BME Class (Lecture 2 - Physiology)
August 31, 2004


Lecture #2 -
Cardiovascular Physiology -  (August 31, 2004)

1.  Anatomy Summary

[image: image1.png]


A.  Heart and Blood Flow

Figure 2-1.  Illustration of cardiac chambers, great vessels, and flow of blood.

1. Oxygenated blood (red) from the lungs flows through the pulmonary veins into the left atrium.

2. When pressure in left atrium > pressure in left ventricle, mitral valve opens, and oxygenated blood flows into left ventricle (mostly passive filling, last filling due to atrial contraction).

3. When pressure in left ventricle > pressure in aorta, aortic valve opens, and oxygenated blood flows aorta, arterioles, and into capillary beds through out the body.

4. Oxygen, CO2, nutrients and wastes are exchanges in capillary beds

5. Unoxgyenated blood (blue) returns from capillary beds, through venules and veins, and through superior vena cava (upper body) and inferior vena cava (lower body), passively into the right atrium.

6. When pressure in right atrium > pressure in right ventricle, tricuspid valve opens and unoxygenated blood flows into right ventricle (mostly passive filling, last filling due to atrial contraction).

7. When pressure in right ventricle > pressure in pulmonary artery, pulmonic valve opens, and unoxygenated blood flows through pulmonary artery, pulmonary arterioles, and into pulmonary capillary beds in the lungs.

2.  Basic Definitions

(a) Cardiovascular Dynamics - power and force of the heart and vessels

(b) Frank-Starling Mechanism - the greater the filling volume, the greater the stretch of the ventricular muscle, which causes a stronger contraction enabling the heart to empty increased blood volume into arterial system.  Balances left and right side.

(c)
Left vs Right Heart - left side is high pressure, right side low pressure.  In assessing cardiac function, normally refer to left side.

(d)
Systole - period of time for isovolumic contraction and ejection

(e)
Diastole - period of time for isovolumic relaxation and filling

(f)
Contractility - strength of contraction (dP/dt)

(g)
Cardiac Output - stoke volume ( heart rate

(h) Compliance (or elastance) - (volume ( (pressure

(i) Resistance - mean arterial pressure ( cardiac output

Electrical Engineering Analogies

(a)
Heart can be viewed as a power source that delivers energy (blood) to the arterial system (load).

(b)
Pressure generated by heart and delivered to the arterial system (load) can be viewed as a “voltage”.
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Adult Human
VOLUME
REGION MILLILITERS PERCENT OF TOTAL

Heart (diastole) 360 6.4 (6%)
Pulmonary )

Arteries 130 2.3

Capillaries 150 } 440 2.7 (8%)

Veins 160 2.9
Systemic

Aorta, largve arteries 300 54

Small arteries 500 8.9

Capillaries 300 4800 5.4 (86%)

Small veins 2700 48.1

Large veins 1000 17.9

5600 100.0




(c)
Heart valves can be viewed electrically as “diodes”, only allowing blood to flow in one direction.

Figure 2-2.  Engineering block diagram view of cardiovascular system.

PARAMETER
ELECTRICAL
MECHANICAL

Pressure (mmHg)
Voltage (V)
Pressure

Flow (L/min)
Current (A)
Flow

Resistance (mmHg-min/L)
Resistance (()
Dash pot

Elastance (mmHg/cc)
Capacitance (F)
Spring constant

Inertance (mmHg-sec2/cc)
Inductance (H)
Inertia

Table 2-1.  Engineering analogies for physiological parameters.

3. Properties of the Cardiovascular System
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Figure 2-3.  Pressure ranges in the cardiovascular system (Guyton, 1998).

[image: image3.png]Table 2.1. Normal Hemodynamic Values in Adult Human Subjects in the Basal State
VARIABLE® UNITS MEAN? (£ 2SD) REFERENCE

Heart rate beats/min 71 (53-89) 18, 21, 23, 31, 38, 41, 47
Blood flow

Cardiac output liters/min 6.50 (3.6-9.4) 18, 21, 23, 31, 38, 41, 47

Cardiac index liters/min m? 3.63 (2.0-5.2) 18, 21, 23, 31, 38, 41, 47

Stroke volume ml 93 (53-133) 18, 21, 23, 31, 38, 41, 47

Pulsation, Ao, peak ml/sec 690 (470-910) 38, 41

Pulsation, MPA, peak ml/sec 628 (420-830) 36
Blood pressures,® systemic

Ao, S/D mm Hg 122/83 33,39, 42

Ao, mean mm Hg 97 (80-113) 33, 39, 42

Ao, pulse mm Hg 39 (24-54) 33, 39,42

Large artery? S/D mm Hg 129/78 26, 33, 42

Large artery,” mean mm Hg 95 (72-118) 26, 33, 42

Large artery, pulse mm Hg 51 (31-71) 26, 33,42

Large vein? mm Hg 8. (4-12) 16

Right atrium, mean mm Hg 5(0.2-9) 16, 25.
Blood pressures,® pulmonic

MPA, S/D mm Hg 22/11 16, 22

MPA, mean mm Hg 14.6 (10-19) 22,25, 37

MPA, pulse mm Hg 11.4 (6~-17) 16, 22

Terminal vein, mean mm Hg 8 (4-12) 2,¢

Left atrium, mean mm Hg 7.9 (2-12) 20
Vascular bed resistance

Pulmonic dyn sec/cm’ 70 (20-120) 16, 37

Systemic dyn'sec/cm’® 1070 (660-1480)

“Abbreviations: Ao, ascending aorta; S/D, systolic/diastolic; MPA, main pulmonary artery.

*For male subjects aged 30 years, weight 68 kg, height 175 cm, surface area 1.80 cm?.

‘Direct measurements through catheters.

4For example, brachial or femoral.

“Milnor, Nichols, and Walker, unpublished data.
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Blood Volume Distributions:

Heart 7%
Aorta 13%
Arterioles/capillaries 7%
Pulmonary 9%
Veins 64%
100%.

‘Sum Total Cross-sectional areas:

Aorta 2.5 cm2
Small arteries 20 em2
Arterioles 40 em2.
Capillaries 2500 em2
Venules 250 cm2
small veins 80 cm2
Venae Cavae 8em2
Ohms Law:

AP
@
Where: Q = blood flow rate usually in co/sec

AP = change in pressure across a length of tube usually in mm-Hg,
R = vascular resistance.

“Thus in vaseular terms, the units of esistance are in PRUS (Peripheral Resistance Units)
PRy 1 Hevsec
mL

More common units ofien quoted in lterature are

- dnesee

cm
‘These unis are obtained by multiplyinga PRU by 1333,
Afew items to note: total peripheral resistance is the resistance on the systemic side of

the circulation and its average PRU is about 1. The total pulmonary resistance is about
-14. Both of these figures can vary dramatically.





Figure 2-4.  Mechanical properties of the cardiovascular system (Guyton, 1998).
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Figure 2-5.
Estimated blood volume distribution of blood volume in human cardiovascular system (Milnor, 1990).
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Figure 4.1. Events in cardiac cycle in man. Top to bottom; pressure in aorta, left ventricle, and
left atrium; heart sounds; pressure in pulmonary artery, right ventricle, and right atrium; blood flow
in aorta and pulmonary artery; electrocardiogram. Valve opening and closing indicated by AO and
AC, respectively, for aortic valve; MO and MC for mitral valve; PO and PC for pulmonic valve; TO
and TC for tricuspid valve. (Reproduced with modifications from Milnor,” with permission of Williams
& Wiikins)




Figure 2-6.
Normal hemodynamics in humans at rest (Milnor, 1990).

4. Cardiac Cycle

A.  Hemodynamics
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. Figure 4.2. Example of pressure—volume relationships in human left ventricle. Lower solid line,
“ resting, noncontracting state. Upper solid line, maximum pressure reached under isovolumic con-
: ditions. Dashed line, sequence in typical normal beat. D, diastole; /C, isovolumic contraction; EJ,
_-ejection; /R, isovolumic relaxation. (Reproduced from Milnor,” with permission of Williams & Wilkins)




Figure 2-7.
Cardiovascular hemodynamic waveforms (Milnor 1990).

B.  Left Ventricular Pressure-Volume Relationship 

A. P-V Loop
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Figure 3.1. Location of nodal and conducting tissues in mammalian heart. RA, right atrium; RV,
right ventricle; LA, left atrium; LV, left ventricle.



Figure 2-8.  Left ventricular pressure-volume relationship (Milnor 1990).

(a)
Phase I (D – Diastolic Filling) - blood passively fills from atrium into ventricle, followed by additional volume due to atrial contraction.  Characteristics:  mitral/tricuspid valve open and aortic/pulmonic valve closed, low pressure changes, high volume changes.

(b)
Phase II (IC - Isovolumic Contraction) - Ventricle contracts generating high pressure level within the ventricle.  Characteristics:  mitral/tricuspid valve and aortic/pulmonic valve closed, high pressure changes, no volume changes.

(c)
Phase III (EJ - Ejection) - Pressure in ventricle now higher than aorta/pulmonary artery, opening aortic/pulmonic valve and blood flow to arterial system occurs.  Characteristics:  mitral/tricuspid valve closed and aortic/pulmonic valve open, low pressure changes, high volume changes.

(d)
Phase IV (IR - Isovolumic Relaxation) - Ventricle relaxes.  Characteristics: mitral/tricuspid and aortic/pulmonic valves closed, high pressure changes (decreases), and no volume changes.

B.  Engineering Concepts

(1) External Work - net external work performed by the ventricle.

(2) Ventricular-Arterial coupling – efficiency vs maximum output

(3) Preload -
degree of muscle tension at end of filling, usually defined as end-diastolic filling volume or pressure.

(4) Afterload -
load against which muscle must contract, usually defined as either aortic/pulmonic pressure or resistance.

5. Cardiac Control Mechanisms

Morphology – heart is a muscle whose cells resemble skeletal muscle (striations and structure), except for specialized regions (nodes and conducting tracts).

A.  Conduction
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Figure 2-9.  Conduction pathways of heart.

B. Innervation

Sympathetic – excitatory; increase HR, conduction speed, and strength of contraction

Parasympathetic – inhibitory; decrease HR and strength of contraction

[image: image10.png]Figure 18-5. Tho baroreceptor system.




Figure 2-10.  Cardiac nerves (Guyton 1998).

C.  Baroreceptors – maintain constant arterial pressure
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Figure 2-11.  Location of baroreceptors (Guyton 1998).

D.  Cardioactive Agents

Inotropic – effect the contractility of the heart (myocardium)

Chronotropic – effect the conduction rate of the heart (pacemaker)


Example-1:  positive inotropic effect will increase force of contraction


Example-2:  negative chronotropic effect will decrease heart rate

E.  Cell Receptors

Beta-adrenergic – beta1 (80%) and beta2 (20%) receptors with positive inotropic and chronotropic effects.

Alpha-adrenergic – positive inotropic effect

Muscarinic cholinergic – negative chronotropic and inotropic effect

F.  Catecholomines – increase HR and contractility (positive inotropic and chronotropic)

Norepinephrine – released from sympathetic adrenergic terminals in heart

Epinephrine – secreted into blood from adrenal medulla

Isoproternol – synthetic drug increase contractility + vasodilitation


G.  Acetylcholine – stimulation of vagus nerve (parasympathetic response); slows heart rate, reduces conduction velocity, and decrease strength of contraction.

Assignment #2 – You are visited by an Air Force officer that has traveled to UofL to try to recruit you to join their elite test pilot program.  You’re first assignment as a test pilot will be to fly a top secret X-27 fighter plane.  The X-27 has been designed to pull up to 18 G’s without any structural damage or degradation of performance.  The Air Force believes this new aircraft will offer the technological advantage to gain air supremacy.  Before accepting this challenge, you must determine whether you can handle this assignment.  Specifically, using the information learned in lecture as well as supplemental material (Guyton, internet searches, etc.), please describe (1) the physiological responses of your cardiovascular system during various combat manuevers, (2) indicate whether you would accept/decline this assignment, and (3) justify your decision.  Further, please describe any ideas on how you might improve your ‘comfort’ while riding in the cockpit.

*Assignment 2 due in class on Thursday, September 6, 2004

















































1

