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61–62, 69
design development phase, 59–61,

69
design phase, 55, 58–61, 69
duration of, 64
negotiation phase, 61
programming phase, 45, 52, 55,

57–58, 68, 79
project phases in, 55–63, 68–69
project schedule, 63–65
regulatory agency review, 63
represented in medical terms, 55
roles and responsibilities in, 50–52
schematic design phase, 37, 59, 60,

69, 79, 179, 180
Mansfield, Sir Peter, 112
Market analysis, 34–35
Master plan, 32, 45, 329. See also

Strategic planning/master
planning

Material management transport sys-
tems, 201

Maximum operating potential of im-
aging equipment, 304

Maximum permissible dose (MPD),
301

Mechanical energy, 107, 108
Mechanical waveguides lines, see

Waveguide lines, mechani-
cal

Medical equipment consultants, 37,
71–74, 78–79

Medical imaging project, organiza-
tion of, see Organization of
medical imaging project

Medical or health physicist, 269,
300–302, 304, 305, 368, 389

Medical record, 145, 173, 196, 375,
376, 398

Medical schools, 9, 10
Medical specialists, see Specialists,

medical
Memorial Sloan-Kettering Cancer

Center, 385
Metal detectors, 287
Metallic objects, 117
Milestones (project), 64
Minimally invasive surgery (MIS), 19,

97, 360–366, 373
Minor movable equipment, 75, 76, 78
MIS, see Minimally invasive surgery
Mobile technology, 175, 390–393
Modality zones, 217, 218
Modular planning, 210
Molecular imaging, 399–400
Moore, Gordon, 139
“Moore’s Law,” 139
Movable equipment, 74–76
MPD (maximum permissible dose),

301
MQSA (Mammography Quality

Standards Act), 259
MRA (MR angiography), 118

MR angiography (MRA), 118
MR-compatible, 288
MR Hazard Checklist, 433
MRI, see Magnetic resonance imaging
MRI-guided surgery, 369–371
MR-safe, 288
MRT (magnetic resonance therapy),

369
Multidetector CT scanner, 347

National Council on Radiation Pro-
tection and Measurement (NCRP),
301, 302, 401
NCRP, see National Council on Radia-

tion Protection and Mea-
surement

Negotiation of competitive prices,
73–74

Negotiation phase, 61
Net assignable area, 176–178
Net square feet (NFS), 54, 55
Networks (computer), 137, 139, 146
Neuroradiology, 97–99
NFS, see Net square feet
Nighthawk, 351
NMR imaging, see Nuclear magnetic

resonance imaging
Noninvasive cardiac imaging,

379–381
Noninvasive radiology, 408–409
Nuclear magnetic resonance (NMR)

imaging, 112–113, 192
Nuclear medicine, 6, 122–129, 202,

289–292, 437–438
Nursing units, 187

Observation of patients, see Visibility
of patients
Occupancy, certificate of, 299
Occupancy factor, 303
Offices, sizing of, 221
Off-site storage, 146
Off-stage zones, 191
OF-OI (owner-furnished-owner-

installed), 61
OF-VI, see Owner-furnished-vendor-

installed
Oncology, 383–390
O’Neill, J.D., 21
On-stage zones, 191
Operating budget, 37
Operating room (OR), 112, 360, 361,

363, 366, 367–369
Operational boundaries, 398
Operational costs, 176, 339
Operational efficiency, 178, 179
Operational inefficiencies, 339
OR, see Operating room
Organization of medical imaging

project, 31–47
align scope/budget for, 45
developing functional/space 

programs for, 40–44
developing project schedule for,

39–40
developing working budget for,

37–38
establishing goals/evaluation cri-

teria for, 33–34
master plan/concept plan for,

45–46
perform market analyses/feasibil-

ity studies for, 34–36
project team selection for, 

46–47
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Organization of medical imaging
project, (continued)

site/facility evaluation studies for,
36

strategic planning/master plan-
ning for a, 31–45

Orientation of freestanding imaging
facilities, 207–208

Outline subsystems estimate, 69
Outpatients, 163, 164, 398
Outpatient facilities, 13–15, 185–186,

210, 235–236, 398, 399
Owners, 37, 46, 47, 49–52, 74
Owner-architect agreement, 52
Owner-furnished-owner-installed

(OF-OI), 61
Owner-furnished-vendor-installed

(OF-VI), 61, 62, 75, 76
Owner-installed equipment, 61–62
Owner’s construction contingency,

37
Oxygen-monitoring system, 323

PACS, see Picture archiving and com-
munications systems
Parent room, 321, 322
Parker, D., 21
Parking, 155, 207
Passive clamp-on ferrous shielding,

319
Passive room shielding, 318
Patients:

ambulatory, 399
circulation needs of, 188
and claustrophobia, 160–161, 282,

283, 324–326
convenience for, 154–158
creating a special identity for,

163–167
and fear, 159, 324–326
gowned, 6, 164, 188, 190, 191, 193,

197, 264–265
“hot,” 192, 292
MR instructions for, 434
needs of, 5–7
orientation of, 245, 246
and perception of architecture,

22–23
privacy of, 6, 146–147, 158, 164,

188, 239, 266, 291
proximity to, 206
safety of, 400–402
separation of mammography, 384
and stress, 5, 157, 160–161
transportation of, 21–22, 346, 355,

359
visibility of, 235, 238, 241, 243, 281

“Patient-Centered Environmental
Checklist,” 20–21

Patient-focused care, 21–22
Patient-focused design, 402
Patient medical record, see Medical

record
Patient-oriented design, 20–23
Patient throughput, 24, 105, 221, 276
Patient zone, 211
Patterns and wayfinding, 157
Pediatric patients, 191
Penelope (surgical server), 361
Penetration panel (MRI), 313, 314
Perform market analyses, 34–36
Permit (building), 299
Personnel zone, 213
PERT (program evaluation and re-

view technique), 64, 65

PET, see Positron emission tomogra-
phy

PET/CT hybrid detection, 127, 128,
381, 384–385

Peter Bent Brigham Hospital, 13
Phasing considerations, 337–338
Phosphor plate, 85–88, 252
Physical properties:

of construction of radiation barri-
ers, 306–307

influencing design, 297–326
for MRI installations, 307–326
and radiation protection, 300–307
and RF interations, 308–314
and size/weight of equipment,

297–299
Physical restrictions, 208–209
Picker Institute, 20
Picture archiving and communica-

tions systems (PACS):
and data storage, 174
and decentralization of imaging,

22
development of, 139–140
and emergency departments, 351,

353
function of, 139–143
and HIPPA violations, 158
and ICUs, 357
and imaging facility design, 9
and integration with RIS, 143–145
and interoperable electronic

health records, 173
and reading rooms, 158, 252, 254
and standardization, 141
value of, 14

Pipe penetration waveguide, 313
Plan efficiency, 176–180, 339
Planning. See also Design; Equipment

planning; Strategic plan-
ning/master planning

for change vs. changing the plans,
56

and flexibility, 169
and functional zone concept,

210–214
in the programming phase, 57
and traffic patterns, 190
and unplanned partial demoli-

tion, 298
visionary, 344

Plan typologies, 214–218
“Plug-in” imaging environments, 175
Plumbing, 235, 236, 280, 281, 309
Portable imaging equipment:

C-arms, 91, 350, 354, 367
CT scanners, 348, 355
and emergency departments, 347,

348, 350, 352
and ICUs, 355, 359
and intraoperative

radiography/fluoroscopy,
367–368

and room size, 187
X-ray machines, 86, 87, 350, 355,

367–368
Positive distractions, 162
Positron emission tomography (PET),

125–128, 292–295, 381,
384–385, 390, 438

Power, 8, 10, 12, 138, 146, 235, 236,
277, 279, 336

Predesign process, 32
Pregnancy, 306, 347, 368, 427
Preplanned conversion, 169

Prep/recovery area, 374
Prices, competitive, 73–74
Privacy:

and acoustics, 6, 158
and control corridors, 239
design concerns for, 6
and gowned patients, 164, 188
and information security, 146–147
and nuclear medicine, 291
and procedure rooms, 266

Procedure areas:
for basic radiography, 268–269
Cath Lab/EP, 271–277
computed tomography, 277–279,

292–295
design guidelines for, 265–295
fluoroscopy, 269–270
for interventional radiology/car-

diology, 271–277
mammography, 270–271
for MRI, 280–289
for nuclear medicine, 289–292
positron emission tomography,

292–295
procedure room, 266–268
for ultrasound, 279–280

Procedure rooms:
Cath Lab/EP, 271–277, 372
clustering of, 373
and computer server cabinets, 

374
and control alcoves, 239–241
and control corridors, 239
design considerations for,

234–235, 266–268, 271–277
flexibility of, 372
high-energy radiation, 388
HVAC for, 235
for interventional imaging,

236–237, 271–277, 372
for intraoperative magnetic reso-

nance suite, 378
lighting for, 267
neutralizing technology in, 162
same-handed, 243–244, 401
size of, 179, 222, 223, 230–231, 297,

372
sterility in, 187
traffic in, 191
types/number of, 226–230
universal x-ray, 248
zoning of, 211, 212

Programming phase, 45, 52, 55,
57–58, 68, 79

Programs, functional, see Functional
programs

Project budget, 55
Project development costs, 68
Projected annual procedures, 228,

229
Projectiles, 322
Project manager, 51
Project phases, 55–63

bidding, 61
construction, 55, 63
and construction cost estimates,

68–69
contract documents, 55, 61–62, 69
design, 55, 58–61, 69
design development, 59–61, 69
duration of, 64
negotiation, 61
programming, 45, 52, 55, 57–58, 68,

79
represented in medical terms, 55

schematic design, 37, 59, 60, 69, 79,
179, 180

Project schedule, 63–65
Project scope, 46, 52, 63
Project team, 46–47, 50–52
Public transportation, 207
Purcell, Edward M., 112

Quality, 25, 26, 33–34, 52, 53
Quality review, 198–199
Quench, 308, 313, 323, 393

Raceways, 249–250
Radiation barriers, 300–302, 304–307
Radiation dosage, 91, 94, 301, 401
Radiation exposure, 90
Radiation protection, 300–307

and control alcoves, 239–241
and control areas, 306
and control corridors, 239
design/planning for, 269, 305–306
and emergency departments, 347
for hot labs, 291
and interventional imaging, 279
for interventional imaging, 237
and mammography, 271, 303
need for, 25
and pregnancy, 306
regulations for, 300–303
requirements for, 303–305
and surgical staff, 368
and ultrasound, 306

Radiation survey, 302
Radiation therapy/treatment,

385–390, 401–402
Radioactive isotopes, 122, 123
Radioactive substances, 202, 289
Radio-frequency (RF):

doors, 311–312
electrical filters, 313–315
flooring, 310
glazing, 310–311
interations, 285, 308–314
protection, 25
screens/glazing, 310–311
shielding, 280, 281, 285, 307–311,

321–322
Radiographic tomography, 102–107
Radiography:

as an imaging technique, 84–87
design/planning considerations

for, 268–269
mammography, 93–97
surgery and intraoperative radi-

ography/fluoroscopy,
367–369

and universal room design, 248
Radiography/fluoroscopy (R/F). See

also Fluoroscopy
procedures, 97–103
rooms, 91–92, 269–270
surgery and intraoperative,

367–369
traffic patterns for, 192–193
and universal room design, 248

Radiological Society of North Amer-
ica (RSNA), 75, 142, 344

Radiologists:
circulation needs of, 188, 189
and design/planning process,

xv–xvi, xxi
and equipment selection, 49
off-site, 351
and prior examinations, 134
role of, 83
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and specialists, 344
and surgeons, 360
and technology, 184
vascular, 97
workstations for, 255, 258, 261

Radiology, 9–15, 22, 53
Radiology: An Illustrated History (Ronald

Eisenberg), 10
Radiology department, 135, 398
Radiology information systems (RIS),

14, 135–138, 142–145
Radiology report, 134–135
Radiopharmaceuticals, 123–125, 127,

291, 292
Radon, J., 103
Ratib, Osman, 183–184
Reading rooms:

acoustics for, 260–261
connectivity for, 263
design for, 253–263
ergonomics for, 261–263
and HIPPA violations, 158
lighting for, 258–260
and picture archiving and com-

munications systems, 158,
252, 254

prototypes for, 256–257
soft-copy, 251–253, 258
space guide lines for, 224
UCLA Medical Center, 410–413

Reception area, 158, 224
Recruiting of staff, 402
Recurring value of space, 175, 176
Referrals, 19, 23
Referring providers, 190, 206
Regional imagery, 163
Regulations for radiation protection,

300–303
Regulatory agency review:

confirmation from building offi-
cial, 61

and equipment selections, 50
and ICUs, 359
and imaging facility development,

63
of mobile installations, 391
structural, 299
and universal room design, 251

Reimbursement, 13, 23
Reiner, B., 260
Relocation renovation, 337, 338
Remote patient monitoring, 357
Renovation. See also Construction

and change, 402
and design contingency, 37
new construction vs., 329–339
planning for, 35–36, 333–337
and space requirements, 226
special considerations for, 333–339
types of, 337

Repetitive strain injury, 261
Report (functional), 57
Reporting of results, 200
Report No. 49, NCRP, 301, 401
Report No. 147, NCRP, 301, 401
Requirements, functional, see Func-

tional requirements
Reserve capacity, 172–173
Residual magnetism, 322
Resolution for medical imaging,

87–89
Resuscitation equipment, 100
Return on investment (ROI), 34, 35
Revenue of radiology department,

135

RF, see Radio-frequency
R/F, see Radiography/fluoroscopy
RIS, see Radiology information sys-

tems
Road access, 206–207
Robots, 358, 361, 375–377
“Roentgen-rays,” 11–13
ROI, see Return on investment
Rontgen, Wilhelm Conrad, 84, 397
Rooms. See also specific headings, e.g.:

procedure rooms
body interventional, 98
data sheets for, 60–61
emergency imaging, 352
and space programming, 220

Room design, 233–295
and anxious patients, 325
for basic radiography, 268–269
clustering, 164
computed tomography, 277–279,

292–295
for control corridors/control al-

coves/control rooms,
237–247

and CT scan times, 105
for digital imaging management

areas, 251–253
flexibility in, 233, 250, 262
for fluoroscopy, 269–270
human factors in, 266–267, 271
for ICUs, 358
for image procedure areas,

265–295
for interventional imaging,

236–237
for interventional radiology/car-

diology, 271–277
for mammography, 270–271
for MRI, 280–289
for nuclear medicine, 289–292
and observation of patients, 235
for outpatient facilities, 235–236
and portable imaging equipment,

187
for positron emission tomogra-

phy, 292–295
for procedure rooms, 234–235,

266–268, 271–277
for radiation

therapy/IMRT/IGRT/simu-
lation, 388, 389

for radiography, 268–269
for radiography/fluoroscopy,

269–270
for reading rooms, 253–263
for support spaces, 263–265
technical issues in, 267, 268, 270,

271
for ultrasound, 279–280
universal, 80, 172, 239, 247–251
and work flow, 233

RSNA, see Radiological Society of
North America

Sadler, B., 21
Safety:

for corridors/exitways, 200–201
mandates to improve, 400–402
pregnancy-related issues, 427
and radiation protection, 305
of ultrasound, 110, 111

Safety, magnetic resonance imaging,
114, 115, 117, 198, 287–289

ACR white paper on, 191–192, 247,
280, 287–288, 402, 422–434

for exams, 198
for installations, 191–192, 322–325
mandates to improve, 401–402
and MRI induced voltages,

427–428
and staff/faculty, 427, 429, 434
and thermal issues, 428–429
zoning for, 191–192, 247, 287,

423–427, 431
Safety Screening Form for MR proce-

dures, 432
Same-handed procedure rooms,

243–244, 401
Satava, Richard, 375, 377, 398
Scans, 104–105, 107–109, 375, 376
Scatter radiation, 304, 368
Schedule, 39–40, 45, 46, 63–65, 76–77
Scheduling, 133–134, 195
Schematic design phase, 37, 59, 60, 69,

79, 179, 180
Scope, aligning, 45
Screens, RF, 310–311
Screen-film combinations, 88
Screen glare, 260
Screening exams, 399
Screening mammography, 94, 97, 384
Secondary barriers, 304
Security, information, 146–147
Seismic activity, 299, 336, 391
Service bays, 170, 171
Service zones, 170, 171
Shared control rooms, 246
Shielding:

for biomagnetics, 121–122
for control windows, 240, 241, 310
for doors, 311
for floors, 310
for fluoroscopic systems, 92
for hot lab, 294
magnetic, 307, 314, 318–321
for mammography, 271
for MRI, 283, 285, 307–311, 313,

315, 321
NCRP 147 requirements for, 301
for nuclear medicine, 127, 290
for PET/CT rooms, 294, 295, 385
and plumbing, 280, 281
by qualified expert, 302
for radiation, 300, 305, 306, 368,

389, 401
RF/magnetic, 280, 281, 285,

307–311, 321–322
testing of, 305
X-ray, 84

Shielding enclosure, 321
Shimming, 320, 321
Siegel, Eliot, 22, 258–260
Siemens Medical Solutions, 263
Signage, directional, 155, 156
Simulation, fluoroscopic/CT, 387
Single- and double-corridor layouts,

234–235
Single-loaded configurations, 214, 215
Single-or double-line drawings, 59
Single photon emission computed

tomography (SPECT), 125,
126, 289

Sinks, hand-washing, 266
Site:

evaluation studies, 36
plan, 329
preparation, 45
selection/evaluation criteria, 36

“Site Selection for Health Care Facili-
ties” (Lifton and Hardy), 36

Sizing (size):
of emergency imaging rooms, 352
and equipment, 59, 187, 297–299
of ICU rooms, 358
of imaging equipment, 8, 230,

297–299
of imaging facilities, 207, 226–231
of IMRT/IGRT rooms, 388
and key space generators, 221
for PET/CT scan rooms, 385
preliminary estimates for, 35
of prep/recovery area, 374
of procedure rooms, 179, 222, 223,

230–231, 297, 372
quick formulas for, 226
of rooms, 59

Society for Computer Applications in
Radiology, 75, 147, 262–263

Soft-copy reading rooms, 251–253,
258. See also Reading rooms

“Soft” space, 179, 205, 335
Software upgrades, 172, 230
Space determinant methodology,

220–226
Space programming, 40–44, 179
Space report, 57
Space requirements. See also Plan effi-

ciency; Sizing (size)
activity clusters, 223, 225–226
and anesthesia, 100–101
and equipment, 227, 230
and hardware upgrades, 172
for image storage, 145–146
and key space generators, 221
for MRI, 307
for PET facility, 127
and planning renovation, 333–335
procedure room size, 222
for RF/magnetic shielding,

321–322
for software upgrades, 173
space determinant methodology,

220–226
and support space size guidelines,

224–225
terminology of, 53–55
and types of space, 222–223
variables for, 226–227

Spatial resolution, 88, 89
Special identity, 163–167
Specialists, medical, 9, 19–20, 98, 344,

371, 374
Specialty clinics, 185
SPECT, see Single photon emission

computed tomography
Speech recognition systems, 260, 262,

263
Square-feet-per-bed formulas, 226
SQUID, see Superconducting quan-

tum interference detector
Staff/faculty:

competition among, 19–20
and MRI safety, 427, 429, 434
needs of, 7–8
number of, 221
personnel definitions for MR, 431
and radiation exposure, 301
recruiting/retention, 402
safety of, 301, 400–402
zones for, 7, 212–213

Staffing costs, 175, 176
Staff work core, 212–213
Standardization for imaging equip-

ment, 140–141
Steel, galvanized, 309
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