
The Evaluation of MRI Diffusion Values of Active Demyelinating Lesions in  

Multiple Sclerosis 

INTRODUCTION 
 

 The detection of new MRI activity in early disease, during the course of 

disease and in monitoring the response to treatment of Multiple 

Sclerosis (MS) is key in disease management. Whereas the detection 

of new T2 lesions requires a solid reference scan and meticulous slice 

by slice analysis of a comparative new scan, the appearance of 

Gadolinium (Gd) enhancing lesions leaves little doubt that lesions are 

in fact recent, new or active. However, the administration of Gd is 

expensive, more labour intensive and has potential safety issues.  It 

was observed that Gd-enhancing lesions often show restricted diffusion 

on Diffusion Weighted Imaging (DWI) studies, suggesting that DWI 

might supplant the use of Gd for detection of new MRI activity.  DWI 

sequences are short, adding little to MRI scan time and do not require 

any infusion of dye. 

 

The purpose of this study was to investigate how consistently Gd-

enhancing lesions correlated with DWI restricted diffusion in MS 

patients. 

PATIENTS AND  METHODS 

 
This is a retrospective cohort study of registered patients in the 

Ottawa Hospital Multiple Sclerosis clinic who had undergone MRI with 

both Gd and DWI sequencing. 

     

The images were evaluated first for the presence of Gd+ enhancing 

lesions and then evaluated for whether these same lesions also 

showed restricted diffusion on DWI. DWI was acquired with a single-

shot echo planar sequence in three orthogonal directions with diffusion 

gradients b-value of 0, 500 and 1000 sec/mm2. Apparent diffusion 

coefficient (ADC) maps were automatically generated.   ADC values 

were measured on Gd+ lesions and all lesions showing restricted 

diffusion as well as 2 Gd- lesions along with 1 area of normal 

appearing white matter (NAWM) in all patients. Comparisons of the 

ADC values of the Gd+, Gd− lesions and NAWM were performed. The 

predictive value of the restriction on ADC map for the presence of Gd-

enhancement of lesions was calculated.  

 

DISCUSSION 
 

•Despite the hope that DWI sequences and the presence of restricted 

diffusion might substitute for the use of Gd to detect new MRI activity 

in MS, our data suggests that it cannot.   

•Most Gd-enhancing lesions demonstrate heterogeneity in restricted 

diffusion, with generally a lower ADC minimum compared to Gd- 

lesions; however, many had no visually appreciable restriction in 

diffusion images, indicating that DWI would be insensitive an index for 

detecting MRI activity in most new lesions.  

•Lesions that are felt to be symptomatic were more likely to be 

associated with restricted diffusion than those that were asymptomatic, 

whereas the same was not true of Gd+ lesions.  This suggests that 

measuring restricted diffusion in lesions might offer insight as to the 

functional significance of these lesions.  
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Figure 1-Method used for screening of lesions and measurement of 
ADC values in ADC map 

Figure 2-ADC minimum of Gd enhancing 

lesions vs. NAWM and Non-enhancing lesions 

Figure 3-ADC Restricted lesions in visual 

apparent ADC map and enhancement pattern 
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Figure 4-ADC max &SD of Gad enhancing 

lesions vs. NAWM and Non-enhancing lesions 
Table 1 -Sensitivity and specificity of 

Restriction in ADC map for Gd enhancement 

Table 3 - Analysis of ADC Values of Sympt. vs. 

Asympt. lesions in enhancing lesions 

Figure 6- Symptomatic vs Asymptomatic 

lesions in Gd enhancing or restricted lesions 
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Figure 5-Symptomatic vs Asymptomatic 

enhancing lesions ADC values 

RESULTS 
 

• DWI values were measured on 275 T2 lesions that included 68 Gd+ 

lesions and 207 Gd- lesions, as well as 104 corresponding NAWM 

area in each MRI. 

 

•34 lesions showed restricted diffusion on DWI. The median ADC 

minimum of enhancing lesions was significantly lower than NAWM and 

even lower than the Gd- lesions. Most DWI restricted lesions showed 

Gd enhancement (specificity ≥94%), but many Gd+ lesions did not 

show detectable restriction on DWI (sensitivity ≤ 34%). Most of the 

Gd+ or restricted lesions were asymptomatic, but the median ADC 

minimum of symptomatic lesions was lower than asymptomatic 

lesions, suggesting that greater restriction might correlate with 

symptomatic lesions . 

Table 2- Analysis of ADC Metrics of Different 

Types of Lesions  




