cannot cross the membrane at all have a reflection coefficient of 1

· Those that pass freely= 0

	Flow of water accros capilliary wall
	=
	Hyrodstatic Pressure
	-
	Osmostic Pressure

	
	
	(Blood Pressure in capilliary – Pressure outside)
	
	(Oncotic Pressure of plasma – oncotic pressure of interstitium)


BONE MARROW





Number = Pressures during Systole / Diastole (mmHg)
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