
 

 

 

 

 

 

 

ABSTRACT: Structural imaging based on 

magnetic resonance imaging (MRI) is a 

vital part of the clinical evaluation of 

patients. MRI is as yet a generally new 

field of information with much prospect for 

greater progression and extension. This 

work is predominantly concerned 

specifically identified with vein imaging. 

For iron sense imaging, Susceptibility was 

created. This technique was utilized to 

picture in Multiple Sclerosis (MS) patients 

and was tentatively contrasted with the 

permeability on standard T2 weighting 

with results exhibiting representation. 

Finally it empowers exact Susceptibility by 

examining at the same time and 

conquering the present limitation to 

deliver remedy stage impacts for angled 

imaging 

 

KEY WORDS: magnetic resonance 

imaging (MRI), susceptibility, Radio-
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I.INTRODUCTION 
The objective of this dissertation is to 

present the methods and results obtained 

by the application of gradient-echo 

magnetic resonance imaging (MRI) at both 

clinical and high field strengths. . In this 

work, two fundamental imaging systems 

were explored and contrasted with 

standard imaging: the susceptibility 

weighted imaging (SWI) and an altered 3-

D time-of-flight (TOF) angiography. X-ray 

is a system fundamentally utilized in 

restorative imaging to envision the 

structure and capacity of the body. It 

provides detailed images or pictures of the 

inside of the body, including the soft 

tissues of the brain and spinal cord, in any 

plane. Unlike computed tomography (CT), 

MRI does not use X-rays. However  

 

 

 

 

 

 

May be, MRI utilizes an amazing magnet 

and sends radio waves through the body; 

the pictures can show up on a Computer 

screen and in addition on film. AS such, 

MRI has much greater contrast than CT, 

making the former useful especially for 

neurological diseases.   

The advantages of MRI among other 

medical diagnostic techniques are its non-

invasive nature, versatility, excellent tissue 

contrast and sensitivity to flow and 

diffusion.  

 

MRI systems have already demonstrated 

intrinsic susceptibility contrast in human 

brain utilizing the image phase from a 

T2*-weighted gradient echo at both low 

and high magnetic fields. Susceptibility-

based stage contrasts increment straight 

with attractive field taking into account a 

decrease in reverberate time as the field is 

expanded, which gives a critical SNR 

advantage notwithstanding the expanded 

polarization characteristic for higher fields. 

Along these lines, continuously higher 

fields will be favoured for stage 

vulnerability imaging, gave sufficient 

volume inclusion stays conceivable which 

might be constrained by RF consistency, 

or air-tissue weakness misfortunes. 

 

Every human cell contains hydrogen atoms 

(protons with spin property). When a 

patient is placed within a magnetic field, 

these protons align like tiny magnets. At 

the point when radio-frequency (RF) beats 

delivering an electromagnetic field are 

transmitted in a plane opposite to the 

magnet, these protons wind up energized. 

At the point when such protons come back 

to their unique state, i.e. unwind, vitality is 

delivered, which can be gotten and 

converted into pictures. MRI filtering can 

separate between body substances 
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dependent on their physical properties, for 

instance, contrasts among water and fat 

containing tissues. MRI examining can 

likewise give pictures in different planes 

without the development of the patient. 

Depending on the tissue being scanned, it 

is known that different tissues have 

different magnetic susceptibilities. 

Susceptibility in this context is defined as 

the extent or degree of magnetization of a 

material caused by the application of a 

magnetic field. This exact difference 

between tissues can serve as a mark or 

label to distinguish various structures by 

obtaining images with various contrasts.  

 

Brightness may rely upon the thickness of 

protons around there (an expanded 

thickness being related with a more 

brightness area).Relaxation times for the 

hydrogen protons can vary and two times 

are commonly measured: Longitudinal 

relaxation time, known as T1, and 

transverse relaxation time, known as T2. 

Relaxations time properties are routinely 

used to show contrast between different 

soft tissues. The SWI is based on this fact 

and it is quite possible to obtain distinct 

pictures for various body structures or 

tissues (water, fat, protein, brain, spinal 

cord, etc.). On the other hand, the time of 

flight technique, TOF, exploits blood 

flowing nature to distinguish it from 

stationary tissues. Researchers studying 

the nature of flow in controlled phantoms 

developed the early work on TOF. A 

phantom is an artificial object of specific 

attributes and piece that is checked to 

adjust or approve the MRI framework. 

Parameters approved incorporate 

homogeneity, imaging execution and 

introduction angles. An apparition is 

normally a compartment made frequently 

of polymers, has different shapes and 

loaded up with liquid.  

 

Diverse strategies were created for stream 

based MRI.As a rule, these procedures can 

be isolated into three noteworthy classes 

dependent on the impacts utilized for 

imaging: (a) "time-of-flight" effects (b) 

velocity-induced phase and (c) signal 

enhancement by MR differentiate 

specialists. Both SWI and TOF techniques 

have different applications in blood vessel 

imaging. As well, they have different 

basis. As referenced over, the TOF 

strategy relies upon the development of 

blood vessel or venous blood to improve 

its flag, while the SWI technique depends 

on the usage of the attractive properties of 

deoxygenated haemoglobin, bringing 

about darker engravings for venous 

structures. In this exploration, the SWI 

technique was learned at attractive field 

quality of 4.7 T, while the TOF strategy 

was learned at both 1.5 and 3.0 T. The two 

methods have wide spread applications in 

both established and emerging clinical 

diagnosis. Both methods have limitations, 

either inherently or relevant to higher field 

strengths (greater than 1.5 T). The research 

presented here is an attempt to overcome 

some of the limitations of the two imaging 

methods and find new applications of SWI 

in clinical imaging of multiple sclerosis 

(MS). 

II. RELATED WORK 
Quicker MRI procurement has dependably 

been a continuous pursuit for all MRI 

professionals. A plenty of quick 

procurement techniques has been created 

for as far back as couple of decades, from 

Multi-Slice Multi-Echo to parallel 

imaging. Speeding up strategies for MRI 

have abused in both transient and spatial 

areas. The source produces a sinusoidal 

wave at predetermined frequency. The 

repetition time TR is the time between 

consecutive RF pulses. The echo time TE 

is the time between the initial RF pulse 

and the received signal peak (echo). 

Generally, there are two commonly used 

pulse sequences in MR imaging: 1) Spin 

Echo Sequence, and 2) Gradient Echo 

Sequences. It has at least two RF pulses, 

an excitation pulse, often called the α pulse 

and one or more 180° refocusing pulses 

that generate the spin echo(s). A 

refocusing pulse is required for every echo 
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produced, making it a tedious procedure. 

Spin echo sequences also utilize gradient 

pulses of opposite polarity in the readout 

and slice selection directions to refocus the 

protons at the same time as the spin echo. 

 

In a spin echo sequence, the repetition time 

(TR), is the time between successive 

excitation pulses for a given slice. The 

echo time (TE), is the time from the 

excitation pulse to the echo maximum. All 

gradient echo sequences use gradient 

reversal pulses in at least two directions 

(the slice selection and the readout 

directions) to generate the echo signal. 

Excitation angles less than 90° are 

normally used. For these reasons, the 

overall signal level in gradient echo 

images is expected to be less than that in 

spin echo images, yet with comparable 

acquisition parameters. The image quality 

of gradient echo sequences is also more 

sensitive to metal implants and to the 

region of anatomy under investigation. 

 

The procedure for generating an image 

varies from one instrument to another, but 

can be described in terms of a timing 

diagram. The RF pulse can be a truncated 

since function-shaped burst of RF energy. 

The phase encoding gradient is turned on. 

Once the latter is turned off, the frequency-

encoding gradient is turned on and the 

signal generated is recorded. Slice 

selection gradient is followed by slice 

refocusing gradient lobe while the read-out 

gradient is preceded by read-out DE 

phasing gradient lobe. This sequence of 

pulses is repeated many times to collect all 

the data needed to produce an image. 

 

At high field strengths, scan times can be 

significantly reduced, while improvement 

in image resolution is attainable, largely 

due to increased signal-to-noise ratio 

(SNR). Most capital spent to acquire 

stronger MRI magnets is to improve the 

realized SNR, which scales linearly with 

the magnetic field strength at higher 

values. But increased RF frequencies are 

associated with RF inhomogeneity effects, 

as mentioned previously, rendering SNR 

itself spatially variable. Moreover, at high 

magnetic fields (greater than 3 T), the 

performance of the RF coil becomes 

increasingly dependent on its interaction 

with the human head/body. To solve this 

problem and design better and more 

efficient coils, electromagnetic modelling 

is needed 

 

III. COMPONENTS USED IN 

MRI SCANNING 
An MRI system consists of the following 

components: 1) a powerful magnet to 

generate the static magnetic field, 2) 

homogenizing coils (called shim coils) to 

make the magnetic field as equally 

distributed as possible, 3) an RF coil to for 

radio signal transmission into the body 

part being scanned, 4) a receiver coil to 

detect the returning radio signals (echo), 5) 

gradient coils to detect and provide spatial 

localization of the signals, and 6) a 

computer system for reconstruction of the 

final image from radio signals received.  

 

The magnet produces the required field 

strength for the imaging procedure. The 

first coil used in an NMR experiment was 

the multi-turn solenoid curl. Capacitor is 

broadly satisfactory that the birdcage curl 

gives a superior by and large attractive 

field homogeneity and enhanced SNR 

contrasted with more established loop 

structures, for example, the solenoid loops. 

Field homogeneity guarantees uniform 

nuclear cores, permitting an expansive 

field of view (FOV), while the high SNR 

guarantees acquiring high goals pictures. 

Now and then the birdcage loop is 

protected from different curls (i.e. shim 

and inclination loops) inside the MRI set-

up to limit any impedance. 

 

The transmitter coil creates the magnetic 

field that excites the nuclei of the tissue. It 

is essential to have a uniform field over the 

region of interest to provide a spatially 

uniform excitation. The receiver coil 
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detects the resonance signal then induces a 

corresponding voltage. The signal emitted 

is often referred to as free induction decay 

(FID) or the NMR signal. With different 

tissues, the nuclei relax at different rates 

leading to different time-varying signal 

levels and consequently different tissue 

contrast in the image. Using the magnetic 

gradients, the spatial location is 

determined and the measured signal is 

transformed to an image via signal 

processing tools. The RF coils are required 

to have a large filling/loading factor 

(volume of sample per volume of the coil. 

The advantage of surface coils is their 

ability to produce a strong and localized 

RF field that can provide a high SNR 

compared to other coils, especially in the 

imaging of relatively small volumes.  

 

The signal intensity on the MR image 

might be determined by four basic 

parameters: 1) proton or spin density, 2) 

T1 relaxation time, 3) T2 relaxation time, 

and 4) flow. The T1 and T2 relaxation 

times (see above) characterize flag conduct 

after excitation and also the manner in 

which the protons return to their resting 

states (harmony) after the underlying RF 

beat excitation. The possible high-

resolution images can be used in studying 

neurological structures, such as small, 

deep brain structures, and for pathological 

applications. However caution is needed 

with possible excessive increases in scan 

time in which case SNR can be traded for 

faster imaging by parallel imaging and 

scanning parameter adjustments. 
 

IV. IMPACT OF 

SUSCEPTIBILITY IN MRI 

SCANNING 
Usually, there is a trade-off between high 

contrast, high temporal, and high spatial 

resolutions and, consequently, image 

artifacts are occurring. An image artifact is 

any feature which appears in an image, a 

feature that is not originally present in the 

imaged object. An image artifact is 

sometime the result of improper operation 

of the imager, instrument or system-related 

factors and, frequently. Though it is a non-

invasive technique, producing high 

quality, diagnostic-ally interpretable MRI 

images often require long imaging times 

compared with physiologic motions. These 

long imaging times mean that patient 

motion, which is not avoidable at all, 

causes blurring and replication (more 

commonly known as ghosting) artifacts. 

Examples include respiration, cardiac 

motion, and blood flow, peristaltic motion 

of the digestive system or restlessness of 

the patient. That might lead to serious 

errors in interpreting the images obtained, 

because such errors or artifacts can 

obscure, and be mistaken for, pathology. 

 

Maximum Intensity Projection (MIP) is 

the most commonly used MRI processing 

technique. Originally, it was called MAP 

(Maximum Activity Projection). By this, 

two MIP renderings from opposite 

viewpoints are symmetrical images. Using 

special ray-tracing algorithms, an image of 

unique pixels (picture elements) is 

produced, representing the highest 

intensity signal in that location within the 

examined volume. Although it is 

computationally fast, the downside of this 

method is that the 2D results do not 

provide a good sense of depth, or 

penetration, of the original data. This helps 

the viewer's perception to find the relative 

3D positions of certain features. 

 

Resolution, is a measure of image quality.. 

The ability to resolve distinctive features 

in an image is a function of many 

variables; the exponential decay time of 

signal (T2), signal corruption by noise (or 

signal-to-noise ratio; SNR), sampling rate, 

slice thickness, and image matrix size, to 

name a few. A high-resolution MR image 

can be thought of as the convolution of the 

nuclear magnetic resonance (NMR) 

spectrum of the spins (protons) with their 

spatial concentration map. To get high- 

resolution, images, three factors are 

important:  
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i. Temporal (or time) resolution, which 

should be high so that motion effects 

(called artifacts) do not dominate and 

degrade edge sharpness,  

ii. Contrast resolution, which must be high 

so that edges of organs and lesions can be 

identified easily against the background 

tissue or noise; and  

iii. Spatial (gradient or location) 

resolution, which also must be high so that 

small objects and closely spaced edges are 

detectable  

 

Magnetization is simply the magnetic 

polarization of a material produced by an 

arbitrary magnetic field. At the point when 

a material is exposed to a static attractive 

field it progresses toward becoming 

"polarized" and influences the 

encompassing zone by an attractive field 

circulation coming about because of the 

recently emerging attractive dipole. 

Magnetization can be viewed as the 

amount of magnetic moment exerted by 

the magnetic field per unit mass or volume 

of an object, in this context bodily tissue or 

fluid. The causes of the attractive minutes 

can be either microscopic electric flows 

coming about because of the movement of 

electrons in particle. Net polarization 

results from the reaction of a material to a 

connected attractive field, together with 

any unequal attractive dipole minutes. 

Charge isn't constantly homogeneous 

inside a protest. 

 

Susceptibility weighted imaging (SWI) has 

been introduced as a technique to utilize 

the contrast offered by phase images while 

overlapped on a magnitude image. This 

method has better anatomical feature 

representation and hence more usable for 

radiological purposes. An SWI data set is 

obtained by scanning a patient or sample 

using a flow compensated gradient echo 

pulse sequence while preserving the full 

complex image after image reconstruction. 

The resulting image has to be processed to 

remove the wrap from the raw phase 

image the associated slow phase variation 

resulting from static field variation and any 

possible shift of the k-space data central 

point.  

 

Different methods have been proposed to 

solve these problems. One of these is the 

removal of the slowly changing 

component by dividing the complex image 

by a low pass filtered version of the same 

image and hence obtaining the resulting 

flattened phase image This method is 

essentially applying a high pass filter to 

the gradient echo complex image to obtain 

a filtered phase image.  The below figure 

(1) shows the comparison of susceptibility 

of input and output images. From figure 

(2) we can    observe the graph.    

  
(a)                             (b) 

FIG.1: SUSCEPTIBILITY COMPARISON OF   

ORIGINAL IMAGE AND OUTPUT 

 
FIG.2:  VARIATION OF SUSCEPTIBILITY  

 

V.  CONCLUSION 
Earlier we have study about the impact of 

Susceptibility in MRI scanning. Basically,  

Susceptibility is showing great promise for 

identifying previously invisible lesions in 

Multiple Sclerosis. More research is 

needed to investigate lesion formation and 

progression with the help of this method. 

RF shapes can be tailored for specific 
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anatomical geometries of blood vessels. 

Higher field experience is yet to be tested. 

Finally, the same work must be conducted 

on different patient populations to realize 

its potential as well as find its limitations if 

any. To solve the possible problem of MIP 

lower quality, another processing 

alternative should be found, especially that 

in most individual slices the blood to 

background contrast is of good quality. 
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