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A

Abscess, brain, diffusion MRI in, 117

Adenomas, pituitary, transsphenoidal surgery for.

See Transsphenoidal pituitary surgery.

Alignment stem, in stereotactic brain biopsy,
167-168

Anesthesia, for transsphenoidal pituitary surgery,

with intraoperative MRI, 159
Arachnoid cyst, diffusion MRI in, 117
Archicerebellum, anatomy of, 77-78, 80
Astrocytoma, pilocytic, MRI in, at 0.12 T,

150-151

B

Bl field, in MRI, creation of, 6-7
B1 vector, in MRI, creation of, 7-8

Biopsy, brain. See Brain, biopsy of.
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Brain tumors

cellularity of, diffusion MRI in, 118, 120
diffusion MRI in, 116-120
diffusion tensor MRI in, 121-131
for grading, 122-123
for presurgical planning, 123-125
functional MRI with, 125-127
intraoperative utility of, 128-130
limitations of, 131
therapeutic, 130-131
grading of, diffusion MRI in, 122-123
MR spectroscopy in, 101-114
accuracy of, 101
applications of, 103-104
case study of, 105-106
coregistration of metabolic and anatomic
MRI in, 104-105
data processing in, 104, 108, 110
principles of, 101-103
procedure for, 104-105
results of, 105-107, 110-111

three-dimensional (at 3T), 107-111
MRI in
at 0.12 T, 147-151
grid computing in, 65-75
staging of, diffusion MRI in, 118
treatment of, diffusion tensor MRI in, 130-131

Blood-brain barrier, opening of, to targeted
therapy, 209

Boltzmann equation, 4
Bone, brightness of, in MRI, 10

Brain
abscess of, diffusion MRI in, 117
arachnoid cyst of, diffusion MRI in, 117
biopsy of, MRI in, 165-172
historical view of, 165-166
in burr hole procedures, 191-192
prospective stereotaxy in, 167-168 C
results of, 168-171 Carr-Purcell-Meiboom-Gill pulse sequence, in
technical advances in, 171 MRI, 19, 24, 26-27
technique for, 166-170
versus MR spectroscopy, 168-170
epidermoid tumors of, diffusion MRI in,
117 Cerebellum, functional MRI of, 77-99
tumors of. See Brain tumors. active versus passive movement in, 84, 88
Brain shift phenomenon, MRI in, 65-75, 136, aI}aFomlc con31d.era‘F10ns in, 77-78, 80
205-206 chnlc_a.l perspectn./e in, 95-98
cognitive processing in, 92, 94-95, 97

Brigham and Women’s Hospital Magnetic
Resonance Therapy Unit, glioma experience
of, 137-138

Burr hole procedures, MRI in, 191-192

Cavitation, for blood-brain barrier opening, to
targeted therapy, 209
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Cerebellum (continued )
cortical topography in, 84, 86
executed versus imagined movement in, 84, 87
historical view of, 77, 79, 81, 83
in topography, 81-84, 86
individual variations in, 83-85
language processing in, 92, 94-95, 97
neurologic circuits and, 77
projections in, 83
somatosensory cancellation in, 92
somatotropic map of, 81-84, 86
spatial normalization in, 83-85
voluntary movement frequency in, 87, 89-90
voluntary movement timing in, 89, 91, 93

Cerebrospinal fluid, MRI of, 16
Chemical selective saturation, in MRI, 34-36
Climbing fibers, cerebellum input from, 77

Cognitive processing, in cerebellum, functional
MRI of, 92, 94-95, 97

Computed tomography, intraoperative
in epilepsy, 174
versus intraoperative MRI, 152

Craniopharyngioma, MRI in, at 0.12 T, 147-149
Cyst, arachnoid, diffusion MRI in, 117

D
Diamagnetic materials, in MRI, 5

Diffusion MRI, 115-134
in brain tumors, 116-120
tensor, 121-131
physical basis of, 115-116

Diffusion tensor MRI

in brain tumors, 121-131
for grading, 122-123
for presurgical planning, 123-125
functional MRI with, 125-127
intraoperative utility of, 128-130
limitations of, 131
therapeutic, 130-131

physical basis of, 120-121

Dipoles
energy transition of, 4
large single magnetic dipole formed from, 7-8
net vector of, 5-6
phase coherence of, 4-5
precession of, 2

“Double doughnut™ system, for intraoperative
MRI, 202

E
Echo time, in MRI, 45

Enthalpy, in T1 relaxation, 11
Epidermoid tumors, brain, diffusion MRI in, 117

Epilepsy, 173-183
definition of, 173
surgery for
efficacy of, 173-174
history of, 174
MRI in, 173-183, 193
advantages of, 180
current status of, 178-180
patient selection for, 176
results of, 176-178
technology of, 174-175
University of Calgary experience in,
180-182
treatment of, 173

Exponential decay components, in MRI, 18

F

Fast spin echo technique, in MRI, 54-60
clinical applications of, 59-60
disadvantages of, 58-59
image contrast in, 56-57
J coupling in, 60
T1-weighted, 57-58
T2-weighted, 58

Fat molecules, in MRI
brightness of, 10, 14
chemical saturation of, 36
J coupling of, 60
precession of, 13-14

Ferromagnetic materials, in MRI, 5, 15

FLAIR (fluid-attenuated inversion recovery)
pulse sequence, in MRI, 24, 33-34

Fluid-attenuated inversion recovery (FLAIR)
pulse sequence, in MRI, 24, 33-34

Focused ultrasound surgery, MRI-guided,
208-209

Fourier transform, in image reconstruction, in
MRI, 46, 52, 54

Free induction decay, in MRI, 7-8, 19, 44
Frequency encoding, in MRI, 45-46
FSE (fast spin echo) technique, in MRI, 54-60

Functional MRI. See Magnetic resonance
imaging, functional.
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G

GEMSS (grid-enabled medical simulation services)
project, MRI with grid computing, 65-75

Glioma surgery

diffusion tensor MRI in, 124-125

MR spectroscopy in, 104-107

MRI in, 135-141, 189, 192-193
advantages of, 135-137
clinical experience of, 137-138
complications of, 138
cortical identification in, 136-137
safety of, 138
tumor resection extent and, 138
versus other modalities, 138-140

Gliomatosis cerebri, diffusion tensor MRI in,
124-125

Gradient echo, in MRI, 49-51

Gradient-recalled acquisition in the steady state
(GRASS) pulse sequence, in MRI, 19, 24,
37-38

GRASS (gradient-recalled acquisition in the
steady state) pulse sequence, in MRI, 19, 24,
37-38

Grid computing, in MRI, 65-75
chain execution in, 72-73
description of, 6668
image processing chain in, 68—72
need for, 65-66
performance of, 73-74
quality of service from, 73

Grid-enabled medical simulation services
(GEMSS) project, MRI with grid computing,
65-75

H
Hahn echo, in MRI, 23

Half-Fourier single-shot turbo spin echo
(HASTE) sequences
in brain biopsy, 166
in transsphenoidal surgery, 188-189

HASTE (half-Fourier single-shot turbo spin echo)
sequence
in brain biopsy, 188-189
in transsphenoidal surgery, 188-189

Hemorrhage, intracerebral, burr hole procedures
for, MRI in, 191-192

Hitachi AIRIS II MRI unit, in transsphenoidal
pituitary surgery, 158-159

Hydrogen
precession of, 2
spin density of, 17-18

1
Image processing chain, in MRI, with grid
computing, 68-72
data transfer and conversion in, 69
deformation field in, 72
executing over grid, 72-73
intensity adjustment in, 71
intensity nonuniformity correction in, 69-71
linear registration n, 71
nonlinear registration in, 71
overlay of data in, 72
requirements for, 68
security of, 68
steps of, 68
transfer to presentation device in, 72

Image reconstruction, in MRI, 46-47

Intraoperative MRI. See Magnetic resonance
imaging, intraoperative.

Inversion recovery (IR) pulse sequence, in MRI,
19, 24, 28-34
conventional, 28-30
fluid-attenuated (FLAIR), 24, 33-34
short time (STIR), 19, 24, 32-33
with short repetition time, 31-32

Ischemia, cerebral, intraoperative detection of,
MRI in, 130

J
J coupling, in MRI, 60

Joubert syndrome, cerebellar vermis
underdevelopment in, functional MRI in,
96-98

L

Language processing, in cerebellum, functional
MRI of, 92, 94-95, 97

Larmour frequency, in MRI, 2, 9-10

Larsell classification, of cerebellar anatomic
assignments, 79-81

Limited flip angle imaging, in MRI, 38, 40

Lymphoma, brain, diffusion MRI in, 118, 120,
125
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Magnetic fields, in T2 relaxation, 12-14

Magnetic resonance imaging

functional

diffusion tensor MRI with, in brain tumors,
125-127

in neuronavigation, 195-196

of cerebellum, 77-99

intraoperative, 185-200

benefits of, 204-207

clinical experience with, 189-194

development of, 185-186

diffusion. See Diffusion MRI; Diffusion
tensor MRI.

“double doughnut” system for, 202

equipment for, 186-189

for neuronavigation, 189

future of, 201-213

grid computing in, 65-75

head holder for, 188

in brain biopsy, 165-172

in brain tumors, 101-114

in burr hole procedure, 191-192

in epilepsy, 173-183, 193

in glioma surgery, 135-141, 192-193

in neuronavigation. See Neuronavigation,
MRI in.

in therapy delivery systems, 209-210

in thermal ablation, 208-209

in transsphenoidal pituitary surgery,
155-164, 190-191

of cerebellum, functional, 77-99

operating room setup for, 186-189

paradigms of, 202-204

PoleStar 0.12T unit for, 143-154

types of, 202

unresolved issues in, 207-208

versus intraoperative computed
tomography, 152

principles of, 1-63

basic pulse sequences, 19-24

Carr-Purcell-Meiboom-Gill sequence, 19,
24, 26-27

chemical selective saturation, 34-36

coherence of fast tissues, 1617

echo time, 45

fast spin echo technique, 54-60

frequency encoding, 45-46

gradient echo, 19, 24, 37-38, 49-51

hydrogen availability, 17-19

image reconstruction, 46-47

inversion recovery, 28-34

limited flip angle imaging, 38, 40

multislice acquisition, 47-48
net vector, 5-6
phase coherence, 4-5
phase encoding, 41-45
precession, 2
prescanning, 43-44
proton density weighting, 23
pulse preparation, 36-37
selective excitation, 41-43
signal formation, 6-8
single-slice mode, 48
spatial encoding, 41
spin echo, single-slice, two-dimensional
data acquisition, 41
spin echo pulse. See Spin echo (SE) pulse
sequence.
T1 relaxation. See T1 relaxation.
T1 weighting, 25, 57-58
T2 relaxation. See T2 relaxation.
T2 weighting, 25-26, 58
thermal motion, 34
three-dimensional data acquisition,
51-54
Magnetic resonance spectroscopy, intraoperative
in brain biopsy
historical view of, 165-166
procedure for, 168
results of, 168-170
versus MRI-guided brain biopsy, 168-170
in brain tumors, 101-114

Magnetization vector, recovery of, to ground
state. See T1 relaxation.

Magnetoencephalography, functional MRI with,
in brain tumors, 106-107

Meningioma, MRI in, diffusion, 120
Metastasis, to brain, diffusion MRI in, 125
Mossy fibers, cerebellum input from, 77

Movement, cerebellar control of, functional MRI
of
active versus passive, 84, 88
executed versus imagined, 84, 87
frequency of, 87, 89-90
somatosensory cancellation in, 92
timing of, 89, 91-93
MRI. See Magnetic resonance imaging.

Multislice acquisition, in MRI, 47-48

N

Navigation. See Neuronavigation.
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Navigus trajectory guide, for brain biopsy, 166
Neocerebellum, anatomy of, 77-79
Net vector, in MRI, 5-6

Neuronavigation, MRI in, 189
equipment for, 189
for anatomic guidance, 194-195
for brain biopsy, 165-172
for brain tumors, 106-107
for epilepsy surgery, 181
functional, 195-196
in PoleStar system, 143, 146

Normalization, of cerebellar individual
differences, 83-85

Number of excitations, in MRI, 23

0)

Oligoastrocytoma, MR spectroscopy in, 106
Oligodendroglioma, MRI in, at 0.12 T, 147-149

P

Paleocerebellum, anatomy of, 77-80
Phase angle, in MRI, 45

Phase coherence, in MRI, 4-5
establishment of, 6-8
loss of. See T2 relaxation.

Phase encoding, in MRI, 44-45
Pilocytic astrocytoma, MRI in, at 0.12 T, 150-151

Pituitary tumors, transsphenoidal surgery for.
See Transsphenoidal pituitary surgery.

Pivot point, in stereotactic brain biopsy, 167

Pixels, in MRI
in three-dimensional data acquisition, 52-54
versus voxels, 41

PoleStar intraoperative MRI (0.12 T), 143-154
case illustrations of, 147-151
necessity of, 150, 152-153
specifications of, 143-145
stereotactic accuracy of, 145
technique for, 145-147

Posterior vermal split syndrome, in cerebellum,
functional MRI in, 96

Precession, in MRI, 2

Prescanning, in MRI, 43-44

219

Prospective stereotaxy, in MRI, in brain biopsy,
167-168, 171

Proteins, in MRI, brightness of, 10

Proton(s)
energy transition of, 4-5
precession of, 2
relaxation of. See T1 relaxation; T2 relaxation.

Proton density weighting, in MRI, 23

Pulse sequences, in MRI, 19-24
acronyms for, 20-23
phases of, 19
preparation of, 36-37

R

Radiofrequency energy
Bl field created by, 6-7
description of, 5-6
net vector and, 4

Registration, in grid computing, for MRI, 71

Relaxation, in MRI. See T1 relaxation; T2
relaxation.

Repetition times (TR), in MRI, 11
alteration of, 25
fast spin echo, 54
in T1 relaxation, 11
short, 47-48
total imaging time and, 31

Resynchronization (spin locking), in MRI,
7-8

S
Seizures, in epilepsy. See Epilepsy.

Selective excitation, in MRI, 41-43

Short time inversion recovery (STIR) pulse
sequence, in MRI, 19, 24, 32-33

Signal generation, in MRI, 6-8
net vector in, 5-6

Signal intensity, in MRI, 18
Single-slice mode, in MRI, 48

Single-voxel MR spectroscopy, in brain biopsy,
168

Somatosensory cancellation, cerebellar function
in, functional MRI of, 92
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Somatotropy, of cerebellum, functional MRI of,
81-84, 86

Spectroscopy, magnetic resonance. See Magnetic
resonance spectroscopy.

Speech production, in cerebellum, functional
MRI of, 92

SPGR (spoiled grass) pulse sequence, in MRI, 24

Spin echo (SE) pulse sequence, in MRI, 19, 23
fast, 54-60
prescanning in, 43-44
with single-slice, two-dimensional data
acquisition, 41

Spin lattice relaxation time, in MRI. See T1
relaxation.

Spin locking, in MRI, 7-8
Spin-spin dephasing, in MRI. See T2 relaxation.
Spoiled grass (SPGR) pulse sequence, in MRI, 24

SSFP (steady-state free precession) pulse
sequence, in MRI, 19

Static magnetic fields, in T2 relaxation, 12-13

Steady-state free precession (SSFP) pulse
sequence, in MRI, 19

Stereotaxy, in MRI, 145
prospective, in brain biopsy, 167-168, 171

STIR (short time inversion recovery) pulse
sequence, in MRI, 19, 24, 32-33

T

T1 relaxation, in MRI, 8-11, 15
equation for, 18
for selected tissues, 12-14
versus T2 relaxation, 14-15

T1 weighting, in MRI, 25
fast spin echo, 57-58

T2 relaxation, in MRI, 12-14
equation for, 18
for selected tissues, 12-14
static magnetic fields and, 12-13
time-varying magnetic fields and, 13-14
versus T1 relaxation, 14-15

T2 weighting, in MRI, 25-26
fast spin echo, 58

Talairach space, in cerebellum, normalization of,
in function MRI, 83-85

Target point, in stereotactic brain biopsy, 167
Thermal ablation, MRI-guided, 208-209
Thermal motion, in MRI, 34

3D Slicer, for intraoperative MRI, 202-203

Three-dimensional data acquisition
in MR spectroscopy, 107-111
in MRI, 51-54

Time of repetition (TR), in MRI, 11, 19

Time-varying magnetic fields, in T2 relaxation,
13-14

TR. See Repetition times (TR).

Transsphenoidal pituitary surgery, MRI in,
155-164, 190-191
anesthesia for, 159
drawbacks of, 161-162
half-Fourier single-shot turbo spin echo

(HASTE), 188-189

literature review on, 156
low-field Hitachi magnet in, 158-159
microsurgical technique in, 159-160
operating room setup for, 157-158
positioning for, 159
results of, 160-162
technologies for, 156-157
twin operating theater concept in, 157-158

Tumor(s)
brain. See Brain tumors; specific tumors.
pituitary, transsphenoidal surgery for.
See Transsphenoidal pituitary surgery.

Turbo spectroscopic MRI, in brain biopsy, 168

U

Ultrasound waves, focused, for brain surgery,
MRI-guided, 208-209

University of Calgary, epilepsy surgery in, with
intraoperative MRI, 180-182

University of Cincinnati, intraoperative MRI
experience at, 157-162

A\
Vascular protection, intraoperative MRI for, 205

Vectors, in MRI, net, 5-6

Voxels, in MRI
in three-dimensional data acquisition, 52-54
versus pixels, 41
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W precession of, 13-14
Water molecules, in MRI White matter
brightness of, 9-10, 13-14 diffusion tensor MRI of, 123-124

diffusion tensor, 120-121 MR spectroscopy of, 110



