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Abstract  

Background: There are a number of challenges in MS  
clinical practice, including the limitations of conventional  
MRI techniques in the diagnosis, subtyping, predicting disease  
course, and monitoring of people suffering from MS. Suscep-
tibility Weighted Imaging (SWI) is a relatively new MR  

sequence that has the ability for simultaneous visualization  
of hyperintense MS lesions and their central veins.  

Aim of Study:  To assess the role of MR susceptibility  
weighted imaging in comparison with T2 and FLAIR sequences  

in evaluation of MS lesions.  

Patients and Methods:  In this prospective study, 30 patients  
with clinical diagnosis of MS were enrolled. All patients were  
undergone brain MRI consisting T2W, FLAIR and SWI se-
quences. All sequences were analyzed for the presence and  

number of MS plaques. Moreover, the detection of central  

veins in MS plaques were assessed by SWI.  

Results:  Our study included 30 MS patients: 5 patients  
(16.7%) had disease duration more than 5 years and 15 patients  

(83.3%) with disease duration less than 5 years. All obtained  
sequences showed fewer number of plaques as the disease  

duration was less (p<0.05). SWI has also the ability of detection  
central vein in MS plaques.  

Conclusion: SWI is an additional sequence, that together  
to conventional MRI sequences, helps to characterize the  

white matter lesions detected in multiple sclerosis diagnosis  

with superiority of detecting central veins which improves  
the understanding of the MS pathogenesis.  

Key Words:  Central vein sign – Multiple sclerosis – Suscep-
tibility weighted imaging.  

Introduction  

MULTIPLE  Sclerosis (MS) is the most common  
autoimmune neurological disorder affecting young  

adults. It is pathologically characterized by multi-
focal inflammation, demyelination, axonal injury  
and neuronal loss [1] .  

Although the etiology of this disorder is still  

unknown, it is believed that inflammatory and  
auto-immune processes mediated by lymphocytes  

are the initiator of multiple sclerosis [2] .  

Conventional Magnetic Resonance Imaging  

(MRI) has high sensitivity in demonstrating MS  

dissemination in time and space [1,3] . It is also  
useful for monitoring of disease activity which can  

help to guide treatment decision and appropriate  
management to reduce relapse occurrence and slow  

disease progression to disability [4,5] . T2-weighted  
sequence has high-sensitivity for detection of  

hyperintensities in white matter. This high signal  

in T2W could be due to wide range of pathologies  
including edema, mild demyelination and glial  
scars [6] .  

Several recent studies applying SWI to MS  
have reported that minimum intensity projection  
(min IP) SWI and/or its source images before post  

processing (i.e. SW magnitude and phase images)  
can detect MS plaques with greater sensitivity than  
structural MR imaging (such as T2 weighted and  

FLAIR images) and can visualize various signal  

patterns not previously recognized within the  

plaques [7] . It is also a relatively new MR sequence  
that has the ability to draw a venous map thus  

demonstrating the central vein sign within MS  
lesions [8] .  

The aim of this study was to assess the results  

of SWI sequence for evaluating the MS plaques  
in comparison with T2W and FLAIR sequences.  
In addition, the ability of SWI to detect central  

vein in MS plaques was assessed.  

Patients and Methods  
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Department of Diagnostic Radiology, Faculty of  
Medicine, Mansoura University. This study has  
been approved by our Local Ethics Committee.  

Patients:  
Our study included 30 patients (22 females and  

8 males; with main age 30.97 ±9.79 years (range:  
17-54 years), with diagnosis of multiple sclerosis  

fulfilling McDonald criteria [3]  with at least one  
year passing from the initiation of their symptoms  
were included in this study after getting informed  

consent. The demographic data of patients including  

age, gender, disease duration were collected.  

Inclusion criteria:  

The inclusion criteria were having McDonald  

criteria based on disease duration and location of  
plaques and minimally 1 year passed from initiation  

of the MS disorder.  

Exclusion criteria:  
The exclusion criteria were presence of any  

contraindication for MRI imaging.  

Image acquisition:  
All patients were undergone brain MRI using  

1.5 Tesla MRI system (GE SIGNA Explorer) using  
a 16-channel head coil in supine position. All  
patients underwent a brain MRI examination with  
a uniform protocol (FLAIR, T2-weighted sequences  
in different planes and SWI (Table 1).  

Table (1): MRI parameters used.  

Parameter  SWI  FlAIR  T2  

Field of view (mm)  230  230  230  
Matrix  512 X 256  256  256  
Slice thickness (mm)  3.6  5  5  
Voxel size  0.9  0.9  0.9  
Repetition time  77.3  6500  6735  
Echo time  49.2 118.9  106  
Inversion time  – 1967  
Acquisition time  4min.  4min. 18s  2min. 11s  
Flip angle  15  90  160  

Image analysis:  

The number and location of plaques were col-
lected from all obtained sequences. Moreover,  

central vein detection has been considered in SWI  
sequences. To better differentiate the signal void  
of a vessel, the Min IP post-processed SWI images  

were also used.  

Statistics:  
The collected data are presented as mean ±  

Standard Deviation (SD), number (percent) and  

range (minimum-maximum values). Statistical  

analyses have been conducted using SPSS software  

package version 22.0. p-value less than 0.05 was  
considered statistically significant.  

Results  

In our study, 30 patients fulfilling inclusion  

criteria were enrolled. 8 cases were male (26.7%)  

and 22 cases were female (73.3%). The mean age  

was 30.97±9.79 years (range: 17-54 years) Table  
(2). Five patients (16.7%) had the disease for more  

than 5 years and 15 patients (83.3%) with disease  

duration less than 5 years Fig. (1).  

Table (2): Demographic characters of the studied cases.  

Variables  
MS patients (n=30)  Test of  

significance  No % 

Sex:  
Male  8 26.7  t=10.53  
Female  22 73.3  p=0.002*  

Age/years:  
Mean ±  SD  30.97±9.79  χ

2
=9.15  

Range  17-54  p<0.001 *  

Disease duration/years  

Fig. (1): Pie chart of the disease duration for MS cases.  

Three different MRI sequences (T2W, FLAIR  
and SWI) were evaluated. The number of detected  

plaques for each patient were calculated in all three  

sequences. The median numbers of plaques cate-
gorized based on duration of MS disorder are  
summarized in (Table 3). Median numbers of de-
tected plaques in patients with more than 5 years’  

disease duration were 24 (18-31) in T2W sequences,  
25 (18-33) in FLAIR sequences and 25 (14-31) in  

SWI sequences. However, the median numbers of  
plaques in patients with less than 5 years’ disease  

duration were 12 (3-40), 13 (3-37) and 12 (3-38)  
in T2W, FLAIR and SWI sequences, respectively.  

All types of MRI sequences used in this study  
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showed that there are significantly higher numbers  

of plaques in patients with more than 5 years’  

disease duration than cases with less than five  

years’ disease duration (p=0.01). Calculating the  
numbers of plaques using SWI sequences indicated  

that this type of MRI technique has similar power  
with T2W and FLAIR in detecting MS plaques.  
Furthermore, SWI has superiority than T2W and  

FLAIR, as presence of central vein within MS  

plaques could be easily assessed by this MRI  
technique. Therefore, SWI images were analyzed  

for the presence of central vein within MS plaques  
in each patient. SWI sequences detected central  

vein Fig. (2) in all patients with >5 years’ disease  

duration and in 24 patients with <5 years’ disease  
duration [p>0.05, (Table 3)].  

Fig. (2): Axial T2WI image (A) show two hyperintense  
MS lesions in the periventricular region (black arrows) with  

no surrounding edema or mass effect. On corresponding SWI  
images (B), the central vein sign appears as a thin hypointense  

line indicating a small central vein within the MS lesions.  

Table (3): Measured variables from obtained MRI sequences.  

Variables  
<5 years disease  

duration (25 cases)  
>_5 years disease  

duration (5 cases)  p-value  

Median number of plaques in T2W  12 (3-40)  24 (18-31)  p=0.01 *  

Median number of plaques in FLAIR  13 (3-37)  25 (18-33)  p=0.01 *  

Median number of plaques in SWI  12 (3-38)  25 (14-31)  p=0.019*  

Detection of central veins in SWI:  

Yes  24 patients  5 patients  p>0.05  
No  1 patient  0  

Discussion  

In this prospective study, we assessed the po-
tential of SWI sequences of MRI for detection and  

evaluation of MS plaques in patients with short  
term (<5 years) and long term (>5 years) disease  
duration in comparison with usual MRI techniques  

including T2W and FLAIR sequences.  

The demographic data of enrolled patients  

showed mean age of being young adult and also  

superiority of females. These results are similar  

with results of epidemiologic studies about MS  
done by Rojas et al., 2017 which have shown high  
prevalence of MS in young adults and females [9] .  

Plaques were quantified in each MRI sequence  

for each patient to compare the capability of SWI  

for detection of MS plaques with T2W and FLAIR.  
We found that SWI has similar capability for de-
tection of MS plaques as T2W and FLAIR. This  
was similar to the results of a previous study done  

by Johari et al., 2018. Other previous study done  

by Haacke et al., 2009 had showed high potency  
of SWI in detecting MS lesions compared to con-
ventional methods [10,11] .  

We also have evaluated the SWI for presence  

of central veins in MS lesions. Central veins were  
detected in 29 cases out of 30. We here showed  

that more than 95% of evaluated SWI sequences  

confirmed the presence of central vein in demyeli-
nating lesions which is approving MS diagnosis.  

This is helpful for understanding the pathogenesis  

of MS in which inflammatory demyelinating white  

matter lesions usually occur around small veins.  

Conclusion:  

SWI at least has similar power for detection of  

MS lesions as T2W and FLAIR. Also, the capability  
of SWI in detection of central veins within MS  
lesions is so valuable for confirmation and moni-
toring of MS disease. So, we recommend the use  
of SWI sequences in the routine MR evaluation of  

MS patients.  
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