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Abstract

Magnetic Resonance Imaging ‘MRI’ is one of the most important
diagnostic techniques around the world. It gives high resolution to soft
tissues. The MRI machines are costly, difficult to maintain, and need huge
amount of time for maintenance. This study is conducted in Sudan,
investigating ten medical centers in Khartoum state in period from June to
November 2018 with different MR machines.

The critical measurements of superconductive machines showed a direct
relation between the chiller temperature and compressor failure, also a direct
relation between the workload/day and helium consumption/day. The results
demonstrates the great effect of completing daily QC and of this study
machines quarterly maintenance, on the reduction of the problems and
failures associated with MR machines operating.  Also shows that the lack
of maintenance is one of the biggest problems in MRI department’s, and that
the economical and political situation of the country plays a major role in
The study also compares the local centers’ questionnaires with this matter.
the international ones, finding that some of local centers don’t have MRI

safety questionnaire, and others ignored some important questions.
This study concluded that the massive use of MR equipment and neglecting

periodic maintenance are important factors in the breakdown of equipment.
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Chapter one
Introduction

1.1 Introduction:

MRI, as similar to all medical imaging techniques, is a relatively new
technology, originated during the year of 1946. Felix Bloch and Edward
Purcell independently discovered the magnetic resonance phenomena during
this year, and they were later awarded the Nobel Prize in 1952. Up until the
1970s MRI was being used for chemical and physical analysis. Then in 1971
Raymond Damadian showed that nuclear magnetic relaxation times of
tissues and tumors differs from each other, motivating scientists to use MRI
to study diseases. Accordingly, with the advent of computed tomography
(using computer techniques to develop images from MRI information) in
1973 by Hounsfield, and echo-planar imaging (a rapid imaging technique) in
1977 by Mansfield, also with the efforts of many scientists over the next 20
years, MRI developed into the technology that we know today.( J.P. Hornak,
1996 )

Perhaps one of the most exciting developments among these techniques was
the advent of superconductors. These superconductors make the use of the
strong magnetic fields possible in MRIs. Despite of all these developed
technologies, the first MRI examination for humans did not occur until 1977.
Since then, faster computing has made the MRI process much faster. The
most significant advancement in MRIs occurred in 2003, when the Nobel
Prize was won by Paul C. Lauterbur and Peter Mansfield, for their discovery

of using MRIs as a diagnostic tool. ( J.P. Hornak, 1996 )



Nuclear magnetic resonance is intrinsically a quantum mechanical
phenomenon. It deals with the dynamics of microscopic objects (atomic
nuclei) that behave according to the seemingly curious (but well understood)
laws of quantum mechanics. Fortunately, one doesn't need years of
background study in quantum mechanics in order to appreciate and
understand the essential elements of MRI. The reason is that MRI is
invariably used to probe macroscopic objects, involving vast numbers of
atomic nuclei. The collective behaviour of these nuclei usually washes out
the oddities of quantum mechanics, leaving something that bears
resemblance to a familiar problem in classical mechanics: the precession of a
spinning top in the earth's gravitational field. It leads to a simple but
powerful mathematical description of nuclear dynamics that accurately
predicts the outcome of many experiments. In this sense it often provides a
sufficient basis for developing intuition and interpreting experimental
results. (Michael Hayden, etal, 2015)

Unfortunately, the perspective of many people, beginners and practitioners
regarding NMR dynamics is alike, which is they tend to lose sight of the fact
that the classical picture of NMR dynamics is simply an analogy: it is not a
correct description of dynamics at the microscopic scale, and it can lead to
nonsensical explanations of the underlying physics. Examples of situations
in which the analogy has been carried too far can be found on popular
websites purporting to explain NMR and MRI using pictures of toy tops or
spinning charged nuclei."As a rule of thumb, caution is advised whenever
such props are encountered. (Michael Hayden, etal, 2015)

This section is organized into two parts. The first part discusses the key
factors that contribute to nuclear spin dynamics, leading to a set of

phenomenological equations that encapsulate the essence of the classical
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description of the problem. These are the famous Bloch Equations. The
second part then outlines the various means by which the practitioner
interacts with the atomic nuclei, both in order to induce collective motions
and to detect the resulting response. (Michael Hayden, etal, 2015)
1.2 Problem of study:

MR device is an important diagnostic imaging device, it is essential in
the process of diseases investigation. Also MR device is sensitive and
expensive. accordingly the breakdown of MRI machines cause significant

delay on the diagnosis, and costs a lot of money and time.

1.3 Objectives:

1.3.1 General objective:
The general objective of this study is to evaluate Magnetic Resonance
machines safety in Khartoum state.

1.3.2 Specific objectives:

The specific objectives is to evaluate

e safety for MR machines in Khartoum state, superconductive MR
machines, and permanent MR machines.
e The local MRI safety questionnaire according to international
hospitals.
1.4 Importance of this study:
This study will enhance the knowledge about MR machine safety, hence
improve the health services, reduce the probability of faults, and saving a

significant amount of replacement parts, engineers, and system downtime.



1.5 Thesis overview:

This dissertation contain five chapters, chapter one is the introduction,
establishing the basis of this research, showing research problem, main
objective, specific objectives, and the importance of study, chapter two
Theoretical background, full explanation of physics and principles of MRI,
discusses previous studies and researches that related to this subject, chapter
three materials and methods, chapter four results, chapter five discussion,

conclusion, recommendations, and Appendix .



Chapter two

Theoretical background

2.1 Nuclear magnetic resonance:

Nuclear magnetic resonance (NMR) is the spectroscopic study of the
magnetic properties of the nucleus of the atom. The protons and neutrons of
the nucleus have a magnetic field associated with their nuclear spin and
charge distribution. Resonance is an energy coupling that causes the
individual nuclei, when placed in a strong external magnetic field, to
selectively absorb, and later release, energy unique to those nuclei and their
surrounding environment. The detection and analysis of the NMR signal has
been extensively studied since the 1940s as an analytic tool in chemistry and
biochemistry research. NMR is not an imaging technique but rather a
method to provide spectroscopic data concerning a sample placed in the
device. ( Westbrook.C etal 2011)

In the early 1970s, it was realized that magnetic field gradients could be
used to localize the NMR signal and to generate images that display
magnetic properties of the proton, reflecting clinically relevant information.
As clinical imaging applications increased in the mid-1980s, the "nuclear”
connotation was dropped, and magnetic resonance imaging (MRI), with a
plethora of associated acronyms, became commonly accepted in the medical
community. MRI is a rapidly changing and growing image modality. The
high contrast sensitivity to soft tissue differences and the inherent safety to
the patient resulting from the use of nonionizing radiation have been key

reasons why MRI has supplanted many CT and projection radiography



methods. With continuous improvements in image quality, acquisition
methods, and equipment design, MRI is the modality of choice to examine
anatomic and physiologic properties of the patient. There are drawbacks,
including high equipment and siting costs, scan acquisition complexity,
relatively long imaging times, significant image artifacts, and patient
claustrophobia problems. ( Westbrook.C etal 2011)

2.2 MRI physics:

All things are made of atoms , including the human body. Atoms are
very small. Half a million lined up together are narrower than a human hair.
Atoms are organized in molecules , which are two or more atoms arranged
together. The most abundant atom in the body is hydrogen . This is most
commonly found in molecules of water (where two hydrogen atoms are
arranged with one oxygen atom, H,O) and fat (where hydrogen atoms are
arranged with carbon and oxygen atoms, the number of each depends on the
type of fat). The atom consists of a central nucleus and orbiting electrons.
Nuclei with an odd mass number (a different number of protons to neutrons)
are important in MRI. ( Westbrook.C etal 2011)

2.2.1 Motions in atom:
electrons moving on their own axis, electrons orbiting the nucleus, the

nucleus itself moving about its own axis.

Figure 2.1 show the motions in atom
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Figure 2.1 motions in atom

The principles of MRI rely on the spinning motion of specific nuclei present
in biological tissues. This spin derives from the individual spins of protons
and neutrons within the nucleus. Pairs of subatomic particles automatically
spin in opposite directions but at the same rate as their partners. In nuclei
that have an even mass number, i.e. the number of protons equals the
number of neutrons, half spin in one direction and half in the other. The
nucleus itself has no net spin. However, in nuclei with odd mass numbers,
I.e. where the number of neutrons is slightly more or less than the number of
protons, spin directions are not equal and opposite, so the nucleus itself has a
net spin or angular momentum . These are known as MR active nuclei. MR
active nuclei are characterized by their tendency to align their axis of
rotation to an applied magnetic field. This occurs because they have angular
momentum or spin and, as they contain positively charged protons, they
possess electrical charge. The law of electromagnetic induction (set out by
Michael Faraday in 1833) refers to three individual forces — motion,
magnetism and charge — and states that if two of these are present, then the

third is automatically induced. MR active nuclei that have a net charge and



are spinning (motion), automatically acquire a magnetic moment and can

align with an external magnetic field. ( Westbrook.C etal 2011)
2.2.2 Hydrogen nucleus:

The isotope of the hydrogen nucleus is the MR active nucleus used in
clinical MRI. This contains a single proton (atomic and mass number 1). In
the classical interpretation the position of the hydrogen nucleus can be
specified with any desired degree of precision, and its movements are
assumed to be continuous and completely predictable. Each proton behaves
as a small magnet with a magnetic moment that has both magnitude and
direction . In a typical sample of hydrogen-containing material (such as the
human body), the magnetic moments of the individual hydrogen nuclei are
oriented in random directions. If a strong magnetic field is applied to the
sample, the nuclei “align” their magnetic moments with the direction of the
magnetic field in a manner similar to a compass needle aligned with the
earth’s magnetic field. The earth’s magnetic field (0.5 gauss) is not strong
enough to bring protons in a tissue sample into alignment. The field supplied
by an MR system (e.g., 20,000 gauss) is strong enough to produce
Alignment. (Hendee.w, etal, 2002)

2.2.3 Rotation and Precession:

In addition to aligning with a magnetic field, a magnetic moment also
precesses about the field as shown in figure 2.2 . Precession is easily
demonstrated in rotating objects (another reason why we infer the property
of “spin” for protons). A spinning top, for example, will “wobble” about a
vertical axis defined by the earth’s gravitational field . This wobbling motion
Is precession. Precession is a type of motion that is distinct from rotation.

Rotation is the spinning of an object about its axis (an imaginary line



through the center of mass of the object). The rapid spin of a top that causes
1ts surface to blur is rotation. Precession is a “second-order” motion. It 1s the

“rotation of a rotating object.” (Hendee.w, etal, 2002)

2.2 Rotation and precession

2.2.4 The Larmor equation:

The value of the precessional frequency is governed by the Larmor

equation. The Larmor equation states that:
™o =Bg X A
where:

o 1 S the precessional frequency, B o is the magnetic field strength of the
magnet, A is the gyromagnetic ratio ( Westbrook.C etal 2011)
2.2.5 Resonance:
Resonance is an energy transition that occurs when an object is
subjected
to a frequency the same as its own. In MR, resonance is induced
by applying a radiofrequency (RF) pulse:
« at the same frequency as the precessing hydrogen nuclei;

* at 90° to BO.



This causes the hydrogen nuclei to resonate (receive energy from the RF
pulse) whereas other MR active nuclei do not resonate because their
gyromagnetic ratios are different from that of hydrogen. Owing to the
Larmor equation their precessional frequency is different and therefore they
only resonate if RF at their specific precessional frequency is applied.

( Westbrook.C, etal 2002)

2.2.5.1The results of resonance:

2.2.5.1.1 Energy absorption:

The hydrogen nuclei absorb energy from the RF pulse (excitation
pulse). The absorption of applied RF energy at 90° to BO causes an increase
in the number of high energy, spin up nuclei as shown in figure 2.3 . If just
the right amount of energy is applied the number of nuclei in the spin up
position equals the number in the spin down position. As a result the NMV
(which represents the balance between spin up and spin down nuclei) lies in
the transverse plane as the net magnetization lies between the two energy
states. As the NMV has been moved through 90° from BO, it has a flip or tip

angle of 90° as shown in figure 2.4 .

/99 999,

gnanough gyt Joan
the h ergy population

600406

high energy population

Figure 2.3 Energy transfer during excitation
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Figure 2.4 Flip angle

2.2.5.1.2 Phase coherence:

The magnetic moments of the nuclei move into phase with each other as
shown in figure 2.5 . As the magnetic moments are in phase both in the spin
up and spin down positions and the spin up nuclei are in phase with the spin
down nuclei, the net effect is one of precession so the NMV precesses in the

transverse plane at the Larmor frequency. ( Westbrook.C, 2002)

out of phase (incoherent)

[ XX

'
in phase (coherent)

Figure 2.5 Phase coherence
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2.2.6 The MR signal:

As a result of resonance, in phase or coherent magnetization precesses at

K

the Larmor frequency in the transverse plane. Faraday ° s law of
electromagnetic induction states that if a receiver coil or any conductive loop
Is placed in the area of a moving magnetic field as shown in figure 2.6 , i.e.
the magnetization precessing in the transverse plane, a voltage is induced in
this receiver coil. The MR signal is produced when coherent (in phase)
magnetization cuts across the coil. Therefore the coherent moving transverse
magnetization produces magnetic field fluctuations inside the coil that
induce an electrical voltage in the coil. This voltage constitutes the MR
signal. The frequency of the signal is the same as the Larmor frequency — the
magnitude of the signal depends on the amount of magnetization present in

the transverse plane . ( Westbrook.C etal 2011)

Figure 2.6 Generation of MR signal



2.2.7 The free induction decay signal ( FID ):

When the RF pulse is switched off , the NMV is again influenced by By
and it tries to realign with it. To do so, the hydrogen nuclei must lose the
energy given to them by the RF pulse as shown in figure 2.7 . The process
by which hydrogen loses this energy is called relaxation. As relaxation
occurs, the NMV returns to realign with B, because some of the high -
energy nuclei return to the low - energy population and align their magnetic

moments in the spin - up direction.

» The amount of magnetization in the longitudinal plane gradually increases ,

this is called recovery .

» At the same time, but independently, the amount of magnetization in the

transverse plane gradually decreases, this is called decay.

As the magnitude of transverse magnetization decreases, so does the
magnitude of the voltage induced in the receiver coil. The induction of
reduced signal is called the free induction decay (FID) signal. ( Bushong.C
etal 2015)

Figure 2.7 Free induction decay
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2.2.8 Relaxation processes:

During relaxati on hydrogen nuclei give up absorbed RF energy and the
NMYV returns to By . At the same time, but independently, the magnetic
moments of hydrogen lose coherency due to de phasing. Relaxation results
in recovery of magneti zation in the longitudinal plane and decay of
magnetization in the transverse plane.

* The recovery of longitudinal magnetization is caused by a process termed
T1 recovery, figure 2.8.
* The decay of transverse magnetization is caused by a process termed T2

decay, figure 2.9 . ( Westbrook.C etal 2011)

100% ——

longitudinal magnetization
@
@
R

)
™ time

Figure 2.8 T1 recovery curve
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100% T~

coherent transverse magnetization

T2 time

Figure 2.9 T2 decay curve

2.2.9 Pulse timing parameters:

* The repetition time (TR) is the time from the application of one RF pulse
to the application of the next RF pulse for each slice and is measured in
milliseconds (ms), figure 2.10 . The TR determines the amount of
longitudinal relaxation that is allowed to occur between the end of one RF
pulse and the applicat on of the next. TR thus determines the amount of T1
relaxation that has occurred when the signal is read. ( Bushong.C etal 2015)
* The echo time (TE) is the time from the application of the RF pulse to the
peak of the signal induced in the coil and is also measured in (ms), figure
2.10 . The TE determines how much decay of transverse magnetization is
allowed to occur. TE thus controls the amount of T2 relaxation that has

occurred when the signal is read( Westbrook.C etal 2011)
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Figure 2.10 Pulse timing parameters

2.3 Magnets:

2.3.1 Permanent magnets:

Permanent magnets consist of ferromagnetic substances that have
magnetic susceptibility greater than 1. They are easily magnetized and retain
this magnetization . Examples of substances used are iron, cobalt and nickel.
The most common material used is an alloy of aluminium, nickel and cobalt,
known as Alnico. (Westbrook.C, etal,2002)

Advantages:

* They have open design; children, obese and claustrophobic patients are
scanned with ease. Interventional and dynamic procedures are possible.
* They require no power supply and are therefore low in operating costs.
* The magnetic field created by a permanent magnet has lines of flux
running vertically, keeping the magnetic field virtually confined within
the boundaries of the scan room.

Disadvantages:

* They are excessively heavy; only low fixed field-strengths (0.2—

0.3 T) can be achieved.

* Longer scan times are needed, due to lower field strengths.

16



2.3.2 Electromagnets:

Electromagnets utilize the laws of electromagnetic induction by passing
an electrical current through a series of wires to produce a magnetic field .
This physical phenomenon is utilized to produce RF coils and the static
magnetic field.
2.3.2.1 Resistive magnets:

The magnetic field strength in a resistive magnet is dependent upon the
current that passes through its coils of wire. The direction of the main
magnetic field in a resistive magnet follows the right-hand thumb rule and
produces lines of flux running horizontally from the head to the foot of the
magnet.

Advantages:

* They are lighter in weight than permanent magnets.

* Capital costs are low.

Disadvantages:

« The operational costs of the resistive magnet are quite high due to the large
quantities of power required to maintain the magnetic field.

* The maximum field strength in a system of this type is less than

0.3T due to its excessive power requirements. Therefore scan times are
longer.

» The resistive system is relatively safe as the field can be turned off
instantaneously. However, this type of magnet does create significant

stray fringe magnetic fields. ( Westbrook.C, etal 2002)

17



2.3.2.2. Superconducting electromagnets:

The resistance of the coils of wire is dependent upon the material of
which the loops of wire are made, the length of the wire in the loop, the
cross-sectional area of the wire and temperature. The latter can be controlled
so that resistance is minimized.

As resistance decreases, the current dissipation also decreases. Therefore if
the resistance is reduced, the energy required to maintain the magnetic field
Is decreased. As temperature decreases, resistance also decreases. As
absolute zero of temperature (minus 273°C or 4°K) is approached, resistance
is virtually absent, so that a high magnetic field can be maintained with no
input power or driving voltage required. This is the basis of the function of
the super cooled, superconducting magnet. The direction of the main
magnetic field runs horizontally like that of the resistive system, from the
head to the foot of the magnet. Initially, current is passed through the loops
of wire to create the magnetic field or bring the field up to strength
(ramping). Then the wires are supercooled with substances known as
cryogens (usually liquid helium [He] or liquid nitrogen [N]), to eliminate
resistance. Since He and N are stable, they can be placed in a vacuum so that
they do not rapidly boil off or return to their gaseous state. This is called a
cryogen bath and it actually surrounds the coils of wire and is housed in the
system between insulated vacuums. ( Westbrook.C, etal 2002)

2.3.2.2.1 Superconducting MRI magnet requirements:

The essential requirements for an MRI magnet are as follows:

* Field strength: The scanning speed and imaging resolution are proportional

to this value because of the increase in signal-to-noise. This is the reason

18



higher and higher magnetic field strengths are considered, despite their

technological challenges.

* Imaging volume: The larger the imaging region, the better. This does

require a tradeoff owing to an increased cost.

* Field uniformity over the imaging volume: The greater the uniformity, the

better. Non-uniformities should be due to the patient’s image and the
gradient coil used to reconstruct that image. The usual requirement is 5 ppm-
15 ppm (parts per million) depending on the body region of interest being

scanned.

* Field drift magnet persistence: The requirement here is less than 0.1 ppm

per hour. This is a measure of the field stabilization.

* Loss of liquid helium: The “boil-off” of liquid helium must be less than

0.1L per hour. Currently, there is almost no loss throughout most of the main
magnet systems, as the helium is recaptured through the 4K cryo-cooler re-

condensing capability.
* External field shielding: The key here is the boundary outside of the

magnet representing where the field has dropped off to 5 Gauss. This is

usually described by a 5G line in its illustration.

* Diameter of the patient cylindrical access: This so-called bore size is

usually 60 cm. However, 70 cm is increasingly the target to be used in North

America, in view of the larger range of patient sizes.

* Length: The shorter, the better. The problem of claustrophobia has been a

longstanding issue in the area of patient comfort.
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* Weight: The limit on the weight of the magnet will depend upon the site

conditions, the installation requirements, and the transportation capabilities.
(Wang.z, etal, 2012 )

2.3.2.3 Zero Boil-Off (ZBO) of a Cryogenic Propellant Tank:

Over the last decade zero boil off (ZBO) refrigeration system have
become standard, allowing essentially unlimited normal operation without
need for helium refill. Numerous future propulsion systems will utilize
cryogenic propellants to improve performance. While the specific impulse is
greatly increased over storable propellants, long duration missions can result
in large amounts of propellant boil-off due to parasitic heat loads from the
warm environment into the cold propellant tanks. Numerous studies have
been conducted pointing out the overall system benefits from reduction of or
elimination of this boil-off by refrigeration means. Since mechanical
cryocoolers have now been established as high reliability systems, they
represent a viable means to eliminate or reduce this boil-off. There are
numerous approaches to employ cryocoolers for reduced boil-off. The
optimum approach is system specific. These techniques include direct
contact of the cryocooler cold tip with the tank wall, employment of a
circulation loop to distribute the cooling over large surface areas or multiple

tanks, or the employment of various Joule. (D. Frank, etal, 2007)
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2.4 MRI system components:
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Figure 2.11 Closed bore MRI scanner in axial cross section
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2.4.1 Magnetic shielding:

Magnetic shielding can significantly reduce the area affected by the
fringe field. There are two methods of magnetic shielding — passive and
active. Generally speaking active shielding implies current/activity, whereas
passive shielding implies no current/passivity. Current standards state that
shielding must restrict the fringe field to a limit of 5 G within the scan room
(walls, floor and ceiling). ( Westbrook.C etal 2011)

2.4.2 Shim coils:

Due to the tolerances of manufacture, an MRI superconducting magnet
has field homogeneity of approximately 1000 ppm on delivery from the
factory. Imaging requires homogeneity of approximately 4 ppm across the
Imaging volume to provide good geometric sharpness and to allow even
spectral fat saturation. Spectroscopic procedures require better than 1 ppm.
To achieve this, a process known as shimming is used, figure 2.11 . The
term shimming comes from the discipline of carpentry where it refers to the
use of wooden wedges (or shims) to level a surface. Like shielding,
shimming can be achieved either actively or passively or by a combination
of both. In the context of MRI, shimming makes the field even and is
achieved by the use of metal discs/plates ( passive shimming ) and an
additional solenoid magnet ( active shimming ). Passive shimming is
achieved by placing small ferromagnetic plates in specially constructed non
- ferrous metal trays located around the circumference of the warm bore of
the magnet. This refers to the circumference of the inner wall of the cryostat,
inside which are housed the shims, gradient coils and RF transmitter. These
trays are typically 16 in number and each can hold about 15 shims. (
Bushong.C etal 2015)
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2.4.3 Gradient coils:

This is a cylindrical structure containing three individual
electromagnets, figure 2.11 . On modern scanners this component also
includes (for example) 18 individual solenoids that make up the active shim
system. The gradient coils are each supplied by at least one, if not two,
powerful amplifiers. As the gradient set is at room temperature (i.e. not
superconducting) high - power gradients may require water - cooling. Each
of the three components of the gradient set can be activated to create a slope
in the static field in the x, y or z axes respectively. Gradient coils are used
for spatial encoding and in certain imaging options such as GMN. In
gradient echo sequences they are also used to re phase spins and produce
echoes . ( Westbrook.C etal 2011)

2.4.4 RF caoils:

The instrumentation (hardware) required to achieve resonance is the RF
coil assembly, figure 2.11 . which includes RF transmitter coils and RF
receiver coils. Coils that transmit signals are known as RF transmit (or
transmitter) coils, and those that detect signal are the RF receive (or
receiver) coils. There are coils that both transmit and receive signal known

as transceivers. ( Westbrook.C etal 2011)
2.5 Superconducting MRI cooling Systems:
2.5.1 Cryogenic cooling system:

The process of creating an electromagnetic field initially involves
passing current through the main superconducting coil of the scanner. This
process is called ramping up. When the scanner is delivered and fixed in
place, the magnetic field is ramped up by the service engineer. The
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temperature at which the niobium - titanium wire becomes superconducting
iIs 4 K (Kelvin) (approximately — 269 ° C or — 450 ° F). To maintain
superconductivity the current - carrying loops of wire are super - cooled with
substances known as cryogens to eliminate resistance. Cryogens used in
MRI include liquid helium (He) and in some cases liquid nitrogen (N).
Helium is used to create superconductivity and, if two cryogens are used,
nitrogen is used to keep the helium cold. The superconductive loops of wire
are submerged in the cryogen. Helium is an increasingly rare resource that is
extracted from natural gas. There are only a handful of helium - rich sites on
the planet. When this is coupled with the fact that liquid helium boils away
to gas fairly quickly at room temperature it becomes apparent that MRI
scanners must be able to contain the helium in such a way as to prevent it
being lost to the atmosphere.

This is achieved by the use of a cryostat, a stainless - steel tank configured in
the shape of a hollow cylinder as shown in figure 2.12 . The inside of the
cylinder contains layers known as heat shields, and the helium reservoir is
isolated from the outer walls of the cryostat by an evacuated chamber
(Westbrook.C etal 2011)

A cryogenic cooling system includes a cryocooler coldhead having a cold
stage, figure 2.12 . A gas circulator has a low pressure input orifice and a
high pressure output orifice, and a valve has a primary port and a secondary
port. The valve makes and switches fluid connections between the valve's
primary and secondary ports and the gas circulator's input and output
orifices. A heat exchanger has a primary portion and a secondary portion
each in thermal contact with the cold stage. The primary (secondary)
regenerator is positioned between the primary (secondary) port of the valve

and the primary (secondary) portion of the heat exchanger. A coolant flow
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path has a first end in fluid communication with the heat exchanger's
primary portion and a second end in fluid communication with the heat
exchanger's secondary portion. The coolant flow path may be placed in
thermal contact with a superconductive device. (Westbrook.C etal 2011)

The pressure involved generally range from approximately 100 psi to 500

psi (GE medical system 1997)

Closed Cycle:

High Efficiency
GM Cryocooler

Conventional
Liquid Transfer

Helium
Liquefaction
Circuit

; Helium
V Compressor
" ATL Dewar with

Liquid Helium

He Gas Source(s)

Figure 2.12 Cryogenic cooling system

2.5.2 Chiller Cooling System:
Medical chillers have a particularly complex job when it comes to
keeping MRIs functional. As opposed to most cooling machines, a medical

chiller isn’t required to keep a constant temperature. The nature of an MRI’s
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work is that it will experience periods of rest, and then suddenly ramp up to
tremendous temperatures. The MR chiller must be able to meet a tremendous
load immediately, then maintain a cool temperature over a stretch of time.
There are two principal types of medical chillers: air-cooled and water-
cooled, figure 2.13 . Both have proven to be effective when dealing with
MRI machines. The only difference is each machine transfers heat to
different area. Water-cooled chillers transfer heat to a water source, while air-
cooled chillers rely on the surrounding air to keep the MRI functioning at a
high level. Air-cooled chillers, in particular, are helpful when there isn’t a
constant, reliable water supply. ( Wang.z, etal, 2012 )

Chiller temperature normal range is from 5 °C to 27 °C (GE medical system
1997)

K KKTKRAUSEM

Figure 2.13 Chiller (outside components)
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Figure 2.14 Chiller (inside components)
2.6 MRI Quality control:

Quiality control is a series of distinct technical procedures that ensure the

production of a satisfactory product, in this case, high-quality diagnostic
images.

Four steps are involved:

1. Acceptance testing to detect defects in equipment that is newly

installed or has undergone major repair

2. Establishment of baseline performance of the equipment

3. Detection and diagnosis of changes in equipment performance

before they become apparent in images
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4. Verification that the causes of deterioration in equipment performance
have been corrected Acceptance testing should take place before the first
patient is scanned and after major repairs. Major repairs include replacement
or repair of the following subsystem components:

Gradient amplifiers, Gradient coils, Magnet, Radiofrequency (RF) amplifier,
Digitizer boards, Signal processing boards, A baseline check should be
carried out on the MRI system as a whole and on additional subsystems,
such as repaired, replaced, or upgraded RF coils. All records should be kept
at a central location near the MRI scanner(s). (ACR, 2015)

2.7 Potential Hazards and Risks:

Magnetic Field Risk The static magnetic field of the MRI system is
exceptionally strong. A 1.5 T magnet generates a magnetic that is
approximately 21,000 greater than the earth's natural field. In such an
environment ferromagnetic metal objects can become airborne as projectiles.
Small objects such as paper clips and hairpins have a terminal velocity of
40mph when pulled into a 1.5 T magnet and therefore pose a serious risk to
the patient and anyone else in the scan room. The force with which
projectiles are pulled toward a magnetic field is proportional to the mass of
the object and distance from the magnet. Even surgical tools such as
hemostats, scissors and clamps, although made of a material known as
surgical stainless steel, are strongly attracted to the main magnetic field.
Oxygen tanks, gurneys, floor buffing machines, and construction tools are
highly magnetic and should never be brought into the scan room. However
there are non-ferrous oxygen tanks and gurneys available, which are MRI
compatible. Sand bags must also be inspected since some are filled, not with
sand, but with steel shot which is highly magnetic. Consumer products such
as pagers, cell phones, cameras and analog watches may be damaged by the
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magnetic field. Pacemakers may be reprogrammed or turned off by the
magnetic field. The magnet field erases credit cards with magnetic strips.
Patients with ferrous intra-cranial vascular clips may be at risk due to the
possible movement of the clip. Figure 2.15 show Objects attracted to MRI
machine . ( Hoong Ng. K etal, 2003)

ALLLLAU T “ muh

Figure 2.15 Objects attracted to MRI machine

Radio-frequency (RF) Field Risk The radio-frequency field may induce
currents in wires that are adjacent or on the patient, causing skin burns. It
may induce currents in intra-cardiac leads, resulting in inadvertent cardiac
pacing. Prolonged imaging may cause the patient's core body temperature to

rise. In practice, significant patient heating is only encountered in infants.
Due to the risk of RF current induced thermal burns:

* To minimize the risk of synthetic fibers in clothes acting as a current
inducer, all patients having a MR exam must be changed into hospital

provided clothing (gowns) prior to imaging.
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* All patients having a MR exam must be padded during imaging in
accordance to manufacturer guidelines to minimize skin to skin, and skin to
magnet bore contact.

* All patients must be provided a working alert device (squeeze ball), to able
to communicate with the MRI technologist during imaging when in distress.
Cryogen Risk During a planned or accidental shutdown of the magnetic field
(aka "quench™), the liquid Helium in the magnet turns into gas and may
escape into the scan room displacing the oxygen in the room leading to
asphyxia. ( Hoong Ng. K etal, 2003)

Biological Effects Due to Magnetic Field For the static magnetic fields
currently used in MRI up to 2 Tesla, there are no known biological effects.
The majority of studies show no effects on cell growth and morphology.
Data accumulated by the National Institute for Occupational Safety, the
World Health Organization, and the US State Department show no increased
risk for leukemia or other cancer. Some reversible biological effects have
been observed on human subjects exposed to 2.0 T and above. These effects
include fatigue, headaches, hypotension and irritability. ( Hoong Ng. K etal,
2003)

2.8 Quenching and Its Prevention:

Anomalous termination of magnet operation occurs in the abrupt change
into the resistive state of the superconducting coil and is called “quenching.”
Common causes resulting in a sudden transition to the quenching include an
excessively large field within the magnet, a rapidly increasing rate of change
of this field, or both. In rare cases, a defect in the magnet triggers rapid Joule
heating, increasing the temperature of the encompassing regions, which are
then forced into the resistive state. That change triggers a chain reaction of
additional heating, and so on, until the magnet becomes completely
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quenched. Such a rapid transition is marked by a big, characteristic “bang,”
as the energy converts to heat, and the cryogenic fluid boils off as shown in
figure 2.17 . An accompanying, sudden decrease in current may cause spikes
in the voltage, so while permanent damage to the magnet itself may be rare,
localized heating and large mechanical forces pose a risk to its components
as a result of the quench. ( Wang.z, etal, 2012 )

Quenching remains very difficult to eliminate completely, especially during
the ramping training period when there are several mega joules of energy
stored in the magnet and thousands of volts distributed throughout the
layers. Accordingly, it is all too easy to break the insulation and potentially
burn the magnet. The quench protection circuit is designed to protect the coil
of the magnet and, in accordance with the IEC requirement, the magnetic
field must be decreased to smaller than 200 gauss in no more than 20
seconds. Diode and resistance bridge networks are used for controlling the
protection circuit, while quench heaters are used to avoid heat concentration.
As an example, a full-field quench test has been performed in an All Tech
environment, where the field has been shown to be decreased to 200 gauss in
less than 15 seconds. Figure 2.16

shows the Centauri 1.5 T magnet quench trace when EMMU acts by CE test
qualification. ( Wang.z, etal, 2012 )
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Figure 2.16 Magnet emergency quench test

Figure 2.17 MRI quenching
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Figure 2.18 MRI quench pipe
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2.10 Previous studies :

Marwa 2013 studied the MRI risks and knowledge of persons whom
dealing with it about that risks and level of applications of the safety
preparations. The study was done in Khartoum state and it applied on three
diagnostic centers. The questionnaire was directed toward center groups (
36 patients with different gender and age, 15 technicians, 6 managers, and 5
house workers ). The study shows that the knowledge of both technologists
and house workers about safety applications and using was ( 100%), but the
using of safety application by managers was ( 50%), The patients knowledge
about the safety applications was ( 68.8%), but ( 75%) of them didn’t had an
explanation of safety applications by the technicians. At the level of centers
some of them didn’t have the most simple safety preparation which is the
personal data from that filled by the patients.

Shaza 2011 evaluated the national safety form in MRI centers as well as to
compare the national safety forms with the international one. The study was
done in Khartoum state and Madani state . The samples of the study was 50
patients from both gender with different ages and examinations. All patients
were asked to fill and answer the national idea safety form before their
examination, this to ensure the application of the safety procedures. The
national MRI form were compared with the international one, so as to be
able to evaluate what was applied in MRI departments in Sudan. Analysis
showed that ( 32%) had prior surgery, ( 6%) had eye involving metallic
objects, ( 20%) were injured by foreign body, ( 20%) were suspected to be
pregnant, ( 14%) had external and internal metallic objects, ( 36%) of the
sample with hearing aid and were examined by MRI, ( 6%) had cardiac
peacemaker, ( 6%) had cochlear implant and implanted hearing aid, ( 2%)
had metallic fragments and foreign body were not examined by MRI.
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The study concluded that this application was not filling full by the
international safety procedures guide lines.

Gould 2008 studied the comprehensive MRI safety for any health care
provide with a zero tolerance for MRI errors. The study was built on three
basic steps ( Assess the hazard, Establish best practices in MRI suite safety
and patient care, Educate and train all physicians, clinic and hospital staff
working in the MRI suite) . Maintain an operator’s manual for the suite’s
MRI machines in control room. The manual should include all
manufacturers’ bulletins and advisory information as well as a long sheet to
document updates for equipment and software. Maintain an MRI safety
manual for operations and protocols in the control room include all safety
training documentation for MRI staff and attending physicians, noting MRI
safety education levels and dates of certification and acceptance by MRI
director or radiologist.

MRI suites should be designed to restrict access and limit exposure to static
magnetic field. Commonly MRI suites restrict access by zone (1) open to
general public access, Zone (2) this is the first interaction site for patients,
visitors, attending physician and other with the technologist and nursing staff
in the MRI suite. Zone (3) is the entry zone to the MRI machine room. Zone
(4) is the MRI room should have clear demarcation of the five-gauss line
taped or patient on the MRI suite floor indicating the area beyond which
require MRI-safe (for the distance and tesla rating of the MRI) or MRI

conditional equipment or instrumentation.

All MRI staff must take responsibility for providing an MRI safe
environment for staff and patient.
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E.Kanal 1996 studied the Magnetic Resonance Imaging (including
spectroscopy, conventional, and fast imaging techniques) have been in use
for over a decade and are viewed as a medical procedures associated with
acceptable and well controlled risks. Technological advances in MRI (higher
static field, faster gradients, stronger RF transmitter ) have occurred rapidly,
and many questions regarding the safety of these developments remain
unanswered. This study provides an introduction to some of the safety
concerns associated with MRI, the most immediate danger associated
magnet with the environment is the attraction between the magnet and
ferromagnetic metal objects. Ferromagnetic metal objects can become
airborne projectile when placed on strong magnetic field. The strength of the
field increases super linearly with distance from the magnet bore and even
hand-held objects can be jerked free very suddenly as the holder moves
closer to the magnet ( small objects, such as paper clips and hairpins, have
terminal velocity of 40 mph when pulled in to a 1.5T magnet. In addition to
possibility of severely injuring someone, it is not good for the magnet to be
bombarded with difficult to remove small metal “missiles”. Remember, even
when you are not scanning, the magnet is not “off “. Never bring any metal
objects in to the scanner rooms.

They found the dangers effects in (Metal in the body, gradient magnetic
fields, acoustic noise, RF electromagnetic fields, electrical burns,

pregnancy).
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Chapter Three

Materials and Methods

3.1 Materials:

3.1.1 MR machines in the hospitals where the study was done

Table 3.1 show MR machines in the hospitals where the study was done

Company Magnetic field Number
SIEMENS 02T 2
SIEMENS 0.35T 1
SIEMENS 15T 2
PHILEPS 15T 1
TOSHIBA 15T 3
GE 15T 1

3.1.2 National and international MRI safety forms:

National MRI safety form samples was taken from local hospitals and
international safety forms was taken from internet.
3.2 Method:

3.2.2 Method of data collection:

In this study, data was collected using several techniques in order to
fulfill the main objectives of the study:
Questionnaires: MRI technologists were asked to fill questionnaire ( see A
and B in the appendix) the questionnaire was designed according to the

study objectives, in order to evaluate the safety procedures applied, and to
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identify the most common sources of damage affecting MRI machines, first
part of questionnaire deals with personal information, second part deal with
MR machine and measurements related to machine in order to compare them
with the tolerance, chiller temperature taken from the chiller, compressor
pressure taken from the compressor indicator, Helium consumption\ day and
work load\ day were taken from the records, and third part deal with
maintenance operations. Hospital's safety forms were collected in order to

compare them with the international forms that collected from internet .
3.3 Data analysis method:

The data was analyzed by using Statistical Package for Social Studies
( SPSS), to verify the hypotheses of the study.
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Chapter four

Results

Super conductive devices

Table 4.1 show manufacture companies for MR machines

Company Number
Philips 1
Toshiba 3
Siemens 2

GE 1

Table 4.2 show the age of MR machines

Categories Number
<5 1

5and <10 5
>10 1

Table 4.3 show Chiller temperature of MR machine

Temperature Percentage%o
<5°C 20.0
5°Cand <10°C 30.0
10°Cand < 15°C 20.0
15° C and >15° C 30.0
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Table 4.4 show compressor pressure of MR machine

Pressure Percentage%o
< 200 psi 10.0
200-250 psi 30.0
250-300 psi 30.0
300 and >300 psi 30.0

Table 4.5 show Helium Consumption/day for MR machine

Categories Percentage%o

<0.5% 50.0
0.5% - 1.0% 20.0
> 1.0% 30.0

Table 4.6 show work load / day for MR machine

Categories | Percentage%
<20 0.0

20 and < 40 40.0

40 and >40 60.0

Table 4.7 show software problems for MR machines

Occurs Percentage%o
Yes 60.0
No 40.0
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Table 4.8 show reasons of chiller problems for MR machines

Reason Percentage%o
Chill water flow 60.0
Chiller direction with air direction 20.0
Fans problems 10.0
Didn’t happen 10.0

Table 4.9 show compressor failure occurs for MR machines

Occurs Percentage%o
Yes 60.0
No 40.0

Table 4.10 show quench occurs for MR machines

Occurs Percentage%o
Due to emergency case 0.0
Due to high temperature 30.0
Didn’t happen 70.0
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Table 4.11 show RF station problems occurs for MR machines

Occurs Percentage%o
Yes 30.0
No 70.0

Table 4.12 show occurs of faults caused by patient or what he/she carries for

MR machines
Occurs Percentage%o
Yes 60.0
No 40.0

Table 4.13 show reasons of table faults for MR machines

Reason Percentage%o
Over load 30.0
Things fell from patient 0.0
Both 20.0
Didn’t happen 50.0

Table 4.14 show availability of nonmagnetic assistance tools in the hospital

Availability | Percentage%o
Yes 20.0
No 80.0
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Table 4.15 show completion of daily QC for MR machines

Occurs Percentage%o
Yes 10.0
No 90.0

Table 4.16 show presence of permanent engineer in hospital

Presence Percentage%o
Yes 60.0
No 40.0

Table 4.17 show completion of quarterly maintenance for MR machines

Occurs Percentage%o
Yes 50.0
No 50.0

Table 4.18 show companies response when faults occurs for MR machines

Response Percentage%
Good 20.0
Intermediate 40.0
Bad 40.0
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Table 4.19 show duration of maintenance comparing with faults occurring to

MR machines
Duration Percentage%
Appropriate 0.0
Inappropriate 100.0

Permanent devices

Table 4.20 show the age of MR machines

Categories Number
<5 0

5and <10 1
>10 2

Table 4.21 show software problems for MR machines

Occurs Percentage%
Yes 70
No 30

Table 4.22 show RF station problems occurs for MR machines

Occurs Percentage%o
Yes 70
No 30




Table 2.23 show occurs of faults caused by patient or what he/she carries

Occurs Percentage%o
Yes 40
No 60

Table 2.24 show reasons of table problems for MR machines

Reason Percentage%o
Over load 28.6
Things fell from patient 42.9
Both 0.0
Didn’t happen 28.6

Table 4.25 show availability of nonmagnetic assistance tools in hospital

Availability Percentage%o
Yes 33.3
No 66.6

Table 4.26 show completion of daily QC for MR machines

Occurs Percentage%o
Yes 33.3
No 66.6
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Table 4.27 show presence of permanent engineer in hospital

Presence Percentage%
Yes 33.3
No 66.6

Table 4.28 show completion of quarterly maintenance foe MR machines

Occurs Percentage%o
Yes 33.3
No 66.6

Table 4.29 show companies response when faults occurs for MR machines

Response Percentage%o
Good 0.0
Intermediate 33.3
Bad 66.6

Table 4.30 show duration of maintenance comparing with faults occurs for

MR machines
Duration Percentage%o
Appropriate 0.0
Inappropriate 100.0
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Chapter five

Discussion, Conclusion, and Recommendations

5.1 Discussion:

The study shows that the MR machines in Sudan are divided into two
parts, 70% are superconductive devices and 30% are permanent devices
Most technicians have post graduate degrees

For superconductive machines from table (4.1) we find that one of the
machines are from Philips company, three are from Toshiba company, two
are from Simeans company, and one is from GE company. From table (4.2)
we find that one of machines are less than 5 years old, five are 5 and less
than 10 years old, and one is more than 10 years, from this we conclude that
the machines are relatively modern. From table (4.3) according to the
measures of chiller's temperature, we find that, 20% are less than 5° C , 30%
are 5° C and less than 10° C , 20% are 10° C and less than  15° C , and 30%
are 15° C and more than 15° C. Note that there is a convergence between
measurement's categories, and all of them are within the normal range. From
table (4.4) we find that from the measures of compressor pressure, 10% are
less than 200 psi, 30% are between 200 psi and 250 psi, 30% are between
250 psi and 300 psi, and 30% are 300 psi and more. Note that there is a
convergence between measurements' categories, and all of them are within
the normal range. From table (4.5) according to the measures of Helium
consumption/day, we find that, 50% are less than 0.5%, 20% are between
0.5% and 1.0%, and 30% are more than 1.0%. From table (4.6) according to
the study of workload\day, we find that, 40% of the MRI machines receive
20 to 39 patients per day, while 60% of them receive 40 patients and more
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per day. From table (4.7) showing the occurring of Software problems, we
find that 60% of MR machines had software problems, while 40% of them
didn’t have software problems. From table (4.8) we find that the main reason
behind chillers problem in 60% of chillers is chill water flow, in 20% of
them is chiller position against wind flow, in 10% of them is fans problems,
while in 10% of them didn’t have any chillers’ problems. From table (4.9)
we find that 60% of the machines experienced compressor failure, while
40% of them didn’t. From table (4.10) we find that the quench occurs just in
30% of the machines, due to the high temperature, while it didn't occur in
70% of them. No emergency quench case was recorded. From table (4.11)
we find that 30% of the machines experienced RF station problems, while
70% didn't. From table (4.12) we find that the faults in machines caused by
patients or what he/she carries occurred in 60% of the cases, while in 40% of
them didn’t occur. From table (4.13) we find that 30% of table faults happen
due to patient overweight, 20% due to overweight and things fell from
patients, and in 50% of the cases no problems occurred. From table (4.14)
we find that the nonmagnetic assistance tools are available in 20% of the
cases, while in 80% of them aren't available. From table (4.15) we find that
just 10% of the hospitals completed daily QC, while 90% didn’t. From table
(4.16) we find that 60% of the hospitals have a permanent engineer, while
40% don't have. From table (4.17) we find that 50% of the hospitals
completed the quarterly maintenance, while 50% didn’t . From table (4.18)
we find that the company or response when faults occurs is good in 20% of
the cases, intermediate in 40% of them, and is bad in 40% of the cases. From
table (4.19) we find that the duration of maintenance comparing with the
faults occurring is 100% inappropriate in all the cases, specially when the

problem demands the need for spare parts.
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e The results showed a direct relation between completion of daily QC an
guarterly maintenance of the machines as independent variables and the
faults in superconductive machines as dependent variable.

e The results showed a direct relation between the chiller temperature as an
independent variable and compressor failure as a dependent variable.

e Also the results showed a direct relation between the workload \ day as an
independent variable and the helium consumption\day as a dependent
variable.

For permanent devices from table (4.20) we find that one of devices is 5
to 10 years old, and two are more than 10 years old. Some machines have
already been used before they where used in Sudan.

From table (4.21) we find that, 70% of the machines experienced software
problems, while 30% of them didn't experience that. From table (4.22) we
find that, 70% of the machines experienced RF station problems occurrence,
while 30% of them didn't experience that. From table (4.23) we find that,
40% of the experienced occurrence of faults caused by patient or what
he/she carries, while 60% of them didn't experience any faults occurrence.
From table (4.24) we find that 28.6% of table problems occurred due to
patient overweight, 42.9% due to things fell from patients, and in 28.6% of
the cases no problems occurred. From table (4.25) we find that the
nonmagnetic assistance tools are available in 33.3% of the cases, while in
66.6% of them aren't available. From table (4.26) we find that, 66.6% of
hospitals didn’t completed daily QC, and 33.3% didn't. From table (4.27)
we find that, 33.3% of the hospitals have permanent engineer, and 66.6% of
the hospitals don't have. From table (4.28) we find that 33.3% of the
hospitals completed the quarterly maintenance, while 66.6% didn’t. From
table (4.29) we find that company or response when faults occurs is
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intermediate in 33.3% of them, and bad in 66.6% of them. From table (4.30)
we find that the duration of maintenance comparing with the fault occurring
Is inappropriate in 100% of the cases.

For comparing the results of superconductive with permanent ,the RF
station problems occur in permanent machines more than in the
superconductive machines. The assistance nonmagnetic tools are not
sufficiently available in both machines, this may increases the probability of
machine damage when using it for case of ICU patients or patients using
wheel chair
In both machines, it was proven that, if daily QC is performed, the risk
associated with machines operation can be remedied. In both machines, the
duration of maintenance is frequently inappropriate, this is due to the lack of
direct agents of MR machines’ companies in Sudan, also it is due to the lack
of spare parts.

For MRI safety questionnaire 50% of the study centers have MRI safety
questionnaire, while 50% don't have, and the technician depends only on the
oral question. When comparing the local safety questionnaires with the
international ones, we find that 60% of the questionnaires are fairly close to
the international questionnaires, 20% of the safety questionnaires don’t
cover the important aspects of International MRI safety guidelines, and 20%
of the centers don't have safety questionnaires specially for MRI machines,
they are only satisfied with one question among the general questionnaire of
radiology department. And 20% of the centers don't have safety
questionnaires, although they are using superconductive machines. All

questionnaires are attached in appendix.
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5.2 Conclusion:

This study designed to identifying the most common faults associated
with MRI machines, their frequency of occurrence, and determining the
main reasons behind them in Khartoum state. In superconductive machines,
critical measurements were done, and a direct relation between the chiller
temperature and compressor failure was found. Also a direct relation
between the workload \ day and helium consumption \ day was established.
The results of this study demonstrated the great effect of completing daily
QC and machines quarterly maintenance on the reduction of the problems
and failures associated with MR machines operating.  Also shows that the
lack of maintenance is one of the biggest problems in MRI departments, and
that the economical and political situation of the country plays a major role
in this matter. The study compared the local safety questionnaires with the
international one, it was found that, some of local centers don’t have MRI
safety questionnaire, and some centers ignored important questions.

This study concluded that the massive use of MR equipment and neglecting

periodic maintenance are important factors in the breakdown of equipment.
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5.3 Recommendations:

Establish proper design of the MRI rooms according to the global standards,
in order to contain MR machines and its accessories.

The engineers must select properly the position and direction of chiller
against air direction before installation, and use number of cooling units as
backup in case of one fails.

from the beginning, make sure to provide the total cost of MR machine
including all its accessories, in order to avoid excluding any important
accessories later.

Completion of periodic maintenance to prevent chiller problems, taking into
consideration the environmental conditions of the area in which the MRI
machine is placed, in order to save sufficient amount of spare parts,
engineers, and system downtime.

In the future, it is recommended to focus on zero boil off (ZBO)
refrigeration systems, it allows essentially unlimited normal operation of the

machines without any need for helium refill.
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Appendix

MRI machines safety in Sudan

*The questionnaire aim to identify the caumses of the equipment failures and their
frequency.

*Answers will be used for scientific research purposes only.

* The gquestionnaire includes a set of statements, some require a mark (/) in selected
answer, and scme require direct answers.

Personal data:

Academic qualification: BSe

Questions related to MEI machine:

L U
Magnetic feld: L. i
A B il
Measurements related to MEI machine:

Chiller temperatilfie: ... e aas

Compressor PRESSTIIET ... ... e e e e o mam e e e maaa e

Helinm consumption \day: ...
Werk load \day: -l

MERI machine fanlts:

Software problems: Yes No Frequency

Causes of chiller failure: Chill water flow Chiller direction with air direction
Other Dudn’t happen

Compressor failure: Yes

A. Superconductive machines questionnaire
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Quench: Due to emergency case Due to ngh temperature
Didn’t happen

Has there been any problem in BF station? Yes No

Has there any failure caused by the patient or what he carres? Yes

Caunses of table failure: Ower load Things fell from patient

Both Didn’t happen

Nonmagnetic tools (tables- well chair- oxygen cylinder.. .etc.) available in hospital?
Yes No

Are daily QC tests done? Yes

Maintenance:
Is there permanent engineer in the hospital? Yes

Are guarterly maintenance done? Yes Mo

Company respense when a failure oceurs? Good Intermediate Bad

Maintenance duration comparing with the failure: Appropriate Inappropniate

A. Superconductive questionnaire
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AMEI machines safety in Sudan

*The gquestionnaire aim to identify the camses of the equipment failures and their
frequency.

*Answers will be used for scientific research purposes only.

* The questionnaire includes a set of statements, some require a mark () in selected
answer, and some require direct answers.

Personal data:

Academic gqualification: BSe

Questions related to MRI machine:

L O
Magnetic fleld: e
B B e

MEI machine faunlts:
Software problems: Yes No
Has there been any problem in BF station? Yes No
Has there any failure cansed by the patient or what he camries? Yes
Causes of table failure: Over load Things fell from patient
Both Didn’t happen
Nonmagnetic tools (tables- well chair- oxygen cylinder. . _etc.) available in hospital?
Yes Mo

Are daily QC tests done? Yes

B. Permanent machines questionnaire
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Maintenance:

Is there permanent engineer in the hospital? Yes

Are gquarterly maintenance done? Yes No
Company response when a failure occurs? Good Intermediate Bad

Maintenance duration comparing with the failure: Appropriate Inappropriate

B. Permanent machines questionnaire
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C. National MR safety form
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D. National MR safety form
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ST VINCENT'S
P L MRI SAFETY SCREENING QUESTIONNAIRE

For your own SAFETY all guestions must be answered before entering MRI

Patient Name: Date of Birth: Weight : Height:
Kg

cm
Male |:I Female D

Referring Dr: Next Appointment with your Dr:

Do you have any of the following? Please circle either YES or NO

1. Cardiac Pacemaker? YES NO

2. Artificial Heart Valve? YES NO

3. Blood Vessel Stents/Shunts? YES NO If you answered “Yes" to any of
4. Aneurysm Clips? YES NO these questions please inform
5. Metal Fragments in your eye (Now or Ever)? YES NO the staff ASAP to assess your
6. Cochlear or Stapes Implant? YES NO B ey

7. Meurostimulator or Implanted Wires? YES NO

8. Recent endoscopy clips? YES NO

9. Bone screws, nails or pins? YES NO

10.Shrapnel, bullets or foreign bodies? YES NO

11.Any dentures or prosthetic devices? YES NO

12.Metal body piercing or tattoos? YES NO

13.Intrauterine Contraceptive Device (IUD)? YES NO
14.Magnetically Activated Implant or Device?  YES NO

15. Are you or could you be pregnant? YES NO
16. Are you breastfeeding? YES NO
17. Kidney [/ Renal Function problems? YES NO

If any previous surgery please list:

Have you had an MRI before? YES NO

Please Tick the following to indicate that you agree:

" | will remove all metal from myself including keys, coins, piercings, jewellery, hearing aids, bobby pins
etc before entering the room. (locker available in your change room)

" | acknowledge that this form is accurate to the best of my knowledge, | have read and understood the
guestionnaire and | have had the opportunity to ask questions about this questionnaire.

®* | acknowledge that 5t Vincent’s Hospital Medical Imaging Department has taken reasonable precautions
and is not liable for any event that might result from incorrect answers on this form.

®" | consent to the MRI procedure that has been requested by my referring physician.

[Ny N

Signature. Date

Safety Screening Questionnaire - Diagnostic Services Department Version 6- Date: February 2017

H. International MR safety form
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Health System

MRI SAFETY SCREENING QUESTIONNAIRE
(OUTPATIENTS)
Sex: Age: Height: Weight:

The following items may be harmful to you during your MR scan or may interfere with
the MR examination. Please provide a “yes" or “no” answer for every item.

YES NO

Cardiac pacemaker or implanted cardioverter defibrillator/ICD

Internal electrodes or wires (pacing wires, DBS or VNS wires)

Artificial heart value, coil, filter and/or stent (Gianturco coll, IVC filter)
Aneurysm clip(s)

Meurostimulator-TENS Unit, Biostimulator, bone growth stimulator, DBS, VNS
Implanted drug pump (for chemotherapy medicine, pain madicine)

External drug pump (for Insulin or other medicine)

IV access port (Port-a-Cath, Broviac, PICC line, Swan-Gantz, Thermodilution)
Implanted post surgical hardware (pins, rods, screws, plates, wires)

Artificial joint and Jor limb

Artificial eye and/or eyelid spring

Eye injury from a metal object (metal shavings, metal slivers)

Ear (Cochlear) implant, middle ear implant

Hearing aid(s)

False teeth/dentures, metallic removable dental work, braces, retainers

Any type of implant held in place by a magnet

Injured by a metal object (shrapnel, bullet, BB) and required medical attention
Medication patch (nitroglycerine, nicotine, contraceptive, estrogen)

Shunt or Sophy adjustable and programmable pressure valve

Spinal fixation device, spinal fusion and/or halo vest, spinal cord stimulator
Surgical clips, staples or surgical mesh

Tissue expander (breast)

Penile implant

Pessary, IUD, Diaphragm

Radiation seeds (cancer treatment)

Body piercing, tattoo or permanent makeup

Wig, hair implants

N A
(N

Do you have a history of:

YES NO ¥YES NO

] [ Kidney disease (1 [ Latex Allergy

O] [] Diabetes [1 [ Allergic reaction to MRI contrast
[1 [ Liver disease (Gadolinium based)

L] [ Claustrophobia
(1 O Drug Allergy, Type:
Are you on dialysis? [] YES [] NO If YES, Hemodialysis or Peridialysis? (circle one)

Female Patients:
Are you pregnant? [ | YES [] NO Are you breast-feeding ] YES [] NO
If you are still menstruating, please provide the date of your last period

UCLA Form#10255  Rev. (D412} Page 102

I. International MR safety for
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Healch System

MRI SAFETY SCREENING QUESTIONNAIRE
(OUTPATIENTS)

If you answered YES to any of the questions on the front page, please discuss any concemns
andior issues you may have, with your MR Technologist, MR Assistant or Radiclogy Nurse.

Instructions for the Patient, Parent, Guardian:
We will provide a locker so ALL items you remove may be stored and locked safely
during your scan. You may bring the key in the scan room with you.

Remove ALL jewelry and ALL body piercing jewelry and ALL hair accessories.
Remove dentures, false teeth, partial dental plates, retainers.

Remove hearing aids and eyeglasses.

Remove ALL clothing and change into a hospital gown. Slippers will be provided.
Lock your clothes and valuables in the locker provided and remove the key.

Please use the restroom before your MRl exam.

Please make sure that you receive a pair of earplugs andfor the headphones before
your MRI exam begins. Some patients may find the noise levels unacceptable, and
the noise levels may affect your hearing.

SNm o L =

| attest the above information is correct to the best of my knowledge. | have read and

understand the entire contents of this form and | have had the opportunity to ask questions

regarding the information on this form.

Patient/Parent/Guardian/Other Signature Date Time

MR Tech/MR Assistant/RN Signature Date Time

Prnt Name of MR Tech/MR Assistant/EN

FOR MRI STAFF USE ONLY

CONTRAST ORDER/SIGNATURE | To Be Filed in the Medical Record
Contrast Type: Injection Rata: Injection Amount:
Creatinine Valuea: GFR Value: Date Acquired

Creatinine/GFR screening waived by:

MR Technologist/RN/MD Signature: Date: Time:

Radiologist Signature: Date: Time:

UCLA Form #0855 Rev. (D4M12)

I. International MR safety for
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é Regional Imaging

Comprahanatve crs. Uncompromistey avality. MRI Safety Questionnaire
quality. E'"r

Mame Data of Birth [

Wesght Hesght

Certain implants, devices and objects may be hazandows t0 yiu 0F May interfere with the MRI

Had 2 previous MAR
If a5 when and whems?

Ever had an eye injury Cawsed by metal?

If yas, Nas this been removad?

Had any operations in the ast & weeks?

Are yOu pragnant, of 0oy 0w SuSpact yiu may be pragnan:?
[hy 0w hawe or haweyou ever had:

Cardiac Pacemaker o intra-Cardiac Defibrillator?
An artfcial heart vakee or waes?

Heart cips fiom Carkac suigend

Anaunysm Clips?

Snunt in brAin or spanal cord?

Earimplants {Cochlear implant) or ear surgeny?
DCuiar prosthesis ieye mpant?

Ay implanted dreg o6 other infusion pemp?

A newrostimulawor

A bone growth stimaulator?
Anintra-ubesine device PUO?
RemoOvable piates / dentunas?
Tattoo OF PErmanemt makeup?
Hearing aids?

Paarcings?

Hair ExtENSiOnS / Wig J tDupae?
Vasrular stents, filkers or ooils? Whene:

Ay metal fragments o forgign Dooees? Where:

Any joine reglacemants, orthopaedic pins / plates ! screws? Where:

Arre other prosthesis implants or dewioas? Plaase list

HawEwDu hEd Ay SuleB s § DNEratnns in wur ifetime? Pieasa list: .

Haweyou evar Deen dizgnosad with canoes? Please specify:

Plagse gasrribe whul iniury, What Sempttms (i F3ink o wou hawe 3t oresant?

| acknowiedge that ©0 the best of my understanding the alove aNSWars are thue and consent t0 the MAl examinztion.

Cives () Mo

Cives Owo
Cives O o
Oives O mo
CJH'E-E Dhc

Cives O wo
DH'E-E C]hu:
Cives O o
Cives O no
Cives Oiwo
Cives O no
Cives O o
O ves () Mo
Cives ) o
i ves (D) No
Cives O wo
D) ves QMo
Cives Oino
Cives Ono
D'ﬁ'es C]Nu
Cives Ono
Cives Owo
Cives O no
Oives O no

Cives O no

Cives Owo
Cives O Mo

Patiant Signsthuie Data

Person completing the form if nat the patient Ralasiorsnip

STAFF USE OMLY: [_| Correct Fatient [_| Comect Frocedure || Patient is MRl Safe || Radiogragher initials

J. International MR safety form
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/A Regional Imaging MRI Administration
4 Comprehansive care, Uncamremising avality. of Contrast Consent

=zlnsare Patient Labek

As part of the MRl examination, you may need to have an injection of 2 contrast agent [dye) known 25 Gadodinium.
This medication is administered intravenousty [injection into a wein) throwgh a fine neediz.

This is not the sams contrast agent ussd for CT scans.

Cwerall an MAI contrast injection is a safe procedure. Docasionaily pstients feel a little nauseous but this only lasts
momentariyy. More serious allergic typs reactions, athough possible, are extremely rare. The staff in the MBI departmeant
are fully trained to deal with an allergic reaction should it ooowr.

In order to administer the MBI contrast the MBI technologist will need to excude any renal (kidney) diseass
Piease answer the guestions below to help the MR staff in determining whether a contrast injection is appropriate.

Hawe you ever had an injaction of contrast for MAT? Cives O Mo
If yes, did you have amy kind of reaction? Oives O no
Are you breast-feeding? Oives O no
Do you have asthma? Oives O Ko
Do you have any history of kidney disease? Cives O Mo
Do you have diabates? Oives ) No
Hawe you had a recent biood test to look 3t kidney function? Cives Cino

If YES. which Pathology service?

List any knowin allergies:

| have rezd and understand the ex planation of the risks imvolved in contrast administration. | have been given the
opportunity to ask any questions about its use. | give my consent for the administration of contrast and for the examination.

Signature of Person giving consent Diate

Printed Mame of Person giving consent Relationship

Signature of MBI Radiographer

STAFF USE ONLY:

Creatinine: alzFR: Dake

J. International MR safety form
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