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and interventional radiology, 97,
99
and noninvasive cardiac imaging,
379-381
specialized imaging equipment
for, 344
and ultrasound, 111, 112
Cardiovascular imaging, 101
C-arms, portable, see Portable imag-
ing equipment
CAS (computer-assisted surgery), 361
Case studies, 408-419
Brigham and Women'’s Hospital
Advanced Multimodal
Image Guided Operating
Room Suite (AMIGO),
418-419
Foothills Medical Centre-Intraop-
erative Magnetic Resonance
Imaging, 417
UCLA Medical Center, 409-413
UCLA Westwood Replacement
Hospital-Interventional
Floor, 413-416
UCLA Westwood Replacement
Hospital Non-Invasive Ra-
diology Department,
408-409
Cath Lab, see Cardiac catheterization
lab
Ceilings, 159, 160, 249, 260-261, 267
Ceiling-mounted displays, 364, 365
Ceiling-mounted radiation shields,

368
Center for Health Design (CHD), 20,
21, 153-154

Centra Health, 348
Centralized imaging departments,
209-210
Central staff zone, 212-213
Certificate of occupancy, 299
Certificate of substantial completion,
63
Chang, Paul, 184
CHD, see Center for Health Design
CHER (Coalition for Health Care Re-
search), 154
Chest room, 228
Children, designing for, 164-167
Childs, Blair, 24
Cholangiopancreatography (CP), 119
Circulation, 190-193. See also Work
flow
and concept plans, 45
and corridors/exitways, 200-201
for image-only facilities, 186
and intradepartmental needs,
188-189
patterns in, 58, 60
public, 157
routes, 207
“Civic value” of a facility, 163
Classifications of equipment, 75-78
Claustrophobia, 160-161, 282, 283,
324,326
Clean-core concept, 373
Clinical devices, 72
Cluster configurations, 216-218
Coalition for Health Care Research
(CHER), 154
Codes, 25, 201, 236, 331
Code compliance, 61, 63, 332,
336-337
Coile, R, 21
Cold lab, 202

Collaborative relationships, 344
Color flow Doppler, 109-110, 380
Columbia-Presbyterian Hospital, 361
Communication, 53-55, 64
Communications systems, 9, 173-175
Complex motion tomography, 103
Computed radiography (CR):
and emergency medicine, 350, 351
and ICUs, 356
image management for, 252
and patient throughput, 221
plates in, 85-89
Computed tomography (CT), 103-107
advantages of, 18
control rooms for, 246
design/planning considerations
for, 277-279, 292-295
and emergency departments, 347,
349, 352
and ICUs, 354, 356
interventional suite for, 107
and noninvasive cardiac imaging,
379,380
and oncology, 390
and PET/CT hybrid, 384-385
portable scanners for, 348, 355
and radionuclide imaging, 125
simulation, 387
and technology docks, 390
and vascular imaging, 101
Computed tomography angiography
(CTA), 18, 380
Computers. See also Information sys-
tems; Information technol-
ogy (T); Internet; Web
browsers
and managing radiology depart-
ment, 136-137
networks of, 137, 139, 146
personal, 144
server cabinets for, 374
and surgery, 363-364
Computer-aided detection (CAD), 96
Computer-assisted surgery (CAS),
361
Computerized physician order entry
(CPOE), 145
Computer on wheels (COWs), 364
Computer rooms, 139
Computer server cabinets, 374
Concept design phase, 58, 59
Concept diagram, 45, 46
Concept plan, 45-46
Conceptual cost model, 68
Confidential discussions, 158
Configuration:
centralized vs. decentralized,
209-210
for freestanding facilities, 207-208
and functional zone concept,
210-214
plan typologies for, 214-218
for reading room, 262
and renovation vs. new construc-
tion decision, 333-335
Connectivity for reading rooms,
263
Consoles, independent, 140
Construction. See also Construction
costs; Renovation
and contingency, 37
key questions for approach to,
330-333
and radiation barriers, 306-307
renovation vs. new, 329-339

strategies for, 329-330
total direct cost of, 69
Construction budget, 55
Construction codes, 25
Construction costs:
direct, 66
estimate, 59, 68-69
hidden, 338-339
indirect, 66, 68
initial, 176
and medical equipment/IT costs,
72
and quality design, 25
and radiation protection, 305
varying, 35
Construction escalation cost factor,
35
Consultants, 46, 47, 50-52, 71-73
Contingency figures, 37-38
Contract, 45
Contract documents, 63, 76-77, 305
Contract documents phase, 55,
61-62, 69
Contractors, 49, 52, 61-63
Contractor items, 61
Contrast agents, 93, 101, 118, 120, 381
Control alcoves, 212, 213, 224,
239-244, 306
Control areas:
and control alcoves, 239-244
and control corridors, 239
and control rooms, 244-247
and mammography, 244
and radiation protection, 306
room design for, 237-247
types of, 238-239
and ultrasound, 244
zoning of, 211, 212
Control corridors, 212, 213, 239, 306
Control rooms:
for CT, 246
for interventional imaging, 245,
246, 273-275
for MRI, 158, 247, 326
room design for, 244-247
shared, 278
space guide lines for, 224
surgical imaging, 360, 361
well-designed, 7
Control windows, 310-311
Convenience, 154-158, 206, 392
Copper, 309
Core configurations, 216, 217
Cormack, Allan M., 103
Coronary artery disease (CAD), 379,
380
Corridors, 200-201, 212, 213, 234-235,
239,306
Cost(s). See also Construction costs
alignment of, with quality/quan-
tity, 52, 53
and budget, 66
and economic value, 175-180
for emergency departments, 344
equipment, 23, 35
of equipment, 35
and equipment classification, 75
escalating healthcare, 14, 175
and feasibility study, 35
hidden, 331, 338-339
labor, 69
of labor, 69
life-cycle, 176, 338
and machine utilization, 145
maintenance, 175

operational, 176, 339
of PET facility, 127
project development, 68
of quality design, 25
and radiation protection, 305, 306
and renovation, 330, 331, 334,
338-339
rising healthcare, 24
and site selection, 36
and space, 219
of staffing, 175, 176
unit, 35, 54, 55, 69
and universal room design, 250
and weight of equipment, 25
work, 339
Cost consultants, 37
Cost containment, 23
Cost escalation contingency, 35, 69
Cost estimates, 37, 38, 61, 62, 68-69
COWs (computer on wheels), 364
Coye, Molly Joel, 357-358
CP (cholangiopancreatography), 119
CPOE (computerized physician order
entry), 145
CR, see Computed radiography
Critical path, 64, 65
Crossing the Quality Chasm (Institutes of
Medicine of the National
Academies), 400
Cryoblation, 390
Cryogenic venting, 284, 323-325, 429
CT, see Computed tomography
CTA, see Computed tomography an-
giography
Cystoscopy procedures, 369

Damadian, Raymond, 112
Data and communications systems,
see Information systems
Database software, 137
Data centers (hospital), 138
Data sheets, 60-61
Data storage, requirements for,
175-174
Daylight, 205, 206, 217, 267, 326
Decentralized imaging departments,
22,209-210
Demand for services, 34-35
Departmental gross area, 177,178
Departmental gross square feet
(DGSF), 54-55
Departments and space program-
ming, 220
Design, viii, xv—-xvi. See also Design
concepts; Physical proper-
ties; Room design
architectural, 22-23
balancing with equipment selec-
tion, 79
challenges in, 26-27
and change, 9-27
and circulation, 183
considerations for, 1-8
and cost of construction/value of
quality facility, 25-26
of early X-ray facilities, 12
and efficient operations, 23
and electronic information man-
agement, 14-15
and enterprise-wide imaging,
398
evidence-based, 20-21, 153
flexibility in, xv, 59, 167-175, 233,
250, 262
human factors in, 26, 266-267, 271
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patient-focused, 402
patient-oriented, 20-23
Cardiology: (continued)
and patient stress, 5
for pediatrics, 164-167
phase, 55, 58-61, 69
physical properties influencing,
297-326
for radiation protection, 305-306
and safety, 400
special needs in, 4-8
and staff recruiting/retention, 402
and storage for devices, 100
for surgical facilities, 365, 377-379
sustainable strategies for, 402
typical project team during, 50
Design architect, 46
Design/build project delivery, 63
Design concepts, 1535-180
convenience, 154-158
economy, 175-180
facility image, 158-167
flexibility, 167-175
special identity for patients,
163-167
Design contingency, 37
Design development phase, 59-61, 69
Design phase, 55, 58-61, 69
Design-related equipment planning
services, 72
Design team, 31
Development of imaging facilities, see
Equipment planning; Man-
aging imaging facility devel-
opment; Organization of
medical imaging project
DEXA, see Dual-energy X-ray ab-
sorptiometry
DGSF, see Departmental gross square
feet
Diagnosis, work flow for, 199-200
Diagnosis-related groups (DRGs), 13
Diagnostic mammography, 95, 97, 384
DICOM Standards Committee,
141-145
Digital archive space, see Archive
space
Digital detectors, 87-89, 96, 97, 101
“Digital Imaging and Communica-
tions in Medicine;” 140-141
Digital imaging management areas,
251-255
Digital subtraction angiography
(DSA), 101-102
Direct access (to facilities), 207
Direct-capture digital radiography
(DR), 86, 87
Direct radiography (DR), 221, 252,
350-351, 356
Disaster recovery plan, 146
Distance, 303, 319-320
Documentation, 45
Document phase, see Contract docu-
ments phase
Dollars per square foot ($/SF), 68
Doors, 201, 311-312
Doppler effect, 109
Dose room, 291-292
Double-control alcove, 242-243
Double-loaded configurations, 214,
215
DR, see Direct-capture digital radiog-
raphy; Direct radiography
Drawings/specifications, 62
Dressing areas, 197, 211, 224, 263-264

DRGs (diagnosis-related groups), 13

DSA, see Digital subtraction angiog-
raphy

Dual-energy X-ray absorptiometry
(DEXA), 122-123

Duncan, Tim, 356

EBCT, see Electron beam tomography
Echocardiography, 111, 354, 380
Economics, 23
Economy, 175-180
ED, see Emergency department
Education alcove, 265
EIR (environmental impact report),
63
Eisenberg, Ronald, 10, 12, 13
elCU®, see Electronic Intensive Care
Unit
Electrical systems, 172, 173, 249, 250
Electromagnetic fields, 321
Electromagnetic (EM) protection, 25
Electrons, 84
Electron beam tomography (EBCT),
xv, 105
Electronic health record, see Elec-
tronic medical record
Electronic information management
systems, see Information sys-
tems
Electronic Intensive Care Unit
(elCU®), 357-358, 376
Electronic medical record (EMR), 145,
173, 398
Electrophysiological (EP) studies,
271-277,381-382
Emergency department (ED), 186,
194-195, 268, 344-353
EM (electromagnetic) protection, 25
EMR, see Electronic medical record
Enclosures (reading room), 258
Endoscopy procedures, 369
Enterprise-wide systems, se¢ Infor-
mation systems
Environmental impact report (EIR),
63
Epoxy-layered floor, 310
EP studies, see Electrophysiological
studies
Equipment:
allowance, 68
anesthesia, 100
and cost containment, 23
costs, 35
fixed vs. movable, 66
identifying installation responsi-
bilities for, 61-62
installation for outpatient facili-
ties, 235
managing transport of, 202
needs of, in medical imaging de-
sign, 3, 8
and neutralizing technology, 162
and the planning process, 49
and room size, 59, 187
size/weight of, 297-299
and space requirements, 227, 230
specialized, 344
unique requirements of, 71
Equipment list, 61
Equipment planning, 71-80
classifications of equipment in,
75-78
and equipment selection timeline,
78-80
scope of services for, 73-75

Equipment planning consultants, 74

Equipment reconciliation contin-
gency, 80

Equipment vendors, 72-74, 79, 173,
231

Ergonomics, 261-263, 280, 365

Esaki, Leo, 121

ETS-Lindgren, 311, 322

Evaluation criteria for project goals,
33-34

Evers, S. R, 161

Evidence-based design, 20-21, 153

Examination, and work flow,
193-200

Examination space, 8

Examination zone, 211-212

Excess capacity, 299

Exitways, 200-201

Expanded subsystems estimate, 69

Expansion, 205, 214

Expectations, alignment of, 52-53

External expansion, 167-169

Facility image, 158-167, 392
Facility size, 226-231
FAST (focused assessment with
sonography for trauma), 349
FDA (Food and Drug Administra-
tion), 140
Fear, 159, 161, 324. See also Claustro-
phobia; Stress (patient/staff)
Feasibility studies, 34-36
Film:
and CT scans, 105
design rules for, 397-398
digital detectors vs., 87-89
and digital image management,
251
in mammography, 93-96
processing of, 128-129
X-ray, 84, 85
Film libraries, 133-135
Fire protection systems, 235
First cost, 338
Fischer, Harry, 210
Fixed building elements, 167, 168
Fixed equipment, 74-77
Fixed nonmedical equipment, 75
Fixed plant equipment, 75
Flat-panel detectors, 98, 99
Flexibility:
in concept design, 59
as a dcsign concept, xv, 167-175
future, 8, 167-169, 172175, 335
and integrated building system,
169-172
need for, 8
and plan efficiency, 178, 179
and procedure rooms, 372
and reading room design, 262
and renovation vs. new construc-
tion decision, 335
and room design, 233
and technology docks, 175
and universal room design, 250
Flooring, 171-172, 310
Floor-to-floor heights, 25, 235, 330,
331, 334, 336, 399
Fluoroscopy, 89-93, 107, 269-270,
387. See also Radiography/
fluoroscopy (R/F)
fMRI (functional MRI), 119
Focused assessment with sonogra-
phy for trauma (FAST),
349

Follow-up/treatment, workflow for,
200
Food and Drug Administration
(FDA), 140
Foothills Medical Centre-Intraopera-
tive Magnetic Resonance
Imaging case study, 417
Formal written approval, 45
4-D ultrasound, 110
Frank, Gabriel, 103
Freestanding imaging facilities, 14,
31, 35, 97, 184, 186, 206-209
Functional imaging, 399-400
Functional MRI (fMRD), 119
Functional programs, 40-44
Functional requirements:
for computed tomography,
277-278, 293-294
for interventional radiology/car-
diology, 271-276
for mammography room design,
270
for MRI, 280-282
for nuclear medicine, 289-291
and overpowering of design, 4
for positron emission tomogra-
phy, 293-294
for procedure room design, 266
for radiography/fluoroscopy, 269
for ultrasound, 279-280
Functional zones, 170, 171, 192-193,
210-214
Funding for radiology, 10, 11
Furniture, 77, 261, 262
Future flexibility, 8, 167-169, 172-175,
335
Future trends/vision, 172-175,
375-377, 397-402

Gamma cameras, 124, 192, 286,
289-292
Gamma rays, 122-125
Gantt view, 64, 65
Gasson, Elizabeth, 288
Gauss lines/plot, 314-318
Giaever, Ivar, 121
Gilk, Tobias, 158
Glazing, RE, 310-311
GMP (guaranteed maximum price)
method, 63
Goals, 1, 33-34, 60
Gowned patients:
and circulation, 188, 190, 191, 193
privacy of, 164, 188
transport of, 197
waiting areas for, 6, 264-265
Grade-level location, 205, 206
“The Green Guide for Healthcare!” 176
Green lighting filters, 259, 365-366
Group 1 equipment, 75, 76
Group 3 equipment, 75, 76, 78
Group 2 equipment, 75-77
Guaranteed maximum price (GMP)
method, 63
Gurneys, patient, 349-350
Gynecological imaging, 111

Hamilton, D.K, 21

Handheld echocardiography (HHE),
354

Hand-washing sinks, 266

Hardware implementations, 138

Hardware upgrades/replacement,
172-173, 230

Hardy, O.B., 36
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Haskin, Marvin, 133, 144
Hazard Checklist for MRI Personnel,
434
Hazardous materials, 336
Healing environments, 21, 153
Healthcare, 9-17
Healthcare architecture, 1, 11-12,
20-24
Healthcare professionals, xv—xvi, xxi,
4. See also Staff/faculty; specific
headings, e.g.: radiologists
Health Guidelines for Design and
Construction of Hospital
and Healthcare Facilities
(AIA Academy of Architec-
ture), 78, 265, 435-438
Health Information Management
Systems Society (HIMSS),
142
Health Insurance Portability and Ac-
countability Act (HIPAA), 6,
146, 147,158
Health Technology Center, 357
Hearing protection, 428
Heating, ventilating, and air-condi-
tioning (HVAO):
and computer requirements, 146
costs of, 176
and floor-to-floor heights, 25
for interventional imaging, 236
and MRI shielding, 313, 315, 321
for procedure rooms, 235
reserve capacity for, 172-173
during schematic design phase, 69
and universal room design, 251
Hedge, Alan, 260-261
Heulat, Barbara, 156
HFS (Human Factors Society), 261
HHE (handheld echocardiography),
354
HIFUS, see High-intensity focused ul-
trasound
High-energy radiation procedure
rooms, 388
High-intensity focused ultrasound
(HIFUS), 366, 390
HIMSS (Health Information Man-
agement Systems Society),
142
HIPAA, see Health Insurance Porta—
bility and Accountability
Act
HIS, see Hospital information systems
HL7 standard, 142, 143
Holm, Thure, 190, 210
Hospital information systems (HIS),
14,72, 142, 144, 145
Hospitals, growth of, 9-13
Hot lab, 202, 225, 291
Hounsfield, Sir Godfrey, 103, 104
HTML (Hypertext Markup Lan-
guage), 137
Human factors:
for computed tomography, 278,
294
in facilities design, 26
in imaging environment, 3
for interventional radiology/car-
diology, 276
for mammography room design,
271
for MRI, 282, 283
for nuclear medicine, 291
for positron emission tomogra-
phy, 294

for procedure room design,
266-267
for radiography/fluoroscopy,
269-270
for surgical suites, 365
for ultrasound, 280
Human Factors Society (HFS), 261
HVAC, see Heating, ventilating, and
air-conditioning
Hydrogen, 118-120
Hypertext Markup Language
(HTML), 137

IBS, see Integrated building system
ICU, see Intensive care unit
IEE 802, 141
IGRT, see Image-guided radiation
therapy
IGS, see Image-guide surgery
IHEA, see Integrating the Health En-
terprise
IMACS, see Image management and
communications systems
Images, viewing, 140-141
Image archive zone, 213-214
Image-guided radiation therapy
(IGRT), 386-388
Image-guide surgery (IGS), 19, 98,
360-366
Image intensifiers, 90-92
Image interpretation, work flow for,
199-200
Image management and communi-
cations systems (IMACS),
9,173
Image management systems,
133-147. See also Imaging
techniques; Picture archiv-
ing and communications
systems (PACS)
development of, 138-140
and function of PACS, 139-143
and ICUs, 356
and information security, 146-147
integrated systems, 143-145
planning considerations for,
145-146
radiology information systems,
14, 135-138, 142-145
Image processing, work flow for,
198-199
Image reconstruction, 363
Imaging:
blurring boundaries between sur-
gery/interventional radiol-
ogy, 98, 360, 371-375
and cardiology, 379-383
and changing healthcare, 15-17
chronology of milestones in,
16-17
current role of, 15, 18-19
and cystoscopy/endoscopy proce-
dures, 369
economics and, 23
and emergency medicine, 344-353
film-based, 397-398
functional, 399-400
future trends/visions in, 375-377,
397-402
and ICUs, 353-360
and image-guide surgery, 360-366
impact of molecular/functional,
399-400
importance of, viii, 26
increased usage/capabilities of, 24

interventional cardiac, 381-383

and intraoperative
radiography/fluoroscopy,
367-369

and medical specialties, 19-20

and minimally invasive surgery,
360-366

and MRI-guided surgery, 369-371

noninvasive cardiac, 379-381

and oncology, 383-390

and patient-oriented design,
21-22

and surgery, 15, 18-19, 360-379

and technology docks, 390-393

and ultrasound-guided surgery,
366

Imaging departments, 185-187,
196-197, 205-218
Imaging facilities:

challenges for successful, 26-27

equipment needs in, 8

location consideration for free-
standing, 206-209

patients needs in, 5-7

size of, 226-231

and space, 219-231

staff/faculty needs in, 7-8

systematic design approach for,

Imaging facilities design, see Design
Imaging facilities development, see
Equipment planning; Man-
aging imaging facility devel-
opment; Organization of
medical imaging project
Imaging procedure areas, see Proce-
dure areas
Imaging procedures, steps in, 193,
194
Imaging suite, 435
Imaging techniques, 128-129. See also
Image management systems
biomagnetics/biomagnetic,
121-122
digital subtraction angiography,
101-103
and film vs. digital detectors,
87-89
interventional, 97-101
magnetic resonance, 112-122
nuclear medicine, 122-129
radiographic tomography,
102-107
radiography/fluoroscopy proce-
dures, 97-103
ultrasound, 107-112
uses of, 83
IMRT, see Intensity-modulated radia-
tion therapy; Intraoperative
magnetic resonance therapy
Indirect construction costs, 66, 68
Induced voltages, 427-428
Infection control, 160, 223, 236, 245,
325,330, 332
Information revolution, 15
Information security, 146-147
Information systems. See also Image
management systems; Pic-
ture archiving and commu-
nications systems (PACS)
and cost containment, 14
enterprise-wide, 14-15, 208-209,
356, 358, 398
era of, 14-15
hospital, 14, 72, 142, 144, 145

and ICUs, 356, 358
and imaging design, 398
and information security, 146-147
physical location of, 208-209
radiology, 14, 135-138, 142-145
Information technology (IT), 72, 398
Infrastructure capacity upgrades, 35
In-house architects, 46
Initial cost of space, 175, 176
Injection room, 291-292
Inpatients, 163, 164, 210, 398
ln—placc renovation, 337-338
Institutes of Medicine of the National
Academies, 400
Integrated building system (IBS),
169-172
Integrated systems, 143-145
Integrating the Health Enterprise
(IHEA), 142-143
Integration of IT/clinical devices, 72
Intensity-modulated radiation ther-
apy (IMRT), 386-388
Intensive care unit (ICU), 187,
353-360
Interdepartmental work flow,
184-185
Internal conversion, 167-169
International Symposium on Plan-
ning of Radiological Depart-
ments (ISPRAD), 210
Internet, 137, 146
Interoperable electronic health
records, 173. See also Elec-
tronic medical record (EMR)
Interpretation of images, 253
Interstitial floor, 171-172
Interventional cardiology, 271-277,
372,381-383
Interventional imaging, 97-101
and blurred boundaries between
radiology/surgery, 98, 360,
371-375
design considerations for, 236-237
and minimally invasive surgery,
373
and turf issues, 374
UCLA Westwood Replacement
Hospital-Interventional
Floor case study, 413-416
Interventional oncology, 389-390
Interventional radiology (IR):
advantages of, 18
blurring boundaries between sur-
gery and, 98, 360, 371-375
and communication issues, 53
control rooms, 245, 246, 273275
procedure rooms for, 236-237,
271-277,372
radiographic/fluoroscopic proce-
dures in, 97-99
use of fluoroscopy in, 93
and work flow, 184
Intouch Health, 358
Intracranial aneurysm-clips, 429-430
Intradepartmental work flow, 188-189
Intraoperative magnetic resonance
imaging, 378, 417
Intraoperative magnetic resonance
therapy (IMRT), 369-370
Intravenous urography, 102, 103
IR, see Interventional radiology
ISPRAD (International Symposium
on Planning of Radiological
Departments), 210
IT, see Information technology
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Jolesz, Ferenc, 366
Josephson, Brian, 121
Josephson junctions, 121
Junk, Robert, 158

Kanan, Angela, 288

Keeping Patients Safe (Institutes of Med-
icine of the National Acade-
mies), 400

Key space generators, 221, 230

Labor, cost of, 69
Land, 207-208
Laparoscope, 364
Laser printers, 128, 129
Laufman, Harold, 373
Lauterbur, Paul, 112
Layouts, 59, 69, 147, 210, 234-235
Lead, 10, 11, 84, 303, 304, 306-307,
368
Leakage radiation, 304
“Lean” operations, 400
“LEED Application Guide for Health-
care Facilities” (U.S. Green
Building Council), 176
Legal restrictions, on freestanding
imaging facilities, 208
Leibrock, Cynthia, 159, 160
Life-cycle cost, 176, 338
Life-safety codes, 201
Lifton, J., 36
Lighting:
daylight, 205, 206, 217, 267, 326
green filters for, 259, 365-366
for interventional procedure
areas, 276, 277
for MRI, 282, 283, 326
for ORs, 378
for procedure rooms, 267
for reading rooms, 258-260
for staff areas, 7,8
for surgical suites, 365
Linear accelerator, 388, 389
Linear tomography, 103
Location, department, 205-209
Loose-fit approach, 172, 223, 265
Lucier, G., 173, 174

McGee, April, 263
McGill University Health Centre-
Montreal General Hospital,
365
“Magic numbers,’ 226, 228
Magnets, 113-114, 116, 307, 308
and design guidelines, 284-287
in IMRT, 370
installation of, 298, 299
and magnetic fields, 314, 318
open bore, 325-326
performance of, 321
and shielding, 286, 309
and surgery, 378
Magnetic catheter guidance, 382
Magnetic contamination, 285
Magnetic fields, 114, 115, 117, 121,
289,307,314, 322, 402
Magnetic interactions, 285-287,
314-321
Magnetic resonance imaging (MRI),
112-122, 287-289, 322-325,
401-402. Sec also Magnets;
Safety, magnetic resonance
imaging
acoustics for, 114, 282, 283,
324-326, 428

biomagnetics/biomagnetic imag-
ing, 121-122
and circulation/traffic, 191-192,
197
control rooms for, 158, 247, 326
and corridors/exitways, 201
and emergency medicine, 349
functional requirements for,
280-282
and gamma cameras, 291
and Health Guidelines for Design
and Construction of Hospi-
tal and Healthcare Facilities,
436
and HVAC, 313, 315, 321
and ICUs, 354
intraoperative, 369-370, 378, 417
lighting for, 282, 283, 326
and magnetic contamination, 322
and magnetic interactions,
314-321
and noninvasive cardiac imaging,
379
and nuclear magnetic resonance
imaging, 112-113, 192
and oncology, 390
and patient stress/fear, 5, 160-161,
324-326
pediatric, 164-167
planning/design considerations
for, 280-289
and RF interations, 308-314
rooms for, 158, 247, 280-289, 326,
378
shielding for, 283, 285, 307-311,
313,315, 321-322
siting considerations, 286
space requirements for, 307
special consideration for, 307-326
and surgery, 369-371, 377-378
and technology docks, 390,
392-393
and ultrasound, 366
and vascular imaging, 101
zoning for, 191-192, 247, 287,
423-427,451
Magnetic resonance therapy (MRT),
369
Magnetocardiography, 122
Maintenance costs, 175
Major movable equipment, 75-78
Mammography:
as an imaging technique, 93-97
clustering rooms for, 164
and control areas, 244
design/planning considerations
for, 270-271
diagnostic, 95, 97, 384
and oncology, 383-384
and radiation protection, 271, 303
reading room lighting for, 259
screening, 94, 97, 384
Mammography Quality Standards
Act (MQSA), 259
Management:
and architects responsibilities,
51-52
of equipment transportation,
202
of images, see Image management
systems
of information, see Information
systems
of transport systems, 201, 202
wire, 263

Managing imaging facility develop-
ment, 49-69. See also Organi-
zation of medical imaging
project

alignment of expectations in,
52-53

bidding/negotiation phase, 61

budgets, 66-68

communications in, 53-55

construction cost estimates, 68-69

construction phase, 55, 63

contract documents phase, 55,
61-62, 69

design development phase, 59-61,
69

design phase, 55, 58-61, 69

duration of, 64

negotiation phase, 61

programming phasc, 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, 360366, 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

MRYI, 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,
75-74

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-0I (owner-furnished-owner-
installed), 61
OF-V], see Owner-furnished-vendor-
installed
Oncology, 385-390
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-00), 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
gowncd, 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 (MRD), 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

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

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

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

Project budget, 55 and universal room design, 248
Project development costs, 68 Radiography/fluoroscopy (R/F). See
Projected annual procedures, 228, also Fluoroscopy
229 procedures, 97-103
Projectiles, 322 rooms, 91-92, 269-270
Project manager, 51 surgery and intraoperative,
Project phases, 55-63 367-369
bidding, 61 traffic patterns for, 192-193
construction, 55, 63 and universal room design, 248
and construction cost estimates, Radiological Society of North Amer-
68-69 ica (RSNA), 75, 142, 344
contract documents, 55, 61-62, 69 Radiologists:
design, 55, 58-61, 69 circulation needs of, 188, 189
design development, 59-61, 69 and design/planning process,
duration of, 64 XV-XVi, Xxi
negotiation, 61 and equipment selection, 49
programming, 45, 52, 55, 57-58, 68, off-site, 351
79 and prior examinations, 134
represented in medical terms, 55 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, 255263
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 (ROD), 34, 35
Revenue of radiology department,
135

RF, see Radio-frequency
R/E see Radiography/fluoroscopy
RIS, see Radiology information sys-
tems
Road access, 206-207
Robots, 358, 361, 375-377
“Roentgen-rays,” 11-13
RO, 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/IMRI/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 MRT induced voltages,
427-428
and Stdﬁ/ﬂi(‘ulty, 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






