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Magnetic resonance (MR) imaging helps to generate critical
diagnostic and anatomic information without the use of
ionizing radiation, but it has safety risks because of the large
static and changing magnetic fields, high-powered radio
frequency coil systems.

It is very important for the patient to understand these risks
and how to protect themselves from any sort of harm and to
know the safety regulations at MR imaging sites.

Fundamental learning of MR imaging material science and
equipment is essential for radiologists to comprehend the
beginning of wellbeing guidelines and to keep away from
normal misinterpretations that could bargain security.

Every one of the segments of the MR imaging unit can be a
factor in wounds to patients and staff. Dangers incorporate
translational power and torque, shot damage, over the top
explicit retention rate, consumes, neuro-stimulation,
associations with dynamic inserts and gadgets, and acoustic
damage.

Extra specialized and security strategies identify with
paediatric, oblivious, debilitated, or pregnant patients and
pregnantimaging staff.

Division of the MR imaging condition into four unmistakable,
obviously marked zones—with dynamic confinement of
section and expanded supervision for higher zones—is a
compulsory and key angle in shirking of MR imaging-related
mishaps.

All MR imaging offices ought to have a reported arrangement
to deal with crises inside zone IV, including cardiac arrest or
code, magnet quench,

The expanding clinical interest for Magnetic Resonance
Imaging (MRI) with its better delicate tissue differentiate
thought about than other radiological imaging modalities and
potential physiological and utilitarian applications has added
to the establishment of very nearly 30,000 MRI scanners
around the world. In this way, increasingly more medicinal
services experts should be prepared in MRI security to shield
patients and other social insurance labourers from the
potential dangers of MRI[1,2]

It is additionally essential that radiologists, alluding doctors
and MR technologists can assess MRIwellbeing and similarity
of therapeutic gadgets and inserts since they are frequently
the principal social insurance experts who will converse with
a patient around a MRI test, potential dangers, and MRI
security [3]
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Introduction Radiologists are very much prepared about MRI suitability

criteria however they require support from alluding doctors
to evaluate the dangers and advantages of MR imaging
techniques [4].

Particularly alluding doctors who know subtleties of a
patient's therapeutic history can improve the MRI wellbeing
screening process when they know about the dangers of a MRI
examine by pre-screening their patients before a MRItest [5].
This is especially imperative in high-hazard patients and in
patients with new embeds that have not yet been tried for MRI
similarity [6,7].

A specialist board has built up the American College of
Radiology (ACR) Guidance Document for Safe MR rehearses

(8.

The accompanying segments will audit potential bio-impacts
and dangers of the attractive fields that collaborate with
patients and human services expertsina MRI suite [9].

There are three major magnetic fields in an MRI suite that that
have potential safety risks which are static magnetic field,
radiofrequency magnetic field and magnetic field gradients
[10].

Aim

The aim of this study is to understand the safety of the patient
related to magnetic resonance imaging and to observe the
compliance to safety guidelinesin a tertiary care hospital.

Objective

¢ To determine the health effects and safety issues related
to MRI environment for the patient.

¢ To know the safety precautions to be taken before and
during the MRI examination.

* To study the steps to be taken in case of emergency
situations.

» To implement the safety guidelines in the MRI
environment.

MAGNETIC RESONANCEIMAGING
MRI, or resonance imaging, uses strong magnetic fields to
vary the spin of atoms in our bodies.

Radio signals detect these tiny changes. MRI computers
process this information and construct images of sentimental
tissues inside the body, from the brain to blood vessels.

An advantage of MRI is it's virtually harmless to the patient
because,unlike CT scanners, MRI doesn't generate radiation.
The spinning atom effect is understood as nuclear resonance
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(NMR).It was first observed during the late 1930s,but medical
applications weren't found for the NMR technique until the
1970s.

He varied the strength of the magnetic flux , which varied the
signals from different atoms from which he could build an
image.

In 1971 he discovered that MRI might be used for diagnosis .
Cancer tumours had different signals compared to healthy
tissue. Damadian built the primary whole-body MRI scanner
in 1977, which he called the 'Indomitable'.

THE MRI SYSTEM
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MRImagnets
The most commonly used magnet in an MRI machine is
superconducting magnet.

Superconductive MRI magnets use a solenoid-shaped coil
made from alloys like niobium/titanium or niobium/tin
surrounded by copper.

These alloys have the property of zero resistance to electrical
current when cooled down to about 10 kelvin. The coil is kept
below this temperature with liquid helium.

The power supply is connected on either side of a short

heated segment of the coil and the current to the coil is
gradually increased over several hours until the desired
magnetic field isreached.

The heated segment is allowed to cool to superconducting
temperature and the power supply removed and taken away.

The current continues within the closed-loop system of the
coil for years without significant decline. A resulting property
isthat the magnetic field is always present.
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MRI Zones

Four different zones are suggested round the MRI scanner.
The access to these zones is restricted in MRI facilities and
hospitals and the boundary of each zone in this four-zone
safety system is defined by its purpose and distance from the
MRI scanner. Some zones may extend into other areas or
floors of the facility due to the three dimensional extend of the
magnetic field.

Zone I includes all areas freely accessible to the general
public where the magnet field poses no hazards, such as the
entrance to the MR facility.

Zone II is located between Zone I and the more restrictive
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Zone III. In Zone II patients are under supervision of MR
personnel. Zone II often includes the reception area, dressing
rooms and MRI screening rooms.

Zone III is access-restricted by physical barriers such as
doors with coded access. Inside Zone III, only the approved
MR personnel and patients that have undergone MRI
screening are allowed.The MR control roomis in Zone III.

Zone IV is the room where the magnet is located. Access to
Zone IV should only be possible by passing through Zone III.
Zone IV is meant so the walls of magnet room contain the five
0.5 mT line (or 5 Gauss) line of the perimeter field of the

magnet.
NOTICE
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ZONE I Area ZONETII | , and
reparation
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MRIimplants

MRI devices use strong magnets, metal implants pose the
precise risk of potential migration of implants and
radiofrequency (RF)-induced heating of the implants, which
can cause damage to the encompassing tissue.

Metal implants can result in image artefacts that cause
misinterpretation of results. Advances in technology can
minimize image distortion by modifying resonance pulse
sequences and optimizing scanning parameters. When
deciding whether patients should undergo MRI, physicians
must consider both the advantages of imaging and the
possibility ofimage distortion due to implants.

Titanium is a paramagnetic material that is not affected by the
magnetic field of MRI. The risk of implant-based
complications is extremely low, and MRI are often safely
utilized in patients with implants. The titanium plates used in
the craniofacial area, however, are made of alloys. More
precise research is needed because the effects of MRI
depend on the proportion of the constituents of the alloy.

* MRI COMPATIBLE METALS ARE.

Q Ti E""\ g{l
titanium Aluminum Brass -

MRI compatible metals:

Titanium

Orthopaedic surgeons often use titanium implants for their
strength and compatibility with body tissues. Titanium has
nonmagnetic properties which makes it compatible for use
with an MRI as well. Joint replacements, surgical screws, bone
plates and pacemaker cases all of these use titanium. In
addition, doctors can use surgical tools made of the metal in
MRIrooms.

Cobalt-Chromium

Eventhough cobalt has magnetic properties,implants such as
coronary stents made of cobalt-chromium alloy have tested
safe during an MRI. The alloy also tests safe for larger items,

such as knee and hip replacements.
|
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Copper

Researchers have tested intrauterine contraceptive devices
(IUDs) for MRI safety. Some of these have a small copper coil.
The magnetic field didn't move the IUD at field strengths up to
3 teslas, nor did the copper heat up. Some metal objects
become warm during an MRI, even if the magnetic field
doesn't pull at them. Copper wiring for pacemakers is also
tested safe for an MRI.

Stainless Steel

Some stainless steel alloys have a very low reaction, or
susceptibility, to magnetic fields. Medical supply companies
sell stainless steel tools and accessories that can be easily
used by the staff in the MRI room. Stainless steel items such as
dental braces can distort MRI images, however. If the metal
interferes too much with the MRI image, the doctor may
recommend you have your braces removed.

Metal detectors used in MIRI:

* Ametal detector is a device which is used for detection of
the presence of metal objects.

* They are used for locating metal objects present
externally onapatient.

* Metal or ferromagnetic detectors are now available which
are simple to work with and are capable of detecting very
small ferromagnetic objects.

» Itshould be made sure that the use of metal detector is not
meant to exchange a thorough screening process.

* Metal detection systems are supposed to be highly
effective as a good quality assurance tool in verifying the
proper screening and identifying metal objects which
were not found by normal screening method.

+ Itisimportant that the use of metal detectors is done in the
screening processinzoneII.

* Many new metal detectors are capable of being situated
within zone IlII, which is at the door to the magnet room.

* These types of metal detectors which are located at the
doors are called wall mounted metal detectors.

Magnetic field interactions acting on a highly ferromagnetic
object brought too close to the magnet of the scanner can
become so substantial as to be unstoppable by human effort.
Items such as a steel gas cylinders and fire extinguishers can
enter a magnet at 30-40- mph, the same speed they would
reachif dropped from a 40-foot building to the ground.

Two types of metal detectors are used for screening the
patientbefore entering the MRI suite:

« Hand held metal detectors: a handheld unit with a
sensor probe which can be swept over the patient to be
screened. Ifthe sensor of the metal detector comes near a
piece of metal thisisindicated by a changing tone.

¢« Wallmounted metal detectors:
These are types of metal detectors which are fixed at the door

ofthe magnet room.
=" |

MRIburn prevention:
Provide the bore padding. Once you have a patient within the

bore confirm there's a minimum of 1 cm of air space or
|

padding that keeps that patient from touching the

transmitting RF coil element.
=T~

MRI BURN PREVENTION
Tips for Keeping Patients Safe

Screen patients for implants, devices, and other metallic objects. Assume
anything unknown is MR Unsafe.

Have patients change out of street clothes whenever possible.

Qo
MRI accidents:

If a ferromagnetic item is brought into the space this item will
become a projectile and attract towards the magnet with
tremendous force

» Thisitem will fly toward the middle of the magnet and take
anythinginits path with it

« Ex:If a patient comes in with an unsafe wheelchair, the
wheelchair will fly to the middle of the magnet with the
patient within the chair

* There are many MRI accidents since MRI was introduced
within the 1980's

» Examplesinclude, but aren't limited to:—Patient having an
MRI Unsafe aneurysm clip within the brain, leading to the
death of the patient

¢ Sixyear old boy struck with an oxygen tank, leading to his
death

» Patienthaving nail clippers in his pocket.When being sent
into the scanner, the clippers flew out of the pocket and
struck the patient within the eye. As a result, this patient
lost his eye.

MRI Safety Training and Emergency Procedures in an
MRI Suite

All personnel working within the MR environment got to be
trained with a comprehensive MRI safety course. For brand
spanking new employees who will add the MR environment
this course should be included within the employee
orientation program and be repeated annually.The MRI safety
training should have presentation of technical and medical
background of MRI safety. Hands-on demonstrations of
missile effects of ferromagnetic objects can help to raised
understand and knowledge the risks in an MRI suite. Detailed
screening procedures of patients with a questionnaire for
metal objects, implants, devices, body piercing, allergies to
MRI contrast agents, renal disorder , pregnancy, nursing and
also the screening of patients that have a history injuries by a
metallic foreign body like bullets, shrapnel, or other sort of
metallic fragments help to avoid severe accidents in an MRI
suite. A crucial topic to debate in an MRI safety course are
severe burn wounds that were experienced by patients.

The patients were in direct contact with transmit RF coils of the
MR systems or when skin-to-skin contact points were liable
for these injuries. The security course must warn about high
acoustic noise levels of the gradient system during an MRI
scan and therefore the potential noise reduction with
earplugs and headphones to avoid potential hearing damage.
Videos from quenching magnets can help to know how
powerful a sudden loss of the superconductivity of the magnet
could be and emergency procedures during a quench should
be discussed. It's important that medical personal entering
the MRI scanner room to guide the patient, administer
medications or interventions got to be trained in emergency
procedures in an MRI suite. Healthcare professionals got to
know which objects are often brought into the various MRI
zones so as to stop fatal injuries and medical breakdown and
the way to get rid of a patient from the MRI magnet room to
resuscitate or treat the patient in emergency cases.

[ 29 F

|

{ www.worldwidejournals.com |



PARIPEX - INDIAN JOURNAL OF RESEARCH | Volume -9 | Issue - 11 | November - 2020 | PRINT ISSN No. 2250 - 1991 | DOI :10.36106/paripex

MATERIALS AND METHODS

A descriptive study was conducted over a period of 8 months
(2019-2020) on 100 patients about the safety protocols which
was carried out before and during the MRI examination.

Data for the study was collected from 1.5 Tesla, Toshiba
machine, model Excelart Vantage in MGM MEDICAL
HOSPITAL, Kamothe, Navi Mumbai for evaluating the risk for
patient undergoing MRI.

Unstable, claustrophobic patients, patients below the age of
18, patients with cardiac pacemakers and patients with
implants which are not MRI compatible are not included in this
study.

Observations:
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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

MR Conditional: ltems do not pose any

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.

known hazards in a specific MR environ-
ment with specific conditions of use. The
icon consists of “MR” inside of a yellow

Dentalimplant artifacts:

MRI compatible items:
MRI compatible trolley

MRI compatible oxygen cylinder
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detector before entering the MRIroom.

Wheel Type Knob

The radiographic worker should have knowledge about any
previous history or medical condition which the patient may
have.

The patient should be well informed about the procedure to
be done.

Proper training of the staff and the radiologist can minimize
therisk of any disaster or accidents occurring in the MRI suite.
Most of the accidents are caused by poor or lack of
communication between the radiographic worker and the
patient, therefore effective communication between the
worker and the patient can benefit in enhancing the safety

Results:

During a period of 8 months of the study, 100 patients who
fulfilled inclusion criteria were studied, out of which 55 were
male and 45 were female.

In the screening process which was done before the MRI scan,
from total 100 patients, 10% had dental implants which were
MRI compatible, 2% had orthopedic implants which were
made of titanium. 6% had tattoo/ piercings and 8% patients
had permanently fixed ornaments which were either made of
gold or silver.

Screening with hand held metal detector was not done for 5%
patients and red bulb indication which is situated at the door
of the MRI magnet room was not switched on for 4% of the
patients.

Discussion

All hospitals and medical centers must provide safe
environment for patient and staff who are within the presence
of the MRI scanner. They ought to establish, document and
implement MRI safety protocol so as to avoid any incidents
from occurring. MRI safety information could save lives,
money and time. Such important issues are; information about
the magnetic fields and their influence on ferromagnetic
objects near them, implants and metallic foreign bodies.

Hence, the MRI environment is split into four safety zones
designed to maximize safety restricting the flow of traffic
through the world and to stop MRI-related incidents. Each
boundary zone is defined by its purpose and distance from
the MRI system. Radiology nurses and other staff working in
hospitals or medical centers also as patients must exercise
extreme caution and must remember of the powerful
magnetic flux and its associated hazards. Also, it's imperative
that radiology nurses and every one staff involved in MRI
environment adhere to established safety guidelines
information to stop metal objects and patients with
ferromagnetic implants from entering the magnet room.

Having proper safety training for workers in situ is a huge
potential to enhance safety in MRI environment. Safety
training provides radiology nurses and other staff with the
vital knowledge of the danger and hazards related to MRI and
most significantly the way to prevent incidents from
occurring. Staff development and training is one among the
foremost vital components within the MRI department.
Trained staff are going to be better equipped to handle
patient inquiries and to tell the patients of the MRI procedure.
Therefore, it's crucial to notice that staff during a safe work
environment can focus better on their duties. This may
eventually cause better work output and quality. Managers
and team leaders at MRI unit must have safety educational
program in situ and therefore the program should cover areas
such as; accident prevention, safety promotion, safety
compliance, safety practices, risk and hazards related to MRI.

Conclusion:

A thorough screening of patient should be done with metal
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