Hamrell’s Notes
Cardiac Electrophysiology
1. Understand the ionic basis for the action potential.

Stimulus opens Na channels ( influx of Na ( outflow of K
Interior of cell becomes more positive 

Phase 0
Na channels open

Peak
Overshoot, INa decreases, IK increases

Phase 1
Initial part of repolarization after phase 0



Inactivation of Na channels



Ca channels begin to open

Phase 2
Plateau phase




Ca channels fully active



Slow movement of Ca ( refractory period

Phase 3
Acceleration of repolarization



K channels are open




Ca channels inactivate

Phase 4
Cell is between action potentials



Highly permeable to K

2. Understand the relationship of electrophysiological and mechanical events in heart muscle.

	Heart Part
	INa
	IK
	ICa
	Comments

	SA Node
	Increase (phase 4)
	Decrease
	Increase
	Pacemaker of Heart

	Atrial Muscle
	Increase
	Rises then Falls
	Increase
	No phase 4 depol

	AV Node
	Increase
	Decrease
	Increase
	Slower depol than SA

	Bundles, Purkinje
	Increase
	Decrease
	Increase
	Fast phase 0, slow phase 4, long phase 2

	Ventricles
	Increase
	Decrease
	Increase
	


3. Understand conduction of the heart and how it may become abnormal.

See Chart in #2

See ECG Wave Chart


See abnormalities on pg 46 & 47 in handout

4. Understand the basis of autonomic control on the heart.

	Parasympathetic
	Sympathetic

	Uses Acetylcholine
	Uses Catecholamines

	Increases gK
	
Increase in inward Ca

	
	
Increase in inward Na

	
	
Increase in outward K


5. Understand why an ECG signal looks the way it does and recognize and understand some simple arrhythmias.  
See Chart in #2

See ECG Wave Chart

See page 58, 59 & 60

Dr. Nelson’s Notes
Hemodynamics  Lecture 1
1. Describe the basic functional anatomy of the atrioventricular and semilunar valves and explain how they operate.

Chordae tendinae attached to papillary muscles to prevent AV valves from ballooning up.  

Mitral/Tricuspid/Semilunar close to prevent backwards flow of blood.  

AV Valves close when ventricular pressure > atrial pressure.

Semilunar Valves close when ventricles relax and forward flow stops in aorta/pulm arteries

2. Describe how pressure arises from hydrostatic and dynamic sources and the usual reference point for physiological pressure measurement.  
Hydrostatic pressure is the pressure created by the pumping of the heart (P1-P2), whereas dynamic pressure takes into account the effects of gravity.  
Usual reference point is horizontal line crossing Aorta (phlebostatic axis).
3. Determine between flow and velocity in terms of units and concept.

Flow 

= 
volume per unit time

Velocity 
= 
distance per unit time

An obstruction in an artery could either lead to:

1) increased velocity and decreased flow
2) increased velocity to maintain same flow



Flow deals with how MUCH blood, whereas velocity deals with the speed that it moves.  

4. Describe blood pressure measurement with a catheter and transducer and explain the components of blood pressure wave form.  Contrast that with the indirect estimation of blood pressure with a sphygmomanometer.  Explain how each approach provides estimates of systolic and diastolic pressures.  Given systolic and diastolic pressures, calculate pulse and pressure and mean arterial pressure.  (laboratory)

PP = SBP – DBP

MAP = DBP + (SBP – DBP)/3

5. Describe the relationship between pressure, flow and resistance in the vasculature and calculate any one variable if the other two are known.  Apply this to the arteries, arterioles, capillaries, venules and veins.  Explain how blood flow to any organ is altered by vascular resistance to that organ. 

Blood Pressure = Flow * Resistance

6. Describe the relationship between flow, velocity and cross-sectional area and the influence vascular compliance has on these variables.  Apply this relationship to the various segments of the circulation.

Compliance = change in volume / change in pressure
The higher the compliance, the more the area will change ( change in flow & velocity
Dr. Nelson’s Notes
Hemodynamics
Lecture 4,5,6
1.
Describe and identify the principles underlying cardiac output measurements, both by the Fick and the thermal indicator dilution methods, using a flow directed pulmonary (SWAN-GANZ) catheter

Fick method

V02 = Qt * C(a-v)O2





O2 Consumption = (Cardiac Output) * (Difference of atrial & venous O2 content)




Thermal indicator dilution

This uses thermostor in wall of catheter to measure temperature difference after putting a cold venous bolus of solution; measures temperature change to determine cardiac output.

2. Describe how cardiac function curves are created, and how contractility of the heart can alter the shape of contractility curves.
If we change the frequency of contractions, we can modulate cardiac output.   Movement along the curve is due to a change in preload whereas the shifting of a curve is to change in contractility.

3. Define venous return.  Describe the concept of “resistance to venous return” and what factors determine its value theoretically, what factors are most important in practice, and how various interventions would change the resistance to venous return.  

Venous return
is the blood returning to the heart via the great veins and coronary sinus; creates preload for both ventricles.

Resistance to venous return


***Effective circulation volume of blood


Body Position

Different Body Positions Can Enhance Flow


Atrial Kick


Venous Muscle contractile state


Ventricular diastolic compliance


Effects of skeletal muscle, abdominal, ventilatory muscle “pumps”

4. Draw and describe the length - tension relation in a single cardiac cell.  Correlate the cellular characteristics of length, tension, and velocity of shortening with the intact ventricle characteristics of EDV, pressure and dP/dt.  

The more the stretch = more work.  Increase in length ( Increase in tension ( increase in work & shortening velocity
5. Define preload and explain how ventricular EDV, EDP, atrial pressure & venous pressure are all estimates of ventricular preload in a normal heart.
Preload is the stretch applied to ventricular myocytes prior to contraction.  
The greater the EDV, the more that the ventricle will stretch (preload)

The greater the EDP, the greater the preload.

Atrial pressure = EDP ( see above line

Venous Pressure will determine flow through heart and be related to EDP
6. Define afterload and explain why arterial pressure is an estimate in a normal heart.  Predict the normal consequence of an increase or decrease of arterial pressure on the cardiac workload.

Afterload is defined as all the factors that impede the ejection of blood from the ventricle

1) Resistance effects

2) Compliance effects

3) Characteristics of Blood

High arterial pressure will lead to a decrease in compliance of arteries which will increase afterload due to increased resistance.

7. Define Contractility and define why dP/dt is a useful index of contractility.

Contractility is the rate of shortening of myofibrils of ventricles under standard load conditions.

The greater the change of pressure (dP/dt), the greater the magnitude of contraction.

8. Define the difference between cardiac performance and cardiac contractility.  Define the impact of changes in preload, afterload & contractility in determining cardiac performance.  
Cardiac performance deals with preload.  Changing the preload will cause an increased work.  Cardiac contractility deals with a shift in the cardiac output curve.  This means that there will be increased work at the same preload.  See pg. 45 for graph.

Afterload:  See question 6

9. Explain how changes in sympathetic activity alter ventricular work, cardiac metabolism, oxygen consumption, cardiac output.
With sympathetic stimulation:

Ventricular Work

Increased Contractility
Cardiac Metabolism

Will go up

Oxygen Consumption

Will go up

Cardiac Output

Increased Heart Rate & Stroke Volume ( increase Cardiac Output



Duration of diastole

decreases
10. List the components of the law of Laplace.  Describe how it applies to ventricular finction in the normal and volume overloaded (failing) ventricle.
The equilibrium relationship between transmural pressure difference (!P), wall tension (T), and radius of curvature (R) in a concave surface.  It describes how tension in vessel wall increases with transmural pressure (Boron pg 457-458)  

Since tension increases with transmural pressure, and tension is the measure of force, an increase in transmural pressure will increase ventricular work by increasing the circumference of the ventricular wall and thus increasing preload.  

11. Draw a ventricular pressure-volume loop and label the phases and events of the cardiac cycle.

See page 39 of notes and pp 8,  9 of Cardiac Cycle slide handouts

12. Differentiate between stroke volume and stroke work.  Identify stroke volume and stroke work from a pressure volume loop and the effects that would result from changes in afterload, preload and contractility in the new steady state.

Stroke Volume is the volume ejected during one contraction
LV Stroke Work = (ESP – EDP) * SV

LV Stroke Work = (MAP – PAOP) * SV


*** PAOP is method to measure LAP

SV is distance between EDV (right vertical line) – ESV (left vertical line)

SW is the area of the loop

Increase in:


Preload
(
Increase EDV 
(
Increase SV & SW


Afterload
(
Increase ESP or Lower SV 

Contractility
(
Increased ESP or decrease ESV ( Increase in SV

13. Define Ejection fraction and be able to calculate from EDV, ESV, and/or SV.  Predict the change in ejection fraction as a result of preload, afterload, contractility.

EF = (EDV-ESV)/(EDV)
since SV = EDV - ESV

EF = (SV)/(EDV)

Increase in:


Preload
(
Increase EDV 

(
Increase EF


Afterload
(
Lower SV 

(
Lower EF


Contractility
(
Decrease ESV 
( 
Increase EF
