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its etiology.[5] The presence of large focal demyelinated 
plaques in the white and gray matters of the CNS is the 
pathological hallmark of the disease.[6] The severity of the 
disease can be revealed by examining the number and 
volume of plaques in the brain by magnetic resonance 
imaging (MRI).[7]

Conventional MRI plays an important role in the 
assessment of MS because of its sensitivity in the 
detection of the disease‑related abnormalities and 
their changes over time.[8] It has also been considered 
as a useful tool for the detection of atypical and 

INTRODUCTION

Multiple sclerosis (MS) is a chronic inflammatory 
demyelinating disease of the central nervous 
system (CNS) which causes major permanent neurologic 
damages.[1,2] MS is one of the most prevalent neurological 
diseases with more than two million patients are 
affected worldwide.[3] Recent studies have shown a 
significant increase in the incidence and prevalence 
of MS in Central Iran.[4] The cause of MS has not fully 
understood; however, it has been implicated that 
genetic and environmental factors are associated with 

Background: The current study was performed to compare susceptibility‑weighted imaging  (SWI) with magnetic resonance 
imaging (MRI) methods of T2‑weighted (T2W) and fluid‑attenuated inversion recovery (FLAIR) imaging in multiple sclerosis (MS) 
plaque assessment. Materials and Methods: This cross‑sectional study was conducted among 50 MS patients referred to Shafa 
Imaging Center, Isfahan, Iran. Patients who fulfilled McDonald criteria and were diagnosed with MS by a professional neurologist at 
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and FLAIR. Plaques’ number and volume were detected separately for each imaging sequence. Moreover, identified lesions in SWI 
sequence were evaluated in terms of iron deposition and central veins. Results: Totally 50 patients (10 males and 40 females) with a 
mean age of 28.48 ± 5.25 years were included in the current study. Majority of patients (60%) had a disease duration of >5 years, and 
mean expanded disability status score was 2.56 ± 1.32. There was no significant difference between different imaging modalities in 
terms of plaques’ number and volume (P > 0.05). It was also found that there was a high correlation between SWI and conventional 
imaging techniques of T2W (r = 0.97, 0.91, P < 0.001) and FLAIR (r = 0.99, 0.99, P < 0.001) in the estimation of both the number and 
volume of plaques (P < 0.001). Conclusion: The results of the present study indicated that SWI and conventional MRI sequences 
have similar efficiency for plaque assessment in MS patients.
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clinically silent MS. Brain MRI in patients with clinically 
isolated syndrome can help to predict the risk of MS 
development in the future.[9,10] The MRI protocols 
which are used commonly for the evaluation of MS 
include T2‑weighted (T2W), fluid‑attenuated inversion 
recovery (FLAIR), and T1‑weighted sequence with or without 
contrast agent (usually gadolinium based) administration. 
However, it is not possible to use contrast‑enhanced MRI 
imaging option in some cases such as patients with renal 
insufficiency or allergic reactions.[11]

Susceptibility‑weighted imaging (SWI) is a new 
neuroimaging option which generates highly contrasted 
images based on tissue magnetic susceptibility differences.[1] 
Recently, some studies have investigated iron deposition and 
changes in the vascular structure of MS lesions to explore the 
pathology of the disease.[12‑14] It has been reported that SWI 
compared to conventional imaging methods shows different 
characteristics of lesions.[15] Nonetheless, the role of SWI in 
MS plaque assessment in comparison with conventional 
MRI methods has not been focused enough. The current 
study aimed to compare SWI with MRI methods of T2WI 
and FLAIR in MS plaque assessment.

MATERIALS AND METHODS

Patients and setting
This cross‑sectional study was conducted on MS patients 
who referred to Shafa Imaging Center, Isfahan, Iran, between 
2015 and 2016. The study protocol was approved by the 
Ethical Committee of the Isfahan University of Medical 
Sciences (Project No. 395877). After a complete description 
of the study objectives, written consent was obtained from 
all patients. All patients who fulfilled McDonald criteria and 
had been diagnosed with MS by an experienced neurologist 
for at least 1 year before study initiation were included in the 
study. Patients who had the contraindication to MRI or did not 
consent to continue the research were excluded from the study.

Study measurements
At first, demographic information including age, sex, and 
age of disease onset have been recorded. Each patient was 
examined by an experienced neurologist who recorded 
clinical data and Expanded Disability Status Score (EDSS). 
Brain MRI was obtained with Siemens Magnetom Avanto 
1.5T MRI system. Imaging parameters for conventional 
sequences were according to Table 1 similar to previous 
research.[14] SWI sequence was obtained for each patient 
according to following parameters: slab of 64 slices 

with 2 mm thickness, no gap, field of view of 256 mm, 
acquisition matrix of 512*256, repetition time/echo time 
of 85/83 ms, and the flip angle of 25°. Each sequence was 
interpreted by an experienced radiologist who documented 
the number and location of plaques. Central vein 
condition (according to yes or no) and blooming artifact 
caused by iron deposition (according to their number) 
have been reported too. Plaques’ volume was estimated 
by TOADS‑CRUISE  software (TCG, Inc. of Washington, 
D.C., USA. http://www.nitrc.org/projects/toads‑cruise).[16]

Statistical analysis
Continuous and categorical data were presented as 
mean ± standard deviation and frequency (percentage). 
Continuous normally distributed data were compared 
between groups using independent t‑test and analysis of 
variance. Categorical data were compared between groups 
using Chi‑square or Fisher’s exact test. Pearson correlation 
was used for evaluating the association of volume and 
number of SWI, T2W, and FLAIR  indices in three imaging 
methods. All statistical analyses were performed using SPSS 
software (version 16; SPSS Inc., Chicago IL, USA).

RESULTS

Totally 50 patients (10 males and 40 females) with a mean 
age of 28.48 ± 5.25 years were included in the current study. 
Majority of patients had a disease duration of > 5 years (60%), 
and the mean EDSS score was 2.56 ± 1.32 [Table 2]. Patients 
with a disease duration of >5 years had a higher mean of 
plaques’ number and volume compared to patients with a 
disease duration between 1 and 5 years (P < 0.001) according 
to SWI and conventional imaging methods. Furthermore, we 
found the mean EDSS score to be 3.08 in those with disease 
duration >5 years compared to a mean EDSS score of 1.77 in 
those with a disease duration of 1–5 years (P < 0.001). As 
shown in Figures 1 and 2, there was no significant difference 
between different imaging modalities in terms of plaques’ 
number and volume totally and according to the disease 
duration (>5 and <5 years) (P > 0.05). It was also found that 
there was a positive significant correlation between SWI 
with T2W (r = 0.97, 0.91, P < 0.001) and FLAIR (r = 0.99, 0.99, 
P < 0.001) conventional imaging techniques in the estimation 
of both the number and volume of plaques [Table 3].

DISCUSSION

In the current study, we compared SWI with two 
conventional MRI methods in terms of plaque assessment 

Table 1: Imaging parameters for T2-weighted and fluid-attenuated inversion recovery sequences at 1.5T
Number of slices Slice thickness (mm) FOV (mm) TR (ms) TE (ms) BW (Hz/pixel) FA Resolved (mm)

T2 45 3 256 2800 16 100 180° 1×1×3
FLAIR 45 3 240 8800 125 130 180° 1×1×3
FLAIR=Fluid attenuated inversion recovery; FOV=Field of view; TE=Time of Echo, TR=Time of Repetition; FA=Flip angle; BW=Bandwidth
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among a number of MS patients. According to our study 
results, higher EDSS was associated with higher disease 

duration. We categorized disease duration into more 
and <5 years, and we found higher EDSS scores among the 
patients with longer disease duration. Similarly, a recent 
cohort study showed that increased EDSS rank stability 
was seen with prolonged disease. Furthermore, the authors 
concluded that after 4 years after disease onset, EDSS ranking 
would be helpful for predicting 5‑year disease outcome.[17] In 
addition, regard to conventional MRI sequences, it has been 
shown that lesions enhanced by gadolinium were correlated 
to higher EDSS in relapsing‑remitting MS patients and 
the same correlation has been reported to be between 
0.15 and 0.6 considering T2W MRI.[18] However, using a 
composition of multiple MRI measures in MS patients 

Table 2: Basic demographic and radiological characteristics of patients
Variables Mean±SD or n (%) Disease duration (years) P*

>5 <5
Age 28.48±5.25 28.10±4.66 29.05±6.12 0.54

Gender
Female 40 (80) 24 (60) 16 (40) 0.64

Male 10 (20) 6 (60) 4 (40)
EDSS 2.56±1.32 3.08±1.40 1.77±0.62 <0.001
Central vein detection (yes) 42 (84) 25 (59.5) 17 (40.5) >0.99
T2W plaque number 20.36±8.87 26.07±7.93 13.30±4.43 <0.001
T2W plaque volume 16279.26±2414.44 17890.67±1312.40 13862.15±1468.10 <0.001
SWI plaque number 23.06±9.49 28.47±7.90 14.95±4.65 <0.001
SWI plaque volume 16735.44±2240.81 18174.43±1275.20 14576.95±1514.49 <0.001
FLAIR plaque number 22.20±9.26 27.33±7.92 14.50±4.62 <0.001
FLAIR plaque volume 16731.242172.23 1811.37±1255.27 14661.05±149.41 <0.001
SWI=Susceptibility‑weighted imaging; FLAIR=Fluid‑attenuated inversion recovery; EDSS=Expanded disability status scores; SD=Standard deviation; T2W=T2‐weighted

Table 3: The correlation between susceptibility‑weighted 
imaging, T2-weighted, and fluid-attenuated inversion 
recovery imaging in multiple sclerosis plaque 
assessment

Volume Number
T2W SWI FLAIR T2W SWI FLAIR

T2W 1 0.91* 0.91* 1 0.97* 0.97*
SWI __ 1 0.99* __ 1 0.99*
FLAIR __ __ 1 __ __ 1
*P<0.001. SWI=Susceptibility‑weighted imaging; FLAIR=Fluid‑attenuated inversion 
recovery; T2W=T2‐weighted

Figure 1: The mean of plaques’ volume according to susceptibility weighted imaging, T2‑weighted, and fluid‑attenuated inversion recovery imaging in multiple 
sclerosis patients
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improves the mentioned correlation with EDSS and may 
provide broader understanding of disease process in the 
patient.[19] In consistent with these findings, in our study, the 
number and volume of lesions that were detected in each 
sequence, in patients with MS for more than 5 years, were 
higher than corresponding variables in patients for <5 years. 
It suggests that more severe MS in a patient presents more 
detectable radiologic characteristics in comparison with 
mild or moderate disease.

On the other hand, the number and volume of detected 
plaques were too close in all sequences, comparing to each 
other. These results suggest that SWI is at least as efficient 
as usual sequences to detect MS lesions. Similarly, a recent 
study on 15 MS patients reported that there is no significant 
superiority of susceptibility‑weighted angiography 
compared to FLAIR for detecting white matter lesions,[20] 
while Haacke et al. reported that the number of detected 
plaques in SWI sequence is 50% more than detected plaques 
in other sequences.[14] This controversy may be resulted of 
using 3T and 4T MRI systems in their study method while 
we used 1.5T MRI system in the current study. According 
to previous research, sensitivity and specificity of FLAIR 
sequence for detecting white matter lesions are different 
regard to lesions’ location[21] and mentioned sequence might 
be less sensitive to lesions in the posterior fossa.[22] These 
findings, as a part of reasons, have supported developing 

new imagery techniques such as SWI to be used for 
evaluating MS patients.

Early reports of SWI use in patients with MS were inspiring, 
and this group of sequences gives us much more information 
in comparison with other neuroimaging sequences. 
Basically, SWI sequence is the result of merging T2W images 
with filtered phase gradient echo images. While T2W images 
show susceptibility contrast, SWI shows susceptibility 
variation of tissues with higher quality. SWI major limitation 
was the quantitative evaluation of magnetic susceptibility 
that properly was resolved by quantitative susceptibility 
mapping and susceptibility tensor imaging methods.[23‑25]

SWI is an exclusive method, demonstrating tissues with 
iron deposition in several forms such as deoxyhemoglobin, 
ferrit in,  and hemosiderin.  The iron deposition 
lesions/plaques were reported more frequently in our 
MS patients with prolonged disease. Several studies have 
shown that abnormal iron deposition in perivascular 
and parenchymal areas can be suggestive of MS.[26] The 
importance of this is due to the fact that visualizing white 
matter lesions for instance in T2W images is not specific just 
for diagnosing MS and these lesions can be seen in various 
pathologic and inflammatory conditions in CNS as well.[27,28] 
Hence, the iron deposition in the brain has been reported 
to be served as a surrogate biomarker for lesions caused 

Figure 2: The mean of plaques’ number according to susceptibility weighted imaging, T2‑weighted, and fluid‑attenuated inversion recovery imaging in multiple 
sclerosis patients
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by MS, and this biomarker can be easily detected in SWI 
sequence, especially in filtered phase SWI.[14] Furthermore, 
the presence of central veins within the white matter lesions 
has been investigated as another radiologic finding in favor 
of diagnosing MS.[29,30] In contrast, research exists reporting 
that central vein detection is not specific for MS, and it 
should be noted that in our study, central veins in white 
matter lesions were not associated with disease duration.[20]

However, there are some limitations to our study. It has been 
shown that higher magnetic field strength in 7T scanners 
helps delineating white matter lesions better than 1.5T 
scanners.[31] We used 1.5T MRI system for evaluating our 
MS cases. Therefore, some smaller lesions could be missed 
in measured sequences. We did not investigate central veins 
quantitatively as well as iron deposition. Furthermore, we 
did not investigate our main study variables considering 
different types of MS such as relapsing‑remitting, etc.

CONCLUSION

The results of the present study demonstrated that SWI is 
as efficient as conventional MRI sequences in the estimation 
of MS plaques’ volume and number.
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