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I. INTRODUCTION
Magnetic Resonance (MR) imaging is a signicant diagnostic tool, but 
the unique environment it entails brings forth specic safety 
challenges that call for strict protocols to ensure the safety of patients.A 
comprehensive grasp of these critical elements is important for all 
healthcare workers involved in MR procedures.

Here's a review of the essential aspects of MR safety for patient safety:
1. Understanding the MR Environment and its Hazards:
Ÿ The primary and most Powerful Static Magnetic Field (B0): 

signicant hazard. The magnet is always on, even when not 
scanning. It can turn ferromagnetic objects (even small ones like 
hairpins, coins, or oxygen tanks) into dangerous projectiles, 
posing a severe risk of injury or death to patients and staff.

Ÿ  These rapidly switching Gradient Magnetic Fields (dB/dt):
magnetic elds are responsible for spatial encoding of the MRI 
signal. They generate:

Ÿ  Can reach 100 dB or more, requiring Loud Acoustic Noise:
mandatory hearing protection (earplugs or headphones) for 
patients and anyone in the scanner room.

Ÿ  Patients may experience Peripheral Nerve Stimulation (PNS):
tingling, twitching, or muscle contractions, usually transient and 
harmless.

Ÿ  Used to generate the MR Radiofrequency (RF) Fields (B1):
signal, these elds can cause:

Ÿ  Can lead to burns, especially in patients with Tissue Heating:
impaired thermoregulation, those in casts, or with certain 
implants. Proper patient preparation (removing metallic objects, 
using insulation) is vital.

Ÿ  Superconducting Cryogen Hazards (e.g., Liquid Helium):
magnets are cooled by cryogens. An accidental "quench" (rapid 
loss of superconductivity) can rapidly release large volumes of 
cold gas, displacing oxygen and posing an asphyxiation risk. MRI 
rooms should have proper ventilation and oxygen monitors.

Ÿ  The conned space and loud Claustrophobia and Anxiety:
noises can induce signicant anxiety in patients. Open MRI 
machines, sedation options, and clear communication can help 
mitigate this.

2. MR Safety Zones:
Most MR facilities follow a four-zone system, as outlined by 
organizations like the American College of Radiology (ACR), to 
control access and manage risks:
Ÿ  Public access areas (e.g., waiting rooms, reception) where Zone I:

the magnetic eld poses no hazard.
Ÿ  Areas where patients are screened and prepared (e.g., Zone II:

waiting rooms, dressing rooms). Patients are under general 
supervision.

Ÿ  Restricted, controlled-access areas immediately Zone III:

adjacent to the MRI scanner room (e.g., control room). Only 
approved MR personnel and screened patients are allowed.

Ÿ  The MRI scanner room itself, posing the highest risk. Zone IV:
Access is strictly controlled, usually through Zone III.

3. Comprehensive Patient Screening:
Thorough screening is the cornerstone of MR patient safety. This 
involves:
Ÿ Identifying any implanted devices, Detailed Medical History: 

previous surgeries, or medical conditions.
Ÿ Crucial for preventing Implant and Device Compatibility: 

serious adverse events. Devices are categorized as:
o  Non-metallic, non-conductive, non-magnetic. Safe in MR Safe:

all MR environments.
o  Safe under dened conditions (e.g., specic MR Conditional:

eld strength, SAR limits). Manufacturer's guidelines must be 
strictly followed.

o  Poses an unacceptable risk in the MR environment.MR Unsafe:
o Patients with pacemakers, debrillators, certain aneurysm clips, 

cochlear implants, or metallic foreign bodies (especially in the 
eyes) are often absolute contraindications unless the device is 
specically labeled MR Conditional and the scan parameters are 
carefully managed.

Ÿ  While MRI is generally considered safe Pregnancy Status:
during pregnancy, contrast agents are typically avoided unless 
absolutely necessary, and rst-trimester scans are usually 
postponed unless urgent.

Ÿ  Especially for gadolinium-based Allergies to Contrast Agents:
contrast agents, a thorough allergy history is essential.

Ÿ  Patients must be able to remain still for the Ability to Cooperate:
duration of the scan. Sedation may be considered for anxious or 
pediatric patients.

Ÿ  Jewelry, watches, cell phones, Removal of All Metallic Objects:
hairpins, and clothing with metallic threads or fasteners must be 
removed.

4. Personnel and Training:
Ÿ  All individuals working in the MR Trained MR Personnel:

environment must undergo comprehensive training, typically 
categorized into Level I and Level II personnel, with increasing 
levels of responsibility and knowledge.

Ÿ  Facilities should establish clear roles such as Designated Roles:
MR Medical Director (MRMD), MR Safety Ofcer (MRSO), and 
MR Safety Expert (MRSE) to oversee and enforce safety policies.

Ÿ  The rapidly evolving eld of MRI Ongoing Education:
necessitates continuous education and updates on safety 
guidelines and best practices.

5. Emergency Preparedness:
Ÿ  Clear protocols for emergencies like Emergency Procedures:
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cardiac arrest, re, or magnet quench are essential. This includes 
knowing how to safely remove a patient from the magnet and 
where to access MR-compatible emergency equipment.

Ÿ  Regular inspection of quench pipes is Quench Pipe Inspection:
vital to ensure safe venting of cryogens during an emergency.

6. Best Practices and Continuous Improvement:
Ÿ  Facilities should strictly follow Adherence to Guidelines:

established guidelines from organizations like the ACR and 
national regulatory bodies.

Ÿ  Effective communication between Clear Communication:
patients, referring physicians, and MR staff is paramount to ensure 
all safety concerns are addressed.

Ÿ  Educating patients about the MRI procedure, Patient Education:
potential risks, and safety measures signicantly contributes to 
their cooperation and reduces the likelihood of complications.

7. Facility Design and Signage:
Ÿ Properly marked MRI zones and clear warning signs indicating the 

presence of the strong magnetic eld are fundamental.
Ÿ Restricted access (e.g., keycard entry) to Zone III and IV is crucial.

8. Specific Considerations:
Ÿ  Patients should be informed about the Claustrophobia/Anxiety:

scan environment. Sedation or "open MRI" options may be 
available.

Ÿ  Special considerations for sedation, monitoring, and Children:
communication.

Ÿ  Guidelines for gadolinium-based contrast Contrast Agents:
agents, including kidney function assessment and risks of 
retention.

II. Patient Monitoring and Emergency in a Magnetic Resonance 
Imaging:
Monitoring devices like pulse oximetry, ventilators are now available 
as MR compatible devices that can be used safely in scanner room. 
These should be kept as away from magnet bore as possible. In-spite of 
availability of these devices the rst approach in case of emergency 
must be shifting the patient out of scanning room as early as possible 
and start resuscitation.

III. Precautions:
1.  Always screen the patient and accompanying person for any 

metallic objects. Metallic objects can form projectile because of 
strong magnetic attraction. This can lead to life threating 
consequences.

2.  Always see to it that wires and coils are well insulated and are not 
touching patient's body. It can cause burns. Patient's body part 
should also not be touching magnet bore.

3.  Avoid loop formation: - It can lead to induction of current and 
burns.

4.  In case of emergency rst approach must be to remove the patient 
out of scanner room as early as possible and start resuscitation.

5.  Doors of scanner room should have label with pictures of object 
that are strictly prohibited to take inside scanner room.

IV. Safety Instruction and Emergency Protocols in a Magnetic 
Resonance Environment:
MR personnel must be informed about the possible adverse effects of 
MRI. It is necessary to complete MRI safety training annually, which 
should cover both the technical and medical foundations of MRI. To 
comprehend the risks associated with MR, training programs ought to 
include practical demonstrations of the effects of ferromagnetic 
materials. Another signicant element of the training program is the 
screening of patients to identify any ferromagnetic objects, implants, 
allergies to contrast agents, kidney conditions, and other relevant 
medical history. Understanding this information is crucial for 
preventing injuries. Since most MR complications are related to burns, 
an MRI safety course should address methods to minimize the risk of 
thermal burns. The most effective way to mitigate the risk of burns is to 
require patients to wear MR-safe clothing. Some clothing may have 
small amounts of metallic bers, which are often noted on the label of 
the garment. Additionally, MR personnel should be aware of the 
hearing risks linked to MR. During the scan, the gradient system can 
generate very high levels of acoustic noise. Patients need to wear 
earplugs and headphones to prevent hearing damage. As severe 
allergic reactions to gadolinium chelates can occur, MR personnel 
must be trained to respond to these emergencies.

V. CONCLUSION:
Magnetic Resonance (MR) is a secure, non-invasive diagnostic 
method that is highly benecial for numerous clinical applications. It is 
vital to understand the safety protocols and procedures to ensure the 
safe implementation of MR for patients and research subjects. 
Segmenting the MR area into four zones, each with different 
restrictions, is essential for effective organization. In addition, 
adequate screening is necessary to assess a patient's risk within the MR 
unit. Avoiding ferromagnetic materials is crucial to prevent injuries 
and protect MR equipment. MR staff must be aware of the safety risks 
associated with MRI, which include projectile injuries, high Specic 
Absorption Rate (SAR), thermal burns, and the side effects of 
Gadolinium-Based Contrast Agents (GBCAs). Proper organization 
and screening in the MR unit, along with thorough training for MR 
personnel, are important steps to ensure the safe application of MR.
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