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absolute risk reduction (ARR), 16
absolute zero, 29–30, 38
acceleration, 32
adiabatic lapse rate, 81
adiabatic temperature rise, 80
air
pipeline supplies, 84

air compressors, 84
airway pressure release ventilation

(APRV), 143
ALARP principle, 231
Allen’s Test, 165
alpha radiation, 229
alveolar gas equation, 62–63
amplifiers
bandwidth, 253–254
common mode rejection, 254
differential amplifiers, 254
gain, 254
noise reduction, 254
signal-to-noise ratio, 253–254
use on biological potentials, 253–254

amplitude of a wave, 209
anaemia with co-existing hypoxia
effect on measured SpO2, 103–104

anaesthesia
delivering safe mixtures of gases, 113
delivery at altitude, 126–127
second gas effect, 67

anaesthetic vapours
biotransformation, 117
blood:gas (B/G) partition coefficient,

117–119
flammable gas mixtures, 148
global warming potential (GWP),

117
ideal properties, 119
key properties of various anaesthetic

agents, 117–119
minimum alveolar concentration

(MAC), 117
oil:gas (O/G) partition coefficient,

117–119
permitted limits in the theatre

environment, 146–147
analysis of variance (ANOVA), 20
anatomical dead-space measurement,

94

anti-neutrinos, 229
Apollo 1 capsule fire and explosion,

149
apparent diffusion coefficients (ADCs),

238
apparent temperature, 46–48
Aristotle, 31
arterial oxygen saturation (SaO2), 98
arterial waveform analysis, 182
assessment bias, 4
atomic number, 227
atomic structure, 226–228
nature of matter, 226

Avogadro’s constant, 61, 227
Avogadro’s law, 61–63

bag squeezer ventilators, 141
bar charts, 5
Barnard, Christiaan, 188
barometers, 72
barotrauma, 124
Bayesian statistics (Bayes’ theorem),

14
Beer–Lambert law, 90, 94, 104
Beer’s law, 98
bell curve (normal distribution), 6–7
Benedict Roth spirometer, 74
Bernoulli, Joseph, 8
Bernoulli principle, 59–60, 130–131
beta radiation, 229–230
bias, 3–4
assessment bias, 4
information bias, 3–4
observer bias, 4
publication bias, 4, 21–22
selection bias, 3

bi-level positive airway pressure
(BiPAP) devices, 132

bimetallic strip thermometers, 43
bio-impedance
cardiac output monitoring, 184

biological potentials, 246–247
biotransformation of anaesthetic

vapours, 117
BIS™ (Bispectral Index), 3
blackbody radiation, 43
Bland–Altman plot, 11–12
blinding component of study design, 3

blood
as a non-Newtonian fluid, 56–57

blood gas analysis
blood gas machine, 107–108
Clark (polarographic) electrode, 104
comparing arterial, venous and

capillary samples, 109–110
derived variables, 107–108
development of devices, 97
fuel cell (Hersch or Galvanic cell),

104–105
oxygen tension (PO2) electrodes,

104–105
PCO2 electrode, 107
pH electrode, 105–106
pulse oximetry, 98–104
Severinghaus electrode, 107
sources of error, 108–109
air bubbles, 108
excess heparin, 108
hypothermia, 108–109
patients with haematological
malignancy, 108

protein deposits, 108
reverse pseudo-hyperkalaemia, 108

transcutaneous methods, 110
blood:gas (B/G) partition coefficient of

anaesthetic vapours, 117–119
blood pressure
central venous pressure, 160
components, 160
definition, 159–160
diastolic pressure, 160
isovolumetric contraction, 160
mean arterial pressure (MAP), 160
phlebostatic axis, 160
pulmonary artery pressure, 160
pulmonary capillary wedge pressure,

160
systolic pressure SBP, 159–160
unit of measurement, 159

blood pressure measurement
DINAMAP (device for indirect non-

invasive automatic mean
arterial pressure), 160

Finapres system, 164
importance in anaesthesia and

critical care, 159 257
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blood pressure measurement (cont.)
invasive arterial blood pressure

measurement (IABP)
additional information from the
waveform, 171–172

Allen’s test, 165
applications, 165
brachial artery, 165
components and set-up, 166–167
contraindications, 165
damping, 169–170
femoral artery, 165
Fourier analysis of arterial
pressure waveform, 168–169

indications, 165
levelling the transducer, 171
potential complications, 165
radial artery, 165
resonance, 168–169
sources of error, 167–171
waveform morphology, 167–168
zeroing (calibrating the system),
171

non-invasive, continuous, 164
non-invasive, intermittent, 160–164
phlebostatic axis, 163
radial artery compression, 164
range of methods, 160–161
selection of a monitoring technique,

172
sphygmomanometers, 160–164

Bodok seal, 79
Bohr, Niels, 227
bonding
covalent bonds, 228
ionic bonds, 228
metallic bonding, 228

Bosun’s whistle (oxygen failure
whistle), 73

Bourdon gauge, 71, 80
Bourdon gauge thermometer, 42–43
box-and-whisker plots, 9–10
Boyle’s law, 63–64, 80–82, 124
breathing systems. See ventilators and

breathing systems
bremsstrahlung (braking radiation),

229
Brownian motion, 57, 238
Bureau International des Poids et

Mesures (BIPM), 26

capacitive hygrometers, 46
capacitors, 30
carboxyhaemoglobin
effect on measured SpO2, 104

cardiac assist devices, 204–205
cardiac output monitoring
arterial waveform analysis, 182
bio-impedance, 184

cardiac output monitors, 182
comparison of different monitors,

174–175
dilutional methods, 177–178
Doppler ultrasound devices, 180–182
Fick principle, 177–178
lithium dilution methods, 180
magnetic resonance techniques,

185
non-invasive finger-cuff technology,

182–183
pulmonary artery catheter (PAC),

178–180
selection of an appropriate method,

185
Stewart–Hamilton equation,

176–177
transthoracic echocardiography,

183–184
ultrasound techniques, 184–185
visual echocardiography, 183–184
washout curve, 175–176

cardiac pacing
implantable cardioverter

defibrillators (ICDs), 192–193
implications for anaesthesia, 193
leadless pacemakers, 192
pacemaker codes, 192
permanent cardiac pacing, 190–192
temporary cardiac pacing, 189–190
types of cardiac pacemakers, 189

cardiac potentials, 247–249
cardiac support, 187–188
cardiac assist devices, 204–205
cardiac pacing, 189–193
cardiopulmonary bypass (CPB),

198–201
cell salvage, 188–189
defibrillators, 194–198
implantable cardioverter

defibrillators (ICDs), 192–193
intra-aortic balloon pump (IABP),

201–203
ventricular assist devices (VADs),

204–205
cardiopulmonary bypass (CPB),

198–201
CAT scan, 235
cell membranes
phospholipid bilayer construction,

246–247
role in generation of biological

potentials, 247
cell salvage, 188–189
advantages, 189
disadvantages, 189
disadvantages of allogenic red-cell

transfusion, 188
indications for, 188–189

centipoise, 54
central venous pressure (CVP), 165
Charles’s law, 64
chelation, 239
chi-squared test, 5, 14, 20
chilled mirror hygrometers, 46
chloroform, 117–119
chromatography
gas concentration measurement,

93–94
circle breathing system, 137
Clark (polarographic) electrode, 104
clinical heat loss, 40
CMAP (compound muscle action

potential), 253
Coanda effect, 60–61
Cochrane Q test, 21
coefficient of determination (R2), 14
Cohen’s kappa statistic, 11
colour-change crystal hygrometers, 46
combined gas law, 65
Compton scattering, 235–236
computed tomography (CT), 232–236
conduction, 39–40
confounding, 4
CONSORT (Consolidated Standards of

Reporting Trials) statement, 2
contingency tables, 5
continuous positive airway pressure

(CPAP) devices, 132
Control of Substances Hazardous to

Health (COSHH) regulations
(UK), 87

permitted limits for anaesthetic
agents in the theatre
environment, 146–147

convection, 39
correlation coefficients, 11
covalent bonds, 228
critical illness myopathy (CIM), 246,

253
critical illness neuromyopathy (CINM),

253–254
critical illness polyneuropathy (CIP),

253–254
critical point, 115
critical temperature, 115
crocodile icefish, 101
crossover study design, 4
Curie, Jacques, 208
Curie, Pierre, 208
Curie temperature, 217
cycles per second (frequency), 18
cyclopropane, 45
flammability, 148

Dalton, James, 226
law of partial pressures, 62–63

Darwin, Charles, 207

Index

258

www.cambridge.org/9781108731454
www.cambridge.org


Cambridge University Press
978-1-108-73145-4 — Maths, Physics and Clinical Measurement for Anaesthesia and Intensive Care
Edited by Hozefa Ebrahim , David Ashton-Cleary 
Index
More Information

www.cambridge.org© in this web service Cambridge University Press

data representation, 5–8
bar charts, 5
contingency tables, 5
exponential distribution, 7–8
graphical representations, 5
histograms, 5
normal distribution, 6–7
skewed distributions, 6–7

dead-space measurement, 94
decibel (dB), 209
Declaration of Helsinki, 4
decompression chambers, 125
decompression sickness, 66, 125
risk at high altitude, 125–126

defibrillators, 30, 194–198
cardioversion, 194
components, 194–198
defibrillation procedure, 194
electrodes, 198
functions of a defibrillator, 194
implantable cardioverter

defibrillators (ICDs), 192–193
types of, 194
waveforms, 198

desflurane, 117–119
dew point, 45
diastolic blood pressure (DBP), 160
diffusion, 58
DINAMAP (device for indirect non-

invasive automatic mean
arterial pressure), 163

direct injection vaporizers, 122
divers
decompression sickness, 66
See also hyperbaric systems; scuba

diving.
dog whistle, 207
Doppler, Christian, 180, 219
Doppler effect, 219–220
Doppler shift, 221
Doppler ultrasound, 219–222
cardiac output monitoring, 180–182
colour Doppler, 222
continuous-wave Doppler (CWD),

221–224
development of, 208
oesophageal Doppler monitor

(ODM), 221–222
pulse-wave Doppler (PWD),

221
double-blinded studies, 3
draw-over vaporizers, 122
DWI (diffusion-weighted imaging),

238
dynamos, 36

E-Entropy™, 253
Earth
magnetic field, 34–35

echocardiography, 247
echolocation, 207
Edison, Thomas, 29
Einthoven’s triangle, 248–249
electric motors, 35–36
electric shock
risk in the operating theatre, 48

electrical equipment
ignition sources, 148–149

electrical safety, 150–155
effects of different currents on the

human body, 150–151
IEC standards for medical electrical

equipment, 152–154
macroshock, 150–152
capacitive coupling, 152
determinants of clinical effect,
150–151

equipotential bonding, 154–155
leakage currents, 151–152,
154–155

resistive coupling, 151–152
microshock, 152
physics of, 150
protection against shock, 152–154

electrical volume meter, 75–76
electricity
alternating current (AC), 29–30
ampere (SI unit), 28
capacitance, 30
definition of electric current, 28
direct current (DC), 29–30
electromotive force (EMF), 30–31
galvanometers, 28
historical observations, 28
impedance, 30
inductance, 30–31
parallel circuits, 29
potential difference (voltage), 28
reactance, 30
resistance, 28
series circuits, 29
simple circuits, 28–29
symbols of common electrical

components, 29
transformers, 31

electro-biophysiology, 246
amplifiers, 253–254
biological potentials, 246–247
cardiac potentials, 247–249
electrocardiogram (ECG), 247–249
electroencephalogram (EEG),

252–253
electromyogram (EMG), 253–254
filters, 254–255
myocardial ischaemia and infarction,

249–252
uses and limitations of measuring

systems, 255

electrocardiogram (ECG), 247–249
display, 248–249
Einthoven’s triangle, 248–249
myocardial ischaemia and infarction,

249–252
electroencephalogram (EEG),

252–253
BIS™ (Bispectral Index), 253
E-Entropy™, 253
effects of anaesthetic drugs, 252
Narcotrend™, 253
somatosensory evoked potential

(SSEP), 253
wave frequencies and clinical

correlates, 252
electroluminescence, 240
electromagnetic energy, 32
electromagnetic waves
properties of, 208–209

electromagnetism, 35–36
construction of electromagnets,

35
dynamos, 36
electric motors, 35–36
transducers, 36

electromagnets, 34
electromyogram (EMG), 253
electrons
energy levels, 227–228
valence shells, 227–228

electrostatic discharge risk
humidity and, 155

energy, 31–32
definition, 31–32
electromagnetic energy, 32
forms of, 32
kinetic energy, 32
laws of thermodynamics, 38–39
phase change and, 115–117
potential energy, 32
power and, 32
sound energy, 32
thermal energy, 32, 39
work and, 31–32

enflurane, 117–119
enthalpy
phase change and, 117

Entonox
latent heat of evaporation, 116
pseudo-critical temperature,

116–117
storage and use, 82
two-stage Entonox valve, 72–73

entropy, 38
phase change and, 117

equipotential bonding, 154–155
Erb’s point, 253
ether (diethyl ether), 117–119
ether inhaler, 122

Index

259

www.cambridge.org/9781108731454
www.cambridge.org


Cambridge University Press
978-1-108-73145-4 — Maths, Physics and Clinical Measurement for Anaesthesia and Intensive Care
Edited by Hozefa Ebrahim , David Ashton-Cleary 
Index
More Information

www.cambridge.org© in this web service Cambridge University Press

ethics committee
consideration of clinical study

design, 4
Euler, Leonhard, 8
Euler’s constant, 8
Euler’s number, 8–14
evidence-based medicine
appraisal process, 22

explosions. See fires and explosions
exponential distribution, 7–8
extra-corporeal CO2 removal

(ECCO2R), 143–144
extra-corporeal life support (ECLS),

199
extra-corporeal membrane

oxygenation (ECMO), 143–144,
199

Faraday, Michael, 35
law of electromagnetic induction, 34

FDG (18F-fluorodeoxyglucose), 236
fibre-optic thermometers, 44–45
fibre optics, 242–244
Fick principle, 177–178
Fick’s law, 66–67
filters (for signals), 254–255
Finapres system, 164
finger-cuff technology, 182–183
fires and explosions, 148–150
attempts to extinguish fire, 150
components required for fire, 148
evacuation of fire-affected areas, 150
explosion risk in the operating

theatre, 48
explosions of flammable gas

mixtures, 148
factors implicated in higher risks,

149
flammable gas mixtures, 148
flammable substances in the theatre

environment, 149
fuel sources, 149
hazards in the operating theatre,

148
ignition sources, 148–149
laser safety issues, 148–149
management of fires, 149–150
minimizing the risk of fire, 149
oxidizers, 149
recognizing fire, 149–150
safety of electrical equipment,

148–149
Fisher’s exact test, 20
FLAIR (fluid attenuation inversion

recovery) imaging, 238
Fleiss’s kappa statistic, 11
flowmeters. See gas flow measurement
FlowTrac/VigileoTM, 182
fluid mechanics, 53, 58
Bernoulli principle, 59–60
Coanda effect, 60–61

Pascal’s principle, 58–59
Venturi effect, 60

fluids
blood as a non-Newtonian fluid,

56–57
Brownian motion, 57
definition of a fluid, 53–54, 114
diffusion, 58
dynamic viscosity, 56
Hagen–Poiseuille equation, 54–55
kinematic velocity, 56
laminar flow, 54–56
movement and mixing, 57–58
Newtonian fluids, 54–56
non-Newtonian fluids, 56–57
osmosis, 58–59
Poiseuille’s law, 54–55
properties of fluids, 53–54
Reynolds number, 56
turbulent flow, 55–56
viscosity, 54

fluorescence, 239–240
force, 32
Forest plot, 21
Fourier analysis of arterial pressure

waveform, 168–169
fragility index, 18
frequency
definition, 209

Fresnel equations, 211
fuel cell (Hersch or Galvanic cell),

104–105
funnel plot, 21–22

gadolinium contrast agents, 238–239
Galilean thermometer, 45
galvanometers, 28
gamma radiation, 229–230
nuclear medicine, 236

gamma scintigraphy, 236
gas concentration measurement
chromatography, 93–94
infrared gas analyzer, 88–89
mass spectrometry, 90–91
nitrogen meter, 94
paramagnetic oxygen analyzer,

87–89
piezoelectric absorption, 92–93
Raman gas analyzers, 90–91
refractometry, 92
role in anaesthesia, 87
summary of methods and uses,

94–95
ultraviolet absorption, 93–94

gas flow measurement
flowmeters, 76–77
hot-wire anemometer, 79
mechanical strain gauge flowmeter,

78–79
peak-flowmeters, 77
pitot-tube pneumotachograph, 77–78

pneumotachograph, 77–78
variable-orifice flowmeters, 76–77

gas laws
Avogadro’s law, 61–63
Boyle’s law, 63–64
Charles’s law, 64
combined gas law, 65
Dalton’s law of partial pressures,

62–63
Fick’s law, 66–67
Gay-Lussac’s law, 64
Graham’s law, 66
Henry’s law of solubility, 66
ideal gas concept, 61
ideal gas laws, 61
universal gas law, 61, 65–66

gas pressure
definition of pressure, 70
manipulation of high-pressure gases,

72–73
oxygen failure whistle, 72–73
pressure-reducing valves, 72
units of measure, 70

gas pressure measurement, 71–72
absolute or total pressure, 71
barometers, 72
Bourdon gauge, 71
gauge pressure, 71
manometers, 71–72

gas supply, 79
cylinders, 79–82
avoiding adiabatic temperature
rise, 79–80

identifying the gas within the
cylinder, 79

safety features, 79–82
volume of gas within a cylinder,
80–82

pipeline gas supplies, 82–84
air, 84
nitrous oxide, 82–83
oxygen (vacuum-insulated
evaporator, VIE), 82–84

oxygen concentrator, 84
gas volume measurement, 74
Benedict Roth spirometer, 74
electrical volume meter, 75–76
Vitalograph®, 74
Wright respirometer, 74–75

gases
saturated vapour pressure (SVP), 66

Gauss, Carl Friedrich, 26
Gay-Lussac’s law, 64, 80, 83
global warming potential (GWP) of

anaesthetic vapours, 117
good clinical practice (GCP)

standards, 4
Graham’s law, 66
graphical representations of data, 5
gravimetric hygrometers, 46
gray (Gy), 231

Index

260

www.cambridge.org/9781108731454
www.cambridge.org


Cambridge University Press
978-1-108-73145-4 — Maths, Physics and Clinical Measurement for Anaesthesia and Intensive Care
Edited by Hozefa Ebrahim , David Ashton-Cleary 
Index
More Information

www.cambridge.org© in this web service Cambridge University Press

haemoglobinopathies
effect on measured SpO2, 103

Hagen–Poiseuille equation, 54–55, 210
hair hygrometers, 46–47
Hales, Stephen, 165
halothane, 93, 117–119
hazard, 17
hazard ratio (HR), 17
heat
definition, 39
relationship to temperature and

humidity, 46–48
thermal energy, 39

heat and moisture exchangers (HMEs),
48–49

heat capacity, 41
heat transfer
clinical heat loss, 40
conduction, 39–40
conduction coefficients, 40
convection, 39
insulators, 40
latent heat of fusion, 41
latent heat of vaporization, 40–41
mechanisms, 39
radiation, 39–40

Heliox, 125
Henry’s law, 66, 93, 104–105, 125, 201
Hertz (Hz), 209
high altitude
delivering anaesthesia at altitude,

126–127
drop in atmospheric pressure with

increasing altitude, 125
risk of decompression sickness,

125–126
risk of flying after diving, 126

high-flow nasal oxygen (HFNO)
devices, 132

high-frequency oscillating ventilator
(HFOV), 142–143

high-intensity focused ultrasound
(HIFU), 223

histograms, 5
hot-wire anemometer, 79
Hounsfield scale, 235
humidification in clinical practice
avoiding static electricity build-up, 48
benefits for theatre patients and staff,

48
reducing explosion risk, 48
reducing the risk of electric shock, 48

humidification methods, 48–50
active and passive methods, 48
heat and moisture exchangers

(HMEs), 48–49
nebulizers, 49–50
water-bath humidifiers, 49

humidity
absolute humidity, 45
apparent temperature and, 46–48

definition, 45
dew point, 45
electrostatic discharge risk and,

155
relationship to temperature and heat,

46–48
relative humidity, 45
safety issues in clinical practice, 45
specific humidity, 45
ways to express, 45

humidity measurement, 45–46
capacitive hygrometers, 46
chilled mirror hygrometers, 46
colour-change crystal hygrometers,

46
gravimetric hygrometers, 46
hair hygrometers, 46–47
psychrometers, 46
Regnault’s hygrometer, 46–47
resistive hygrometers, 46
wet and dry bulb hygrometers, 46

Humphrey ADE system, 136
hydrostatic pressure equation, 72
hygrometers, 45–46
hyperbaric oxygen therapy, 125
hyperbaric systems
barotrauma, 124
dangers of, 124–125
decompression chambers, 125
decompression sickness, 66, 125
hyperbaric oxygen therapy, 125
narcosis, 124
oxygen toxicity, 124–125
uses for, 124

hypergolic substances, 148
hypothesis testing, 18–19
hypothesis tests, 19–20

I2 statistic, 21
implantable cardioverter defibrillators

(ICDs), 192–193
implications for anaesthesia, 193

indocyanine green
effect on measured SpO2, 103

inductors, 30–31
inertia, 33
information bias, 3–4
infrared gas analyzer, 88–89
infrared radiation, 39–40
infrared thermometers, 43
insulators, 40
intention-to-treat analysis, 4
intermittent positive pressure

ventilation (IPPV), 138–139
International System (SI) of units,

25–28
interquartile range (IQR), 9–11
intra-aortic balloon pump (IABP),

201–203
inverse piezo effect, 92
ionic bonds, 228

ionizing radiation, 40
See also radiation

Ionizing Radiation (Medical Exposure)
Regulations (IRMER) UK, 231

ions, 227
isoflurane, 117–119
isotopes, 227

jet entrainment, 60

Kaplan–Meier chart, 17
kinetic energy, 32
Kolmogorov–Smirnov test, 7
Kouwenhoven, William Bennett, 194
kurtosis, 7

Lambert’s law, 98, 104
Laplace’s law, 160
lasers, 239–244
common laser systems and their

applications, 240
lasing process, 240–241
lasing threshold, 241–242
optical discs, 242
optical fibres, 242–244
population inversion, 241–242
properties of laser light, 240
safety issues, 148–149
stimulated emission, 240–241

latent heat, 41
latent heat of evaporation, 116
latent heat of fusion, 41, 115–116
latent heat of vaporization, 40–41
Le Chatelier’s principle, 115
LEDs (light-emitting diodes), 240
LiDCOTM, 182
light
properties of, 208–209
spontaneous emission, 239

Likert scale, 3
linear regression, 13
liquid crystal thermometers, 43
lithium dilution
monitoring cardiac output, 180

lithotripsy, 223
logistic regression, 14
log-linear regression, 14

magnetic-resonance-guided focused
ultrasound (MRgFUS), 223

magnetic resonance imaging (MRI),
236–239

components of the MRI scanner,
236–238

contrast agents, 238–239
principles, 236–238
types of imaging sequences, 238

magnetism, 33–34
definition, 34
definition of a magnet, 34
diamagnetism, 34
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magnetism (cont.)
Earth’s magnetic field, 34–35
electromagnetism, 35–36
electromagnets, 34
inventions using, 34
magnetic fields, 34–35
magnetic flux density, 34
paramagnetism, 34
strength of a magnetic field, 34

Manley MP3 ventilator, 140–141
Mann–Whitney U test, 20
Mann–Whitney–Wilcoxon (MWW)

test, 20
manometers, 71–72
Mantel–Haenszel procedure, 21
Mapleson classification of breathing

systems, 133–136
mass, 33
mass number, 227
mass spectrometry
gas concentration measurement,

90–91
mean (measure of central tendency),

8–9
mean arterial pressure (MAP), 160
measurement
SI (Système Internationale) units,

25–28
mechanical strain gauge flowmeter,

78–79
mechanical ventilation, 137–141
‘bag squeezer’ ventilators, 141
classification by cycling, 138–140
classification by mode of operation,

140–141
intermittent blower ventilators, 141
intermittent positive pressure

ventilation (IPPV), 138–139
‘mechanical thumb’ ventilators, 140
minute-volume dividers, 140–141
negative versus positive pressure

ventilation, 138
positive end-expiratory pressure

(PEEP), 138–139
positive pressure ventilators,

138–141
pressure-control ventilation (PCV),

140
volume-control ventilation (VCV),

139–140
mechanics
acceleration, 32
force, 32
inertia, 33
mass, 33
momentum, 33
Newton’s laws of motion, 32–33
pressure, 32–33
velocity, 33
weight, 33

median (measure of central tendency),
8–9

meta-analysis, 21
metallic bonding, 228
methaemoglobinaemia
effect on measured SpO2, 102–103

methylene blue
effect on measured SpO2, 103

MIBI scanning, 236
minimum alveolar concentration

(MAC) of anaesthetic vapours,
117

mode (measure of central tendency),
8–9

molar heat capacity, 41
mole, 227
Avogadro’s constant, 61

momentum, 33
motor unit potential (MUP), 253
multivariate regression, 13–14
myocardial ischaemia and infarction
ECG findings, 249–252

Napier’s number, 8
narcosis related to hyperbaric systems,

124
Narcotrend™, 253
nebulizers, 49–50
ultrasonic nebulizers, 223

negative predictive value (NPV), 12–13
neutrinos, 229
neutrons, 226–227
Newton, Isaac, 31
laws of motion, 32–33, 200

Newtonian fluids, 54–56
nitrogen meter, 94
nitrous oxide
as a fuel and an oxygen source, 149
key properties, 117–119
latent heat of evaporation, 116
pipeline supply, 82–83
volume of gas in a cylinder, 80–81

non-invasive finger-cuff technology,
182–183

non-Newtonian fluids, 56–57
normal distribution, 6–7
nuclear medicine, 236
nucleons, 226–227
nuclides, 227
null hypothesis, 18
number needed to harm (NNH), 16
number needed to treat (NNT), 16
Nyquist limit, 222

observer bias, 4
Occupational Health and Safety Act

(OHSA) (USA)
permitted limits for anaesthetic

agents in the theatre
environment, 146–147

odds, 16–17
odds ratio (OR), 16–17
oesophageal Doppler monitor (ODM),

221–222
Ohm’s law, 30, 150
oil:gas (O/G) partition coefficient of

anaesthetic vapours, 117–119
open or open-label studies, 3
optical discs, 242
optical fibres, 242–244
osmosis, 58–59
oxidizers
fire and explosion risk, 149

oxygen
oxygen concentrator, 84
paramagnetic oxygen analyzer,

87–89
vacuum-insulated evaporator (VIE),

82–84
volume of gas in a cylinder, 80

oxygen failure whistle, 72–73
oxygen toxicity
related to hyperbaric systems,

124–125

p-value, 11, 19
pacemakers. See cardiac pacing
paramagnetic oxygen analyzer, 87–89
parameters of populations, 10
Pascal’s principle, 58–59
PCO2 electrode, 107
peak-flowmeters, 77
Pearson’s correlation coefficient, 11
Penaz principle, 164
Pendelluft ventilation, 143
periodic table of elements, 227
PET (positron emission tomography),

236
pH electrode, 105–106
phase of a cycle, 209
phases of matter
condensation, 115
critical point, 115
critical temperature, 115
definition of vapour, 115
deposition, 115
energy and phase change, 115–117
enthalpy, 117
entropy and phase change, 117
evaporation, 115
fluids, 114
gas phase, 113
latent heat of evaporation, 116
latent heat of fusion, 116
liquid phase, 113
melting, 115
phase changes, 114–115
phase diagram, 114–115
plasma, 113
principal phases, 113–114
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pseudo-critical temperature of gas
mixtures, 116–117

saturated vapour pressure, 115
solid phase, 113
temperature and phase change,

115–117
triple point, 115
vapour pressure, 115

phlebostatic axis, 160, 163
phosphor thermometry, 45
phosphorescence, 240
photoelectric effect, 235–236
photons, 230
photoplethysmograph, 164
PiCCOTM, 182
PICO model, 1–2
piezoelectric absorption
gas concentrationmeasurement, 92–93

piezoelectric effect, 92–93, 208, 216–217
pitot-tube pneumotachograph, 77–78
Plank’s constant, 228, 239
platinum resistance thermometers,

43–44
plenum vaporizers, 119–121
pneumotachograph, 77–78
PO2 electrodes, 104–105
Poiseuille’s law, 54–55
Poisson distribution, 14
Poisson regression, 14
portable ventilators, 141–142
positive end-expiratory pressure

(PEEP), 138–139
positive predictive value (PPV), 12–13
potential energy, 32
powders
properties of, 54

power, 32
Poynting effect, 82
pressure, 32
definition, 70
units of measure, 70

pressure (mechanics), 33
pressure-control ventilation (PCV),

140–144
pressure-reducing valves, 72
probability, 14–15
conditional probability, 14
frequentist statistical approach, 14–15
objectivism, 14–15
posterior probability, 14
prior probability, 14
quantifying, 15
subjectivism, 14

protons, 226–227
pseudo-critical temperature
mixtures of gases, 116–117

psychrometers, 46
publication bias, 4, 21–22
pulmonary artery catheter (PAC),

178–180

pulmonary artery pressure, 165
pulse-echo principle, 218
pulse oximetry, 98–101
causes of incorrect SpO2 readings,

100, 102–104
development of devices, 97
SaO2 (arterial oxygen saturation), 98
SpO2 (pulse-oximetry oxygen

saturation), 98
pulse-oximetry limitations, 102–104
anaemia with co-existing hypoxia,

103–104
carboxyhaemoglobin, 104
fingernail polish, 103
haemoglobinopathies, 103
intravenous pigmented dyes, 103
methaemoglobinaemia, 102–103
movement artefact, 103
poor perfusion, 103
sulph-haemoglobinaemia, 103
venous pulsations, 103

Pythagoras, 207

quantum mechanics, 226–227

radiation (ionizing), 40
radiation (thermal), 39–40
radiation and decay, 228–229
alpha radiation, 229
beta radiation, 229–230
gamma radiation, 229–230
half-life, 229–230
X-ray radiation, 229–230

radiation safety, 230–232
Raman effect, 90–91
Raman gas analyzers, 90–91
randomization, 3
avoiding selection bias, 3

range, 9–11
Rayleigh refractometer, 92
Rayleigh scattering, 90, 92, 212–213,

222
reflection, laws of, 211
refractive index, 92, 242–243
refractometry
gas concentration measurement, 92

Regnault’s hygrometer, 46–47
regression, 13–14
resistive hygrometers, 46
reverse piezoelectric effect, 216
Reynolds number, 56
rheology, 57
risk, 15–17
absolute risk (AR), 15
risk ratio (relative risk), 15–16

Ritchie oxygen failure whistle, 72–73

safety
electrical safety, 150–155
fires and explosions, 148–150

humidity and electrostatic discharge
prevention, 155

issues relating to humidity, 45
lasers, 148–149
scavenging systems, 146–147

sampling, 3
saturated vapour pressure (SVP), 66,

115
scatterplots, 11
scavenging systems, 146–147
adjuncts to scavenging, 147
collecting system, 147
components, 147
disposal system, 147
exterior port, 147
permitted limits for anaesthetic

agents in the theatre
environment, 146–147

receiving system, 147
transfer system, 147

Schimmelbusch mask, 122
Schrader connectors, 84
Schrader sockets, 82
scuba diving
equipment, 105
rebreathing systems, 137
risk of flying after diving, 126
See also hyperbaric systems.

Sechrist Bird VIP ventilator, 140
second gas effect, 67
Seebeck effect, 44
selection bias, 3
Severinghaus electrode, 107
sevoflurane, 117–119
SI (Système Internationale) units,

25–28
ampere (electric current), 26
base units, 25–27
candela (luminescence), 26
derived units, 27–28
kelvin (temperature), 26
kilogram, 25–34
metre, 25–26
mole (amount of substance),

26
reporting style conventions, 27–28
second (time), 26

sievert (Sv), 231
Simpson’s rule, 184
skewed distributions, 6–7
smoke detectors, 229
SNAP (sensory nerve action potential),

253
Snell’s law, 214
somatosensory evoked potential

(SSEP), 253
SONAR, 208, 223
sound energy, 32
sound intensity level (SIL), 209
sound pressure level (SPL), 210
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Spearman’s rank correlation
coefficient, 11

specific heat capacity (SHC), 41
specific latent heat, 41
SPECT (single-photon emission

computed tomography), 236
spectroscopy, 228
sphygmomanometers, 160–164
aneroid sphygmomanometers, 162
auscultatory method, 161
digital sphygmomanometers, 163
DINAMAP (device for indirect

non-invasive automatic mean
arterial pressure), 163

elements required for BP
measurement, 160–161

factors affecting accuracy of
measurement, 163–164

less commonly used methods, 161
mercury sphygmomanometers,

161–162
oscillometric method, 161
phlebostatic axis, 163
Von Recklinghausen

oscillotonometer, 162–163
SpO2 (pulse-oximetry oxygen

saturation), 98
standard deviation (SD), 7, 9–11
standard error, 10
standard error of the mean (SEM), 10
standards
IEC standards for medical electrical

equipment, 152–154
static discharge
lightning bolts, 48
risk in the operating theatre, 48

statistics
absolute variation, 9
agreement, 11–12
analysis of variance (ANOVA), 20
association, 11
average, 8–9
box-and-whisker plots, 9–10
categorical data, 5
chi-squared test, 19–20
confidence intervals, 17–18
continuous variables, 5
correlation, 11
correlation coefficients, 11
data representation, 5–8
data types, 4–5
deductive statistics, 14–20
descriptive statistics, 4–8
dichotomous data, 5
discrete variables, 5
distinction from population

parameters, 10
exponential distribution, 7–8

Fisher’s exact test, 20
Forest plot, 21
fragility index, 18
funnel plot, 21–22
goodness-of-fit measures, 14
hazard, 17
hazard ratio (HR), 17
hypothesis testing, 18–19
hypothesis tests, 19–20
importance in medicine, 1
interquartile range (IQR), 9–11
interval variables, 5–14
Mann–Whitney U test, 20
mean, 8–9
measures of central tendency, 8–9
measures of spread, 9–11
median, 8–9
metric data, 5
mode, 8–9
negative predictive value (NPV),

12–13
nominal data, 5
normal distribution, 6–7
null hypothesis, 18
odds, 16–17
odds ratio (OR), 16–17
ordinal data, 5
p-value, 11, 19
positive predictive value (PPV),

12–13
power calculation, 18–19
probability, 14–15
qualitative data, 5
quantitative data, 5
range, 9–11
ranked data, 5
ratio variables, 5–14
regression, 13–14
risk, 15–17
risk ratio (relative risk), 15–16
scatter plots, 11
sensitivity, 12–13
skewed distributions, 6–7
specificity, 12–13
standard deviation (SD), 9–11
standard error, 10
standard error of the mean (SEM), 10
summary statistics, 8–14
t-test, 19
type 1 error, 18
type 2 error, 18
types of variables, 4–5
variance, 9
Wilcoxon signed rank sum test,

20
statistics in clinical practice
evidence-based medicine, 22
meta-analysis, 21

publication bias, 21–22
systematic review, 21

Stewart–Hamilton equation, 176–177
STIR (short T1 inversion recovery)

imaging, 238
study design
allocation of participants to study

groups, 3
avoiding selection bias, 3
bias, 3–4
blinding, 3
case–control studies, 2
causes of incorrect recording of

measurements, 3–4
clinical standards, 4
cohort studies, 2
confounding, 4
consideration by an ethics

committee, 4
crossover, 4
cross-sectional studies, 2
defining the research question, 1–2
double-blinded studies, 3
experimental studies, 2
intention-to-treat analysis, 4
key questions, 1
observational studies, 2
open or open-label studies, 3
outcome measures (endpoints), 2
PICO model, 1–2
publication bias, 4
randomization, 3
sampling, 3
uncertainty around outcome

measures, 2
sulph-haemoglobinaemia, 103
Swan–Ganz catheter, 178
systematic review, 21
systolic blood pressure (SBP), 159–160

t-test, 19
technetium-sestamibi-99m, 236
temperature
absolute zero, 41
apparent temperature, 46–48
continuous variables, 5–14
definition, 41
laws of thermodynamics, 38–39
phase change and, 115–117
relationship to heat and humidity, 46–48
thermometric properties, 42
triple point of water, 41–42
units of measurement, 41

temperature measurement, 42–45
tesla (T), 34
theatre environment
electrical safety, 150–155
fires and explosions, 148–150
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humidity and electrostatic discharge
prevention, 155

scavenging systems, 146–147
thermal energy, 32, 39
thermistors, 44
thermochromism, 43
thermocouples, 44
thermodynamics
first law, 31–32
laws of, 38–39
second law, 117

thermometers, 42–45
alcohol thermometers, 42
bimetallic-strip thermometers,

43
Bourdon gauge thermometer,

42–43
electrical devices, 42
fibre-optic thermometers, 44–45
Galilean thermometer, 45
infrared thermometers, 43
liquid crystal thermometers, 43
liquid thermometers, 42
mercury thermometers, 42
non-electric thermometers, 42
phosphor thermometry, 45
platinum resistance thermometers,

43–44
thermistors, 44
thermocouples, 44
tympanic-membrane thermometers,

43
thermometric properties, 42
thermometry, 42
Torricellian vacuum, 72
total internal reflection (optical fibres),

242–243
transducers, 36
transformers, 31
trans-oesophageal echocardiography

(TOE), 183
transthoracic echocardiography,

183–184
transthoracic electrical bio-impedance

(TEB), 184
triple point, 115
triple point of water, 41–42
tympanic-membrane thermometers,

43
type 1 error, 18
type 2 error, 18

ultrasonic nebulizers, 223
ultrasonic scalpels, 223
ultrasound
3D and 4D ultrasound, 222
A-mode (amplitude mode),

217

acoustic impedance for human
tissues, 210

applications outside of clinical
imaging, 223

artefacts, 218–219
attenuation coefficients of human

tissues, 210–211
B-mode (brightness mode),

217–218
basic image generation, 217–219
Doppler imaging, 219–222
fundamentals, 208–213
high-intensity focused ultrasound

(HIFU), 223
history of development, 207–208
image processing, 219
M-mode (motion mode), 218
piezoelectric effect, 216–217
probe construction and behaviour,

213–216
propagation velocities for human

tissues, 210
properties of ultrasound waves,

208–210
pulse-echo principle, 218
reflection of energy, 211–213
reverse piezoelectric effect, 216
timed gain compensation (TGC),

211
ultraviolet absorption
gas concentration measurement,

93–94
universal gas law, 61, 65–66

vacuum-insulated evaporator (VIE)
oxygen supply, 82–84

vacuum-insulated oxygen evaporator
action of the superheater, 116

vaporizers, 119
direct-injection vaporizers, 122
draw-over vaporizers, 122
entropy and phase change, 115
ether inhaler, 122
hazards associated with, 123–124
operation with the circle breathing

system, 137
plenum vaporizers, 119–121
safety features, 122–123
saturated vapour pressure, 115
Schimmelbusch mask, 122
systems of historical interest, 122
vapour-injection vaporizers,

121–122
vapour
definition, 115
See also anaesthetic vapours.

vapour-injection vaporizers, 122
vapour pressure, 115

variable-orifice flowmeters, 76–77
velocity, 33
ventilators and breathing systems,

130
airway pressure release ventilation

(APRV), 143
alternative modes of ventilation,

142–144
Bernoulli principle, 130–131
bi-level positive airway pressure

(BiPAP) devices, 132
circle breathing system, 137
classification systems, 132
components of breathing systems,

132
continuous positive airway pressure

(CPAP) devices, 131–132
extracorporeal CO2 removal

(ECCO2R), 143–144
extra-corporeal membrane

oxygenation (ECMO),
143–144

high-flow nasal oxygen (HFNO)
devices, 132

high-frequency oscillating ventilator
(HFOV), 142–143

Humphrey ADE system, 136
ideal characteristics, 132–133
Mapleson A system, 133–134
Mapleson B system, 134–135
Mapleson C system, 135
Mapleson classification, 133–136
Mapleson D, E and F systems,

135–136
mechanical ventilation, 137–141
non-invasive ventilation (NIV),

131–132
open, semi-open, semi-closed and

closed systems, 133
portable ventilators, 141–142
Venturi effect, 130–131

ventiPACTM ventilator, 141–142
ventricular assist devices (VADs),

204–205
Venturi effect, 60, 130–131
Venturi masks, 131
Venturi oxygen masks, 60
viscosity
dynamic viscosity, 56
kinematic velocity, 56

visual echocardiography, 183–184
Vitalograph®, 74
volume-clamp method, 164, 182
volume-control ventilation (VCV),

139–140
Von Recklinghausen oscillotonometer,

162–163
voxels, 233
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washout curve, 175–176
water
triple point, 41–42

water-bath humidifiers, 49
Water’s bag, 135
wavelength, 209
waves
properties of, 208–210

weber (Wb), 34
weight (mechanics), 33
wet and dry bulb hygrometers, 46
Wheatstone bridge, 166–167
Wilcoxon rank sum test, 20
Wilcoxon signed rank sum test,

20
Wood’s metal, 82

work
definition, 31–32
energy and, 31–32

World Health Organization (WHO)
Surgical Safety Checklist, 149

Wright respirometer, 74–75

X-ray radiation, 229–230
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