
Index

HUT test, 139, 143
LBNP test, 107, 116, 139, 143

and cardiopulmonary loading, 107
physiological changes, 144

after-load
to the ventricle, 9

alveolar-arterial difference, 98
alveolar-capillary boundary, 52, 53, 55
alveoli, 52

alveolar sacs, 52
number of, 52
surface area of, 52
surficant of, 52

aortic arch, 5
aortic bodies, 48
apnea, 58

and clinical problems, 80
and high altitude, 86
central apnea, 58, 80, 133
central sleep apnea, 58
high altitude periodic breathing, 84
mixed apnea, 80
obstructive apnea, 58, 80, 94, 96,

100, 133
and sleep fragmentation, 100

obstructive sleep apnea, 58
arterial (systemic) pressure, 104, 108

and blood volume, 111
and capacitance influence on con-

trol, 191
and chemosensors, 119
and kidney action, 182
arterial baroreflex action, 109
central brain site regulation, 183
influence via blood volume regula-

tion, 183

kidney control loop, 111
long-term control, 111
short-term control, 105

arterioles
systemic, 1

autonomic nervous system, 104
autoregulation, 112, 113

and cerebral blood flow, 104
cerebral blood flow, see cerebral blood

flow
metabolic mechanism, 113
metabolic theory, 112
myogenic control, 113

baroreceptor, 5
central baroreceptor, 202

baroreceptor loop, 1, 5, 105
high pressure sensors, 51, 105
low pressure sensors, 105

baroreflex, 5, 105, 110, 142, 190
chemoreflex interaction, 119
afferent limb modeling, 191
and heart rate, 109
and hemorrhage, 105
and hypovolemia, 190
and systemic resistance, 109
aortic baroreceptor, 106
cardiopulmonary baroreflex, 106, 107,

109, 190
cardiopulmonary-systemic arterial in-

teraction, 107
carotid baroreceptor, 106
efferent limb modeling, 191
high pressure sensors, 51, 105, 106
low pressure sensors, 105, 106
mechanoreceptor stretch receptors,

105

263
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neural, 110
sympathetic and parasympathetic ac-

tion, 109
systemic arterial baroreflex, 106
systemic arterial baroreflex action,

109
blood flow

and transmural pressure, 116
cerebral flow, 114, 115
coronary flow, 115
dynamic pressure, 116
medullary

effects on natriuresis, 182
renal flow, 115
skeletal muscle flow, 113

blood pressure
arterial pressure control, see arterial

(systemic) pressure
arterial systemic, see arterial (sys-

temic) pressure
pressure control and blood volume,

see blood volume control
pulmonary pressure, see pulmonary

pressure
scaling of, 164
venous blood pressure, see venous

blood pressure
blood volume

and hypovolemic thirst, 180
and salt appetite, 180
and RBC intravascular distribution,

185
blood components, 177
control, see blood volume control
defense against volume loss, 179
erythropoietin, 178
hematocrit, 177

hemoconcentration and hemodi-
lution, 185

kindney influence, 178
measurement, see measurement
plasma, 177
plasma volume regulation, 179
plasma volume relative changes, 185
regulatory influence of salt, 180
relative changes, 185

scaling of, 164
venous to arterial shift, 176
venous volume, 189

blood volume control, 111, 116, 178
adaptive techniques for control, 194
and adaptive techniques, 194
and diuresis, 180
and hemodialysis, 186
and hypertension, 180
and kidney, 109
and lymph flow, 188
and mechanical factors, 182
and natriuresis, 180
excess volume, 180
hormonal, 182
long-term control, 179
mid-term control, 179
sympathetic action, 182
volume loss, 179

blood volume distribution, 139, 174, 177
apparent, 186

body size, 162, 163
allometric scaling, 162, 163
body mass, 163
isometric scaling, 162
metabolic rate, 163
parameters, 163
scaling, 162
similarity, 162
specific variables, 163
surface area, 162–164

formula, 164, see Du Bois’ for-
mula

Bowditch effect, 12

capacitance, 116, 168, 169
apparent, 172
flow effects, 170
specific, 169
venous, 172

capillaries
pulmonary, 2
systemic, 2

cardiac output, 7, 108, 165
and state dependency, 66
and transport delay, 66
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cardiac index, 164
cardiac output curves, 165
control, see baroreflex, sympathetic

system
scaling of, 164

cardio-respiratory rhythms, 119
modulation, 119
respiratory sinus arrhythmia, 119
synchronization, 120

cardiovascular system
and exercise, see exercise
and sleep, 136
baroreflex, 105, see also control
basic components, 103
blood volume andCVS function, 116
capacitance, see capacitance
cardiac output, see cardiac output
central control, 106
chemosensors, 107
compliance, see compliance
control loops, 103, see also control
global control loops, 104, see also

control
heart rate, see heart rate
high pressure part, 2
high pressure sensors, 105
local control, 112, see also control
low pressure part, 2
low pressure sensors, 105
pressure, see pressure
primary components, 103
regional circulations, 176
resistance, see resistance
volume control, see blood volume

control
carotid bodies, 48, 51, 107
carotis sinus, 5
cerebral blood flow, 114, 119

and metabolic demand, 104
and transport delay, 66
autoregulation, 114
dependence on CO2, 63
hypoxic challenge, 114, 115
metabolic influences, 114
myogenic, 113

cerebral spinal fluid, 50

characteristic equation, 72
and Rouche’s Theorem, 73

circuit
pulmonary, 1
systemic, 1

compartment
extravascular, 179
spinal fluid, 45

compliance, 7, 116, 143, 168
flow effects, 170
measurement, 172
specific, 169

compliance vessel, 6
compliant vascular bed, 173
contractility, 10

control of, see control
control

CVRS and exercise, 121
CVS and RS interaction, 117
CVS chemoreflex, 118
RBC volume control, 178
arterial blood pressure, see arterial

(systemic) pressure
auto-transfusion, 113
autoregulation, see autoregulation
baroreflex, see baroreflex
baroreflex and chemoreflex interac-

tion, 119
blood volume, see blood volume con-

trol
cardiac output, see baroreflex, sym-

pathetic system
central command, 122
compliance, 117
contractility, 104, see also barore-

flex, sympathetic system
delay, see delay
feedback, 46, 192, 201

negative, 49, 104, 105, 112, 166
feedforward, 107, 201
global and localCVS interaction, 115
global CVS, 103, 104
heart rate, see baroreflex, sympathetic

system
hormonal, see hormonal control
hypovolemia and pressure, 190
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interstitial-capillary fluid, 113
intrinsic metabolic control, 113
linear control system, 136
local control, 112
local CVS control, 103
local CVS control, 113
long-term, 103, 111, 179, 200
metabolic demand control, 1, 112–

114, 201
mid-term, 179, 200
myogenic, 113–115
neural, 110
optimal, 127
osmoregulation, 180
parasympathetic system, 104, see also

parasympathetic system
plasma volume, 178, 179
renal, 111
resistance, 104, see also baroreflex,

sympathetic system
respiratory control system, 47
RS chemoreflex (chemical control),

47, 49, 118
self regulating, 112
short-term, 103, 105, 178
stabilized quantitities in CVRS, 103
sympathetic system, 104, see also

sympathetic system
ultrafiltration, 192, 193
unstressed volume, 116
vasoconstriction control, 201
ventilation, 49
ventricular volume, 201

controllability, 23
controller

central controller, 49, 50, 59
control gain, 64
Duffin, 50
Gray type, 45, 49
Khoo respiratory control model, 64
Lloyd and Cunningham type, 45, 50
peripheral controller, 49, 50, 59
respiratory controller, 48

cost functional
quadratic, 22

delay
and control gain, 93
asymptotically stable, 235
characteristic function, 235
distributed delay, 230
eigenfuntions, 236
eigenvalues, 235
hereditary system, 229
method of steps, 230
neutral functional differential equa-

tion, 231
respiration and stability, 91
retarded functional differential equa-

tion, 229
stable, 235
state-dependent delay, 50, 67
transport delay, 50, 63, 64, 66, 68,

99
detectable, 23
diastole, 2, 165

isovolumetric contraction, 3
differential-difference equation, 229
dissociation laws, 53

carbon dioxide curve, 55
neonatal and infant, 98
oxgen curve, 54

diuresis, 180, see pressure
Du Bois’ formula, 27, 164

ejection fraction, 3
equation

Riccati, 23
erythropoietin, 178
exercise

CVS and RS coordination, 117, 120
blood pressure, 121
cardiac output, 121
central command, 122
heart rate change, 121
mechanoreceptors, 121
metaboreflex, 121
sympathetic activation, 121
ventilation change, 121, 122

feedback
linear feedback law, 23
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negative, 49, 68, 104, 105, 112, 166,
176

filtration
filtration coefficient, 179
microcirculation, 179
ultrafiltrate, 179

Fisher information matrix, 218
formula

Bazett’s, 10
Frank-Starling mechanism, 4, 10, 109
Fåhræus-Lindqvist effect, 184

generalized sensitivity function, 218
glomerulus, 178
glossopharyngeal nerve, 5

Hagen-Poiseuille law, 170
heart failure, 58, 80, 89, 133, 208

and sympathetic activity, 134
and CSR, 80, 134
backward failure, 133
congestive heart failure, 90, 133
forward failure, 133
heart remodeling, 90, 133, 203
increased transport delay, 91
ventricular failure, 137

heart rate
and exercise, see exercise
and lung inflation reflex, 117
control, see baroreflex, sympathetic

system
scaling of, 164
variability, 120

hematocrit, 177
and large and small vessels, 184
and microcirculation, 184
and osmotic effect, 178
hematocrit meter, 178
hemoconcentration and hemodilution,

185
large vessel, 184
whole body, 184

hemodialysis, 111, 186, 207
adaptive techniques for volume con-

trol, 194
and blood pressure control, 191, 195

and hypotension, 188, 191
and hypovolemia, 188
and ultrafiltration control, 193
blood volume and pressure control,

193
blood volume tracking, 193
extracorporeal system, 186
ultrafiltration, see ultrafiltration
vascular refilling, 188, 193

active mechanisms, 190, 192
and protein concentration, 188
passive mechanisms, 188, 192

volume and pressure control, 186
hemoglobin, 53

Hb affinity, 97
2,3-DPG, 97
adult, 54, 97
fetal, 54, 97

hemorrhage, 116
chronic deterioration, 146
degree of blood loss, 146
optimal control modeling approach,

149
optimal fluid replacement treatment,

149
transfusion, 148

hemorrhagic shock, 146
Henry’s law, 53
Hering-Breuer reflex, 58
high altitude

acclimitization, 86
and sleep, see sleep physiology
apnea, see apnea
hypoxia, 86

hormonal control, 104, 110, 200
ADH, 112, 180
Ang-II, 180
RAAS, 110–112, 180
blood volume control, 180, 182
sympathetic, 110

hypercapnia, 45, 46
and central chemosensors, 118

hypertension, 80, 133
and blood volume regulation, 180

hypotension, 188, 195
hypovolemia, 116, 188
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compensation for, 190
hypoxia, 45, 46, 118

and apnea, 119
and CBF, 115
high altitude, 86
hypoxic response, 99
paradoxical hypoxic response, 99
sympathetic response, 118

ideal gas law, 56
BTPS-STPD conversion, 57
Avogadro’s law, 56
Boyle’s law, 56
Charles’s law, 56
Dalton’s law, 56

incremental generalized sensitivity func-
tions, 218

indicator dilution
and blood volume measurement, 183
and volume of distribution, 183
binding to albumin, 184

infant physiology, 97
L-R shunt, 98
R-L shunt, 98
SIDS, 100, 208
alveolar flow shunt, 98
alveolar-arterial difference, 98
anatomical dead space, 100
apnea, 100
dissociation changes, 98
Ductus Arteriosus, 98
Foramen Ovale, 98
paradoxical hypoxic response, 99
REM and NREM sleep, 100
respiratory stability, 99
sleep architecture development, 100
tidal volume, 98
transcutaneous blood gas measure-

ment, 100
transport delay, 99
venous admixture, 98
ventilation-perfusion matching, 98
ventilation-perfusion ratio, 100

infinitesimal generator, 233
information index, 219
interstitial pressure

and lymph flow, 189
invariant

cone, 20
hyperplane, 20
positively, 21

kidney
and blood volume control, 111, 178,

182
and erythropoietin, 178
filtration, 115
renal blood flow, 115

linear–quadratic regulator problem, 23
lung inflation reflex, 58, 118
lymph flow, 188, 189

mean arterial pressure, 5
measurement

absolute blood volume measurement
techniques, 185

autonomic function, 203
blood volume, 183

indicator dilution, 183
compliance, 172
continous data, 202
error, 203
estimation algorithms, 203
hematocrit, 185
interstitial oncotic pressure, 188
non-invasive, 202
plasma volume, 184
red blood cell concentration, 184
sympathetic system, 206
tracer techniques for volume mea-

surement, 183
vascular dynamic and static, 173

medulla, 104, 106, 108
vasomotor center and central con-

trol, 104
microcirculation, 177
model

CHF and Cheyne-Stokes respiration,
93, 134

CVRS model, 123
CVRS model for CHF, 134
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bottom-up approach, 204
cardiac output, 66
cerebral blood flow, 66
distributed, 172
electrical analogues for CVS vascu-

lature, 172
Grodins’, 12
Guyton CVS model, 199
hemorrhage, 149
heterogeneous, 204
high altitude breathing, 86
multi-scale, 204
orthostatic stress, 140
pulsatile flow, 106
respiratory control, see controller
sleep transition, 79
validation, 202

model types
compartmental model, 59
comprehensive, 58
intermediate, 58
minimal, 58

muscle pump, 113, 122

natriuresis, 180, see pressure

O2 saturation, 54
observability, 23
observer

dynamical, 24
Luenberger, 24

Ohm’s law, 7
operating point, 202
orthostatic stress, 138, 206

clinical issues, 139
orthostatic intolerance, 110, 139, 152,

206
osmolality, 178
osmoregulation, 180
oxygen saturation, 65

parameter identification problem
output-least-squares formulation, 30

parasympathetic system, 104–106, 109
and heart rate, 109
control loops, 104

partial pressure
blood phase, 53
gas phase, 47, 57

periodic breathing, 80
high altitude, 84
possible advantages from, 85

peripheral region
pulmonary, 6
systemic, 6

pH, 49, 50, 55
control of, 104
acid-base balance, 55

Physiome project, 204
plasma, see blood volume
pre-load

to the ventricle, 9
pressure

blood pressure, see blood pressure
capillary, 179, 189
colloid osmotic pressure, 164, 177,

187, 192
effective filtration pressure, 179
effective transcapillary pressure, 187
hydrostatic, 179
interstitial, 182, 189
interstitial oncotic pressure, 188
long-term control, 207
mean circulatory filling pressure, 174,

175
oncotic, 179
plasma oncotic, 188
pressure diuresis, 180

and volume control, 182
under physiological conditions, 181

pressure escape, 181
pressure natriuresis, 180

and volume control, 182
under physiological conditions, 181

right atrial, 165, 175
short-term control, 206
tissue, 179
transmural, 167

pressure-volume diagram, 4
pulmonary pressure, 137
pulse pressure, 5
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quadratic cost functional, 127

reabsorption
sodium, 182

red blood cells, 178
and kidney, 178
concentration, 184
regulation, 178

relative degree, 221
resistance, 103, 108

and autonomic effects, 104, see also
baroreflex, sympathetic system

and autoregulation, 113
and exercise, 109
and volume shift, 117
flow effects, 170
global vasoconstriction, 105
local vasoconstriction, 105
metabolic influence, 113
total systemic, 142
venous, 170

resistance vessel, 6
respiratory system

BTPS-STPD conversion, 57
acid-base and pH, see pH
and transport delays, 50, 51
blood gas transport, 53
Bohr effect, 55
control, see control
delay and stability, see delay
dissociation laws, 53, 55, 63
Haldane effect, 55
ideal gas law, 56
metabolic rates, 81
overview, 46
respiratory center, 48, 51
respiratory quotient, 51
ventilation, see ventilation

scaling
blood contents, 164
blood pressure, 164
blood volume, 164
cardiac output, 164
colloid osmotic pressure, 164
heart rate, 164

metabolic rate, 163
vascular parameters, 169

self-organizing system, 202
sensitivity, 214
sensory system

atrial-ventricular sensors, 110
baroreceptor and chemoreceptor re-

lation, 118
barorereceptor, 105
cardiopulmonary sensors, 106
chemosensors, 48, 50, 107
high pressure sensors, 105
low pressure sensors, 105
mechanoreceptors, 121
metaboreceptors, 121
peripheral chemosensors, 118
pulmonary pressure sensors, 106
renal pressure sensors, 180
respiratory central sensory system,

48, 50
respiratory peripheral sensory sys-

tem, 48, 50
setpoint, 202
simple solution, 53
sleep physiology

NREM, 79
and respiratory responsiveness, 79
and CVS function, 136
arousal, 80
arousal and high altitude, 86
cardiac output, 81
changes during sleep, 79
metabolic rates, 81
REM, 79
sleep fragmentation, 82
sleep stages, 79
sleep transition, 80, 81
ventilatory effects, 81
wakefulness stimulus, 79, 95

stability
definitions of, 235

stabilizable, 23
Starling hypothesis, 179, 188
state of a system, 230
state vector, 14
state-dependent delay, 231
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stroke work, 4
strongly continuous semigroup, 233
sympathetic system, 104–106, 109, 110

and blood volume control, 182
and contractility, 104
and heart rate, 109
and kidney action, 182
and sleep, 136
and systemic resistance, 104, 109
clinical issues, 207
control loops, 104
hypoxia, 118
local variation of effects, 105
measurement, 206
peripheral arterial tonometry, 203

systems physiology, 204
systole, 2

ejection phase, 3
isovolumetric contraction, 3

thirst
hypovolemic, 180
salt appetite, 180

transmural pressure, 138
tubulus, 178

ultrafiltration, 207
and hemodialysis, 186, 188, 193
control algorithms, 192
critical hemoconcentration, 193
filtration coefficient, 188
filtration rate, 188, 190, 192, 193
in hemodialysis, 194
pulses, 194
volume, 187

upper airways, 51, 52, 58, 96
and sleep transition, 79, 96
dilating forces, 96
negative airway pressure, 96
patency, 51, 79, 80

vagal nerve, 5, 119
valve

aortic, 9
mitral, 9
pulmonary, 9

tricuspid, 9
vasoconstriction

and blood volume, 189
arterial and venous capacitance, 172

velocity time integral, 26
vena cava

inferior, 2
superior, 2

venous pressure, 108
central venous pressure, 106, 177,

180
venous return, 165

and circularity of systems, 166
and effect of compliance, 175
and effect of resistance, 175
and effect of stressed volume, 175
and effect of unstressed volume, 176
and right atrial pressure, 165
causality, 165
equating venous and cardiac return

curves, 165
input-output, 165
misconceptions, 166
venous return curves, 165, 166, 175

venous system, 165
and system circularity, 165

ventilation, 46
alveolar dead space, 52
alveolar ventilation, 47, 52, 64
anatomical dead space, 52, 100
and exercise, see exercise
central sensory system, 48, 50
chemical sensory system, 48
Cheyne-Stokes respiration, 80, 93
dead space, 52, 64
high altitude, 83
lung inflation reflex, 118
minute ventilation, 47, 51
periodic breathing, see periodic breath-

ing
peripheral sensory system, 48, 50
physiological dead space, 57
upper airway patency, 51
ventilation-perfusion match, 52

ventricular volume control, 201
venules, 2
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volume
active changes, 169
blood volume, see blood volume
compliant vascular bed, 173
effective CO2 lung volume, 61
end-diastolic, 9
end-systolic, 9
osmotic volume shift, 178
plasma volume, 178, 179
red blood cells, 178
specific, 169
stressed, 116, 168, 169
stroke, 7, 165
tidal volume, 51, 65
total, 8
unstressed, 7, 9, 116, 141, 168, 171,

190
vascular, 168
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