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CARIOVASCULAR ORGANIZATION AND FUNCTIONAL ASPECTS

I.  Cardiovascular Components and their general arrangements  
-Blood:  rbc + plasma.  Transport materials.


Hematocrit= rbc volume/total volume:       women = 38; men = 43

-Large, elastic arteries (conduit arteries):  aorta and large branches move blood with little energy loss.

Distensible due to large elastic component of wall.

-Muscular Arteries (distributing arteries): conduct blood to and wi/in organs.  Contribute minorly to overall

resistance in combination with arterioles

-Arterioles (resistance vessels):  regulate blood flow to capillary networks by changing their diameter,

which effects resistance to flow.   High resistance due to significant energy loss across arterioles.

Major determinant of total peripheral resistance.
-Precapillary sphincters (terminal arterioles):  distal segments of arterioles that guard entrance to

capillaries.  Fine-tuning for localized capillary network pressure, flow and exchange area

-Capillaries (exchange vessels):  mainly endothelial tubes.

-Venules and veins (capacitance vessels, blood volume reservoir) return blood, store and mobilize blood volume

II.  Heart as a pulsatile blood pump
Pump Actions:

1.  Activation is via electrical excitation

2.  LV and RV contract and eject stroke volume (SV) into systemic and pulmonary circulations; ventricles then relax

3.  Blood flow entering arteries is pulsatile.  Thus, flow and pressure are in the form of pulses

4.  Time average of the flow is the cardiac output (CO) and the time average of the pressure is the mean arterial

     pressure (MAP)
5.  The avg. flow out of LV is same as out of RV, because they work as two pumps in series

6.  Systemic pressure is higher than in the pulmonary circulation due to higher resistance

7.  Cardiac valve opening and closing determines ventricular filling and ejection pattern

8.  Inlet valves between atria and ventricles outlet valves between ventricles and main arteries (aortic or pulmonary)

9.  Dysfunction of either LV or RV affects the performance of the other

Blood Flow

1.  Blood flow is produced by the heart each minute is the CO

2.  CO depends on blood volume pumped per beat (SV) and number of beats/ minute (heart rate HR) so that  



CO =  SV  x   HR
3.  HR and SV are controlled by many factors, but sympathetic activity is a major factor

4.  Control of SV/HR helps regulate CO to meet variable blood flow needs of tissues

5.  Each organ is supplied with a portion of the CO.  The sum of these is the Venous return.   Total venous return should

      equal total cardiac output.

III.  Features of Vasculature and Blood Flow distribution

A.  Vascular Bed Concept:

1.  Each organ and tissue has its own set of blood vessels with features specific to each organ’s needs

2.  The blood vessels w/in organ may differ with respect size, #, Wall structure, and how blood vessels are controlled, but in

      all, these are vessels that function to deliver blood, control resistance to blood flow, facilitate exchange between blood

      and tissue and collect and return blood.

3.  Vascular Bed = totality of all blood vessels w/in a tissue or organ

B.  Parallel (ladder like) Arrangement of Vascular Beds.

1.  Vascular beds are in parallel since pressure differences across each complete bed is nearly the same

2.  Proportion of CO that each vascular bed receives is inversely related to the relative resistance to blood flow of

       each of the vascular beds.    Thus, organs that have a higher relative resistance receive a smaller % of CO

3.  Blood flow to an organ can thus be changed to meet changing systemic conditions by altering its vascular resistance.

4.  The major way that is occurs is by controlled changes in diameter of arterioles
IV.  Blood volume (BV) and pressure variation across the vasculature  

A.  Blood Volume (BV)

1.  Total BV varies by individual and sex.  Typical values:  men (6 L) and women (5 L)

2.  BV% held in different compartments depends on the number and volume of vessels.

3.  Central or Thorax BV:  heart (8%); lungs (16%); thorax veins (6%).  Remaining 70% in Peripheral volume

4.  More than half of BV (54%) is in systemic venous system.  An additional 8% is in pulmonary veins.  Thus 2/3 BV is

      in the venous system
5.  In upright position, central venous volume decreases from 30% to 20% with the venous system increasing by about the

      same amount as blood shifts to the lower part of the body.  Since central venous volume serves as a filling reservoir for

      the ventricles, the volume shift affects stroke volume.

6.  Total plasma vol (3.5 L) is small compared to interstitial fluid (12) and cellular fluid (35)

B.  Blood pressure (BP)

1.  Mean BP decreases little from aorta to arteriole but decreases greatly across the arterioles.  Aorta always at its systolic

      pressure, never at diastolic due to presence of valves?   (This class sucks ass!!!!!)

2.  Pressure in the systemic venous system is low and decreases more gradually than in arterioles.   These two features are

     due to the relative resistance of artery, arteriole, and venous parts
3.  Systolic and pulse pressures increase slightly from aorta to peripheral arteries, but on entry into the arterioles, pulses are

     diminished and are absent or small in capillaries and veins.  The peaking of the systolic pressure is due to smaller

      arteries being more rigid than elastic large arteries—so that systolic pressure chance for a given vol. is greater.
4.  Arterioles have the greatest resistance and this  is where there is the greatest loss of pressure (diagram p 6)

5.  A Fall in venous pressure as veins enter the thorax with the lowest pressure near the RA.  The CVP (1-5mmHg) is the

     pressure in major veins at their entrance to the RA.  The pressure difference between MAP and CVP is the driving

     pressure or Perfusion pressure for the entire systemic circulation.  CVP affects atrial filling and is lowest Pressure

6.  RV contraction causes pressure pulsations that are 1/5 of LV pulses. This is sufficient to perfuse the pulmonary

     circulation and to keep CVP between its normal 1-5mmHg
7.  Diagram 3, page 6:  notice small changes in pressure (and low relative pressure state) of the pulmonary circuit:  result of

     pulmonary circuit not requiring as much pressure to move the same volume as systemics.

V.  Vascular Resistance:  Concept and Applications
1.  Part of energy of blood moving is lost as heat, due to friction-like processes.  For blood to maintain its mov’t, the energy

     loss must be balanced by an equal amount of energy supply.  In circulation, this energy is supplied by pressure.

2.  Between any two points, there’s a pressure difference that is equal to the amount of energy lost by blood moving

     between these points.

3.  This Pressure difference ((P) depends on Volume Flow (Q) and Resistance (R) 



(P =   Q   x    R                *understand relationship b/t these 3 components

4.  Not only can we use this equation for a single blood vessel, but we can also apply it to any 2 points in circulation.  

     Example:  the blood flow to an organ would depend on the pressure difference across the organ (perfusion pressure)

     divided by the total resistance of the organ.

5.  The R of all of the systemic vascular beds total is determined by dividing the perfusion pressure of the systemic

     vasculature by the total systemic Q.  This total system R is called Total Peripheral Resistance (TPR). 


TPR = (MAP –CVP) / CO;    but since CVP much less than MAP,       TPR = MAP / CO
VI. Factors Affecting Vascular Resistance and Effects of (R
A.  Resistance of a vessel

1.   R  presented on diameter D and length L and on the blood’s viscosity (n)



R =  128(() (n) (L/D4)
2.  R depends mainly on D because R is inversely related to fourth power of D, such that small changes in D cause very

     large changes in R

3.  We can use this equation when the relevant parameters are known, but the previous R equation still holds true.

4.  The D changes may be caused by changes in BP in the vessels or by changes in Vascular Smooth Muscle (VSM)

      activation. 

5.  If BP in vessel increases, vessel will passively distend and R is reduced.  But, most significant changes are due to

     changes in the VSM state, which causes vasoconstriction or vasodilation for increased and decreased activation

     respectively.

B.  Effects of (R on P

1.  Changes in arteriole R tend to change MAP and capillary pressure (Pcap).   The MAP effect is due to TPR change, the

     Pcap effect is due to change in amount of pressure lost across the arterioles.

2.  Vasoconstriction increases TPR, increases MAP, decreases Pcap;   opposite is true for vasodilation
3.. This relationship (p. 8 graph) doesn’t apply to large and medium arteries, because there is not much resistance (large D).

4.  There is a greater P-loss in arterioles during vasoconstriction;  much lesser p-loss during vasodialtion because of

     decrease of R

C.  Effects of (R on Q

1.  Changes in arteriole R affect vascular bed R’s and thus blood flow to them.

2. For a given level of CO, it’s distr. among the organs is determined by the relative R’s of the parallel pathways.  IF CO increases (exercising) CO dist. changes in manner resulting from relative R’s.

VII.  Vascular and Cardiac Compliance

Briefly:  compliance is the change in vol. of closed structure related to pressure

1.  Compliance:  measure of ease blood vessel can expand when the pressure in vessel increases

2.  Compliance:  measure of amount that pressure inside vessel increases when it’s blood vol. increases

3.  C = ((V ) / ((P)

4.  Interpretation:  vessel with larger C will increase in V more for a given P increase and also increase in pressure less for a

     given V increase than a vessel with a lower C

5.  Compliance also defined as the slope of VP curve.   From this graph we also see that compliance is less at higher

      pressure than at lower pressure

VIII.  Factors affecting Vascular Compliance and Effects of (C

A.  Compliance of a Vessel

1.  Compliance (and distensibility) depend inversely on stiffness and thickness of the wall

2.  Contraction of vascular smooth muscle decreases C by causing an increase in wall thickness and by increasing wall

      tension.

3.  A pressure in a vessel increases, the lumen increases, wall thickness decreases,  This would tend to increase C, But there

      is actually a net decrease in C, because the stretch of the wall components causes and increase in stiffness

4.  Veins generally have higher C than arteries

5.  P in venous system is low and veins will collapse if their transmural pressure is less than their wall elastic recoil forces.  Thus, at low pressures (when partially collapsed) it is very easy to increase their volume (high C).  But, once their shape becomes circular, the distending pressure must work against the collagen fiber jacket that surrounds the veins (low C).  So, veins can have low or high C depending on their shape, which is determined by the venous pressure

*know main points of summary on p. 11
CARDIAC ELECTROPHYSIOLOGY

I.  Introduction:  Normally AP begins in the SA node and then propagates in an orderly fashion to atrial and ventricle muscles.  Main function of this is to produce a properly timed and coordinated contraction of atrial and vent. muscle 

II.  AP types and functions:
A.  SA pacemaker (slow response)  have property of automaticity due to spontaneous depol. of their phase 4 membrane

       potential.  These AP are normally responsible for generating cardiac rate.  Cells capable of showing automaticity also

       found in fibers in atria, AV node, and His-Purkinje system.   


Note:  term “slow response” refers to their relatively slow depol. rate (see graph on p 12)

B.  Fast response AP’s have a rapid upstroke; present in atrial and ventricular muscle cells, and in conducting tissue

      (basically present in all tissues except SA/AV nodes)

Notes:    The  SA or slow response starts out in phase 4 at a less negative Vm resulting in their not being as affected by Na changes as the Fast response which has a much more negative potential

III.  Myocardial Activation and Conduction Sequence
1.  Order of Activation:  SA node, Atrial cells, AV node, His bundle, Left and right bundle branches, Purkinje fibers,

     ventricle muscle

2.  Impulse Conduction in Atria is about 1m/s.  RA to LA conduction is via Bachman’s bundle
3.  Impulse conduction in Av node:   slow speed at 0.05m/s due to AP form and small fiber size.   But this AV delay allows

     atria to contract before ventricles.  Delay is increased by vagus ACh induced hyperpolarization;  reduced by SNS via NE

4.  Impulse Conduction in Bundle of His:  AP passes from AV to fast conducting fibers (Bundle of His) that carry impulses

     across the annulus fibrosus into ventricular septum.  Bundle splits into Left and Right bundle branches (Ant. & Post)

5.  Purkinje Fibers:  Bundle branches terminate in networks of fast conducting (4m/s) fibers in subendocardium.  Long

     refractory period helps block premature atrial depolarizations from inducing premature ventricular contractions.

6.  Role of Ion channels and currents:  Initiation and form of AP’s depends on transmembrane ion currents but eh

     importance of specific ions differs among cell types because of differences in ion gate selectivity and in transmembrane

     potential differences (Vm) that control voltage sensitive gates.

Example:  Even though pacemaker and cardiac muscle cells both have fast Na channels, only muscle cells normally demonstrate a fast response.   This is because the more positive resting potential of pacemaker cells inactivates the Na gates.  Also a fast response may become a slow response if Vm becomes too positive as may occur with an increase in interstitial K conc.

**In addition to fast Na channels, there are several types of K and Ca channels and a Na current (funny current) that ply important roles in the generation of pacemaker potential.  (know diagram on p. 14)

A.  K channels:


K1:  fully open during Phase 4, less open when depolarized


K:  Closed during Phase 4, slowly open when depolarized; fully open near end of plateau; Initiates Repolarization


K, ACh:  activated by vagal stim., Hyperpolarizes membrane, shortens plateau, major role in vagal HR control

B.  Ca Channels:  L-type = Long-lasting;  Activated of upstroke (depolarization)


Maximally open during plateau phase;   Raises Ca to trigger Ca induced Ca release


B-adrenergic stimulation:  increases ICa

Blocked by standard Ca channel blockers

V.  Principle Events and Ionic Currents of Fast Response Action Potentials
Events overview

1.  Voltage gated Na channels open:  Na spike (INa) =  Phase 0
2.  Depolarization closes Na channels and causes a transient increase in Gk;  slight repolarization =  Phase 1
3.  At the depolarized Vm level some K channels (K1 type) close and Gk falls

4.  Ca “long lasting” channels that began to open in phase 0 become fully open 

5.  Inward ICa and outward K (IK + IK1)  “balance” resulting in Phase 2
6.  As IK > ICa  repolarization starts, Vm decreases, and K1 channels reopen;  repolarization accelerates causing Phase 3
Understand Diagram of Fast Response Ionic Currents on page 14

VI.  Pacemaker (Autorhythmic) Activity-     Automaticity and Rhythmicity
1.  Natural Pacemaker Cells of SA node have an unstable phase 4 that slowly depolarizes (diastolic depolarization).  The

     time to reach threshold determines HR which depends on 3 things:   Rate of phase 4 depolarization (dVm/dt); threshold

     potential magnitude; maximum negative diastolic potential

Normally,  SA determine HR since they have the highest intrinsic frequency which will suppresses spontaneous activity of other “would be” or latent pacemakers in the AV or His-Purkinje tissues

2.  Ectopic pacemakers (foci) = regions other than SA that may transiently initiate beats, and may become pacemakers

     when their automaticity is enhanced if:  1. natural SA and higher order AV pacemaker activity is depressed or 2.

     conduction pathways between ectopic foci and areas of greater automaticity are all blocked (normal suppression of

     ectopic firing is lost).

--Ionic Basis of Automaticity:     Spontaneous phase 4 depolarization (slow diastolic depol.)  occurs due to the interaction between a repolarizing K current (IK) and two depolarizing currents; An If current due to Na and an ICa due to Ca ion fluxes.

1.  IK:  as with fast-response cells, a K current (Ik) is activated at ~40mV, slowly increases and is the main current responsible for repolarization.

2.  If:  Near the end of repolarization a “funny” Na current (If) is activated at 50mV;  Funny because an inward Na current was not expected during repolarization.

3.  The increasing If together with a decline IK causes Vm to “turn-the corner” causing the slow diastolic depolarization

4.  ICA:  At a Vm of 55mV an inward calcium current (ICa) is activated and as it increases it accelerates the depolarization leading to the generation of the upstroke.

Summary:

1. If activation late in repolarization initiates phase 4 depolarization

2. ICa continues the phase 4 depolarization process and as it increases accelerates depolarization leading to the AP upstroke

3. The balance between the two depolarization currents (If and ICa) and repolarization (IK) determines the rate of phase 4 depolarization.

4. Decreased ICa via Ca channel blockers or decreased external Ca, decreases phase 4 depolarization rate:  Causing decrease in heart rate.

Question:  If Ik increases, what will happen to the heart rate?

--Effects of Autonomic Transmitters—

1  Currents are modulated by ANS activity that affects HR

2.  Steeper Phase 4 slope occurs if increased ICa and/or If (depolarizing) relative to IK
3.  Vagal Stimulation (ACh) increases GK by activating specific Ach K channels;  it also reduces both ICa and If ; 


Result = decreased slope and hyperpolarization = Decreased HR
4.  Sympathetic effects:  mainly via NE (and Epi) release that increase phase 4 slope by increasing depolarizing currents

      ICa and If:  threshold reached sooner = Increased HR    (see diagram p 16)

VII.  Refractory and Vulnerable Periods ****
-ARP:  Cells non-responsive to any stimulus

-RRP:  Cells partially responsive to sufficiently large stimulus;  RRP starts when sufficient # Na channels have recovered.. 

            However, it is not complete or uniform among cells.  Thus, an ectopic impulse reaching the ventricle during

            Vulnerable Period is more prone to cause  a disorganized multiple reentrant arrhythmias 

-SNP:  stimuli slightly below normal threshold can produce AP

-FRP:  Full cell recovery, with ability to generate full-sized AP’s occurs well after Vm returns to its resting level:  because reactivation of Na channels is both voltage and time dependent.

-Excitation prior to FRP:


-If cells are stimulated during RRP, the evoke response depends on Vm at the instant of the impulse’s arrival.  

-The earlier the excitation, the slower the upstroke (reduced slope) and the smaller the amplitude of the AP.   

-Since AP conduction speeds depend on both rate of rise and amp., the AP’s triggered during RRP (and vulnerable   period) are slower than normal.  The slower speed predisposes to reentry as discussed next.

understand summary of main points on Page 17**
ELECTROCARDIOGRAPHY

I.  EKG genesis and relationship to Cardiac Electrical Activity
A.  Cardiac Ionic Currents and Potentials are the source of the EKG

1. Changes in ionic currents and AP in heart produce remote electrical effects that are sensed with electrodes on the body surface.

2. Voltages measured on the skin reflect the aggregate (net) summation of all of these changes within the volume conductor in which they occur

3. The summated measured voltages depend on:  1. magnitudes of source membrane current and voltage changes  2. volume conductor electrical properties and 3. position of the ekg electrodes relative to source current and potential

4. Electrodes at any pair of skin points record voltage differences related to cardiac electrical events  (electocardiogram)

B.  Relationship between EKG and Cardiac AP conduction Events (understand diagram p 18)

1. The depolarization wave (DW) that sweeps through heart starts in SA depol., but the first EKG deflection is due to atrial depolarization, which is registered as the P-wave.

2. P-wave width reflects time for DW to spread through the atria.  Propagation of DW through AV, His, bundle branches, and Purkinje occurs without EKG deflection. (because too small to detect)

3. However, the P-R interval provides an estimate of the time needed for DW to pass from atria to ventricles

4. The QRS complex reflects ventricular muscle depolarization as the DW sweeps from septum (Q) through the base of the Ventricle (S).  After the QRS complex EKG returns to its baseline.

5. The isoelectric part is the ST segment which reflects that during this segment all regions of the ventricles are in a depol. state.  This interval corresponds to phase 2 of the AP.

6. Repolarization generates the T-wave which corresponds to end of Phase 2and 3.  T-wave is longer than QRS because repolarization does not spread as rapidly as depolarization.

7. The QT interval is a useful measure of the duration of the AP.

C.  Relationship between EKG and Ventricular AP’s

1.  Although the EKG waveforms are produced by a summation of all electrical events occurring at a point in time, there is an approx. correlation between the EKG parts and the AP:



QRS complex =

Phase 0



ST segment  =

Phase 2:  Plateau (no moving DW)



T wave =

Phase 3:   Repolarization



QT  =


Duration of the AP



PR  =


Atrial to ventricle conduction time

II.  Recording of EKG Voltages
A.  Moving Dipoles:  

1.   Deflections on the EKG represent the effect of mov’t of the interface b/t depolarized and resting

        regions of the heart.  Because charges surrounding cells in depol. region are more negative than resting cells, mov’t of

       the interface corresponds to the movt of an electrical dipole:  equal but opposite charges separated by a small distance.

       As these dipoles move, they cause a voltage change that is  what the EKG records.

2.  The magnitude and direction of the EKG voltage depends on the relationship between the direction of the movt of the

     dipoles and the location and type of electrodes used.  The dipoles are represented as arrow that point from (-) to (+)

B.    Mean Instantaneous Vector:  At any instant the wave of depol. consists of a multitude of dipoles pointing in various

        directions, and the average of all these instantaneous propagating dipoles is the Mean Instantaneous vector, which

        has a magnitude and direction representing the movt of the propagating depol. wave.

C.  Mean QRS Vector
-Since the direction of DW changes as it sweeps through the heart, its mean direction and mag. over times corresponding to

  each of the major parts of the EKG is important

-In fig. on p 19, changes in vector directions during time to inscribe QRS complex are shown

-Mean QRS Vector = the vector sum of the 4 instantaneous mean vectors.   Also called the Mean QRS Electrical Axis

   (MEA).;  Corresponding mean vectors can be determined for the P-wave and T-wave.

III.  Basic Electrocardiographic Leads, Axes, and Recording
A.  Bipolar Limb Leads

1. Electrodes are put on Right arm (RA), Left arm (LA), and Left Leg (LL)

2. Pairs of electrodes are called leads which record voltage differences between electrodes

3. Each lead has a direction or sense or axis that is (-)  to (+) as shown by the 3 arrows

4. A positive deflection (upward) on the EKG tracing will be produced if the projection of a cardiac vector onto a lead is in the direction of the lead axis as described below

B.  EKG Lead Voltages as Projections of Cardiac Vectors:

Example using Mean QRS Vector:

1. The QRS vector si shown inscribed in an Einthoven triangle, which has its edges the standard limb lead I, II, III.  

2. Projections of this vector onto each lead is done by dropping a perpendicular to each lead from the tip and tail of the cardiac vector.  The direction of the projection of the head is then drawn

3. If the direction of the projection is in the positive sense of the lead ( -  to +), then a upward deflection on the EKG will occur.

4. In this example (p 20), note that in lead III, the projection is opposite to the lead axis and a small negative going R-wave is seen.

5. In general:  the cardiac vector direction relative to lead direction determines magnitude and direction of the projection onto the lead and thus the magnitude and deflection direction of the EKG voltage  in that lead
C.  Augmented Limb Leads:

1. If instead of measuring the voltage differences b/t the electrode pairs, the voltage at one of the lib electrodes is measure in relation to an indifferent voltage formed by connecting the other two limb lead together, the result is a new lead voltage called the augmented and the leads are called the augmented leads.

2. One reason for using augmented leads is that larger voltages are sometimes obtainable.  But perhaps as important are the fact that these leads have different axes than the standard leads and thus provide additional info as to the direction of the cardiac vector as will described later.  

3. The augmented leads are aVR,   aVL,   aVF,  corresponding to voltages measure on the right arm, left arm, and left foot.

D.  Chest (precordal) leads:   six additional leads are used on chest and designated as V1 to V6 to complete the 12 lead set.

E.  Summary of Lead Axes:

1. In the standard 12 lead system, voltages are aquired from 3 bipolar limb leads (I, II, III);  three unipolar augmented leads (aVR, aVL, aVF); and six precordal chest leads (V1 to V6).

2. Each lead records a different voltage difference, the magnitude of which depends on the relationship between its axis relative to the axis of the instantaneous cardiac dipole vector.   (Know figure p 21)

3. Remember:   If the cardiac vector projects onto a lead’s axis in the direction of the lead than a positive deflection is recorded by that lead.   For chest leads there is a + EKG deflection when the wave of depolarization is approaching the electrode.    NOTE:  positive angles are measured CLOCKWISE from the 0 deg. Reference direction
ESSENTIAL HEMODYNAMICS

A.  Relationships between Flow, Velocity, and Cross-sectional Area
1. Blood flow (Q), is vol of blood moved per unit time

2. Velocity (u) is the linear speed of blood movt.  It varies with radial position (r) across a vessel u(r).   It is the max at the center and is zero at the wall

3. As u varies with r there is a velocity gradient also called shear rate.   At the wall, the shear rate is maximum (=8U/D)

4. Mean Velocity (U) is average of u(r) over the vessel’s cross-sectional area A.  The product of U x A = blood volume flow in the vessel
A =  (D2    (in cm2)

U = avg u(r)  in cm/sec
Q =  U x A   (cm3/sec)
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for equal blood flow  U =  Q / A   (inverse relation b/t U and Area)
B.  Effects of Area Change:
--If the cross-sectional areas is different at different sections of the vessel, the flow is still the same in section but U changes in a manner to keep the product UA the same in each section.   If area gets smaller, blood velocity increases

C.  Pressures in Blood Vessels
1.  Inside vessel, intravascular pressure Pi pushes against vessel wall and expands lumen diameter

2.  Perfusion pressure is the driving force to move blood along a vessel’s length.  = Pu – Pd = (P.   This can also be

     thought of as the pressure loss along the vessel length
3.  Extravascular pressure Pe surrounds the vessel.  (aka external pressure or tissue pressure)

4.  Transmural pressure Ptm = Pi – Pe.     Ptm acts across the vessel wall to expand the diameter (when positive) and is also the relevant pressure responsible for causing fluid filtration out of the capillaries *****

D.  Blood Viscosity and its effects
-Viscosity= blood property that resists relative movt of adjacent blood lamina.   It is the reason why velocity is not constant

       across the width of the vessel.  Higher viscosity requires greater force (perfusion pressure).   This force is called shear

       stress (().    Shear stress has units of pressure (force/area) and is directly related/ proportional to the difference in blood

       velocity (U) between adjacent layers of blood.

-This spatial velocity difference is the velocity gradient which called the shear rate.

-  Viscosity =    Shear stress /  shear rate

-Less velocity ~ easier to move blood;        Viscosity not as much a factor is large vessels

-Unit of Viscosity is the Centipoise (cP)

-In blood vessel:       Shear stress (() =   32(Q
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E.  Factors Affecting Blood Viscosity
*Viscosity depends on hematocrit (Hct), temp., and in smaller vessels, on shear rate and fibrinogen concentration.

*Viscosity increases if Hct or plasma fibrinogen increase or temperature or shear rate decrease
*If viscosity increases a greater Perfusion pressure is needed to maintain the blood flow

-Hematocrit:

1. The change in n with Hct is not linear;  ex.  Increasing Hct from 40 to 50, increases n ~10%, but increasing Hct from 40 to 60 increases n ~60%.  Since R is proportional to n, this means that unless perfusion pressure is increased, flow will decrease

-Shear Rate:
1. Normally avg. shear rates in circulation are sufficient to prevent n from assuming abnormally high values.  But if conditions occur that substantially reduce blood velocity, a precipitous rise in n will result.  At least part of this rise is caused by rbc rouleaux formation, a form of reversible rbc aggregation.  The rouleaux grow at low shear rates in presence of plasma fibrinogen and globulins, which somehow faster the natural attraction between the rbcs.  At a low shear rate, n increases as fibrinogen conc. increases.  Low shear rates in venules and capillaries inhibit passage of WBCs, which are larger and less deformable than rbc.  The combination further increases effective viscosity (graph p 24)

F.  Shear Stress Effects on Endothelium
1. Increases in shear stress will cause EC of vessels to increase release of NO, a vasodilator substance

2. Since ( ~ Q/D3, an increase in blood flow with an initial unchanged diameter, will increase shear stress. Which then increases NO release and vasodilation occurs and thus increased diameter

F.  Turbulent Blood Flow
1. Under certain condition the blood velocity pattern become chaotic or turbulent and it no longer has smooth, laminar pattern and its velocity pattern become blunt in shape.

2. Turbulence causes added energy loss due to wasted kinetic energy.  This causes sounds heard in stethoscope

3. Turbulent flow occurs if Reynold’s number (NR) exceeds a 2000.

4. NR depends directly on blood velocity (U), diameter (D) and blood density (p) and inversely on viscosity (n).
NR =  U x D x (p/n)          = (4/() (Q/D) (p/n)

5. With turbulence, flow depends on the square root of perfusion pressure so that a greater (P is needed to maintain the same flow.

6. Common site of abnormal turbulence is in a stenosis of arteries or hear valves.

H.    Blood Velocity Variations
Main point:  Blood velocity decreases toward and then away from capillaries

Main Reason:  Net increase in total capillary cross-sectional area in spite of small area of each

I.  Resistances in Series and in Parallel   (see diagram p 26)
1.  Series R are added as R = R1 + R2;     Parallel R determined by reciprocals:  1/R =  1/R1  +  1/R2
2.  The reciprocal of R = conductance (G)

3.  The conductance of 2 or more vessels in parallel is the sum of individual conductances G = G1 + G2
4.  Blood flow is directly proportional to Conductance and perfusion pressure:    Q = G  x  (P
5.  Blood flows are equal in vessels in series;   Perfusion pressures are equal in vessels in parallel
J.  Resistance Partioning as a Two-Part Model of Vasculature:    understand diagram on p 26

1.  All resistance upstream from the capillaries is pre-capillary resistance (RA) and all resistance downstream from

      capillaries is the post-capillary resistance (RV)   This approach can be applied to entire systemic or vascular bed.

2.  For the total vasculature 70-80% of resistance normally resides in pre-capillary part and 20-30% in post-capillary.

3.  Changes in arteriole diameter due to VSM relaxation or contraction changes these proportions and affect pressure and

     flow to, and within a vascular bed.

4.  When partitioned in this way, the two parts are in series (RA and RV) and all aspects of series components apply.  Flow

     through the combo is simply (P/R where R = RA + RV and (P is the perfusion pressure (or MAP – PV).  Capillary

     pressure can be determined by subtracting the pressure loss across the pre-capillary part from PA, or by adding PV to the

     product (post capillary resistance/ total R) x PA.


PC =   [ (MAP – PV)  x  (   RV        )    ]       +   PV




     RA + RV

Also:   Q = (P / (RA + RV)     
PC =  QRV + PV

PC = MAP -  Q RA
5.  Understand the following relationships:

As RA decreases (vasodilation) ~~  Q increases, PC increases;     The opposite is true for RA increase (vasoconstriction)

As RV decreases (venodilation) ~~ Q increases, PC decreases;    The opposite is true for RV increase

BLOOD VESSEL MECHANICS

A.  Wall forces:   Blood vessel diameter depends on a balance b/t forces tending to increase it and forces narrowing it.


Transmural pressure tends to distend vessel walls and forces that develop within the wall as it is stretched

oppose this distension.
B.  Law of Laplace:  an equil. Radius will occur when wall tension T balances the effects of transmural pressure
1. For thin walls, the equilibrium radius is r = T/P or in other words the pressure needed to distend vessel is P = T/r
2. Tension is circumferential and if a vessel were cut along its length, tension is lost and the vessel springs open

3. Law also applies to heart chambers and can be used to estimate stress in cardiac muscle

C.  Tension compared to Stress and the Modified Law for Thick Vessel Walls
1. stress (() differs from Tension (T) in that it arises from forces acting on an area.  In thick walled blood vessels stress (force/area) acting within the wall area varies and is greatest at the wall surface closest to the inside of the blood vessel.  Tension is force/length and applies to thin walled structures.

2. Modified Laplace’s Law:    ( =  P r /  w
3. See p. 27 for application of law in aneurysms 

CARDIAC PUMP FUNCTION

I.  Isolated Muscle Mechanics in Relation to Intact Heart Function

A.  Isometric Contraction:   contraction at constant fiber length (preload) throughout the contraction interval.

1. Preload is the load (stretch) on muscle immediately prior to its contraction.  Its counterpart is the end diastolic volume (EDV) which is the blood volume in the ventricle at the instant that contraction starts.   In heart, this is called an isovolumic contraction since during this interval the chamber volume is constant.

B.  Isotonic contraction:  contraction against a constant load (afterload), which is the load that the muscle must move or work against when contracting.   In the heart the afterload is related to the amount of pressure that the contracting heart must develop and maintain in order to expel blood into circulation.


Summary:  
Preload set initial length.




If afterload + preload > Maximum developed force, then Isometric contraction 




If afterload + preload < Max. developed force, then Isotonic contraction

C.  Force vs. Fiber length

An increase in initial fiber length (preload) results in a greater developed force if its not stretched too far.

Same concept in heart:  an increase in ventricular preload (EDV) results in a greater contraction force, and this allows the heart to move more volume out with each beat (stroke volume) against a given afterload.  (aka Frank-Starling mechanism)
D.  Force Vs. Inotropic State (or conractility)

-Inotropic state = measure of cardiac muscle’s force generating and length shortening (work producing) ability at a given

  preload.  (very important concept in relation to a given preload)

-Contractility = one-word description of inotropic state;  


-Influenced by the sum of all mech. effecting muscle’s contractile machinery (Ca being a major factor)


-Positive changes in Contractility increase the rate of force dev’t and its magnitude


-Negative changes decrease the rate of force dev’t and its magnitude

-IMPORTANT:  There is a difference b/t force dev’t caused by changes in preload vs. changes in contractility.  Contractility can be increased by increased sympathetic drive or by positive inotropic durgs, which results in an increase in force and rate of force development (at any preload level).   An increase in preload also can increase force development, but is dependent on stretching muscle fibers (whereas the contractility effects on force are not due to stretching)

-Q on exam:  What is the effect of an increase of increased contractility?

II.  The Cardiac Cycle
A.  Overview
-Filling:  ventricle is relaxed, chamber p is low, inlet valves (mitral/tricuspid) are open, outlet (aortic/pulmonic) are closed.


-Filling is first rapid (1 in diagram on p. 29), but as p increases due to increased chamber volume, the filling rate

  slows (referred to as diastasis) (2 in diagram).


-SA node fires, atria contract (atrial systole) and they expel additional volume into ventricles.  (aka atrial kick)

-Ventricular Systole:


-As DW moves through AV node and His-bundles, the myocardium contracts, which is start of systole

-P in ventricles increases causing inlet valves to close which renders the chamber volume constant during this

  phase of contraction, called the isovolumic contraction (3 in diagram).


-When ventricular P exceeds that in main artery (aorta/pulmonary), outlet valves open and ejection phase begins

  (4 in diagram)


-As ventricles relax, chamber P falls and outlet valves close, and chamber is again in isovolumic state, which is

  now called the isovolumic relaxation.


-When the chamber P falls below atria P, inlet valves open and filling begins again, completing the cycle

Volumes:
-Ventricular volume at onset of systole (end of diastole) is EDV, which is reduced by end of systole (start of diastole) to the ESV.

-The difference b/t these is the Stroke volume = EDV – ESV
-The fraction of the EDV that is ejected is called the ejection fraction (EF), and is a good indicator of pump function


EDV = SV / EDV

NOTE:  Sound 1 is the onset of ventricular systole and the closing of inlet valves


Sound 2 is the onset of diastole and closing of outlet valves.

B.  Wigger’s Diagram (page 30)
Basically illustrates the interaction of ventricular and atrial pressures and how this interaction affects inlets and outlets

C.  Pressure- Volume Loop Representation of Cardiac Cycle
-describes the cardiac cycle in terms of changes in ventricular volumes and pressures

1. At EDV, contraction begins.   Inlet and outlet valves as closed so pressure rises at constant chamber volume(isovolumic)

2. When P exceed afterload, Outlet valves open (while inlet valves remain closed) and ejection begins which causes ventricular volume to decrease

3. A end of ejection, ventricular volume is ESV

4. Ventricle relaxes, P falls below aortic P, the outlet valves close (inlet still closed), and P declines at constant chamber volume since all vavles closed (isovolumic relaxation)

5. When P falls below inlet P, inlet valves open (outlet remain closed), and filling starts and cycle continues.  NOTE that the width of the loop = SV

III.  Ventricular Work
-The raising of ventricular P from its low value (onset of systole) to a level sufficient to cause ejection is associated with a

  large increase in the stress in the contracting myocardial muscle mass
-Via Laplace law, this stress is not just determined by the pressure that must be reached, but also by the chamber radius and

  thickness of the wall-

-As a result, it is during isovolumic contraction that stress is greatest.  During this interval, the energy need of the

  myocardium is greatest.

-The amount of internal energy needed depends on the amount of stress (aka avg wall tension).  This wall tension is what

  contracting myocardial fibers work against, and thus the load they must overcome to cause ejection.

-The work done by the heart per beat is the stoke work, which is only 5-15% of internal energy needed to initiate ejection.

-The stoke work is equal to the area of the P-V loop graph (page 31 diagram)

-Since energy demand of myocardium is mostly dependent on wall tension during isovolumic interval, an increase in any

  factor that cause increase in tension will increase the myocardial energy need.   Called the Tension-time Integral

Factors increasing TTI:



Increased arterial blood pressure (bec. Increase in load)



Increased ventricular pressure (aortic stenosis)



Increased Heart rate



Increased chamber size (dilated ventricle)

-The heart as a pump is not very efficient because the mechanical (external) work done by the heart in ejecting blood from

  ventricle is very small compared to the internal energy requirement for ejection.

-Understand following concepts

1. For equal amounts of external work, pressure work costs more energy (Oxygen) than flow work.  Thus, a greater arterial blood flow via reduction in TPR (total peripheral resistance) is energetically better than via an increase in BP.

2. Energetically, a HR increase is amore costly way to increase CO than is an increase in SV.  So drugs that allow the same CO at a reduced HR (via increase in SV) help spare myocardium.

IV.  Determinants of Pump Function
A.  EDV and the Frank-Starling Law of the Heart
-When the ascending aorta is clamped, and the heart is stimulated to contract at increasing levels of EDV, the peak

  isovolumic pressure (PIP) it develops increases up to a point.  This increase is caused by Frank-Starling mechanism
  and represents a mechanism in which the heart can respond to an increase in EDV by increasing either ejection pressure or

   stroke volume or Both.

-If EDV become too large, the developed pressure falls with further increases in EDV and the heart may operate on the

  descending limb of the curve (p. 32).

-As less volume can be pumped, more remains for the next beat and EDV further decreases.  (normally heart works on

  ascending part of the curve:

-Summary:


1.  Max systolic pressure increases with EDV.  Effect:   Ejection pressure and SV increase


2.  End Diastolic pressure increases with EDV.  Effect:  filling impeded
B.  Effects of Contractility and its change on Pump Function
-Changes in contractility shift the PIP curves:

1. increase (+) in contractility increases its slope (moves it up)

2. decrease (-) in contractility decreases the slope 

-Concept:  For any given EDV, ventricular ejection pressure and SV producing potential have a direct relationship

   with contractility.

V.  Increased Sympathetic/Contractility Effects on Cardiac Dynamics

-Increased contractility (whether due to sympathetics or not) has the following effects on Ventricular pressure:

1. increased peak pressure

2. increased rate of pressure rise

3. increased HR with a shortening of both the systolic and diastolic phase (but with more decrease in diastolic)

-Increased contractility has the following effects on Ventricular Volume:

1. Blood volume is ejected more rapidly

2. Reduction of both ESV and EDV, but and increase in SV and EF

3. The rapid filling phase is more rapid, due to reduction of ESV and end systolic pressure

-Heart sounds arise from vibrations induced in blood, heart muscle, etc by acceleration or deceleration of blood and other structures due to mechanical actions of the contracting heart and valve movements

-Read summary on p. 33

THE ARTERIAL SYSTEM

I.  Pulsatile Pressure and Flow

A.  Arterial Inflow vs. Outflow

1. Ventricle contraction ejects part of its blood volume (SV) into aorta.  The entering volume distends aorta and causes the blood pressure to rise from its diastolic minimum (Pd) to its systolic peak (Ps) pressure.

2. During later half of systole and through diastole, volume entry into aorta falls, and the recoil of the aortic wall helps propel the blood distally.

3. Aortic volume depends on inflow from the ventricle relative to outflow to the periphery (“periphery runoff”)

4. Since P depends on V, instantaneous arterial pressure depends on inflow vs. outflow

B.  Pressure-Flow Relationships

1. During early rapid ventricle ejection phase, volume enters rapidly and much is stored causing the systolic pressure peak

2. As the rate of entry decreases flow to the periphery is maintained due to the previously stored volume

3. In the absence of a ventricular beat (skipped beat) there is no replenishment of aortic volume, the peripheral runoff continues and blood pressure decreases.

C.  Pulse Pressure (PP)




PP  =    Ps  -   Pd
-Any factor that widens the difference between diastolic minimum (Ps) and systolic peak (Pd) increases PP

-Pp depends on the difference between inflow volume during rapid ventricle ejection and runoff from the arteries to arterioles during this time.

-PP increases during this time when:


-inflow increases, runoff decreases, or any increases in SV
D.  Arterial Compliance effects on pressures

-in addition arterial pressure being effected by arterial volume changes, arterial pressure also depends on arterial compliance.

-A lower compliance is associated with increased systolic and pulse pressures.  (less effect of compliance on diastolic)

-A less compliant artery will develop greater pressure than high compliance for a given change in volume

-If the peripheral runoff during diastole is not significantly inhibited, the now larger pressure and recoil will return the

  diastolic pressure to its normal level.

-If Total Peripheral Resistance (TPR) is abnormally high (which reduces systolic runoff) the compliance induced increase

  in Ps may be slightly exacerbated???????? (go home it’s getting late!!!!!)

E. Resistance Effects on Pressures

-Main direct effect of an increase in TPR is to increase the MAP.

MAP = CO  x   TPR

-MAP is equal to the time avg. of the arterial pressure and is approx equal to the diastolic pressure + 1/3 pulse pressure


MAP = Pd  + 1/3 PP

-Changes in TPR effect systolic and diastolic pressure the same.  (p35)

F.  Significance of Pulses

-pulses contribute to vasactive substance release from endothelial cells.

-pulses affect fluid exchange via effects on tissue fluid mov’t and lymphatic function

-pulses affect a variety of cardiovascular sensors that are involved in control

II. Clinical Blood Pressure Issues
A.  Non-invasive measurement:   Sphygmanometer 

-MAP can be estimated from systolic and diastolic pressures measured in the arm.

-Abnormally high levels of BP (hypertension) may occur with increase in systolic pressure, diastolic pressure, or both.

-If either systolic or diastolic pressure is increased, MAP will increase.   But diastolic contributes more to MAP
1. Cuff pressure gradually released until peak pressure slightly exceeds tissue pressure around the artery; pulse become palpable and pressure in the manometer is systolic pressure
2. A spurt of blood flowing through the artery causes an audible sound (1st korotkoff sound); it is heard by a stethoscope over the artery.  A tapping sound is heard due to acceleration transients caused by abrupt arterial wall distention as a blood jet surges under the cuff into distal artery.

3. As cuff pressure is further lowered, cuff and systolic pressure difference increases and the artery remains open longer during each pulse.  More blood surges through and sound intensity increases.

4. When cuff pressure becomes less than the lowest value of artery pressure it remains opened and sounds become muffled.  This is because the initial acceleration surge is lost and the continuous flow.  Pressure in the manometer at the onset of this phase is the diastolic pressure
5. Pulse pressure (PP) is determined as the difference b/t systolic and diastolic pressure  PP = Ps – Pd and Mean pressure MAP = Pd +  PP/3
B.  Hypertension:    see diagram on p 36 for categories of hypertension and the pressure relative to these categories

-Essential hypertension:  the main sustaining event is an increase in TPR.  Increase is mainly due to greater arteriolar resistance caused by decreased arteriolar lumen via increased arteriolar constriction or wall hypertrophy.  

-Resistance is also increased by microvessel rarefaction, a decrease in the number of parallel arterioles.

-Decreased arterial compliance and other factors that affect systolic pressure may selectively increase systolic pressure causing Isolated Systolic Hypertension.

UNDERSTAND EXAMPLES QUESTIONS ON PAGE 37

III.  Pulse Propagation and Reflection
A.  Pulse-Wave Speed
1. Pressure and flow pulses inititiated by ventricular ejection are transmitted peripherally toward the heart due to reflections at artery branches

2. The speed with which these pulses propagate varies;  actual speed depends on several factors.  Clinically, the most important are aortic compliance and rate of blood volume entry into aorta during ventricular ejection
3. Wave speed is inversely related to the square root of aortic compliance and is directly related to ejection rate.   Compliance effects are usually more important than are ejection rates.
B.  Pulse-Wave Speed compared with Blood Velocity

-Pulse wave speed is analogous to the effect of force transmission through billiard balls in contact:  impact on the first ball rapidly causes the end ball to move.

-However, mov’t corresponding to blood velocity is the displacement of the first ball to the same end point as previous example, but this takes much more time.   Application:  The time it takes for the pulse to travel from the ascending to dista aorta is 0.1sec whereas the time for a red cell to move this distance is 3 sec.  Thus, the effect of pulse-wave arrives at the periphery well before the ascending aortic pressure cycle is completed.

C.  Changes in Peripheral Pressure and Flow Pulses

-Due to the effects of reflections and wave-speed as pulses move peripherally in the arteries, the pulses change shape.

-The systolic pressure increases slightly, rapidly changing parts are filtered and a systolic 2nd hump occurs.

-The pressure increase is only in the arteries; as the pulse enters arterioles the pulse amplitude decreases.

-Contrastingly, the systolic flow pulse peak decreases in the peripheral direction, but it also becomes smoother.

-A triphasic flow waveform pattern develops due to normal flow-pulse reflection patterns that are more prominent toward the periphery.

MICORVASCULAR, LYMPHATIC, AND VENOUS SYSTEMS

I.  Microvascular overview:

Arterioles:  function mainly via changes in lumen diameter

1. Vessel wall contains large fraction of vascular smooth muscle (VSM)

2. affects vascular resistance and thereby mean systemic blood pressure
3. affects capillary intravascular pressure and flow and thereby capillary fluid exchange

4. Controls blood flow distribution to and within organs

Venules:  function as blood collection and return vessels and as fluid exchange sites

1. collecting venules are immediately distal to capillaries and are the sink for capillary effluent.   Little if any VSM

2. Continuous confluence of increasing size venules merge to form larger venules

3. further confluence produces the larger sized veins that carry venous return

4. Pressure w/in venules influences capillary pressure and thereby exchange

-Capillaries
1. Gas exchange mainly by diffusion (through Endothelial cell EC)

2. Fluid exchange mainly by convection (pores between EC)
3. Cellular passage via interendothelial gaps.   Hormone exchange via several mechanisms
4. Flow in capillaries is via single file RBC mov’t, which fold/deform with RBC membrane near wall
5. Capillary resstance is high due to small D, but resistance of the capillary network is low due to large number of capillaries in parallel.
6. Flow variations are due to rhythmic changes in arteriole diameter:  arteriolar vasomotion
II.  Transcapillary Exchange
-Absolute transcapillary exchange (QF) depends on a tissue specific capillary filtration coefficient (KT) which depends on

  pore areas and permeability:
QF  =  KT  x   (PFILT
-KT varies organ by organ in a manner consistent with their function

-Permeability may also vary within a single capillary.  Venular ends of capillaries tend to have higher permeability due to

  greater pre density.

-The classical view of capillary exchange indicates filtration at the arteriolar end of the capillary and absorption toward the

  venous end.  The crossover b/t filtration and absorption of filtered material is when forces tending to filter are balanced by

  forces tending to absorb.

-This occurs when the transmural hydrostatic pressure is equal to the osmotic pressure difference

-understand diagrams on p 40
III.  Microlymphatic vessels and Lymphatic flow

-Lymphatic capillaries:  excess interstitial fluid and protein that leaks from capillaries is normally removed and returned

  to active blood circulation via the lymphatic system.   The lymphatic capillaries consist EC lined blind sac structures I

  which adjacent ends of EC overlap and the other ends are anchored to surrounding tissue

-Entry of fluid and protein into ymp capillaries occurs when these overlap sections widen due to an increase in tissue

  pressure (PT) above that in the lumen (PL) of the lymphatic capillary.

-Lympangions:  lymphatic capillaries join and enter collecting vessels that have vascular muscle in their walls and valves

  space at varying distances.  Segments b/t valves are called lymphangions and when these contract, a peristaltic like pattern

  expels lymph content to the next lymphangion.

IV.  Factors tending to change interstitial fluid

-Abnormal increases in capillary blood pressure (PC) causes excess fluid filtration in to tissue spaces, causeing edema.

· PC  ~  PV  +  PA (RV/RA)
Thus Capillary pressure increases if:
· Venous pressure increases

· Arteriole Pressure Decreases

· Venous Resistance Increases

· Arterial Pressure Increases
Conditions causing Edema

-Arteriolar Factors (arteriolar vasodilation ~increase PC)


Venous Factors that increase Pc

1.  Heat:  local or total body




1.  volume increase:  congestive heart fail


2.  Exercise






2.  compression:  pelvic vein in preg tumor


3.  Inflammation:  trauma





3.  obstruction: venous thrombosis


4.  Drugs:  vasodilators

-Edema-Osmotic and Lymph Factors (see diagram page 41)
VII.  Venous System
1. Amount of blood held by the venous system depends on venous compliance, transmural pressure, and on the contractile state of venous VSM
2. When VSM is stimulated by sympathetics, venous tone is increased and it blood volume holding capacity is decreased
3. Some blood volume is translocated from veins to central veins and lesser amounts to the arterial system.  This increase in venous return increases CVP and promotes an increase in SV.

4. The volume reservoir reole is facilitated by the large compliance of the venous system.  This large venous compliance is because at low pressures the veins are partially collapsed and little pressure is needed to expand them.  Once they become circular venous compliance is markedly reduced.  Thus, venous sytem stores and redistributes blood as needed
-Antigravitational Function:

1. valves help prevent pooling of blood that would occur due to increased hydrostatic pressure in lower extremities during initial transition from a supine to a standing position.

2. With incomptent or absent valves the full vertical hydrostatic head would be experienced, causing:

a. Venous distension, blood translocation distally, decreased a-v perfusion pressure

-Skeletal Muscle venous pump
1. veins with skeletal muscle have no valves but valves are present in veins immediately exiting muscle as they enter larger collecting veins.

2. This anatomical feature allows blood pumping via muscular activity

3. Calf muscle contraction propels blood into collecting veins and blood is then move centrally

4. The muscle-pump process assists and augments venous return during exercise

-Pumping Action
1. Distal venous pressure is reduced by walking due to translocation of blood out of veins in concert with muscle pumping action and functioning valves

2. Muscle contraction causes muscle veins to empty and also compresses larger vein segments.  Because of the functional one-way valves, blood is move centrally toward the heart during contraction

3. On relaxing, the emptied segments refill from the distal veins theerby reducing distal vein volume and hence the venous pressure.  A lowered pressure is maintained during walking

4. B/t steps, the vertical column of blood is supported by the valve segments

5. These actions reduce distal capillary pressure and transiently increase venous return to the heart

-Venous Valve Dysfunction
1. muscle pump failure occurs when valves become incompetent.  

2. Functional deficits of valves are associated with varicose with varicose veins.

3. Venous wall abnormality ay be involved; valve leaflets may appear structurally normal but do not adequately close.  Involved veins are dilated and may be elongated and tortuous.

-Respiratory and Cardiac Cycle effects on venous blood flow
1. flow in large thoracic and abdominal veins is affected by respiratory pressure changes.

2. During inspiration intrathoracic pressure falls and causes centrally directed flow in the SVC and IVC to increase.  This is caused in part by increased thoracic vein transmural pressure, and in part by abdominal compression as the diaphragm descends.  Compression forces blood from abdomen to thorax.

3. During expiration this process reverses.  The effect is due to increase venous return to the heart during inspiration.  Blood volume is sucked in with inspiration.

4. the increase in SVC Q during inspiration brings more volume to the RA that fills it to a greater extent.

5. This results in an increase in SV on the next beat.

6. Contrastingly, SV of the LV falls during inspiration because the lowered intrathoracic pressure expands the pulmonary vessels which reduces the volume returning to the LV.

7. These patterns are reversed on expiration so the SV of RV and LV averaged over a respiratory cycle are normally equal.

8. Venous flow also peak during Ventricular systole and during diastole.

-Postural and Gravity effects on Pressures

1. When lying, the pressures are not affected by the blood column weight and are due only to the active blood pumping by the heart;  the arterial venous perfusion pressure varies little by site

2. A point call the Hydrostatic Indifferent Point (HIP) is unaffected by posture; this point lies just below the diaphragm in the upright position and at the right atrium in head down position.

3. The HIP is NOT the zero point of zero pressure level (atmospheric pressure) commomly used as a reference for venous pressure measurements.  This zero reference is located at the level of the 4th intercostals space

4. While upright, the hydrostatic pressure due to the blood column affects all total pressure except the HIP; pressure below the HIP increase and pressure above the HIP decrease

5. Because the veins are collapsible, those above the HIP, that have a transmural pressure to low to keep them open, will collapse.  As a result, pressure in these veins is not negative but zero

6. Below the HIP, the addition of the hydrostatic component is to both arterial and venous sides

7. Above the HIP, the addition is only to those veins that do not collapse.  Thus the AV perfusion pressure for these may be significantly reduced.

8. In addition to the physical hydrostatic pressure changes caused by assuming the upright position, there are physiological changes and reflexes that occur.  Three main responses are

a. A fall in CO due to the shifting of blood volume from the thorax to the legs

b. A sympathetically mediated reflex in increase of lower extremity vascular resistance

c. A local arteriolar vasoconstriction due to the increased in transmural pressure

9. When the downward directed gravity forces are increased larger amounts of volume are rapidly displace to the limbs, SV decreases and causes Hypotension.  This leads to black out because of reduced perfusion pressure to the cerebral  circulation.

10. When upward directed gravity forces increase, the increased total pressure in the retinal vessel distends them causing a redout of vision.

CARDIOVASCULAR CONTROLS, REFLEXES, AND REGULATION

