Contents

PartI Embryonic Circulation

1

Early Embryo Circulation ........ ... .. ... ... ... ........
L1 INtroduCtion ... .........iuniunni i,
1.2 Morphological Features . . ................ ... ... .. ......

References

The Onset of Circulation. . ......... ... ... . ... ... . ... ...
2.1 ChickEmbryo ....... . ..
22 Mouse Embryo. ... ... ...
2.3 ZebrafishEmbryo......... ... .. .

References

Hemodynamics of the Early Embryo Circulation . ..............
3.1 Chick Embryo ...... ..o
32 ZebrafishEmbryo....... .. ... .. i
3.3 Mammalian Embryo. ....... ... ... .. . i

References

Flow Patterns in the Early Embryo Circulation. .............. ..
4.1 Heart Vortex Formation . ............ ... ... .............

References

Is There a

Circulation Without a Heart? .. ....................

5.1 Heart Ablation Studies. . . ...t
52 Cardiac MUtants. . .. ...ttt e

References

The Embryo Heart Is Not a Peristaltic Pump ..................

References

B W W

11
15
17
18

21
21
24
25
28

31
32
35

37
37
38
39

41
46

Xvii



Xviii Contents

7  Flow Perturbation Experiments. .. ........................... 47
References. .. ... 50

8 Heart Rate Perturbations . . .. ......... ... ... ... ............. 53
References. .. ... 56

9  The Heart as Generator of Pressure . ......................... 57
References. .. ... 60

10 Ventriculo-Vascular Interaction. ... .......................... 61
References. .. ... 64

11 A Brief Comparative Phylogeny. ............... ... ... ...... 65
11.1 Invertebrates. ... ...t 65

11.2 Tracheate InSects . .. ...... ... 69

11.3 Early Vertebrates ... ..... ... ... . ... 72

11.4 Vertebrates . . ...t 73
11.4.1 The Origin of Lymphatic Circulation. ............... 74

1142 Fish. .. oo 76

1143 Amphibians. . ... 78

1144 Mammalsand Birds .. ......... ... .. ... ... .. 80
References. .. ... 83

12 Evolutionary Aspect of the Rhythmic System. . . ................ 87
References. .. ... 91

Part I Mature Circulation

13 Functional Morphology of the Heart. .. ....................... 95
References. ... ... ..o i 107
14 Regulation of CardiacOutput . .......... ... ... ... ... ... .... 111
14.1 Left Ventricular View of the Circulation . ................... 111
14.2 Regulation of Cardiac Output by the Periphery............... 117
14.3 Guyton’s Venous Return Model. .......................... 119
14.4 Critique of the Venous Return Model ...................... 126
References. ... ... i 128
15 Circulatory and Respiratory Functions of the Blood. . ........... 133
15.1 Phenomenon of Vestigial Circulation. .. .................... 133
15.2 Significance of Artificial Respiration. .. .................... 137
References. ... ... i 140
16 ModelsoftheHeart........ ... ... .. ... .. ... ... ... ... 143
16.1 Early Isolated Heart Preparations and the “Law of the Heart” ... 143
16.2 An Obscure Model (HydraulicRam)....................... 147

16.3 Quantification of Ventricular Pump.............. ... ... ... 151



Contents Xix

17

18

19

20

21

16.4 Ventricular Elastance Model ............................. 153
16.5 Energetic Aspect of Myocardial Contraction. ................ 154
16.6 Length-Dependent Activation in Cardiac Muscle .. ........... 155
16.7 Limitation of Isolated Heart Models ....................... 158
References. ... ... i 160
Cardiovascular Response During Exercise. .. .................. 165
17.1 The Role of Peripheral Circulation ........................ 165

17.1.1 Skeletal Muscle Pump Hypothesis.................. 166

17.1.2 Metabolic Control of Muscle Blood Flow . ........... 169
17.2 The Heartin Exercise. . .. ..o, 171
17.3 Changes in Pulmonary Circulation ........................ 173
174 “The Sleeping Giant”. . ....... ...t 174
References. ... i 176
Hemodynamic Effects of Aortic Occlusion. .................... 181
18.1 Systemic Circulation .......... ..., 181
18.2 Cardiac Effect of Aortic Occlusion . ....................... 185
References. ... ... i 186
Increased Pulmonary Flows . . ......... .. .. .. ... .. ....... 189
19.1 Arteriovenous Fistula......... ... .. ... .. ... ... .. ... ... 189
19.2 Eisenmenger Syndrome . .. ............oiiuiineinnen... 191

19.2.1 Who Gets Eisenmenger Syndrome?. . ............... 194
19.3 Atrial Septal Defect . .......... .. .. i i 198
19.4 OVEIVIEW . .ottt e e ettt e 199
References. ... ... i 200
Single-Ventricle Physiology. . ........... ... .. .. ... ... ..... 203
20.1 The Fontan Paradox . ........... .. .. .. ... ... iiiio... 207
References. ... ... i 209
BloodasanOrgan ........... ... ... .. .. i, 211
References. .........o i 218



