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

MAGNETIC RESONANCE (MR) PROCEDURE SCREENING FORM FOR PATIENTS J

Date / /__ Patient Number
Name Age Height Weight
Last name First name Middle Initial
Date of Birth /] Male 3 Female(3  Body Part to be E: ined
month  day year
Address Telephone (home) ( ) -
City Telephone (work) ( ) -
State Zip Code
Reason for MRI and/or Symp
Referring Physici Telephone ( ) -
1. Have you had prior surgery or an operation (e.g., arthroscopy, endoscopy, etc.) of any kind? ONo O Yes
If yes, please indicate the date and type of surgery:
Date [/ Type of surgery
Date / / Type of surgery
2. Have you had a prior diagnostic imaging study or ination (MR, CT, Ultrasound, X-ray, etc.)? ONo 0 Yes
If yes, please list: Body part Date Facility
MRI - /.
CT/CAT Scan A
X-Ray - ]
Ul d I S S
Nuclear Medici: Y A A
Other. PR S —
3. Have you experienced any problem related to a previous MRI ination or MR p dure? ONo O Yes
If yes, please describe:
4. Have you had an injury to the eye involving a metallic object or fragment (e.g., metallic slivers,
shavings, foreign body, etc.)? O No O Yes
If yes, please describe:
5. Have you ever been injured by a metallic object or foreign body (e.g., BB, bullet, shrapnel, etc.)? O No OYes
If yes, please describe:
6. Are you currently taking or have you recently taken any medication or drug? ONo O Yes
If yes, please list:
7. Are you allergic to any medication? ONo O Yes
If yes, please list:
8. Do you have a history of asthma, allergic reaction, respiratory disease, or iontoa
medium or dye used for an MRI, CT, or X-ray examination? ONo 0 Yes
9. Do you have anemia or any disease(s) that affects your blood, a history of renal (kidney)
disease, or seizures? O No O Yes
If yes, please describe:
For female patients:
10. Date of last menstrual period: /. / Post menopausal? ONo O Yes
11. Are you pregnant or experiencing a late menstrual period? ONo O Yes
12. Are you taking oral contraceptives or receiving hormonal treatment? O No O Yes
13. Are you taking any type of fertility medication or having fertility treatments? ONo O Yes
If yes, please describe:
14. Are you currently breastfeeding? ONo O Yes

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

©F.Q. Shellock, 2002 www.IMRSER.org
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Appendix

WARNING: Certain implants, devices, or objects may be hazardous to you and/or may interfere with the

MR procedure (i.e., MR1, MR angiography, functional MRI, MR spectroscopy). Do not enter the MR system room
or MR environment if you have any question or concern regarding an implant, device, or object. Consult the MRI
Technologist or Radiologist BEFORE entering the MR system room. The MR system magnet is ALWAYS on.

Please indicate if you have any of the following:

OYes
O Yes
O Yes
OYes
O Yes
O Yes
O Yes
OYes
O Yes
O Yes
OYes
O Yes
O Yes
O Yes
O Yes
O Yes
O Yes
O Yes
OYes
O Yes
O Yes
O Yes
OYes
O Yes
O Yes
O Yes
O Yes
O Yes
O Yes
O Yes
0 Yes
OYes
O Yes

O Yes
O Yes
0 Yes

o

000 Q0000oQaannoanao0QaoanooQaooann

No  Aneurysm clip(s) Please mark on the figure(s) below

No Cardiac pacemaker the locati f implant tal
No Implanted cardioverter defibrillator (ICD) ¢ ni':;i:: oof o:‘ngn“;ol:::rll)o:lr):ne *

No  Electronic implant or device

=]

Magnetically-activated implant or device
Neurostimulation system

Spinal cord stimulator

Internal electrodes or wires

Bone growth/bone fusion stimulator
Cochlear, otologic, or other ear implant
Insulin or other infusion pump
Implanted drug infusion device

c o000 oCOo

0 Any type of prosthesis (eye, penile, etc.)

0  Heart valve prosthesis :

0 Eyelid spring or wire LET LEFT RIGHT
0 Artificial or prosthetic limb

Metallic stent, filter, or coil

Shunt (spinal or intraventricular)

Vascular access port and/or catheter
Radiation seeds or implants

Swan-Ganz or thermodilution catheter
Medication patch (Nicotine, Nitroglycerine)

o ©

© o O

=)

IMPORTANT INSTRUCTIONS

=]

Any metallic fragment or foreign body
‘Wire mesh implant A

=)

Tissue expander (e.g., breast)
Before entering the MR environment or MR system

0 Surgical staples, clips, or metallic sutures

o Joint replacement (hip, knee, etc.) room, you must remove ali metallic objects including
0 Bone/joint pin, screw, nail, wire, plate, etc. hearing aids, dentures, partial plates, keys, beeper, cell
o TUD, diaphragm, or pessary phone, eyeglasses, hair pins, barrettes, jewelry, body

piercing jewelry, watch, safety pins, paperclips, money
clip, credit cards, bank cards, magnetic strip cards,

=]

Dentures or partial plates

222222222%222222222222222222%2%2

o Tattoo or permanent makeup
o Body piercing jewelry coins, pens, pocket knife, nail clipper, tools, clothing
o Hearing aid with metal fasteners, & clothing with metallic threads.
(Remove before entering MR system room)
No  Other implant Please consult the MRI Technologist or Radiologist if
No Breathing problem or motion disorder you have any question or concern BEFORE you enter
No Claustrophobia the MR system room.

NOTE: You may be advised or required to wear earplugs or other hearing protection during
the MR procedure to prevent possible problems or hazards related to acoustic noise.

1 attest that the above information is correct to the best of my knowledge. I read and understand the contents of this form and had the
opportunity to ask questions regarding the information on this form and regarding the MR procedure that I am about to undergo.

Qionah

of Person Completing Form: Date / /.

Form Completed By: (JPaticnt (J Relative (3 Nurse

Form Information Reviewed By:

(J MRI Technologist [ Nurse [ Radiologist O Other.

Signature

Print name Relationship to patient

Print name Signature

OF.G. Shellock, 2002 www.IMRSER org.



Appendix 239

I MAGNETIC RESONANCE (MR) ENVIRONMENT SCREENING FORM FOR INDIVIDUALS* J

The MR system has a very strong magnetic field that may be hazardous to individuals entering the
MR environment or MR system room if they have certain metallic, electronic, magnetic, or mechanical
implants, devices, or objects. Therefore, all individuals are required to fill out this form BEFORE entering

i f the MR environment or MR system room. Be advised, the MR system magnet is ALWAYS on.
*NOTE: If you are a patient preparing to go an MR ination, you are required to fill out a different form.
Date / / Name Age
month  day year Last Name First Name Middle Initial
Address Telephone (home) ( ) -
City Telephone (work) ( ) -
State Zip Code
1. Have you had prior surgery or an operation (¢.g., arthroscopy, endoscopy, etc.) of any kind? ONoO Yes
If yes, please indicate date and type of surgery: Date /. Type of surgery.
2. Have you had an injury to the eye involving a metallic object (e.g., metallic slivers, foreign body)? O NoO Yes
If yes, please describe:
3. Have you ever been injured by a metallic object or foreign body (e.g., BB, bullet, shrapnel, etc.)? O No [ Yes
If yes, please describe:
4. Are you pregnant or suspect that you are pregnant? I No (3 Yes

WARNING: Certain implants, devices, or objects may be hazardous to you in the MR environment or
MR system room. Do not enter the MR environment or MR system room if you have any question or concern
regarding an implant, device, or object.

Please indicate if you have any of the following:

IMPORTANT INSTRUCTIONS

A

OYes O No Aneurysm clip(s)

Yes O No Cardiac pacemaker

g ,’Y{,: g Eg E?:;noﬁ zﬁ::::;::ﬂgnnaw acn) Ren'love all metallic objects before. enteri.ng the MR

OYes (3 No Magnetically-activated implant or device environment or MR system room including hearing

3 Yes (3 No Neurostimulation system aids, beeper, cell phone, keys, eyeglasses, hair pins,

OYes O No Spinal cord stimulator barrettes, jewelry (including body piercing jewelry),

OYes O No Cochlear implant or implanted hearing aid watch, safety pins, paperclips, money clip, credit

OYes O No Insulin or infusion pump cards, bank cards, magnetic strip cards, coins, pens,

OYes O No Implanted drug infusion device pocket knife, nail clipper, steel-toed baots/shoes, and

gzes g ]]j" :'r‘z'ﬁtyp‘;' of pros::etsils 19" ‘:‘Pla“t tools. Loose metallic objects are especially prohibited

€s 0 C1al or prosthefic limi . .

OYes O No Any metallicp fragment or foreign body in the MR system room and MR environment.

g;(:z g Eg 2::;’“::;1 or internal metallic object Please consult the MRI Technologist or Radiologist if
(Remove before entering the MR system room) you have any question or concern BEFORE you enter

OYes O No Other implant the MR system room.

1 attest that the above information is correct to the best of my knowledge. 1 have read and und

d the entire of this

form and have had the opportunity to ask questions regarding the information on this form.

Signature of Person Completing Form: Date / /.

Signature
Form Information Reviewed By:
Print name Signature
[ MRI Technologist O Radiologist 3 Other

©F.G. Shellock, 2002 www.IMRSER org
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Patient Screening Form in Spanish:

CUESTIONARIO PREVIO A ESTUDIO CON RESONANCIA MAGNETICA (MR)

PARA PACIENTES
Fecha / / Niimero de paciente,
Nombre, Edad Altura Peso,
Apellido Primer Nombre _ Segundo Nombre
Fecha de nacimiento, / / Varén() Hembra® Parte del cuerpo a ser examinad
Mes Dia Afio
Direccién Teléfono (domicilio) ( ) -
Ciudad. Teléfono (trabajo)  ( ) -
Provincia Cédigo Postal
Motivo para el estudio de MRI y/o sintomas
Meédico que le refirié Teléfono ( ) -
1. Anteriormente, ;le han hecho alguna cirugfa u operacion (e.g., artroscopfa, endoscopfa, etc.) de cualquier tipo? O No O Si
Si respondié afirmativamente, indique la fecha y que tipo de cirugia:
Fecha / / Tipo de cirugia
Fecha / / Tipo de cirugia
2. Anteriormente, ;le han hecho algiin estudio o exdmen de diagnéstico (MRI, CT, Ultrasonido, Rayos-X, etc.)? (ONo O Si
Si respondi6 afirmativamente, describalos a continuaci6n:
Parte del Cuerpo Fecha Lugar/Institucién
MRI / /
CT/CAT / /
Rayos-X / /
Ultrasonido PR Y E—
Medicina Nuclear / /
Otro, / /
3. ;Ha tenido algtin problema relacionado con estudios 6 procedimientos anteriores con MR? O NoSi

Si respondié afirmativamente, describalos:

4. ;Se ha golpeado el ojo con un objeto 6 fragmento metlico (e.g., astillas metdlicas, virutas, objeto extraiio, etc.)? (I No O Si
Si respondi6 afirmativamente, describa el incidente:

5. {Ha sido alcanzado alguna vez por un objeto metdlico u objeto extraiio (e.g. perdigones, bala, metralla, etc.)? ONoOSi
Si respondi6 afirmativamente, describa el incidente:

6. ;Esta actualmente tomando 6 ha recientemente tomado algiin medicamento o droga? ONo O Sf
Si respondi6 afirmativamente, indique el nombre del medi )

7. ¢Es Ud. alérgico/a 4 algiin medicamento? ONo O Si

Si respondi6 afirmativamente, indique el nombre del medi ).
. ¢ Tiene historia de asma, reaccién alérgica, enfermedad respiratoria, 6 reaccion a contrastes 6 tinturas usados en MRI, CT, 6
Rayos-X? O No O Si
;Tiene anemia u otra enfermedad que afecte su sangre, algiin episodio de enfermedad de rifién, 6 de ataques epilépticos?

St respondi6 afirmativamente, describalos: ONo OSi

%

©

Para los pacientes femeninos:

10. Fecha de su dltimo periodo menstrual: / / En la menopausia? O NoOS{

11. ; Estd embarazada 6 tiene retraso con su periodo menstrual? O NodSi

12. ;Esté tomando contraceptivos orales 6 recibiendo tratamiento hormonal? ONo St

13. ;Estd tomando algin tipo de medicamento para la fertilidad 6 recibiendo tratamientos de fertilidad? ONo O si
Si responde afirmativamente, describalos a continuacion:

14. ; Estd amamantado a su bebé? ONoSi

©F. G. Shellock, 2003 Translated w/ permission 5/05
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ADVERTENCIA: Ciertos implantes, dispositivos, u objetos pueden ser peligrosos y/o pueden interferir con el
procedimiento de resonancia magnética (es decir, MR, MR angiografia, MRI funcional, MR espectroscopfa). No
entre a la sala del escaner de MR o a la zona del laboratorio de MR si tiene alguna pregunta o duda relacionadas con
un implante, dispositivo, u objeto. Consulte con el técnico o radiologo de MRI ANTES de entrar a la sala del escaner
dec MR. Recuerde que el imén del sistema MR esta SIEMPRE encendido.

asi ONo Pinza(s) de aneurisma or favor marque en la imagen de abajo la localizacién

de cualquier implante o metal en su cuerpo.
0St ONo Marcapasos cardfaco
Osi ONo Implante con desfibrilador para conversién cardiaca (ICD)

Por favor indique si tiene alguno de los siguientes: IP—

OSi ONo Implante electrénico 6 dispositivo electrénico

0S8t ONo Implante 6 dispositivo activado magnéticamente

0Si ONo Sistema de neurocstimulacién

Ssi ONo Estimulador de la médula espinal JL
asSi ONo Electrodos 6 alambres internos

Osi ONo Estimulador de crecimiento/fusién del hueso o
0Si ONo Implante coclear, otolégico, u otro implante del oido YT
0OSi ONo Bomba de infusién de insulina 6 similar

0OSi ONo Dispositivo implantado para infusién de medicamento e

Osi ONo Cualquier tipo de prétesis (ojo, peneal, etc.) DERECHA
0Si ONo Proétesis de vdlvula cardiaca e
0Si ONo Muelle 6 alambre del parpado

0Si ONo Extremidad artificial 6 prostética

0Si ONo Malla metdlica (stent), filtro, 6 anillo metélico

OSi ONo Shunt (espinal ¢ intraventricular)

OSi ONo Catéter y/u orificio de acceso vascular

0Si ONo Semillas 6 implantes de radiacién

0Si ONo Catéter de Swan-Ganz 6 de termodilucién .

0Si ONo Parche de medicamentos (Nicotina, Nitroglicerina) A JA VISO IMP OR T A NTE!
0Si ONo Cualquier fragmento metélico 6 cuerpo extrafio

0Si ONo Implante tipo malla

asi ONo Aumentador de tejidos (¢.g. pecho) Antes de entrar a la zona de MR 6 a la sala del escdner de

MR, tendri que quitarse todo objeto metilico incluyendo

0 St ONo Grapas quirtrgicas, clips, 6 suturas metdlicas o .
. . . o " audifono, dentaduras, placas parciales, llaves, beeper,
0Si ONo Articulaciones artificiales (cadera, rodilla, etc.) . .
. - . teléfono celular, lentes, horquillas de pelo, pasadores,
OSi ONo Varilla de hueso/coyuntura, tornillo, clavo, alambre, . . by L N
chapas, etc todas las joyas (incluyendo “body piercing”), reloj,

alfileres, sujetapapeles, clip de billetes, tarjetas de crédito 6
de banco, toda tarjeta con banda magnética, monedas,
plumas, cuchillos, corta uifias, herramientas, ropa con

3Si ONo Dispositivo intrauterino (IUD), diafragma, 6 pesario
0Si ONo Dentaduras 6 placas parciales

0Si ONo Tatuaje 6 maquillaje permanente + e

gsf ONo Per foiaci(’m (gieufijn gF)’ del cuerpo enganches de metal, y ropa con hilos metilicos.

DS ONo ?;ifsf:e(ﬁ‘;;jemo antes de enirar  la sala del Por favor consulte con el Técnico de MRI 6 Radidlogo si
asi ONo dtro . tiene alguna pregunta o duda ANTES de entrar a la sala del
a3Si ONo Problema respiratorio 6 desorden del movimiento esciner de MR.

9Si ONo Claustrofobia

NOTA: Es posible se le pida usar auriculares u otra proteccién de sus oidos durante el procedimiento de MR para
prevenir probl 0 riesgos iados al nivel de ruido en la sala del esciner de MR.

Atestiguo que la informaci6n anterior es correcta segiin mi mejor entender. Leo y entiendo el contenido de este cuestionario y he
tenido la oportunidad de hacer preguntas en relacién a la informacién en el cuestionario y en relacién al estudio de MR al que me voy
a someter a continuacion.

Firma de la persona llenando este cuestionario: Fecha, / /
Firma
Cuestionario lleno por: OPaciente OPariente OEnfermera
Nombre en letra de texto Relaci6n con el paciente
Informacién revisada por:
Nombre en letra de texto Firma
O Técnico de MRI [ Enfermera O Radidlogo O 0tro

@ F. G. Shellock, 2003 Translated w/ permission 5/05




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, 196198
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
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Breasts, magnetic resonance imaging of
(Cont.)
pixel sizes, 146-147
pre-contrast T'1-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

Index

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

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

245

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
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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

Index

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, 8687
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, 4244

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

Magnetic gradients, in magnetic resonance
imaging, 35-36
and nonlinearity, 203-204
and neurostimulation, 214
and safety, 214-215
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
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