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MRI SAFETY 
 

Abstract 

 

 MRI stands for “Magnetic 

Resonance Imaging”. Originally known as 

“Nuclear Magnetic Resonance” (NMR). It is 

used in medical field to produce image of 

internal structures of living organism. The 

MR environment poses risks not only to the 

patient but also to accompanying family 

members, attending medical professionals, 

and other people who only occasionally or 

infrequently come into contact with MR 

scanner magnetic fields, such as security or 

housekeeping staff, firefighters, police, etc. 

The need for a safety evaluation by an 

expert panel has been highlighted by reports 

in the medical literature and print media 

describing adverse Magnetic Resonance 
Imaging (MRI) incidents involving patients, 

equipment, and workers. The Blue-Ribbon 

Panel on MR Safety was first established by 

the American College of Radiology with 

this purpose in mind. 
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I. ACR GUIDANCE DOCUMENT ON MR SAFE PRACTICES: 2013 A. 

ESTABLISH, IMPLEMENT, AND MAINTAIN CURRENT MR SAFETY 

POLICIES AND PROCEDURES 

 

 MR safety procedures should be followed at all clinical and research MR locations, 

regardless of magnet format or field intensity, including installations for diagnostic, research, 

interventional, and/or surgical purposes.  

 

 The safety characteristics of the site's MR environment should be examined 

concurrently with the introduction of any significant changes (such as the addition of quicker 

or stronger gradient capabilities or higher RF duty cycle studies), and these rules and 

procedures should be amended as necessary. Before defining local guidelines, rules, and 

procedures, this evaluation process should take into account national and international 

standards and recommendations. 

 

 Each of the sites will be assigned an MR medical director, whose duties involve 

seeing to it that the site's MR safe practise guidelines are prepared and kept up to date. The 

administration of the site is responsible for seeing to it that all staff members follow the rules 

and regulations that flow from these MR safe practise standards at all times. 

 

 Any undesirable occurrences, MR safety incidents, or "close to incidents" should be 

stated to the medical supervisor as soon as they happen (for example, within twenty-four 

hours or one business day) so that they can be used in ongoing quality improvement projects. 

It is important to note that the Food and Drug Administration (FDA) has stated that the sites 

must use their MedWatch programme to report accidents and problems to them. The ACR 

supports this requirement and thinks that building and maintaining this comprehensive record 

of such events will help us all gain insights into them and improve our ability to prevent them 

in years to come. 
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II. MR BIOEFFECTS 

 

 3 various kinds of electromagnetic fields can be observed when an individual is 

receiving a magnetic resonance (MR) scan. 

 

1. Static Magnetic Field 

2. Gradient Magnetic Field 

3. RF Electromagnetic Field 

 

1. Static Magnetic Field: The surface temperature of the epidermis may rise.Despite an 

increase in T-wave amplitude, it may result in cardiovascular consequences as well as 

electric inducement. 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 can trigger 

nerves in the extremities and induce vertigo, headaches, and pain. 

 

2. Gradient Magnetic Field: Cardiovascular fibrillation, epileptogenic possibilities, and 

ocular disturbances are some of possible side effects. Heating impacts are also present. 

All of these consequences haven't been felt in medical Mri systems today. 

 

3. RF Magnetic Field: It could lead to cell warming and energy accumulation. The unit of 

measurement of the specific absorption rate (SAR), which measures tissue energy 

deposition, is Watt/kg. Parameters for Complete Person Warming Per IEC/FDA For all 

cases, the standard mode range 0.5 degrees Celsius or 2 W/kg 1.0 degrees Celsius or 4 

W/kg is the initial level-controlled mode (under medical supervision). More than one 

degree Celsius or 4 W/kg in the second-level regulated mode (needs IRB permission) 

 

III. ACOUSTIC NOISE 

 

 This is brought due to the tremors of the gradient coils, which gets worse using 

narrow slices, tiny FOVs, low TR or TE, prolonged phases, or steeper phase transitions. 

Individuals and the other individual need to be given earbuds and headphones. 

 

IV. FARADAY CAGE 

 

 The obstacle designed to stop electromagnetic waves is called the Faraday cage or 

barrier. Considering the scenario involving a Faraday cage, a wire mesh of electrically 

conductive materials might be used to create a Faraday barrier as a constant enclosure. These 

Faraday enclosures utilise a metallic barrier which transmits energy to produce an insulation 

affect. Faraday enclosures are available in a variety of dimensions and designs. 

 

1. How faraday cage works?: This Faraday enclosure disperses charges of electricity as 

well as energy throughout the enclosure's perimeter while cancelling them away inside its 

walls. An Faraday enclosure, in essence, constitutes a cylindrical Conductor that ensures 

the electrical current is maintained within the enclosure's exterior. 
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Note: In MRI faraday enclosure is built for RF shielding RF shielding is important 

because: 

 To safeguard the magnetic resonance (MR) information from being contaminated by 
unrelated magnetic fields (RF). 

 To protect surrounding healthcare facilities being interfered with any MRI equipment 

electromagnetic radiation. 

 

2. An Area should have Nested Items.: 

 A safeguarding outer coating for structures 

 A centrally located metal RF-shield 

 A finish-materials-based inner layer. 

 Typically, the flooring is comprised from pure copper that has been monolithically 
formed. 

 Entrance should be shielded with a series of electrically conductive panels or an 
ongoing steel pneumatic equipment pipe that will avoid unwanted RF leakage. 

 Metal netting that has been tarnished is sandwiched over two sheets of glass to form 

windows. 

 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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V. SITE ACCESS RESTRICTION 

 

1. Zoning: -in Terms of Concept, the Magnetic Resonance Imaging (MRI) Area is 

Separated into Four Distinct Areas.. 

 

 Zone 1: -Any regions which are publicly available to everyone are included within 
this zone. Patients, medical professionals, as well as other MR site employees reach 

the medical imaging facility via this location, that's normally beyond the MR field 

itself. 

 

 Zone 2: -The publically readily available unrestricted Zone I and the tightly 

monitored Zone III meet here. In most cases, patients are welcomed in Zone 2 and 

aren't permitted to wander around at leisure; instead, they're under the watchful eye of 

MR staff. Response to MR questionnaires, histories of patients, queries about health 

insurance, etc. are often acquired in Zone II. 

 

 Zone 3: -Due to the interactions among the people or technology and the particular 
conditions of the MR scanner, unrestricted entry by unscreened non-MR employees or 

ferromagnetic materials or equipment may cause serious harm or death in this 

area.These relationships comprise, but aren't restricted to, encounters that involve the 

time-dependent. and static magnetic waves of the MR scanner. The third zone must 

have severe physical constraints on all entry, and all areas within it, especially Zone 

IV, must be completely monitored and supervised by MR employees. 

 

 Zone 4: -This space is the same as the magnet room for the MR scanner. Zone III will 
always contain Zone IV by definition since Zone III is created by the MR magnet and 

the magnetic field that it produces. For the whole time they are in either Zone III or 

Zone IV prohibited areas, Non-MR Employees must be escorted by, or beneath direct 

oversight of, and in visual proximity by, one particular level 2 MR employee. 

Employees with MR levels 1 and 2 are free to move across any zone they want. 

 

2. MR Personnel and non-MR personnel: 

 It ought to be established that each person who works in no fewer than the third area 
of the magnetic resonance (MR) facility has finished a minimum of one of the real-

time seminars or taped sessions on MR protection that have been authorised via the 

MR professional director. In order to verify these continuing educational initiatives, 

participation must be redone not less than once a year and adequate proof ought to be 

given. These people will from now on be referred to as MR professionals. 

 

 MR staff are divided into two levels: 

 Level 1 MR individuals: From this point forward, MR workers whom have 

undergone the barest of safety-related training requirements to guarantee their own 

protection while working in the third zone are going to be designated to as first-

level MR individuals. 

 

 Level 2 MR individual: Second-level MR workers are the ones who have 

undergone further extensive training and education in the more general facets of 

MR security concerns, such as, for instance, problems relating to the risk of thermal 
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trauma or burns and lead neurological and muscular stimulation from fluctuating 

gradients.A level Two MR staff must be identified by the MR healthcare director, 

whom is additionally responsible for determining the right level of education. The 

healthcare director are going to, as assumed, be qualified for level two MR 

employees because they have undergone the education and expertise required for 

MR safety. 

 

 All individuals who have not followed certain MR precautionary requirements are 
going to be referred as non-MR employees. Non-MR employees, as determined 

according to the MR security supervisor of that setup, as the phrase utilised to denote 

any individual or organisation who have not received the necessary specialised 

instruction in MR security concerns over the past one year. 

 

3. Patient and Non-MR Personnel Screening: MR employee should screen patient and 

relatives for any metallic or ferromagnetic objects before allowing entry into zone3 and 

zone4. Individuals ought to be instructed to eliminate any metallic items off of themand 

clothing with lose metallic components and cosmetics. Metallic objects can be screened 

with hand held magnet or with the help of metal detector. Anyone suspicious of having a 

metallic external object in their orbital or close to a critical area ought to undergo a plain 

radiograph inspected. Intraocular external objects are a strict no-no for conducting an MR 

scan with metallic devices since they may trigger displacement, electric current 

generation in the substance, overheating that could result in burns, as well as 

interpretation errors due to artefacts. Patient ought to change into clothes made for the 

appropriate spot. 

 

4. MR Employee Screening: To protect the security of those working in the MR 

surroundings, all MR staff must go through an MR assessment procedure as a component 

of their hiring interview procedure. All MR workers must notify any trauma, process, or 

surgical treatment they encounter or go through in which a ferromagnetic item or 

instrument might have been proposed inside them or placed upon these individuals right 

away to the MR medical supervisor for their own safety and for the safety of the other 

non-MR employees that they are in charge for. It allows the worker to undergo the 

necessary testing to establish whether it is acceptable to let them enter Zone 3. 

 

5. Device and Object Screening: 

It is divided into 3 maincategories:  

 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: 

 The Magnetic resonance (MR) Certification Programme Criteria state that MR 
technicians must meet the technical criteria. 

 A minimal number of two MR technicians, or one MR technician and one additional 

worker with the title of MR workers, must be present within the nearby zone two 

through the fourth zone MR surroundings, with the exception of emergency coverage. 

As long as there is on-site, prepared urgent backup by authorised division of radiology 

MR employees (e.g., radiology house staff or radiology attending), the MR 

technologist can scan without any other people present in their Zone II through Zone 

IV surroundings. 

 

7. Pregnancy Related Issues: Development abnormalities may be caused by the magnetic 

fields that are utilised in MRIs. It might have an impact on the growing fetus's division of 

cells. On this matter, there is now scant information available. 

 

 Pregnant Health Care Practitioner: All phases of gestation are acceptable for 
expecting medical personnel who work in and within the MR atmosphere. Placing 

patients, imaging, storage, providing contrast, and going into the Mri scanning area in 

the event of a crisis are all permitted actions. Expecting medical personnel are 

welcome to perform their duties in and close to the MR surroundings, however they 

are asked to leave the fourth zone or the MR scanner bore while collecting 

information or imaging. 

 

MR employees who are expecting may be allowed to remain employed within or near 

the premises of MR during their entire pregnancy. Yet, it must be recommended that 

they leave the scanning area whenever the procedure is actually collecting data. 
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 Pregnant Patient: Any phase of gestation may be allowed for women who are 
expecting to get MR examinations provided, in the view of an accompanying 

radiologist approved by the second-level MR specialists, the woman's risk-benefit 

relationship justifies the investigation's execution. In these radiological report or the 

individual's medical file, the radiologists must speak with the doctor who referred the 

patient to note the following: 

 The data that is needed gathered through MR research can't be obtained using non-

ionizing techniques (like ultrasonography). 

 The information is required in order to possibly influence the treatment of the 

individual or foetus during gestation.  

 When recommending doctor feels that waiting until the female patient is not 

anymore expecting before getting this information wouldn't be appropriate. 

 A woman who is pregnant may be scanned at any point of gestation, according to 

the ACR white paper. Additionally, it proposes a case-by-case study to determine if 

the information from the MR test will have a substantial impact on the individual's 

therapy, if delaying the MRI till after the child's birth is practical, and whether the 

information can be obtained using another modality. The individual's aware and in-

writing permission must be acquired. 

 

 Contrast Media during Pregnancy: Pregnant women shouldn't typically receive MR 

contrast medications. This choice needs to be decided on an individual basis by the 

accompanying radiologist authorised by the referring second-level MR professionals, 

who will take into account the risks and benefits regarding that specific patient. The 

choice to give expecting mothers a gadolinium-based MR contrast drug needs to be 

supported by a thorough and considered risk-benefit assessment. This evaluation 

ought to be capable to support a choice to provide the contrast medication depending 

on the individual's or fetus's possible benefits surpassing the hypothetical but maybe 

real hazards of exposing the growing foetus to free gadolinium 

 

 Contrast Media in Lactating Mothers: The excretion of gadolinium in human milk. 
After receiving an injection, the milk from the breast must be extracted and discarded. 

For 36–48 hours, a baby shouldn't be nursed. 

 

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. 

 

  At any particular static electromagnetic field strength, an individual who had 

an aortic clip (or other implant) could have gone through a previous MR exam without 

risk. This fact alone does not demonstrate the implant's MR safety, and therefore should 

not be used as the only basis for determining the MR security or suitability rating for that 

aortic clip (or another implant). 
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9. Dental Devices & Materials: These instruments have lower risks of relocation;therefore, 

they aren't contraindicated, but the artefacts they produce can be troublesome. 

 

10. 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. 

 

11. Time Varying Gradient Magnetic Field Related Issues: Auditory Considerations  

 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).  

 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. 

 

12. Time Varying Radiofrequency Magnetic Field Related Issues: Thermal  

 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. 

 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. 

 

VI. CRYOGEN-RELATED ISSUES  

 

 It is critical that each of the employees and patients leave the magnetic resonance 

imaging (MR) scan room right away as it is reasonable to do so in the case of a cryogenic 

systems quench, and that any access to the site be instantly prohibited until the arrival of MR 
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equipment servicing specialists. This is particularly true if it is discovered that cryogenic 

gases have partially or entirely leaked into the imaging room, which is indicated, at least in 

part, by the abrupt development of white "clouds" or "fog" around or above the Magnetic 

resonance imaging (MR) scanner. As that could possibly be a sizable static magnetic field 

present regardless of a quench or limited quench caused by the magnet, it is especially crucial 

to make sure that all emergency responders from the police and fire departments are 

prohibited from entering the magnetic resonance (MRI) scan place with their tools (axes, air 

tanks, guns, etc.). 
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