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�CHAPTER 275.   VETERANS HEALTH ADMINISTRATION  -  MAGNETIC RESOURCE IMAGING





1.  APPROVAL OF CRITERIA



	Criteria approved by the Department of Veterans Affairs (VA) on February 12, 1993.





2.  DEFINITION



	a.  Magnetic Resonance Imaging (MRI) is a diagnostic imaging technique that employs a very strong magnetic field and short-duration radio frequency transmissions, controlled by computers to produce body section images of human anatomy.  The magnet's magnetic field excites the normal organization of the protons (nuclei) of hydrogen atoms within the human body causing them to spin as they align parallel to the energy field.  A radio signal is then transmitted causing the atoms to oscillate.  When the radio signal is canceled, the nuclei "relax" emitting a very low radio frequency signals as they return to their pre-excited state.  These signals are detected and relayed to the MRI computer system which analyzes the strength and duration of the signals and constructs an image that is displayed at the operator's console.  This image is then used by physicians to diagnose and treat the particular ailment.



	b. The field strength of a magnet is measured in two ways, either in gauss (G) or tesla (T).  One tesla is equal to ten-thousand gauss: 1T = 10,000G.  These criteria will use the Tesla scale as the basic for measuring the magnetic field strength of a magnet and the Gauss scale for measuring the extended distance of the magnetic field.  The magnet sizes currently being used in most routine clinical procedures vary in strength from 0.5T to 1.5T.  As a comparison of the strengths of these magnets, the earth's magnetic field strength is approximately 0.5G or 0.00005T at sea level in the mid-latitudes.



	c. A critical point in the quality of the images obtained from the MRI system is to maintain a constant, homogeneous magnetic field in the center of the magnet.  This requirement for a homogeneous magnetic field could impose limitations on the location, construction and surroundings of the MRI suite.  The homogeneity of the magnetic field can be distorted when large stationary ferromagnetic material (i.e., steel frames, ferrous ductwork, etc.) are present in the vicinity of the MRI suite.  Also, large moving ferrous masses of magnetic material like carts, elevators, stretchers, etc. can produce magnetic field fluctuations.  The degree of distortion caused by these ferromagnetic material depends on the magnetic field strength as well as on the mass, orientation, permeability and saturation of the surrounding material.



	d.  Magnetic resonance imaging facilities currently offer diagnostic procedures for both inpatients and outpatients regardless of whether the facility is located in a "self sustaining" structure, either attached or separated from an existing medical facility, or within a medical facility (See para. 6, DESIGN CONSIDERATIONS).



	e.  Refer to VA Guide 7610, Equipment Guide List, Chapter 275, entitled MRI, for an itemized description of individual room equipment requirements.



	f. Refer to the following Space Criteria chapter (s) for additional functions that may be required in an MRI suite and/or facility:



	(1) Chapter 276, Radiology Service

	(2) Chapter 410, - Lockers, Lounges, Toilets and Showers (LLTS)





�3.  PROGRAM DATA REQUIRED



	a. Is Magnetic Resonance Imaging system authorized?



	b. Size and type of Magnetic Resonance Imaging unit.



	c. Is the MRI unit to be located within the medical facility?



	d. Is the MRI unit to be located in a separate "self sustaining" structure, either attached or separated from the medical facility?



	e. Staff projections by categories.



	f. Staff requiring lockers and percentage of men and women.



	g. Is an Independent Viewing Room authorized?



	h. Is a Film Processing Room authorized?



	i. Is a Spectroscopy Laboratory authorized?





4.  SPACE DETERMINATIONS



	Authorization for a Magnet Resonance Imaging (MRI) facility will be determined on an individual project basis, by Radiology Service, VACO.  It will also be conditional on workload and availability of shared services with local community, federal, or university facilities.  Selection of type and size of MRI system and staffing requirements will be provided by Radiology Service, VACO. 



	a. Space Requirements



	(1) Space requirements for an MRI suite will be determined on the basis of the MRI equipment selected and whether it will be located in a "self sustaining" structure, either attached or separated from the medical facility, or within a medical facility.



	(2) A typical MRI suite within a medical facility will contain a gantry room, control room, computer and equipment room, cryogen storage room, digital archival room, storage room, waiting area, dressing room, handicapped toilet, examination, preparation, and recovery area.  Self sustaining structure will consist of the above rooms and additional ancillary rooms as enumerated herein.



	(3) The MRI suite is divided into the following functional areas:  Administrative, Patient Support, Staff Support and Magnetic Resonance Imaging System.



	b. Area Requirements for Magnetic Resonance Imaging Suite



	(1) Administrative - Consists of the collective group of offices and other related areas for those staff responsible for the administration of the MRI Suite.



	 (a) Office, Staff Physician 	11.2 NSM (120 NSF)

per each



	 (b) Office, Physicist 	  9.3 NSM (100 NSF)

  per each



	 (d) Office, Secretary and Waiting 	11.2 NSM (120 NSF)



	 (e) Office, Reception 	  7.4 NSM (  80 NSF)

  per clerk

  (Minimum  =

  9.3 NSM (100 NSF))

Reception location should provide a direct line-of-sight into the patient waiting area.



	 (f) Office, Technologist Supervisor 	  9.3 NSM (100 NSF)



	 (g) Patient's Records Filing 	  4.7 NSM (  50 NSF)



This space is based on the requirement that files must be retained for five days in the MRI area.  Permanent or long-term filing should be in the main radiology film library.



	 (h) Viewing and Consultation Room	13.9 NSM (150 NSF)



This room is the focal point of daily activity where staff and residents will review all cases to be seen that day.  Staff members will be meeting throughout the day to discuss patient care progress and to confer with attending physicians.  Activities also include training, film viewing, and reading.



LOCATION NOTE:  This is usually a high traffic area and should not be located in the main traffic pattern.



	 (i) Staff Lockers, Lounges 	See Chapter 410, LLTS



	(2) Patient Support - Consists of those areas which contribute to smooth operation of examination procedures plus enhance the function and rate of patient handling through the suite.



	  (a) Waiting Area 	  8.4 NSM (  90 NSF)

This area provides space for patients and individuals accompanying patients.  Includes circulation space and seating for six, including space for a wheelchair.  Area should be connected to the patient entrance corridor and be under visual -control of the MRI receptionist.



	  (b) Dressing Room 	  2.8 NSM (  30 NSF)

(One per Magnetic Resonance Imaging System.)



The dressing room provides a private facility for patients to change prior to and following an MRI examination.  Room is to have convenient access to patient toilet, waiting area and gantry room.



	  (c) Toilet Room, Wheelchair (Unisex) 	  4.7 NSM (  50 NSF)

This must be accessible from the dressing room and waiting area.



�	  (d) Examination, Preparation, and Recovery Area 	   9.3 NSM (100 NSF)

This space will be equipped for physical exams, cardiac arrest emergencies, and for preparing a patient prior to a procedure.  It will also function as a recovery room following a procedure.



LOCATION NOTE:  This area should be located near and have direct access to the gantry room.



	  (e) Stretcher Waiting/Holding Area/Storage Area for Transporters 	  5.6 NSM (  60 NSF)

This area should be adjacent to reception area where technicians can see the patients because patients transported by mobile conveyances may require closer supervision.  Patient scheduling should be managed so that not more than two stretcher patients are present in the MRI suite at a given time.  Also, this area is used for storage of non-ferrous transport devices for transferring patients into the gantry room.



	(3) Staff Support - Consists of those areas which are used exclusively by staff.



	  (a) Clean Utility/Supply Room 	  3.7 NSM (  40 NSF)

This room provides storage for medical supplies used in the delivery of patient care.  It should be accessible from the corridor and located near the examination, preparation and recovery room.



	  (b) Soiled Utility Room 	  3.7 NSM (  40 NSF)

This room provides an area for cleanup of equipment, utensils and for disposal of waste material.  Provides a temporary holding area for material that will be picked up by Supply, Processing and Distribution (SPD).



	  (c) Housekeeping Aids Closet 	  3.7 NSM (  40 NSF)

This room is used for storing servicing equipment and supplies used in daily cleaning of the MRI suite.



NOTE:  Only required for self sustaining structure.



	  (d) Toilet Room, Staff (Unisex, Handicapped) 	  4.7 NSM (  50 NSF)



NOTE:  Only required for self sustaining structure.



	(4) Magnetic Resonance Imaging System - Consists of the main core of rooms which are necessary for the operation of the imaging suite.  This area should be planned so that the gantry room (magnetic scanner), control room, computer/equipment room and cryogen storage room are contiguous.



	  (a) Gantry Room 	74.4 NSM (800 NSF)

This room contains the high strength magnet, patient table and related imaging system's supporting hardware.  The patient reclines on the table that fits in the "bore" or the central, cylindrical part of the magnet.  Access to the gantry room is limited to authorized personnel only.



The gantry room requires radio frequency shielding to protect the scanning operation against the effects of common sources of radio frequency interference waves emanating from external transmitters.



Magnetic shielding may be required to control, shape and/or reduce the magnetic field of the 5 gauss line.



All equipment in this area should be made from non-magnetic material.



	  (b) Control Room 	11.2 NSM (120 NSF)



This room contains an operator's console which consists of a computer terminal and image display monitors.  The viewing window provides the operator with an unobstructed view of the patient within the gantry.  Operator procedures require a direct access to both gantry room and to the computer/equipment room from the control room.



The operator controls the scanner operations and image manipulation such as acquisition, reconstruction, display of the images for various studies, and produces hard copy images through a multi-format camera.  The operator will also enter or access patient information and images from memory, archive to storage systems, and interface for connection of film images and video recordings.



An audio system to communicate with the patient and a closed circuit TV for viewing the patient from the control area may be required.



	  (c) Computer/Equipment Room 	27.9 NSM (300 NSF)

This room contains the computer and most of the supporting electronic and electrical equipment.  Typical hardware may include computer cabinets, power distribution unit, gradient cabinet, system control cabinet, radio frequency signal cabinet, shim and magnet power supply cabinets, radio frequency penetration cabinets, power conditioner, and other systems hardware.  The room space allows access for maintenance on two sides of the equipment.



LOCATION NOTES:  The computer/equipment room should be adjacent to the control and gantry room.



	  (d) Cryogen Storage Room 	  6.5 NSM (  70 NSF)



The cryogen storage room contains the portable stainless steel dewars and cylinders that store the liquid helium and liquid nitrogen.  This refrigerant is used to produces low temperatures in cooling the magnet to approximately four degrees Kelvin.  The dewars' handling equipment; siphons, cables, hoses and special connectors are also stored in this room



Due to the weight and difficulty of moving the dewars during delivery and replenishment, the route to the cryogen storage room should be direct and have no steps.  Empty dewars and cylinders are kept in this room until removed for refilling.  This room needs minimum door opening that will allow passage of dewars with diameter of up to 1220 mm (48") and height of approximately 1830 mm (72").  Venting to the outside is also required for this room.



LOCATION NOTE:  The cryogen storage room should be located close to the gantry room and be accessible directly from the outside and/or from a delivery hallway.



	  (e) Independent Viewing Room 	11.2 NSM (120 NSF)

A separate remote physician's console provides the physician with the capability of independently viewing and manipulating images separate from the operator's console.



 The room may also contain standard x-ray illuminators or viewers.



NOTE:  Applicable when authorized by Radiology Service, VACO.



	  (f) Digital Archival Storage Room 	  7.0 NSM (  75 NSF)

This room is utilized for the archiving of magnetic tapes (reel and cartridge) and disks.  Shelving and a computer terminal without a printer may be located in this room.  This room is usually secured.



	  (g) Film Processing Room 	  7.0 NSM (  75 NSF)

This space is for developing, film sorting, identification, tagging, film interpretation, and film image quality check.  Room should be isolated from the main traffic circulation pattern.  Silver recovery tank and facilities for cleaning the processor and its rollers will be located in this area.



NOTE:  1. Film processing capabilities may not be required if adequate capacity is available for this function from another department.



2. Applicable when authorized by Radiology Service, VACO.



	  (h) Storage Room 	  7.0 NSM (  75 NSF)

This room is for the storage of specialized equipment required daily for imaging procedures on an "as needed basis", and kept near the gantry room.  Storage items include:  Surface coils and coil holders, and patient positioning accessories, such as headrest, knee support, leg and arm immobilizers, and body wedges.  The calibration phantom kit will also be stored in this room.



	  (i) Spectroscopy Research Laboratory 	11.2 NSM (120 NSF)

Spectroscopy research laboratory is a room where physicians investigate and evaluate the performance and clinical efficiency of spectroscopic imaging.  Magnetic field strength of 1.5 tesla or greater are generally required for spectroscopy research.



This room contains a computer system with keyboard and monitors, a disk drive cabinet, and a digital plotter-printer.



LOCATION NOTE:  This is usually a high traffic area and should be isolated from the main traffic pattern.  Traffic is composed of physicians, physicists, technicians, and students.



NOTE:  Applicable when authorized by Radiology Service, VACO.





�5.  PLANNING RATIONALE (BASIS OF CRITERIA)



	a. These criteria are based on established and anticipated standards, which are subject to modification relative to development in the equipment, medical practice and subsequent planning and design.  The selection of the size and type of an MRI system is determined by VA Central Office (VACO) Radiology Service and upon Veterans Health Administrative's (VHA) anticipated medical needs.



	b.  In planning an MRI suite the selection of the type and size of the magnet and its magnetic fields generated can impose certain limitations on the location of the imaging suite.  The location selected must consider the effects of the magnet's fields on medical electronic components, instruments, and persons with pacemakers or neurostimulators.  The effects of the fields interacting with fixed ferrous objects and moving ferrous masses surrounding the suite can affect the homogeneity of the main magnet field.  Thus, a smaller-sized magnet (0.5T or less) for imaging only will require less restrictive site standards than those of a large unit (1.0T or greater) for imaging and spectroscopy.  Because of the site restrictions, it would be advisable to place a small MRI unit (0.5T or less) in existing space. In other situations, a larger MRI unit (1.0T or greater) might require a new structure(s) attached to an existing hospital or a completely new separate (self sustaining) structure in proximity to a medical center.  Some siting problems associated with MRI units can be partially resolved by using active or passive shielded magnet which reduces the 5-gauss exclusion zone to within the gantry room.  Active shielding involves electronic or electromagnetic applications and passive shielding involves physically installing metal composition materials around the gantry room.  The passive shielding usually results in increased weight bearing loads for the gantry room floor.  Both active and passive shielding may be procured with the equipment and supplied by the vendor.



	c. Specific attention should be given to the planning of a comfortable environment within the gantry room.  Such consideration will help to alleviate and overcome patient anxiety and apprehension of the MRI unit for duration of the examination.  Average times for an MRI exam vary from 30 minutes to 2 hours depending on the extent of the scan.  During this time the patient must remain motionless and strapped to a table, enclosed in small diameter cylindrical opening within the magnet.  Many patients will experience some feelings of claustrophobia and hear loud clicking or tapping sound, thus any calming and relaxing ambience in the gantry room is desirable.





6.  DESIGN CONSIDERATIONS



	a. Figure 275.F1 provides the intrafunctional relationship within the Magnetic Resonance Imaging Suite.



	b. Figure 275.F2 provides an interfunctional relationship between Magnetic Resonance Imaging Suite and other services where considerable interaction can be expected.



	c.  Selection of the proper siting of the MRI unit is very important and should be addressed in the early conceptual planning stages of an MRI suite.  When locating an MRI unit, the large three-dimensional magnetic fringe fields may be one of the major limiting factors in MRI planning and site selection.  These magnetic fields extend into space above, below and around the magnet and introduce some basic problems which may affect the functioning of the MRI unit.



	d. When planning an MRI installation within an existing facility, constraints may be encountered by the existing facility structure that may affect the location and the quality of the MRI images and could prevent future upgrading because of: the type of existing building materials, floor-loading design, structural system, floor to ceiling heights, existing corridor widths and accesses, style of magnetic field and radio frequency shielding, and the functions and types of traffic of occupied space in adjacent areas to the MRI system.



	e. Positioning the center of the magnet is an important consideration for the quality of the images due to their dependency on maintaining a constant, homogeneous magnetic field in the center of the magnet.  The main magnetic field can be distorted when large fixed ferrous materials (i.e., steel frames, reinforcing rods, etc.) are present in the fringe field.  Also, large moving masses, such as, elevators, carts, stretchers, motor vehicles, lawn mowers, and other magnetic objects within the 1-gauss field can produce static magnetic field fluctuations that distort the images.



	f. Siting problems with a high field strength magnet can be partially resolved with steel sheets of magnetic shielding which reduce the limit of the 5-gauss line outside the magnetic shielding.  Manufacturers offer self-shielding systems such as active-shielding magnets and magnetic shielding domes that can eliminate the need for shielding the entire room.



	g.  Considerations must be taken into account for the location and effective operation of a variety of the medical facility instruments and devices that may be affected by the magnetic fringe field generated by the MRI.  For example, multi-format equipment, remote console, CT scanner, ultrasound equipment, patient monitoring equipment, cathode ray devices, computers, magnetic tapes, floppy discs, etc.



	h. Walk-through metal detectors may be needed at strategic areas (usually at the 5-gauss field line) within the suite to warn persons that a health hazard exist for those who may have medical devices, such as, cardiac pacemakers, electronic implants, neurostimulators, and biostimulation devices.  Persons with these devices should not be allowed within the 5-gauss boundary.  An adequate distance should also be maintained between an MRI system and patient care or uncontrolled visitor/public traffic areas and/or vehicular traffic routes.



	i.  The MRI system needs to be shielded from external sources of radio frequency interference (RFI) and containment of the MRI radio frequency signals.  Penetrations into the gantry room must not reduce overall MRI system performance.  Electrical Engineering Service should be contacted for specific design requirements.



	j. Non-ferrous raised flooring for use in both the gantry and computer/equipment rooms should be considered, due to the number and size of cables in the system and for ease of alterations.  If raised flooring is impractical to install, non-ferrous floor ducts are an acceptable alternative, however, ducts used in the gantry room must meet all requirements for a radio frequency shielded room.  The raised flooring tolerances should consider the requirements of supporting the MRI equipment and any conveyance system needed to move the gantry for installation, repairing and/or servicing.



	k. Consideration should be given to the delivery route of the magnet and any rigging equipment required to move the magnet during installation or if damaged due to a quench (condition when superconductive magnet becomes resistive, due to a break or crack, thus boiling off liquid helium).  Wall openings, door allowances, corridor widths, ceiling heights and floor loading tolerances along the entire delivery route must be weighed during the planning stages.



	l. Some manufactures may require provisions for cooling their equipment which may include a chilled water supply line and a floor drain for flushing the system and/or a closed-loop cooling system that uses distilled, deionized water.



	m.  HVAC (heating, ventilation, and air-conditioning) equipment should not be located within the 3-gauss line area.  Duct systems should be constructed from non-ferrous material such as aluminum or PVC.



	n. Soil pipes, floor drains, etc. of non-ferrous metal (PVC) is preferred and necessary in the control area, computer/equipment room, and gantry room.



	o. Automatic wet-pipe sprinkler system for the entire space, including the gantry room, control area and computer/equipment room is required.  Smoke detection shall be provided on the ceiling and will be required in the control area and computer/equipment room (Refer to Department of Veterans Affairs (VA) Construction Standard No. 866-1 for more information concerning fire protection requirements.).



	p. If provided, conductive connections for oxygen and medical vacuum in the gantry room are to be made outside the 5-gauss area.  All lines within the 5-gauss area must be non-ferrous materials.  Preference is to use non-ferrous portable equipment for oxygen and medical vacuum within the gantry area.



	q. Electrical power supply for equipment, lighting and receptacles in the gantry room must pass through line filters.



	r. Incandescent light fixtures with a DC (direct current) lighting system shall be provided within the gantry room.



	s. All light fixtures and receptacles located within the 5-gauss line field of influence should be made from non-ferrous material.  Aluminum or polyvinyl chloride (PVC) conduit must be used in lieu of steel conduit.

��

INTERFUNCTIONAL RELATIONSHIP MATRIX



(Relationship of Magnetic Resonance Imaging to Services Listed Below:)





Service	Relationship	Reasons

Ambulatory Care	2	G,H

Ambulatory Entrance	2	H

Radiology Service	2	G,H



Nuclear Medicine Service	3	G,H

Cardiovascular Laboratories	3	H

MS&N Nursing Units	3	H

Intensive Care Nursing Units	3	H

Spinal Cord Injury Center (SCI)	3	H

Pulmonary Medicine	3	H

Rehabilitation Medicine Service	3	H

Radiation Therapy Service	3	G,H

Medical Research & Development	3	A

Surgical Service	3	H

Digestive Diseases Service	3	H



Audiology & Speech Pathology Svc.	4	K

Canteen Svc. - Dining Facilities	4	D,E,K







PHYSICAL RELATIONSHIPS BETWEEN SERVICES



Symbol	Relationship	Description

    1	Especially Important	Essential for services to be adjacent.

    2	Important 	Services to be in proximity, on the same floor.

    3	Limited Importance	Services within the same building but different floors acceptable.

    4	Undesirable	Separation desirable.







Reasons

(Use as many as appropriate)



A - Common use of resources	G - Sequence of work

B - Accessibility of supplies	H - Patient's convenience

C - Urgency of Contact	I - Frequent contact

D - Noise or vibration	J - Need for security

E - Presence of odors or fumes	K - Others (Specify)

F - Contamination hazard	L - Closeness inapropriate















Figure 275.F2   Interfunctional Relationships Matrix - Magnetic Resonance Imaging
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