
Appendix: Magnetic Resonance Imaging Patient 
and Non-Patient Screening Forms

* All tables in this Appendix reprinted with permission curteousy of Dr. Frank G. & Shellock, www.mrisafety.com.

237



238 Appendix



Appendix 239



240 Appendix

Patient Screening Form in Spanish:



Appendix 241



Index

A
Acoustic noise, gradient magnetic fields and, 

214–215
Acquisition times

in gradient-echo pulse sequence, 68–69
in spin-echo pulse sequence, 56
in three-dimensional volume imaging, 

149–150
Adequate spatial resolution, 49, 51, 119, 

120–130, 150
Adequate temporal resolution, 

129–130, 150
Aliasing artifacts, in breast magnetic 

resonance imaging, 190–192
Array spatial sensitivity encoding technique 

(ASSET), 156, 159
Artifacts

in breast magnetic resonance imaging, 
187–201

aliasing, 190–192
chemical shift, 194–196
ghost, 187–190
metallic, 196–198
radiofrequency transmission, 

198–200
reconstruction, 200
truncation, 193–194

minimization of, in contrast-enhanced 
breast magnetic resonance imaging, 
147–149

ASSET (array spatial sensitivity encoding 
technique), 156, 159

Atom(s), 4–6
carbon, 5
chemical properties of, 5–6
helium, 5, 9–10
hydrogen, 4, 5, 8, 9
lithium, 5
nitrogen, 10

subatomic particles of, 3–4
electrons, 3–4
neutrons, 3–4, 9
photons, 3–4

B
Bar magnet, 6
Bloch, Felix, 9, 19
Bohr model of hydrogen atom, 5
Boltzmann equation, 12–13
Breast(s)

cancer of, detection of, magnetic resonance 
spectroscopy and, 1

contrast media history in, 113
cysts of, 2
fat of, 2
fat suppression over, in contrast-enhanced 

breast magnetic resonance imaging, 
145

imaging of. See also Breasts, magnetic 
resonance imaging of

magnetic resonance imaging and, 1
radiofrequency receiver coil, 16

normal fibroglandular tissue of, 2
Breasts, magnetic resonance imaging of

acquisition protocols for, 135–167, 139–141
artifact minimization, 147–149
bilateral imaging with prone position-

ing, 142–144
contrast-enhanced sequences, 139–142
deficient contrast-enhanced protocols, 

163–167
elements of, 135–142
fat suppression over both breasts in, 145
high magnetic field homogeneity, 142
magnetic field strength, 142
optimization of, 161–162
phase-encoding direction, 147–149

243



244 Index

Breasts, magnetic resonance imaging of 
(Cont.)

pixel sizes, 146–147
pre-contrast T1-weighted non-fat 

saturated pulse sequence, 136–137
pre-contrast T2-weighted sequences, 

137–139
spatial resolution requirements, 

150–160, 162–163
temporal resolution requirements, 

150–160, 162–163
thin image slices, 145–146
three-dimensional gradient-echo 

T1-weighted pulse sequence for, 
144–145

total acquisition time, three-
 dimensional Fourier transform 
imaging, 149–150

artifacts in, 187–201
aliasing, 190–192
chemical shift, 194–196
ghost, 187–190
metallic, 196–198
radiofrequency transmission, 198–200
reconstruction, 200
truncation, 193–194

computer-aided diagnosis workstations, 
184–185

contrast agents in
Gadolinium-based, 113–118
Gadolinium-chelated disease, 120
Gadolinium-chelated safety, 

120–123
physiologic basis of, 118–120

contrast enhanced, 123–125
temporal resolution in, 126–129

contrast injection, pulse sequence timing 
after, 125–126

dedicated
breast MRI systems, 223
coils, 224
table, 224

higher field systems, 221–223
specificity of, 225–232

choline peak as predictor of treatment 
response, 231

choline peak in hydrogen spectroscopy, 
228–231

diffusion-weighted breast imaging, 
226–227

perfusion imaging of breast, 
227–228

spectroscopic imaging, 232
technique combination, 231

user errors in, 202–206
magnetic gradient linearity, 203–204
poor magnetic field uniformity, 203–204
radiofrequency receiver coil problems, 

204–206

C
CAD. See Computed-aided diagnosis 

workstation
CADStream™, 172, 184
Cancer, of breast, detection of, magnetic 

resonance spectroscopy and, 1, 
228–231

Carbon atom, 5
CE-BMRI. See Contrast-enhanced breast 

magnetic resonance imaging
Chemical shift artifacts, in breast magnetic 

resonance imaging, 194–196
Choline peak

in hydrogen spectroscopy, in breasts 
magnetic resonance imaging of, 
228–231

as predictor of treatment response, in 
breasts magnetic resonance 
imaging, 231

CNR. See Contrast-to-noise ratio
Coils

radiofrequency receiver, 16
radiofrequency transmitter, 19, 31
superconducting, 32–33

Computed-aided diagnosis (CAD) 
workstation, 171

Computer-aided diagnosis workstations, 
breasts, magnetic resonance 
imaging of, 184–185

Contrast, 1, 2, 19, 20, 25, 29, 36, 43, 44, 75, 
77, 81, 88, 89, 107, 151–152

in gradient-echo pulse sequence, 66–67
in spin-echo pulse sequence, 53–55

Contrast-enhanced breast magnetic resonance 
imaging (CE-BMRI), 123–125, 
139–141

artifact minimization, 147–149
current approaches to, 141–142
deficient contrast-enhanced protocols, 

163–167
fat suppression over both breasts in, 145
optimization of, 161–162
phase-encoding direction, 147–149
pixel sizes, 146–147
previous approaches to, 139–141
spatial resolution requirements, 150–160, 

162–163



Index 245

temporal resolution in, 126–129
temporal resolution requirements, 

150–160, 162–163
thin image slices, 145–146
three-dimensional gradient-echo 

T1-weighted pulse sequence for, 
144–145

total three-dimensional Fourier transform 
acquisition time, 149–150

Contrast-enhanced sequences, breasts, 
magnetic resonance imaging of, 
139–142

Contrast-enhanced studies
high spatial resolution, 130
high temporal resolution, 130

Contrast injection, of breasts, magnetic 
resonance imaging of, pulse 
sequence timing after, 125–126

Contrast-to-noise ratio (CNR), 93
image addition on, 109–110
image subtraction on, 110–111

Cryogens, in magnetic resonance imaging, 
218–219

Cysts
of breast, 2
T2-weighted sequences and, 

137–139

D
DCIS. See Ductal carcinoma in situ
Deficient contrast-enhanced protocols, in 

contrast-enhanced breast magnetic 
resonance imaging, 163–167

Diffusion-weighted breast imaging, in breasts 
magnetic resonance imaging, 
226–227

Dirac model, 7
Ductal carcinoma in situ (DCIS), 146
DynaCAD™, 172, 184

E
Echo-planar imaging (EPI), 80–83
Echo-train length (ETL), 76
Electron paramagnetic resonance (EPR), 8
Electrons, 3–4
Electron spin resonance (ESR), 8
Enhancement map creation, based on 

multiple time point acquisitions, 
in image post-processing protocols, 
179–184

EPI. See Echo-planar imaging
EPR. See Electron paramagnetic resonance

Errors, user, in breasts magnetic resonance 
imaging, 202–206

magnetic gradient linearity, 203–204
poor magnetic field uniformity, 

203–204
radiofrequency receiver coil problems, 

204–206
ESR. See Electron spin resonance
ETL. See Echo-train length

F
Faraday’s law of induction, 15
Fast imaging with steady-state precession 

(FISP), 67
Fast low-angle shot (FLASH) imaging, 63
Fast spin-echo (FSE), 75
Fast spin-echo (FSE) imaging, 

75–80
Fat, of breasts, 2

suppression, in contrast-enhanced breast 
magnetic resonance imaging, 145

Ferromagnetic objects, 210–214
Fibroglandular tissue

enhancement of, in pre-menopausal 
women, 130–131

normal, of breast, 2
FISP. See Fast imaging with steady-state 

precession
FLASH. See Fast low-angle shot imaging
Flip-angle, signal-to-noise ratio and, 102
Forms

magnetic resonance environment 
screening, 239

magnetic resonance procedure screening, 
237–238

Free-induction decay, 48
Frequency-encoding, 39

steps, signal-to-noise ratio and, 104
Frequency-encoding magnetic gradients, 47, 

48, 50
FSE. See Fast spin-echo

G
Gadobenate dimeglumine (Gd-BOPTA), 

117, 118
Gadolinium-based contrast agents, 

113–118
Gadolinium-based magnetic resonance 

imaging, of breasts, 113–118
Gadolinium-chelated

disease, 120
safety, 120–123



246 Index

Gadolinium chelates, 22, 25, 29, 113
adverse events from, 121–122
nephrogenic systemic fibrosis, 122–123

Gadopentetate dimeglumine (Gd-DTPA), 115, 
117, 120

Gaussian noise, 95, 96, 97
Gd. See specific Gadolinium
Gd-BOPTA. See Gadobenate dimeglumine
Gd-DTPA. See Gadopentetate dimeglumine
GE HDx Excite®, 221
Generalized autocalibrating partially parallel 

acquisition (GRAPPA), 156, 159
Ghost artifacts, in breast magnetic resonance 

imaging, 187–190
Gibbs phenomenon, 193
Gradient-echo pulse sequence

acquisition time in, 68–69
contrast in, 66–67
diagram of, 60–63
magnetization behavior in, 62
signal dependence of, 64–66
steady-state, 67–68
three-dimensional, 69–72
two-dimensional, 68–69
variants of, 63–64

Gradient magnetic fields, 214–215
acoustic noise during magnetic resonance 

scanning, 214–215
Gradient-recalled acquisition in the 

steady-state (GRASS), 67
GRAPPA (generalized autocalibrating 

partially parallel acquisition), 
156, 159

GRASS. See Gradient-recalled acquisition 
in the steady-state

H
Harms, Stephen, 140, 224
Helium atom, 5, 9–10
Heywang-Kobrunner, Sylvia, 114
Higher field systems, in breasts magnetic 

resonance imaging, 221–223
High magnetic field homogeneity, breasts, 

magnetic resonance imaging of, 
142

Hydrogen atom, 4, 5, 8, 9

I
Image contrast, 1, 29, 43–44, 75, 139, 151, 

152, 175
Image post-processing protocols

automated techniques, 171–172

enhancement map creation based on 
multiple time point acquisitions, 
179–184

image re-registration, 172–174
image subtraction, 172–174
maximum intensity projection of 

subtracted data, 174–177
multiplanar image reconstruction, 

177–179
prescribed techniques, 171–172
time-enhancement curves creation, 

182–184
Image re-registration, in image post-

processing protocols, 
172–174

Image subtraction, in image 
post-processing protocols, 
172–174

Imaging. See Magnetic resonance imaging 
(MRI)

Inversion recovery (IR), 83–86
Inversion recovery spin-echo imaging

magnitude reconstruction of, 86–87
real reconstruction of, 86–87
signal strength in, 87–89

IR. See Inversion recovery
Isotope, nitrogen, 10

K
K-space, magnetic resonance imaging 

formation and, 42–44
Kuhl, Christiane, 125, 129, 141, 221, 227
Kusch, Polykarp, 9

L
Larmor frequency, 11–12, 14, 16, 19, 101
Lauterbur, Paul C., 31, 80
Lithium atom, 5
Longitudinal magnetization, 19

M
Magnetic dipole moments, 6–11

non-zero, 10
Magnetic fields, 13–14
Magnetic field shimming, 33
Magnetic field strength, breasts, magnetic 

resonance imaging of, 100–105, 
142, 221–223

Magnetic gradient linearity, in breasts 
magnetic resonance imaging, 
203–204



Index 247

Magnetic gradients, in magnetic resonance 
imaging, 35–36

and safety, 214–215

and nonlinearity, 203–204
and neurostimulation, 214

and spatial resolution in MRI, 49–51
Magnetic resonance imaging (MRI)

atom, 4–6
audible noise generated by, 36, 94–99
basic components of, 31–36

magnetic gradients, 35–36
magnets, 31–33
radiofrequency receiver coils, 34–35
radiofrequency transmitter coils, 33–34

of breasts, 1
contrast agents in, 113–118
contrast enhanced, 123–125
contrast injection, 125–126

environment screening form, 239
forming an, 41–44

k-space, 42–44
voxel size, 42

fundamentals of, 1–16
history of, 1
magnetic dipole moments, 6–11
magnetic fields, 13–14
nuclear magnetic moments, 9–10
nuclear magnetic resonance experiment, 16
patient consideration in, 209–219
precession and, 14
procedure screening form, 237–238
safety, 209–219

cryogens, 218–219
gradient magnetic fields, 214–215
metallic implants/devices, 216–217
osmolality and, 120–121
pregnant patients, 217–218
pregnant technologists, 218
quenches, 218–219
radiofrequency fields, 215–216
static magnetic fields, 210–214

signal measurement, 15–16
single-slice two-dimensional, 40–41
slice selection in, 36–41
spatial resolution in, 31–44
spin-echo pulse sequence, 47–58

acquisition times in, 56
contrast in, 53–55
diagram of, 47–51
multi-slice imaging, 56–58
signal dependence, 51–52

subatomic particles, 3–4
tissue excitation, 14–15
tissue magnetization, 10–13

understanding of, 1–2
vs. mammography, 1, 233
vs. positron emission tomography, 1
vs. single photon emission computed 

tomography, 1
vs. ultrasound, 1

Magnetic resonance signals, 93–94
location of, 36–37
measurement of, 15–16

Magnetic resonance spectroscopy (MRS), 
breast cancer detection and, 1

Magnetization behavior, in gradient-echo 
pulse sequence, 62

Magnets
in magnetic resonance imaging, 31–33
solenoidal, 32

Magnitude-reconstructed images, 97
Mammography, vs. magnetic resonance 

imaging, 1, 233
Mansfield, Peter, 80
Maximum intensity projection of subtracted 

data, in image post-processing 
protocols, 174–177

Maximum intensity projections (MIPs), 171, 
174–177

Metallic artifacts, in breast magnetic 
resonance imaging, 196–198

Metallic implants/devices, in magnetic 
resonance imaging, 216–217

MIPs. See Maximum intensity projections
MPRs. See Multiplanar image 

reconstructions
MRI. See Magnetic resonance imaging
MRS. See Magnetic resonance spectroscopy
mSENSE (a variant of SENSE), 156, 159
Multiplanar image reconstructions (MPRs), in 

image post-processing protocols, 
177–179

Multi-slice imaging, in spin-echo pulse 
sequence, 56–58

N
Nephrogenic fibrosing dermopathy (NFD), 

122
Nephrogenic systemic fibrosis (NSF), 

122–123
Neutrons, 3–4, 9
NFD. See Nephrogenic fibrosing 

dermopathy
Nitrogen

atom, 10
isotope, 10

NMR. See Nuclear magnetic resonance



248 Index

Noise
acoustic, gradient magnetic fields and, 

214–215
audible, magnetic resonance imaging and, 

36, 94–99
Gaussian, 95, 96, 97
image addition on, 109–110
image subtraction on, 110–111
random, 95, 96
structured, 95
system parameters affecting, 99–100

radiofrequency receiver coil volume, 99
receiver bandwidth, 99–100

NSF. See Nephrogenic systemic fibrosis
Nuclear magnetic moments, 9–10
Nuclear magnetic resonance (NMR), 9

experiment, 16
spectrometers, 20
tissue relaxation, 19–20

O
OnCAD™, 172
Osmolality, magnetic resonance imaging 

safety and, 120–121

P
Parallel imaging, in three-dimensional 

gradient-echo imaging, 156–160, 
222, 224

in protocols meeting spatial and temporal 
requirements, 161–162

Paramagnetism, 8
and gandolinium-based contrast agents, 

114
Partial-Fourier imaging, in three-dimensional 

gradient-echo imaging, 
151–153

Partial-Fourier in slice interpolation, 
in three-dimensional gradient-echo 
imaging, 153–154

Partial-Fourier in slice-select direction, in 
three-dimensional gradient-echo 
imaging, 153–154

Perfusion imaging of breast, in breasts 
magnetic resonance imaging, 
227–228

PET. See Positron emission tomography
Phase-encoding, 47, 48, 50

signal-to-noise ratio and, 105
Phase-encoding direction, 187

for artifact minimization, 147–148

in contrast-enhanced breast magnetic 
resonance imaging, 
147–149

Phillips Achieva and Intera®, 221
Photons, 3–4
Pixel sizes, in contrast-enhanced breast 

magnetic resonance imaging, 42, 
102, 111, 119, 130, 132, 141, 
146–147, 150–151, 153, 155, 161, 
165, 168, 178, 202

Planck’s constant, 3, 4
Poor magnetic field uniformity, in breasts 

magnetic resonance imaging, 
203–204

Positron emission tomography (PET), vs.
magnetic resonance imaging, 1

Pre-contrast T1-weighted non-fat saturated 
(T1W-NFS) pulse sequence, 
136–137

Pre-contrast T2-weighted sequences, breasts, 
magnetic resonance imaging of, 
137–139

Pregnant patients, magnetic resonance 
imaging and, 217–218

Pregnant technologists, magnetic resonance 
imaging and, 218

Pre-menopausal women, fibroglandular tissue 
enhancement in, 130–131

Prone position, bilateral imaging with, breasts, 
magnetic resonance imaging of, 
142–144

Protocols
in breasts magnetic resonance imaging, 

135–167
artifact minimization, 147–149
bilateral imaging with prone positioning,

142–144
contrast-enhanced sequences, 

139–142
deficient contrast-enhanced protocols, 

163–167
elements of, 135–142
fat suppression over both breasts in, 145
high magnetic field homogeneity, 142
magnetic field strength, 142
optimization of, 161–162
phase-encoding direction, 147–149
pixel sizes, 146–147
pre-contrast T1-weighted non-fat 

saturated pulse sequence, 
136–137

pre-contrast T2-weighted sequences, 
137–139



Index 249

spatial resolution requirements, 
150–160, 162–163

temporal resolution requirements, 
150–160, 162–163

thin image slices, 145–146
three-dimensional gradient-echo 

T1-weighted pulse sequence for, 
144–145

total three-dimensional Fourier 
transform acquisition time, 149–150

image post-processing
automated techniques in, 171–172
enhancement map creation based on 

multiple time point acquisitions, 
179–184

image re-registration, 172–174
image subtraction, 172–174
maximum intensity projection of 

subtracted data, 174–177
multiplanar image reconstruction, 

177–179
prescribed techniques, 171–172
time-enhancement curves creation, 

182–184
Pulse sequence

gradient-echo
acquisition time in, 68–69
contrast in, 66–67
diagram of, 60–63
magnetization behavior in, 62
signal dependence in, 64–66
signal dependence of, 64–66
steady-state, 67–68
three-dimensional, 69–72
two-dimensional, 68–69
variants of, 63–64

spin-echo
multi-slice imaging in, 56–58
signal dependence in, 51–52

spin-echo pulse, 47–58
acquisition times in, 56
contrast in, 53–55
diagram of, 47–51
multi-slice imaging, 56–58
signal dependence, 51–52

steady-state gradient-echo, 67–68
T1-weighted non-fat-saturated, 136–137
three-dimensional gradient-echo, 69–72
three-dimensional gradient-echo T1-

weighted, in contrast-enhanced 
breast magnetic resonance imaging, 
144–145

two-dimensional gradient-echo, 68–69
Purcell, Edward, 9, 19

Q
Quantum electrodynamics, 9
Quantum mottle, 95
Quark model, 9
Quenches, in magnetic resonance imaging, 

218–219

R
Rabi, I.I., 8–9, 11, 15
Radar, World War II and, 9
Radiofrequency (RF) fields, in magnetic 

resonance imaging, 215–216
Radiofrequency (RF) pulse, 14, 47, 

48–49
Radiofrequency (RF) receiver coils, 16, 

34–35
problems with, in breasts magnetic 

resonance imaging, 204–206
volume, 99

Radiofrequency (RF) transmission artifacts, in 
breast magnetic resonance imaging, 
198–200

Radiofrequency (RF) transmitter coils, 19, 31, 
33–34

Radiofrequency (RF) waves, 12
Random noise, 95, 96
Rapid acquisition with relaxation enhance-

ment (RARE), 76
RARE. See Rapid acquisition with relaxation 

enhancement
Receiver bandwidth, 99–100
Receiver operating curve (ROC), 129
RECIST. See Response Evaluation Criteria in 

Solid Tumors
Reconstruction artifacts, in breast magnetic 

resonance imaging, 200
Rectangular field of view image acquiring, in 

three-dimensional gradient-echo 
imaging, 146, 147, 151, 155–156, 
161

Relaxation rates, 116
Relaxation times, 116

physical basis of, 28–29
Relaxivity, 116–117
Resonant frequency. See Larmor frequency
Response Evaluation Criteria in Solid Tumors 

(RECIST), 231
RF. See Radiofrequency waves; specific 

Radiofrequency
ROC. See Receiver operating curve
RODEO. See Rotating delivery of excitation 

off-resonance
Rose model, 108–109



250 Index

Rotating delivery of excitation off-resonance 
(RODEO), 140, 223, 224

spiral, 223–224

S
Safety, in magnetic resonance imaging, 

209–219
contrast agents, 122–123
cryogens, 218–219
gradient magnetic fields, 214–215
metallic implants/devices, 216–217
nephrogenic systemic fibrosis, 122–123
osmolality and, 120–121
pregnant patients, 217–218
pregnant technologists, 218
quenches, 218–219
radiofrequency fields, 215–216
static magnetic fields, 210–214

SAR. See Specific absorption rate
Selective excitation, 37
SENSE (sensitivity encoding), 156, 159
Sensitivity encoding (SENSE), 156, 159
Shellock, Frank, 209
Short-TI inversion recovery (STIR) imaging, 

75, 83–86, 87, 139
Siemens Magnetom Trio®, 221
Signal, 47, 50–51

dependence
of gradient-echo pulse sequence, 

64–66
in spin-echo pulse sequence, 51–52

image addition on, 109–110
image subtraction on, 110–111
strength of, in inversion recovery spin-echo 

imaging, 87–89
Signal measurement, 2
Signal-to-noise ratio (SNR), 14, 35, 93, 

100–105, 135, 142
factors affecting, 106
flip-angle and, 102
frequency-encoding steps effects, 104
image addition on, 109–110
image subtraction on, 110–111
magnetic field strength and, 100–105
phase-encoding steps, 105, 106
slice thickness effect on, 103–104
spatial parameters effect on, 102–103
in three-dimensional (volume) imaging, 

107–108
in two-dimensional (planar) imaging, 

106–107
user-selectable image acquisition 

parameters effect on, 102

Simultaneous acquisition of spatial 
harmonies(SMASH), 156, 159

Single photon emission computed tomography 
(SPECT), vs. magnetic resonance 
imaging, 1

Single-slice two-dimensional, magnetic 
resonance imaging and, 40–41

Slice selection, in magnetic resonance 
imaging, 36–41, 47, 48, 49–50

Slice thickness, signal-to-noise ratio and, 
103–104

SMASH (simultaneous acquisition of spatial 
harmonies), 156, 159

SNR. See Signal-to-noise ratio
Solenoidal magnets, 32
Spatial parameters, signal-to-noise ratio and, 

102–103
Spatial resolution, in magnetic resonance 

imaging, 31–44
Spatial resolution, requirements of, in 

contrast-enhanced breast magnetic 
resonance imaging, 150–160, 
162–163

Specific absorption rate (SAR), 216
SPECT. See Single photon emission computed 

tomography
Spectrometers, nuclear magnetic resonance, 

20
Spectroscopic imaging, in breasts magnetic 

resonance imaging, 232
SPGR. See Spoiled gradient-recalled 

acquisition in the steady-state
Spin-echo pulse sequence, 47–58

acquisition times in, 56
contrast in, 53–55
diagram of, 47–51
multi-slice imaging, 56–58
signal dependence, 51–52

Spin-lattice relaxation, 21
Spin-spin relaxation, 20
Spoiled gradient-echo imaging, 64–66
Spoiled gradient-recalled acquisition in the 

steady-state (spoiled-GRASS; 
SPGR), 63

Spoiled-GRASS. See Spoiled gradient-recalled 
acquisition in the steady-state

Static magnetic fields, 210–214
magnetic shielding, 210
scan room metallic objects, 210–214

Steady-state gradient-echo pulse sequence, 
67–68

STIR. See Short-TI inversion recovery 
imaging

Structured noise, 95



Index 251

Subatomic particles, of atoms, 3–4
electrons, 3–4
neutrons, 3–4, 9
photons, 3–4

Superconducting coils, 32–33

T
T1. See Longitudinal magnetization
T1-recovery, 21–23. See also

T2-relaxation
T1-weighted non-fat-saturated 

(T1W-NFS) pulse sequence, 
136–137

T1W-NFS. See Pre-contrast T1-weighted 
non-fat saturated pulse sequence; 
T1-weighted non-fat-saturated pulse 
sequence

T2. See Transverse magnetization
T2*, 25–27
T2-decay, 20
T2-relaxation, 23–25
Technologists, pregnant, magnetic resonance 

imaging and, 218
Temporal resolution, requirements of, in 

contrast-enhanced breast magnetic 
resonance imaging, 150–160, 
162–163

Thin image slices, in contrast-enhanced breast 
magnetic resonance imaging, 
145–146

3D. See specific Three-dimensional
Three-dimensional gradient-echo imaging, 

time-saving measures in, 
151–160

parallel imaging, 156–160
partial-Fourier imaging, 151–153
partial-Fourier in slice interpolation, 

153–154
partial-Fourier in slice-select direction, 

153–154
rectangular field of view image acquiring, 

155–156
Three-dimensional gradient-echo pulse 

sequence, 69–72
Three-dimensional gradient-echo 

T1-weighted pulse sequence for, 
in contrast-enhanced breast 
magnetic resonance imaging, 
144–145

Three-dimensional (volume) imaging, 
signal-to-noise ratio and, 107–108

3 Tesla MRI, 13, 100, 234
and signal-to-noise ratio, 221–223

Time-enhancement curves creation, in image 
post-processing protocols, 182–184

Tissue excitation, 2, 14–15
Tissue magnetization, 2, 10–13, 14
Tissue relaxation, 19–29

nuclear magnetic resonance, 19–20
physical basis of, 28–29
T1, 21–23
T2, 23–25
T2*, 25–27

fTP™ Software, 172
Transverse magnetization, 13, 15, 19–20, 

23–27, 47, 49–52, 60, 62–63, 67, 
81–82, 84–85, 117

Truncation artifacts, in breast magnetic 
resonance imaging, 193–194

TSE. See Turbo spin-echo
Turbo spin-echo (TSE), 75, 76
2D. See specific Two-dimensional
Two-dimensional gradient-echo pulse 

sequence, 68–69
Two-dimensional (planar) imaging, 

signal-to-noise ratio and, 106–107

U
Ultrasound, vs. magnetic resonance 

imaging, 1
User-selectable image acquisition parameters, 

signal-to-noise ratio and, 102

V
Vascular endothelial growth factor (VEGF), 

118
VEGF. See Vascular endothelial growth 

factor
Voxel size, magnetic resonance imaging 

formation and, 42
Women, pre-menopausal, fibroglandular tissue 

enhancement in, 130–131
World War II, radar and, 9

X
X-ray imaging, history of, 1




