Anatomy & Physiology II

Chapter 18 The Cardiovascular System:

The Heart

2. Heart Anatomy: location
Figure 18.1

3. Heart Anatomy: tissues
Figure 18.2

4. Heart Anatomy: external
Figure 18.4

5. Heart Anatomy: internal
Figure 18.4

6. AV Valves


Figure 18.9

7. Semilunar valves

Figure 18.10

8. Ventricles


Figure 18.6

9. Blood circulation

Figure 18.5

10. Coronary circulation
Figure 18.7

11. Cardiac muscle

Figure 18.11
· Contractile elements very similar to skeletal muscle

· Striated: sarcomere structure

· But cardiac:

· Possess 10x more mitochondria

· Produce ATP via Aerobic respiration

· Cells are shorter and they branch 

· Possess fewer T-tubules

· Connected by intercalated discs

· Involuntary

· Electrical differences

12. Intercalated discs

Figure 18.11
· Desmosomes and gap junctions

· Cells are electrically coupled: functional syncytium

13. Electrically excitable cells

· Muscle cells and neurons

· Resting membrane potential = -70mV

· -90mV in cardiac muscle cells

· Changes in membrane potential lead to changes in cell function

· A form of signal transduction

14. Na+/K+ ATPase

· Establishes electrochemical gradients

15. K+ “leak” channels

· K+ permeability > Na+ permeability

16. Depolarization of skeletal muscle

· Membrane potential becomes less negative inside the cell

· Acetylcholine receptor is a Na+ channel

17. Action potential of skeletal

· Membrane potential rises to threshold

· Voltage-gated Na+ channels open

· Depolarization phase of action potential

· Voltage-gated K+ channels open

· Repolarization phase of action potential

18. Depolarization of cardiac muscle

· Cardiac cells are electrically coupled

· When one cell depolarizes, they all depolarize

· Depolarization begins in sinoatrial node

· Pacemaker

· Autorhythmic cells: spontaneously depolarize

19. Pacemaker cells

· Resting membrane potential is unstable

· Rises steadily to a less negative value

· Cells are less leaky to K+ than others

· Na+ permeability > K+ permeability

· Resting potential eventually rises to threshold

· Voltage-gated fast Ca++ channels open

· Depolarization phase of action potential

· Voltage-gated K+ channels open

· Repolarization phase of action potential

20. Pacemaker cells

Figure 18.13
21. Action potential of cardiac muscle

· Action potential of pacemaker cells passes on to other cardiac muscle cells through gap junctions at intercalated discs

· Two types of channels open at threshold

· Voltage-gated fast Na+ channels

· Voltage-gated slow Ca++ channels

· Delayed opening but remain open longer: >200ms

· Prolongs depolarization phase of action potential

· Prolongs the absolute refractory period: 250ms

· K+ permeability decreases

22. Refractory period

Figure 18.12
23. Excitation-contraction coupling

· Spreads down T-tubules and opens Ca++ channels in sarcoplasmic reticulum

· Ca++ binds troponin which moves tropomyosin

· Myosin heads bind actin and contraction begins

· Ca++ entering from slow Ca++ channels can also bind troponin

· Provides no more than 20% of the total

· This Ca++ binds receptors on the SR which open to release the majority of the Ca++

24. Pacemaker cells

· Sinoatrial node

· Independently: 100 depolarizations/minute

· Parasympathetic influence: ~75 depolarizations/minute

25. Cardiac conduction pathway
Figure 18.14
26. Other autorhythmic cells

· Degree of autorhythmicity

· SA node > AV node > AV bundle > Purkinje fibers

27. Electrocardiogram (ECG)

Figure 18.17
28. Electrocardiogram (ECG)

Figure 18.16
29. P-Q interval 

Figure 18.18
· Normal = 0.16s

· >0.2s = first degree heart block

· >0.25s = second degree heart block

· Some atrial depolarizations never pass through

· >1 atrial contraction/ventricular contraction

· Third degree = total block

· Requires a pacemaker

30. Ectopic focus

· Cells may become excitable cells and initiate depolarization

· Due to stress, nicotine, caffeine…

31. Fibrillation 
Figure 18.18
· Unregulated pattern of depolarization and contraction

32. The Cardiac Cycle

· Systole = contraction

· Diastole = relaxation

· Blood always flows from an area of high pressure to an area of low pressure

33. The Cardiac Cycle

Figure 18.20
· Ventricular filling

· Passive phase: 70%

· Atria & vent. in diastole

· Active phase: 30%

· Atrial systole

· Ventricular systole

· Isovolumetric phase

· Pressure builds to 80mm Hg

· Ejection phase

· Semilunar valves open

· Isovolumetric relaxation

· Arterial pressure jumps

· Dicrotic notch

34. The Cardiac Cycle

· 0.8s 

· 0.1s for atrial systole

· 0.3s for ventricular systole

· 0.4s total systole

· Leaves 0.4s total diastole

35. Regulation of heart rate

Figure 18.15
36. Sympathetic Receptors

Table 14.3
· Adrenergic recepetors: α & β
· Adrenaline = epinephrine

· Metabotropic

· Excitatory/inhibitory

37. Sympathetic stimulation

Figure 18.22
· Increases:

· Ca++i

· Force of contraction

· Positive inotropic agent

· Increases heart rate

· Positive chronotropic agent

· Common β-agonist

· Isoproteronol (Isuprel)

· Common β-antagonist

· Propranolol (Inderal)

· A “β-blocker”
38. Parasympathetic Receptors

· Cholinergic receptors

· Nicotinic

· Iontropic

· Na+ Channel: excitatory

· Muscarinic

· Metabotropic

· Excitatory/inhibitory

39. Muscarinic receptors in heart

· Inhibits adenylate cyclase

· Decreases cAMP levels

· Decreases Ca++i

· Increases membrane permeability to K+

· Decreases K+i

· Only found in significant numbers in atria

· Only affects heart rate

· Negative chronotropic agent

· Muscarinic agonists/antagoninsts are not selective enough to use systemically

40. Abnormal heart rate

· Tachycardia = >100 bpm

· Bradycardia = <60 bpm

41. Stroke Volume

· Volume of blood pumped/ventricular contraction

· SV = end diastolic volume – end systolic volume

· EDV = 120ml

· ESV = 50ml

· SV = 70ml  (~60% ejection fraction (at rest))
42. What determines EDV?

· Preload (degree of muscle stretch) 
-Determined by venous return

· Duration of diastole (filling time)

· Longer with slower heart rate

· Speed of venous return (filling rate)

· Faster during exercise

43. What determines ESV?

· Afterload (aortic pressure)

· The load against which the muscle must work

· Normally ~80mm Hg

· Contractility (contractile force produced)

· Affected by autonomic innervation

44. Cardiac output

· CO = SV x HR

· 70ml/min x 75beats/min =5250ml/min

· 5.25L/min resting cardiac output

· Cardiac output can increase with exercise

· 4-5x increase normal

· 6-7x increase for good athletes

· Maximal CO – resting CO = cardiac reserve

45. Exercise and cardiac reserve

· Increases HR

· Due to sympathetic innervation

· Increases SV

· EDV Increases because venous return increases

· ESV Decreases because contractility increases

46. Congestive heart failure

· When CO < venous return

· Weakened heart muscle (decreased contractility)

· Leads to higher ESV thus lower CO

· 47. Causes of weakened cardiac muscle

· Atherosclerosis of coronary arteries

· Decreased delivery of O2 and nutrient

· High blood pressure 

· Higher afterload leads to hypertrophy

· Muscle eventually weakens

· Valve incompetence

· Aortic semilunar valve leaks

· Myocardial infarctions

· Heart attacks: cells die, replaced by scar tissue

48. Treatment for CHF

· Reduce blood volume

· Diuretics

· Decrease afterload
· β-blockers (propranolol)

· ACE inhibitors (captopril)

· Increase contractility

· Cardiac glycosides (digoxin)
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