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Rose Anna R. Banal, M.D.



OUTLINE: I. Overview of Cardiac Pump A. Cardiac Muscle B. Cardiac Action Potential i. Sequence of Depolarization C. Excitation-Contraction Coupling II. Cardiac Cycle III. Assessment of Myocardial Performance A. Rate of Pressure Development i. Preload ii. Afterload iii. Inotropic State B. Velocity of Ejection C. Ventricular Pressure-Volume Loop i. ↑ Preload ii. ↑ Afterload iii. ↑ Contractility



CARDIAC PUMP



Anatomy of the heart  4 chambers: RA, RV, LA, LV  RA  Tricuspid Valve  RV  Pulmonary artery Lungs  Pulmonary Vein LA  Mitral Valve  LV  Aorta  Unidirectional blood flow  Blood will only flow when there is a pressure gradient; that is, there is a difference in the pressures of the different parts of the heart. The greater the pressure gradient, the greater is the velocity of blood flow.  For the blood to flow from the RA to the RV, the PaRA should be greater than the PaRV and so on.



Pressure differences in the circulation Note: The proceeding explanations for the figure are all from Dra. Banal’s lecture.  In the figure, we can see that there are two ventricular pressures. The systole (numerator), which is the pressure during ventricular contraction, and the diastole (denominator), which is the pressure during ventricular relaxation.  During the period of relaxation, the blood flows from the RA (3 PA) to the RV (0 Pa) and likewise from the LA (8 Pa) to the LV (0 Pa).  As soon as the ventricles are ready to contract, the pressure now rises. From the RV, the blood needs to go to the lungs via the pulmonary artery. Notice the pressure differences (RV = 25 Pa, PA = 24 Pa). Again it should be noted that the upstream pressure should be greater for the blood to flow in one direction.  From the pulmonary artery, there is a decreasing pressure to the pulmonary veins up until the blood goes back to the LA where the pressure is now 8 Pa.  From the systemic arteries back to the heart there is a decrease in the pressure (120  90  20  10).  Why is there a need for a great force of contraction? This is so that the blood will go into the systemic arteries down to the microcirculation and back to the heart. Otherwise, if there is only a small force, the blood might not go back to the heart.  The normal atrial pressure is 0 but it goes as high as 3 during atrial systole wherein it pumps blood into the ventricles.  The valves permit the blood to flow in one direction only. They open when the upstream pressure is greater than the downstream pressure. That is, they open when the atrial pressures are higher than the ventricular pressures. Once the ventricular pressures rise above the atrial pressures, the valves will close.  During ventricular filling, the atrial pressures are higher so the valves are open. They close during ventricular systole, and at the same time, the semilunar (pulmonic and aortic) valves open because of the great pressure in the ventricles ensuring unidirectional blood flow.
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CARDIOVASCULAR PHYSIOLOGY



CARDIAC MUSCLE Branching (unlike SkM) Intercalated Discs – cell membrane separating cardiac muscle cells; with gap junctions which allow intercellular communication and are especially important in propagating APs Capable of initiating its own AP, the AP spreads from one cell to the other via the gap junctions – automaticity of the heart Unlike in the SkM where the motor neuron is the one that triggers the muscle to contract, in the case of the heart the neurons do not initiate the contractions. Instead (particularly the autonomics), they regulate the activity of the heart including the rate and force of contractions. When one cell propagates an AP, the whole muscle will contract because of the spread of the AP through the gap junctions.



Types of Cardiac Muscles o Specialized muscles for conduction – slowresponse nodal cells (SA node, AV node, Purkinje fibers)  They are cardiac muscle cells with very few myofibrils and are only capable of very feeble contractions. Instead, they are more important in propagating AP. o “Non” – specialized muscles for contraction – fast-response muscle fibers (non-nodal cells, e.g. atrial and ventricular muscles)  Responsible for the actual contractions which drive the blood to flow. TYPES OF CARDIAC ACTION POTENTIAL In SkM, depolarization is brought about by the opening of the Na channels. In the CaM, opening of both Na and Ca channels is required for depolarization to occur. Since there are two types of channels, we also have two types of APs.  Slow-response Nodal Cells (SAN, AVN) o Depolarization – opening Ca channels, closing K channels o Repolarization – opening K channels, closing Ca and Na channels



Three Phases (Remember: 403) Phase 4 – If (“funny current”) depolarizing currents (slow Na channels) Phase 0 – slow Ca influx (less steep) Phase 3 – K efflux o The RMP of muscles is -70mV. For the SAN and AVN, there is no actual RMP. Why? Because there is a slow rise in the membrane potential (phase 4). The one responsible for this is the slow Na channels producing the funny currents (Funny, because we normally do not have Na leak, on K but for the nodal cells, they have leaky Na channels). The membrane potential rises up to the threshold potential (or firing threshold) which is -35mV. o The RMP is closer to the firing threshold, meaning there is spontaneous depolarization. Once it reaches the threshold the voltage-gated Ca channels open allowing Ca influx. Once the peak is reached, the Ca channels are inactivated while the K channels open, promoting K efflux. The potential thus becomes more negative until it returns to the normal RMP. o The upward stroke is less steep, thus the AP is called slow-response. o Because of its less negative RMP (and thus, spontaneous depolarization) the SAN is said to be the pacemaker of the heart. As soon as it propagates its AP, it will override the pacemaker activity of the other cells. “Before the other cells can generate their own AP, andyan na yung potential from SAN kasi mas mabilis siyang i-generate because of the RMP.” *Automaticity (pacemaker activity) – ability to generate APs 
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Fast – response Non-nodal Cells (atrial and ventricular) o Depolarization – opening Na and Ca channels, closing K channels o Repolarization – opening K channels, closing Na and Ca channels



Phase 4 – True RMP: K channels open Phase 0 – Na influx: Fast Na channels (very steep) Phase 1 – K efflux: Transient K channels Phase 2 – Ca influx: slow Ca channels Phase 3 – Increased K efflux, decreased Ca influx o True RMP = -80 to -90 (very far from threshold which is -35) o Depends on AP coming from SAN o Once the impulse is propagated to the atrial and ventricular muscles, you now have the opening of the fast Na channels. o 0 corresponds to fast Na channels (upward stroke is very steep because of fast opening) unlike in slow response where 0 corresponds to Ca channels. o As soon as it reaches its peak, the transient K channels open causing a slight decrease in MP (phase 1).
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CARDIOVASCULAR PHYSIOLOGY



The Ca channels are very slow to open. Its opening opposes the efflux of K, resulting in the plateau in the MP (phase 2). Once the Ca channels are inactivated, more K channels open, initiating the repolarization process until the potential returns to its resting state (phase 3). Importance of Ca – increases the duration of AP which prevents tetanization of cardiac muscle. Tetany will prevent ventricular filling. AV node cells are much smaller and have fewer gap junctions. This result to delay in AP propagation to the ventricles, thus permitting ventricular filling. Phase 0 to the middle of phase 3 is the absolute refractory period (ERP). The middle of phase 3-4 is the relative refractory period.



RMP of Cardiac Tissues  The less negative the RMP, the faster the rate due to spontaneous depolarization (more leaky slow Na channels). Fast discharge rate of SA node overrides AV node and Purkinje rhythmical discharges.  As you can see, the RMP of the SAN is only -50 to -60, compared to atrial and ventricular muscle which is -80 to 90. Since it is farther from the firing threshold, it generates AP more slowly. The fastest to generate AP is the SAN. Thus, the SAN sets the rate at which the heart contracts (pacemaker). Tissue SA node Atrial muscle AV node Purkinje fiber Ventricular muscle



Rate 50 – 100 40 – 65 40 – 60 30 – 40



RMP (mV) -50 to -60 -80 to -90 -60 to -70 -90 to -95



Sequence of Depolarization  From SAN  Depolarize both the atria and AVN  From the AVN, there will be a slight delay in impulse to permit ventricular filling (AV conduction delay);  septum  ventricle  Depolarization does not propagate from the atria directly to the ventricles because of the presence of the valves which are connective tissues. They are the only nonmuscle tissues in the heart.



EXCITATION – CONTRACTION COUPLING    







-80 to -90
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T – tubules: for SkM forms a triad with 2 terminal cisternae while in CaM, it only forms a dyad The difference between SkM and CaM in terms of function is the CICR. Phase 2 (plateau) – Ca influx Ca enters through the DHPR  Conformational change  DHPR-RYR interaction  Ca release from SR  Ca binding to troponin C  tropomyosin moves, exposing actin binding sites  cross-bridge formation  contraction Ca dissociates from troponin C  reuptake into the SR via SERCA PLB – phospholamban inhibits SERCA; it is deactivated when it is phosphorylated Dapat walang phospholamban para bumalik ang Ca sa SR .



Some of the Ca is also taken in by the mitochondria. Since you have entry of calcium, it has to be extruded via the Ca-ATP pump and the Na-Ca exchanger. Three Na ions are exchanged for one Ca. The Na-K ATPase provides the gradient for the Na-Ca exchanger.
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Blocking the Na-K ATPase will cause the Na to remain inside, diminishing the gradient for the Na-Ca exchanger. Thus, Ca also remains inside. This is the action of the drug digitalis.











The Ca remaining inside is available for binding with troponin c. This increases the inotropic state of the heart or the force of contraction. More forceful contraction because of more Ca leading to cross-bridges.



 THE CARDIAC CYCLE Length – Tension Relationship















stretches them. The ventricles are more compliant than SkM, thus they are capable of contain more blood. Active Tension – at the end of diastole, the active tension depends on the length of myofibrils at the onset of contraction. As you increase the length of the muscle, you increase the active tension. However, as you further stretch the muscle, there is a decline in the active tension. So there is an optimal limit. The active tension comes from the actual number of cross-bridges. When you have an optimal length of muscle fibers, there is an adequate number of cross-bridges producing the maximal tension. This is the reason for stretching before exercise. Overstretching results to less or no crossbridge formation because the actin and myosin are no longer overlapping. Active force then decreases. At shorter muscle lengths, less tension is produced because the actin filaments overlap, covering the potential binding sites for myosin leading to less crossbridge formation. As you increase the volume of blood in the ventricles, you increase the passive tension. The pressure at the end of ventricular filling is called the end-diastolic pressure. If there is little blood in the ventricles, only a small amount of passive tension is generated. The active tension develops during the period of systole. This is the point where the ventricles are generating active tension but no shortening occurs. This is necessary to open the aortic valve. When there is greater force of contraction, more blood is pumped out of the heart. This is called the stroke volume.



The Frank-Starling Curve  Re-statement of length-tension relationship.  The length at the onset of contraction is the preload. The end-diastolic volume will determine the fiber length.  Active tension is responsible for greater contraction and thus greater output.  







The tension generated is dependent on the length of the myofibrils at the onset of contraction. Passive Tension – generated when the muscle is stretched by a load. At a shorter length, there is no passive tension generated but if the muscled is further stretched, there is a rise in the passive tension. This passive force is used to counteract the stretch, thus preventing muscle injury. In the skeletal muscles, the passive force is generated by the connective tissues, tendons, and titins. The same is true for cardiac muscles. There are also CTs that prevent ventricular over-stretching. In the CaM, the load is the blood coming from the atrium during filling. Towards the end of diastole, passive tension increases because of the volume of the blood in the ventricles
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X – axis corresponds to preload. Bakit atrial pressure ang nakalagay? Because the greater the atrial pressure, the greater the velocity of the blood from the atrium into the ventricle, increasing the end-diastolic volume and thus the stretch.







The Cardiac Cycle  Diastole – period of relaxation and ventricular filling. Divided into: o Isovolumetric relaxation o Ventricular filling  Rapid filling  Diastasis  Atrial systole  Systole – period of contraction and ejection. Divided into: o Isovolumetric contraction o Ejection







Wiggers Diagram  Graphical representation in the events of the cardiac cycle as a function of time.  Compared to the systole, the diastole is much longer to accommodate ventricular filling.  During ventrical phase, atrial pressure is greater than ventricular pressure to keep the valves open. At the latter part of this period, there is the depolarization of atria from the SAN.  Atrial depolarization is followed by atrial contraction causing a slight rise in atrial pressure (a wave and P wave). Atrial contraction adds an additional 20% to the ventricular volume (booster pump).  Towards the end of diastole, pressure in the ventricle increases. At this time also, the ventricles are depolarized (QRS wave) further increasing the ventricular pressure.  As soon as the ventricular pressure is greater than the atrial pressure, the mitral and tricuspid valves close. st This will be heard as the 1 heart sound. Aortic and pulmonic valves are still closed at this point. The ventricular pressure is still just rising. This is the onset of the active tension wherein the ventricles start to
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Stroke Volume – quantity of blood pumped into the aorta each contraction Cardiac Output – quantity of blood pumped into the aorta each minute by the heart; CO = SV x HR Venous Return – quantity of blood flowing from the veins into the right atrium each minute End-diastolic volume – volume of blood in the left ventricle at the end of filling (diastole) End-systolic volume – volume of blood in the left ventricle at the end of contraction (systole) Ejection fraction – fraction of the EDV that is pumped out each time the ventricles contract



The normal EDV is about 120 mL. The average ESV is about 50 mL. Therefore the stroke volume is about 70 mL. Thus, the ejection fraction is about 60%. The normal Ef is about 55-70%.



contract. There is still no shortening and no volume change (since the valves are closed) thus it is called the isovolumetric contraction. The slight rise in the atrial pressure (c wave) is caused by the contraction of the ventricles which pushes the valves towards the atria. The ventricular pressure will continue to rise until it overcomes the aortic and pulmonic pressure, causing the valves to open (ejection phase). When the ventricles start to relax, the pressure decreases causing the closure of the semilunar valves. nd This will be heard as the 2 heart sound. Incisura – slight rise in aortic pressure. It is caused by the abrupt cessation of backflow due to valve closure. T wave – ventricular repolarization. Ventricles relax, causing the pressure to go down. Atrial repolarization is overshadowed by the QRS wave. Isovolumic relaxation now ensues. The blood left in the ventricle constitutes the end systolic volume. V wave – slight rise in atrial pressure. Caused by the accumulation of blood in the atria before the valves open.
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a – atrial contraction c – bulging of T-valve when ventricular pressure rises v – filling of RA against a closed tricuspid valve x – relaxation of RA & closure of T-valve x’ – RA pulled by shortening ventricles during ejection y – fall in RA pressure during rapid filling Assessment of Myocardial Performance  Rate of pressure development  Velocity of ejection  Ventricular pressure-volume loop Factors Affecting Myocardial Performance  Inotropic State (contractile state) o Inotropy – force of muscle contraction  Preload (initial sarcomere length) o Length of the ventricular muscle at the onset of contraction which corresponds to end diastolic volume and pressure (CVP or RAP)  Afterload (force that contracting myocyte must overcome) o Tension developed in the ventricular wall during ejection determined by the aortic pressure or arterial resistance OHM’s LAW



(



Relaxation



Contraction



)



Diastole 1. Isovolumic Relaxation 2. Ventricular Filling Systole 1. Isovolumic Contraction 2. Ejection



a. Resting - Diastole (Period of Relaxation) 1. Isovolumic Relaxation o right after ejection (blood pumped out) o ventricular pressure will go down o muscle goes back to normal resting length (because of ↓ in blood volume) - Semilunar valves are closed (pulmonic and aortic) – 2nd heart sound - AV valves are still closed so no addition ventricular volume yet b. Resting and Stretched



Ventricular pressure < Atrial pressure = AV valves will open - ↑ Ventricular filling = added preload - Muscles are stretched by the amount of blood vol c. Resting and Stretched - Rise in ventricular pressure bec of the added preload - ↑ passive tension to overcome the stretch - Ventricular pressure > Atrial Pressure - AV vales will close - Enter period of Systole (contraction): 1. Isovolumic contraction o ALL valves are closed o Blood volume the same o Rapid ↑in ventricular pressure to overcome the afterload to be able to open the aortic valve d. Contracted - Ventricle pressure > aortic pressure = lifting of afterload = opening of aortic valve - Ejection of blood [Factors affecting the force of contraction: (1) Preload (2) Afterload (3) Inotropic State] Assessment of the Performance of the Ventricles I. Rate of Pressure Development a. Preload b. Afterload c. Inotropic State II. Velocity of Ejection III. Pressure Volume Loop a. ↑ Preload b. ↑ Afterload c. ↑ Contractility I. Rate of Pressure Development - A need for greater pressure to have a greater force of contraction a. Preload



Tension developed dependent on the length of the muscle fiber. - more stretch (↑ length) = greater output of active tension (↑ SV bec of more forceful contraction) Determinant of the length of the fiber: o Preload (EDV) Factors affecting the EDV o RA pressure (greater pressure = greater ventricular filling / EDV) Muscle Length Optimal Overstretch Understretch



Crossbridges Adequate ↓ ↓



Filaments far* Overlapping of filaments*



*Less interaction of actin and myosin **↓ crossbridges: ↓ SV / active tension
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Factors affecting preload (RA Pressure): 1. Blood volume 2. Venous capacitance Both affect venous return. ↑ RA pressure = ↑ preload ↑ Venous return ↓ ↑ RA pressure / Central venous pressure ↓ ↑ EDV ↓ ↑ Preload 2 factors affecting PRELOAD, dependent on the: Mean Circulatory Filling Pressure  equilibrium pressure in the circulatory system in the absence of flow; pressure pushing venous blood from periphery towards the heart  no blood flow because there’s equal pressure in the circulation o for blood to flow, there should be pressure difference  Normal Value: 7 mmHg  In arterial system: 100 mmHg  In venous system: 5-10 mmHg o If the arterial and venous system, both pressures go down to 7 mmHg = no blood flow o In cardiac failure, MI MCFP: pressure that will push the blood from periphery to the heart - responsible for increasing venous return ↑MCFP: ↑ venous return ↓MCFP: ↓ venous return 2 Factors Affecting Filling Pressure: 1. Blood volume - Directly proportional - ↑ volume = ↑ filling pressure o There should be ↑ filling pressure in order to fill up the venous system with the greater amount of blood (venous return) 2. Vascular capacitance (veins) - Indirectly proportional - ↓ venous return = ↓ filling pressure - Capacitance: compliance of blood vessels o Amount of blood is constant, the container is greater = lesser pressure, easier for the blood to flow



Summary: (from recording) Blood volume and Vascular capacitance will affect venous return, which will then affect the RA pressure, and therefore, the Preload. Preload is determined by venous return, which is then affected by the venous tone (or the venomotor tone or the vascular capacitance) and total blood volume.











*SV – the factors that will affect the ventricular performance: 1. Preload 2. Afterload 3. Contractility b. Afterload - Resistance to ejection - ↑ ventricular pressure to overcome Aortic pressure o If ↑ Aortic pressure – must generate greater ventricular pressure



*Venomotor Tone: constriction of blood vessels - Directly proportional ↑ venous tone (venoconstriction) = ↑ filling pressure ↑ filling pressure: ↑ venous return Ohm’s Law



*VR: MSFP: RAP: RVR:



In Systemic Circulation



If ↑ ventrical pressure and reach its maximal isometric force (maximal force that can be generated by the ventricles) = 0 muscle shortening, 0 velocity of ejection



venous return mean systolic filling pressure right atrial pressure (*RAP: 0 mmHg) resistance to venous return (venomotor tone)



↑ filling pressure → ↑ difference between the filling pressure and right atrial pressure = ↑ VR
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CARDIOVASCULAR PHYSIOLOGY Peripheral Resistance determined by: 1. Vessel diameter 2. Blood viscosity



c. -



As you: - ↑ ventricular pressure → ↓ velocity of ejection - Crossbridges: used to oppose afterload (instead of using it to contract/shorten the muscle) o There is engagement and pressure, but no shortening. o Whatever amount of crossbridges left for the actual shortening, will now be decreased when you ↑ the afterload. - ↑ afterload = ↓ SV, ↓ velocity of ejection (inversely proportional) Factors affecting afterload: 1. Aortic pressure 2. Arterial resistance o In Hypertension, ↑ total peripheral resistance → ↓ CO ↓ SV (because the afterload is too high) o Compensatory reaction: heart will hypertrophy (hypertensive hypertrophic cardiomyopathy) o Drugs: afterload unloader (to ↓ the afterload)



Inotropic State The actual number of crossbridges available



Slope: - Moved UPWARD and to the LEFT o ↑ contractility o Meaning: at a certain length of the fiber or at a certain EDV/P, greater SV Factors affecting inotropy: (number of:) 1. Intracellular calcium availability 2. Muscle mass (Directly Proportional)



“The afterload should be low so it will not be difficult for the heart to contract”



 Digitalis + + - Block Na K Pump + + o ↓ Na efflux (Na remains inside the cell) + ++ o ↓ availability of Na Ca exchanger ++ o Ca bind to troponin C = ↑ crossbridges



Sympathetic Nervous System activation - Innervates both SA node and ventricles - ↑ HR (chronotropy) - ↑ contractility (inotropy) Parasympathetic Nervous System - Innervates SA node only - ↓ HR (chronotropy)
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↑ preload = ↑ velocity of shortening (to overcome the ↑ afterload)



Neurotransmitters via Sympathetic nerve terminals ↓ Bind to ᵦ1 receptors ↓ Release of cyclic AMP (cAMP) ↓ Activate Protein Kinase A (PKA) ↓ ↓ Phosphorylate Promote release Ca++ channel Ca++ from SR ↓ ↑ ICF Ca ↓ ↑ contraction In sympathetic activation: more forceful contraction (greater inotropic state) In ↓ inotropic effect in MI → ↓ muscle fibers available for contraction → ↓ crossbridges → ↓ force of contraction



II.



Velocity of Ejection



↑ inotropic state = ↑ velocity of shortening Only AFTERLOAD is inversely proportional. Difference of PRELOAD and INOTROPIC state in terms of Velocity of Ejection: - Vmax of shortening changes as you ↑ the inotropic state o Bec in the inotropic state, there is an ↑ in the turnover of Ca++ = ↑ crossbridges  To reach the maximal velocity of ejection, there’s a need for the addition of crossbridges - Number of crossbridges is fixed in preload o Only the length of fiber is changed  If there is optimal length of fibers, there is generation of maximal tension III.



Pressure-Volume Loop



↑ Afterload = ↓ velocity of ejection - Because the ventricular pressure is used to oppose the afterload - Therefore velocity will ↓ due to ↓ available crossbridges available for muscle shortening A B C D
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Period of ventricular filling Period of isovolumic contraction Period of ejection Period of isovolumic relaxation
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EDV: after diastole, maximal volume at any point in the cardiac cycle ESV: after systole, blood ejected from the ventricles, lowest volume in the cardiac cycle



ESPVR



ESV: right after ejection A: when Ventricular pressure < Atrial pressure ↓ AV valves opening @ Normal ESV: 50 ml ↓ Ventricular filling, ↑ in ventricular volume ↓ stretching of ventricles ↓ towards the end of diastole, there is ↑ in ventricular pressure B: Ventricular pressure > Atrial pressure ↓ AV valves closure (1st heart sound) – EDV ↓ Isovolumic contraction (same volume but ↑ pressure) C: Ventricular pressure > Aortic pressure ↓ Semilunar valves opening ↓ Ejection of blood – ESV *there’s still rise in the systolic pressure until it reaches its maximal level → ventricular depolarization → ventricles start to relax (T wave towards the end of systole) → pressure will start to go down D: Ventricular Pressure < Aortic Pressure ↓ Semilunar valves closure (2nd heart sound) ↓ Ventricular pressure continue to go down – ESV *valves are ALL closed* *volume still the same, ↓ pressure*  



The cycle continues Work Output / Stroke Work Output - Total area in the loop - The energy needed to pump the blood out to the aorta SV = EDV – ESV



EDPVR (End Diastolic Pressure-Volume Relationship) - Compliance of ventricles - More compliant, less pressure - ↑ compliance, slope will go down - ↓ compliance, slope go up (↓ compliance, no stretching so ↑ pressure) o In MI, less compliance ESPVR (End Systolic Pressure-Volume Relationship) - Inotropic state of the heart / maximal systolic pressure that can be achieved - In MI, ↓ inotropic state, move the slope down - ↓ systolic pressure → ↓ SV -



*dashed lines represent normal aortic systolic and diastolic pressures*



At constant:



SV ESV EF



↑Preload Red dash-dot - Aortic diastolic pressure - Inotropy ↑ unchanged ↑ slightly



↑Afterload Blue dash - Preload (EDV) - Inotropy ↓ ↑ ↓



↑Contractility Green dot - Preload (EDV) - Aortic diastolic pressure ↓ ↓ ↑



↑ Preload - ↑ EDV → ↑ stretch until optimal length for maximal tension (more forceful contraction) - In dilated cardiomayopathy, ↑ preload more than the optimal → too much blood and ↓ tension → ↓ ability to pump out blood → ↓ SV → heart failure ↑ Afterload - Need to ↑ ventricular pressure (maintain pressure) to oppose the load ↓ Less number of crossbridges for contraction ↓ ↓ velocity of ejection ↓ ↓ SV ↑ ESV (not pumped everything) ↑ Contractility - ↑ crossbridges = ↑ forceful contraction (because of greater pressure generated during systole) ↓ ↑ Stroke work, ↓ ESV
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Heart Valves: AV Valves (Atrio-Ventricular) - Tricuspid Right - Mitral (Bicuspid) Left Semilunar Valves - Pulmonic Right - Aortic Left Heart Sounds S1 – closure of A-V valves S2 – closure of semilunar valves S3 – recoil of ventricular walls during rapid filling S4 – atrial contraction Valvular Stenosis  narrowing of the orifice of the valve with restriction of blood flow Valvular Regurgitation  incomplete closure of the valve with backflow of blood



QUIZ: Determine whether the following increases or decreases the force of heart contraction. 1. Myocarditis 2. Peripheral vasodilation 3. Use of sympathomimetic drugs 4. Dehydration 5. Aortic valve stenosis Answers: 1.↓ 2.↑ 3. ↑ 4.↓ 5.↓
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