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MRI stands for “Magnetic Resonance Imaging”. Originally known as “Nuclear Magnetic Resonance” (NMR). It is used in the medical field to produce images of the internal structures of living organisms. There are potential risks in the MR environment, not only for the patient but also for the accompanying family members, attending health care professionals, and others who find themselves only occasionally or rarely in the magnetic fields of MR scanners, such as security or housekeeping personnel, firefighters, police, etc. There have been reports in the medical literature and print-media detailing Magnetic Resonance Imaging (MRI) adverse incidents involving patients, equipment and personnel that spotlighted the need for a safety review by an expert panel. To this end, the American College of Radiology originally formed the BlueRibbon Panel on MR Safety. 

ACR GUIDANCE DOCUMENT ON MR SAFE PRACTICES: 2013 A. Establish, Implement, and Maintain Current MR Safety Policies and Procedures
 1. All clinical and research MR sites, irrespective of magnet format or field strength, including installations for diagnostic, research, interventional, and/or surgical applications, should maintain MR safety policies. 
2. These policies and procedures should also be reviewed concurrently with the introduction of any significant changes in safety parameters of the MR environment of the site (e.g., adding faster or stronger gradient capabilities or higher RF duty cycle studies) and updated as needed. In this review process, national and international standards and recommendations should be taken into consideration before establishing local guidelines, policies, and procedures 
3. Each site will name an MR medical director whose responsibilities will include ensuring that MR safe practice guidelines are established and maintained as current and appropriate for the site. It is the responsibility of the site’s administration to ensure that the policies and procedures that result from these MR safe practice guidelines are implemented and adhered to at all times by all of the site’s personnel. 
4. Procedures should be in place to ensure that any and all adverse events, MR safety incidents, or ‘‘near incidents’’ that occur in the MR site are to be reported to the medical director in a timely manner (e.g., within 24 hours or 1 business day of their occurrence) and used in continuous quality improvement efforts. It should be stressed that the Food and Drug Administration states that it is incumbent upon the sites to also report adverse events and incidents to them by means of their MedWatch program. The ACR supports this requirement and believes that it is in the ultimate best interest of all MR practitioners to create and maintain this consolidated database of such events to help us all learn about them and how to better avoid them in the future. 
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MR BIOEFFECTS
Patient undergoing MR examination is exposed to three different forms of electromagnetic fields.
1. Static magnetic field
2. Gradient magnetic field
3. RF electromagnetic field
Static magnetic field
It can raise the skin temperature. It can cause electrical induction and cardiac effects with elevation of T-wave amplitude. It has potential effects on neurons. All these bioeffects are not proved to be hazardous at field strength < 3T whereas scanning at field strength >2T may cause Vertigo, headache and peripheral nerve stimulation.
Gradient magnetic field
Its possible effects include ventricular fibrillation, epileptogenic potentials and visual flashes. It also has thermal effects. All these effects have not been significant in present clinical MR systems.
RF magnetic field
It can result into energy deposition and tissue heating. Specific absorption rate (SAR) is measure of tissue energy deposition and its unit is Watt/kg. IEC/FDA Limits for Whole Body Heating Normal mode limit (suitable for all patients) – 0.5 degrees C or 2 W/kg First level-controlled mode (medical supervision) – 1.0 degrees C or 4 W/kg Second level-controlled mode – greater than 1 degree C or 4 W/kg (requires IRB approval) 

ACOUSTIC NOISE
It is caused by vibration of gradient coils. Noise increases with heavy duty cycles and sharper pulse transition. Noise also increases with thin slice, small FOV, less TR and TE.
Ear plugs and earphones should be provided to patients and accompanying persons.

FARADAY CAGE
A Faraday cage or Faraday shield is an enclosure used to block electromagnetic fields. A Faraday shield may be formed by a continuous covering of conductive material or in the case of a Faraday cage, by a mesh of such materials.
Faraday cages come in all shapes and sizes, but all of them use a metal screen that conducts electricity, creating a shielding effect.
How faraday cage works?
Faraday cage distributes charge or radiation around the cage's exterior, it cancels out electric charges or radiation within the cage's interior. In short, a Faraday cage is a hollow conductor, in which the charge remains on the external surface of the cage.
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Note: 
In MRI faraday cage is built for RF shielding
RF shielding is important because:
a) To prevent extraneous electromagnetic field (RF) from contaminating the MR signal.
b) To prevent electromagnetic radiation generated by MR machine from causing interference in nearby medical devices.

The ideal room consist of nested components:
1)An outer shell for structural support 
2) A middle metallic RF-shield 
3)An interior layer made of finish materials.
The floor is generally made of monolithic copper covered over with solid material.
Door must not allow any RF leakage, being shield by a set of electrical contact strips or continuous metallic pneumatic tube.
Window are laminated with blackened copper mesh between two pieces of glass.
Virtually any metal can be used including aluminium and steel but copper is generally used because it is more conductive metal.
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SITE ACCESS RESTRICTION


1) ZONES: - The MR site is conceptually divided into four zones.

ZONE 1: - This region includes all areas that are freely accessible to the general public. This area is typically outside the MR environment itself and is the area through which patients, health care personnel, and other employees of the MR site access the MR environment.

ZONE 2: - This area is the interface between the publicly accessible uncontrolled Zone I and the strictly controlled Zone III. Typically, the patients are greeted in Zone II and are not free to move throughout Zone II at will, but rather are under the supervision of MR personnel. It is in Zone II that the answers to MR screening questions, patient histories, medical insurance questions, etc. are typically obtained.

ZONE 3: - This area is the region in which free access by unscreened non-MR personnel or ferromagnetic objects or equipment can result in serious injury or death as a result of interactions between the individuals or equipment and the MR scanner’s particular environment. These interactions include, but are not limited to, those with the MR scanner’s static and time varying magnetic fields. All access to Zone III is to be strictly physically restricted, with access to regions within it (including Zone IV) controlled by, and entirely under the supervision of, MR personnel.

ZONE 4: - This area is synonymous with the MR scanner magnet room itself. Zone IV, by definition, will always be located within Zone III as it is the MR magnet and its associated magnetic field which generates the existence of Zone III. Non-MR Personnel should be accompanied by, or under the immediate supervision of and visual contact with, one specifically identified level 2 MR person for the entirety of their duration within Zone III or IV restricted regions. Level 1 and 2 MR personnel may move freely about all zones.


2) MR Personnel and non-MR personnel

a) All individuals working within at least Zone III of the MR environment should be documented as having successfully completed at least one of the MR safety live lectures or prerecorded presentations approved by the MR medical director. Attendance should be repeated at least annually, and appropriate documentation should be provided to confirm these ongoing educational efforts. These individuals shall be referred to henceforth as MR personnel.

b) There are two levels of MR personnel:
 
1. Level 1 MR personnel: Those who have passed minimal safety educational efforts to ensure their own safety as they work within Zone III will be referred to henceforth as level 1 MR personnel. 

2. Level 2 MR personnel: Those who have been more extensively trained and educated in the broader aspects of MR safety issues, including, for example, issues related to the potential for thermal loading or burns and direct neuromuscular excitation from rapidly changing gradients, will be referred to henceforth as level 2 MR personnel. It is the responsibility of the MR medical director not only to identify the necessary training, but also to identify those individuals who qualify as level 2 MR personnel. It is understood that the medical director will have the necessary education and experience in MR safety to qualify as level 2 MR personnel.

c) All those not having successfully complied with these MR safety instruction guidelines shall be referred to henceforth as non-MR personnel. Specifically, non-MR personnel will be the terminology used to refer to any individual or group who has not within the previous 12 months undergone the designated formal training in MR safety issues defined by the MR safety director of that installation.

3) Patient and non-MR personnel screening

MR personnel should screen patient and relatives for any metallic or ferromagnetic objects before allowing entry into zone3 and zone4.
They should be asked to remove metallic personal belongings and clothing with lose metallic components and cosmetics.
Metallic objects can be screened with hand held magnet or with the help of metal detector.
Any person suspected with metallic foreign body in the orbit or near the vital organ should be investigated with plain radiograph.
Intraocular foreign body is an absolute contraindication for undergoing MR examination with metallic implants materials, the possible adverse effect includes displacement, induction of electric current in the object, excessive heating causing burns and misinterpretation because of artifacts.
Patients should be changed in site specific gowns.

4) MR Personnel Screening 

All MR personnel are to undergo an MR-screening process as part of their employment interview process to ensure their safety in the MR environment. For their own protection and for the protection of the non-MR personnel under their supervision, all MR personnel must immediately report to the MR medical director any trauma, procedure, or surgery they experience or undergo where a ferromagnetic object or device may have become introduced within or on them. This will permit appropriate screening to be performed on the employee to determine the safety of permitting that employee into Zone3.





5) Device and object screening

It is divided into 3 main categories: -

MR safe:  item pose no known hazards in all MR environments and are indicated by a green and white icon.
MR conditional: items do not pose any known hazards in a specific MR environment with specific condition of use. The icon consists of MR inside a yellow triangle.
MR unsafe: items such as any magnetic item are unsafe in all MR environments. Unsafe icon features a MR inside of a red circle with a bar through it.
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6) MR Technologist
 1. MR technologists should be in compliance with the technologist qualifications listed in the MR Accreditation Program Requirements.  
2. Except for emergent coverage, there will be a minimum of 2 MR technologists or one MR technologist and one other individual with the designation of MR personnel in the immediate Zone II through Zone IV MR environment. For emergent coverage, the MR technologist can scan with no other individuals in their Zone II through Zone IV environment as long as there is in-house, ready emergent coverage by designated department of radiology MR personnel (e.g., radiology house staff or radiology attending).

7) Pregnancy related issues-
Electromagnetic field used for MRI have the potential to produce developmental anomalies. It may affect the cell undergoing divisions in developing fetus. However, there is little data available at present on this issue.
a) Pregnant health care practitioner: -
Pregnant health care practitioners are permitted to work in and around the MR environment throughout all stages of their pregnancy. Acceptable activities include, but are not limited to, positioning patients, scanning, archiving, injecting contrast, and entering the MR scan room in response to an emergency. Although permitted to work in and around the MR environment, pregnant health care practitioners are requested not to remain within the MR scanner bore or Zone IV during actual data acquisition or scanning
Pregnant MR personnel can be permitted to work in and around the MR environment throughout pregnancy. However, they should be requested not to remain inside scanner room during actual data acquisition (when sequence is running).
b) Pregnant patient
Pregnant patients can be accepted to undergo MR scans at any stage of pregnancy if, in the determination of a level 2 MR personnel-designated attending radiologist, the risk–benefit ratio to the patient warrants that the study be performed. The radiologist should confer with the referring physician and document the following in the radiology report or the patient’s medical record:
 1. The information requested from the MR study cannot be acquired by means of nonionizing means (e.g., ultrasonography). 
2. The data is needed to potentially affect the care of the patient or fetus during the pregnancy. 
3. The referring physician believes that it is not prudent to wait until the patient is no longer pregnant to obtain this data. 
ACR white paper permits scanning of pregnant patient in any stage of pregnancy. It also suggests case-by-case analysis to decide whether the data obtained by MR examination will significantly affect the patient management whether postponing MRI till end of pregnancy is feasible or whether this data can be obtained by any other modality. Written and informed consent should be obtained from the patient.
c) contrast media during pregnancy
 MR contrast agents should not be routinely provided to pregnant patients. This decision too, is on that must be made on a case-by-case basis by the covering level 2 MR personnel-designated attending radiologist who will assess the risk–benefit ratio for that particular patient. The decision to administer a gadolinium-based MR contrast agent to pregnant patients should be accompanied by a well-documented and thoughtful risk–benefit analysis. This analysis should be able to defend a decision to administer the contrast agent based on overwhelming potential benefit to the patient or fetus outweighing the theoretical but potentially real risks of long-term exposure of the developing fetus to free gadolinium ions.
d) contrast media in lactating mothers
Gadolinium is excreted in human milk. Breast milk should be expressed after injection & thrown away. Baby should not be breastfed for36-48 hrs.
8. Aneurysm & hemostatic clips
Many of the clips in use are ferromagnetic & they are an absolute contraindication for MR examination. Only those aneurysm clips made up of titanium & tested non ferromagnetic prior to placement along with written documentation by referring physician can undergo MR examination.
 A patient with an aneurysm clip (or other implant) may have safely undergone a prior MR examination at any given static magnetic field strength. This fact in and of itself is not sufficient evidence of the implant’s MR safety and should not solely be relied upon to determine the MR safety or compatibility status of that aneurysm clip (or another implant).



9. Dental devices & materials
Lesser chances of displacement with these devices hence, they are not contraindication however, artifacts caused by them can be problematic.

Time Varying Gradient Magnetic Field Related Issues: Induced Voltages 
Patient categories that require particular caution: Especially from faster MRI sequences like echo planar imaging (which may be used in sequences like diffusion weighted imaging, functional imaging, perfusion weighted imaging, MR angiographic imaging, etc.), patients with implanted or retained wires in anatomically or functionally sensitive areas (such as the myocardium or epicardium, implanted electrodes in the brain) should be considered to be at higher risk. The level 2 MR personnel-designated attending radiologist supervising the case or patient should examine the choice to limit the maximum intensity of the magnetic field of the gradient subsystems and the dB/dt (rate of magnetic field change) during imaging of such patients.

Time Varying Gradient Magnetic Field Related Issues: Auditory Considerations 
1. Before undergoing any imaging in any MR scanners, hearing protection should be made available to and recommended by all patients and volunteers. According to the FDA's most recent MR Guidance Document, instructions from MR equipment manufacturers should specify that hearing protection is necessary for all patients being studied on MR imaging systems that can generate sound pressure levels higher than 99 dB(A). 
2. Hearing protection must be in place before beginning any MR sequences on any patients or volunteers on whom research sequences will be conducted. Non-FDA approved MRI sequences should not be performed on patients or volunteers without adequate hearing protection.

Time Varying Radiofrequency Magnetic Field Related Issues: Thermal 
1. Prior to the start of imaging, all extra or unused electrically conductive materials from the patient's environment should be taken out of the MR system. Simply "unplugging" or disconnecting unused, pointless electrically conductive material and leaving the patient inside the MR scanner during imaging is insufficient. Before each use, the scanning MR technologist must visually inspect any electrical connections, such as those on surface coil leads or monitoring devices, to confirm the quality of the thermal and electrical insulation.
2. During the MR imaging process, electrical voltages and currents may be induced within electrically conductive materials that are inside the bore of the MR imager. This could cause this material to heat up due to resistive losses. The intensity of this heat could be high enough to harm human tissue. As previously mentioned, one factor that affects the amount of induced voltage or current is the diameter of the conductive loops. The larger the diameter, the greater the potential for induced voltages or currents and, consequently, the greater the potential for thermal injury to nearby or nearby patient tissue.

 Cryogen-Related Issues 
 For superconducting systems, in the event of a system quench, it is imperative that all personnel and patients be evacuated from the MR scan room as quickly as safely feasible and the site access be immediately restricted to all individuals until the arrival of MR equipment service personnel. This is especially so if cryogenic gases are observed to have vented partially or completely into the scan room, as evidenced in part by the sudden appearance of white ‘‘clouds’’ or ‘‘fog’’ around or above the MR scanner. It is especially important to ensure that all police and fire response personnel are restricted from entering the MR scan room with their equipment (axes, air tanks, guns, etc.) until it can be confirmed that the magnetic field has been successfully dissipated, as there may still be considerable static magnetic field present despite a quench or partial quench of the magnet.
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MR Item Classification System ratings

MR Safe: Items pose no known hazards
in all MR environments and are indicated
by a green and white icon.

MR Conditional: ltems do not pose any
known hazards in a specific MR environ-

ment with specific conditions of use. The
icon consists of “MR” inside of a yellow
triangle.

MR Unsafe: ltems such as any magnetic
item, are unsafe in all MR environments.
Unsafe icon features a “MR” inside of a
red circle with a bar through it.





