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Abstract: Differentiation of intra-axial brain masses with conventional MRI or CT imaging is difficult especially 
neoplastic from non neoplastic masses. Advanced MR imaging techniques, such as diffusion weighted MR imaging, 
perfusion MR imaging and MR spectroscopy can further improve the diagnostic accuracy of conventional CT and 
MR imaging. Diffusion-weighted MR imaging may detect inflammatory processes, whereas characteristics of 
peritumoral area may help to distinguish between metastases and glioblastomas. In solid tumors DWI, may also aid 
the differentiation between low grade gliomas and malignant tumors. Diffusion-weighted MR imaging also provides 
adjunctive information for detection of demyelinating processes. Diffusion-weighted MR imaging has an important 
role in diagnosis & differential diagnosis of the ring enhanced intracranial lesions with the conventional MR 
sequences after IV contrast injection. Purpose: To determine the accuracy of a Diffusion-weighted MR imaging in 
diagnosis and to differentiate and characterize the intra-axial enhancing focal lesions, according to its 
histopathological findings or clinical diagnosis. Materials and Methods: 40 patients (25 men and 15 women), mean 
age, 34.5 years) with neurological symptoms with or without previous investigations were enrolled into this study. 
Results: Search results showed 10 patients with high-grade and 5 with low-grade primary neoplasm, 10 with 
abscesses, 4 with lymphoma, 8 with demyelinating diseases, and 3 with metastases. Those lesions revealed different 
patterns of DW and ADC values. Conclusion: Diffusion-weighted MR imaging is significant in diagnosis and 
accurate in differentiation of several intra-axial brain focal lesions. 
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1. Introduction: 
       The brain is complex and full of glial, globular, 
membranes and other structures, which may or may 
not allow water to move freely. Because water spins 
will run into constituents of cells of different 
concentrations in different cellular compartments, they 
will spread at different rates when labeled with the 
“magic ink”. In addition, they will not behave in the 
same way when they are moving in different 
directions. The former is measured as the diffusion 
rate, diffusion coefficient, or simply diffusivity, 
depending on the unit used, and the latter is more 
formally described as diffusion anisotropy [1–2]. 
The aim:  
       The aim of this work is to determine the role of 
Diffusion imaging in diagnosis and differentiation of 
different intra-axial lesions. 
2. Patients' and methods: 
       In this study 40 patients (25 men and 15 women), 
mean age, 34.5 years) in the period between January 
2010 and September 2012.at Al-Azhar University 
hospitals and Al-Amin National hospital KSA. 
Criteria of selection: 
We have chosen our patients 1) with neurological 
symptoms of gradual onset and progressive course. 2) 
Age above 20 years old  

Criteria of exclusion:  
1) We excluded patients younger than 20 years. 

Patients younger than 20 years were not included 
because some pediatric brain tumors are known to 
have different imaging characteristics. 

2) Extra-axial lesions  
3) Focal lesions with immunodeficiency virus. 
4) Post-operative patients except our patients included 

in this study for follow up. 
5)  Non enhancing lesions. 
6) Patients with hyper-acute neurological deficit 

without history of previous pathology  
7)  Patients with bad general condition. 
8) Post-traumatic patients   
         All patients presented with neurological 
symptoms & were subjected to medical history and 
thorough clinical examination: (general& neurological 
examination), ECG, Chest X ray, abdominal US, 
laboratory complete investigations, carotid Duplex 
Doppler US, CT and MRI examinations. 
       All patients underwent MR imaging with a 1.5-T 
systems (Philips super conducting Magnet system, 
signa prospeed Lx) at Sayed Galal university hospital 
and 1.5 –T GE system at Al-Ameen national hospital-
Taif KSA.  
The imaging protocol includes: 
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1- Three planes localizer: very rapid localizer 
sequences were taken. 

2- Axial T2 FSE with TR/TS : 6000/85 , ETL20 ,field 
of view : 24 , slice thickness /space :5/2 , matrix : 
256 x 192 ,NEX :2, time of acquisition: 1 minute  
21sec 

3- Axial T1SE with TR/TE : 600/28 acquisition time : 
1minute 18 sec 

4- Axial FIAIR sequence TR/TE: 10000/100 interval 
time 2200 acquisition time: 1minute 25 sec 

5-  Axial Diffusion sequence: (10000/118; field of 
view, 300 mm; section thickness, 5mm; number of 
signals acquired, one) by using sequential 
application of diffusion-sensitizing gradients(b 
values, 0 and 1000 sec/mm2) in three orthogonal 
(x,yandz) directions. 

Post processing of ADC map was also performed with 
standard software at a single workstation 
(FuncTool, version2; GE Medical System). 

6 - Axial T2 * gradient echo sequence: TR / TE: 
550/15, flip angle 20, field of view : 30,slice 
thickness/space 5/2, with acquisition time: 2minte 
28 sec ((to exclude hyper acute hemorrhage )) 

7- Coronal Diffusion sequence: acquisition time 25 
seconds 

8-  Rabid MRA, 3D TOF sequence for the carotid and 
vertebra-basilar circulation, acquisition time :6 
minutes 30 sec, parameters: TR/TE : 36/7 ,flip 
angle 20 ,field of view :18.slice thickness 1.4 

overlap 1 ,locations per slab :60 ,frequency 
encoding 256 , phase encoding 192 Nex 1. 

9- T1WI with contrast: IV administration of 0.1 – 
mmol/kg of gadolinium, single shot spin-echo 
echoplanner images were obtained.  

3. Results:  (Figs.1-5) and (Tables 1-6) 
       40 patients had imaging criteria of sub-acute or 
chronic neurological symptoms (10 cases of high 
grade glioma, 5 cases of low grade glioma, 4 cases of 
lymphoma and 3 cases of metastases, 10 cases of 
abscesses & 8 cases of MS), conventional MRI study,  
T1 with contrast, Diffusion &ADC map were done 
We classify masses according to pattern of 
enhancement to: 

1) Heterogeneous enhancement: 1 abscess, 3 
cases of lymphomas, 8 cases of high grade glioma, 4 
cases of MS, 5cases of low grade glioma. 
2) Rim enhancement: 9 cases of abscesses, 1 case of 
lymphoma, 2 cases of high grade glioma, 4 cases of 
MS, one of them shows complete ring and 3 show 
incomplete ring enhancement. 
According to Diffusion to: 

1) Diffusion facilitated:1 abscess, 10 high grade 
glioma, 3 low grade glioma, 7 cases of MS, 
3 cases of metastases. 

2) Diffusion restricted: 9 abscess, 2 cases of low 
grade glioma, 4 cases of lymphoma, 1 case 
of MS. 

 
Table (1): Classification of intra-axial masses according to pattern of enhancement and Diffusion criteria: 

Number of cases 
Diffusion and contrast enhancement patterns 
Facilitated Restricted Heterogenous Rim 

Cases(n=40) 24 16 22 18 
 1 abscess 

10 high grade 
glioma(HGG). 
3 low grade 
glioma(LGG). 
3 metastases. 
7 MS 

9 abscess. 
2 low grade 
glioma. 
4 lymphoma. 
1 MS 

1 abscess. 
8 high grade glioma. 
4 low grade glioma. 
2 metastases. 
4 MS. 
3 lymphoma. 

9abscess. 
4 MS. 
2 high grade glioma. 
1 low grade glioma. 
1 metastases. 
1 lymphoma. 

 
Diffusion+enhancement 

Heterogenous+ 
facilitated=18(1 
abscess, 8HGG, 
3LGG, 2 
metastases,4MS) 

Heterogene-
ous    + 
restricted=4 
(3lymphoma, 
1LGG) 

Rim+facilitated=6(2HGG,3MS,1 
metastases) 

Rim+restricted=12(9abscess, 
1lymphoma, 1MS&1LGG) 

 
Table (2): ADC measurements of different intra-axial lesions: data x 10 -3 mm2/sec 

Lesion type 
 

Mean ±SD   

Glioma (n=15) 1.96 1.86   
Lymphoma (n=4)  0.91 0.26   
Metastasis(n=3) 1.42 1.12   
Abscess(n=10)  0.89 0.56   
MS(n=8)  1.41 0.46   
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According to pattern of enhancement, Diffusion& ADC map we calculated the diagnostic accuracy, 
sensitivity, specificity in: 
(1) Discrimination of neo plastic from non-neo plastic disease, in which a true-positive finding is defined as a 

neoplasm classified as a neoplasm, a true negative finding is defined as a non neoplasm classified as a non-
neoplasm, a false positive finding is defined as a non neoplasm classified as a neoplasm, and a false-negative 
finding is defined as a neoplasm classified as a non neoplasm. 

(2) Discrimination of high-grade from low-grade neoplasm, in which a true-positive finding is defined as a high 
grade neoplasm classified as a high-grade neoplasm, a true negative finding is defined as a low grade neoplasm 
classified as a low grade neoplasm, a false positive finding is defined as a low grade neoplasm classified as a 
high grade neoplasm and a false negative finding is defined as high grade neoplasm classified as a low grade 
neoplasm. 

(3)Discrimination of high grade neoplasm and lymphoma from low grade neoplasm and non neoplastic disease, in 
which a true-positive finding is defined as a high grade neoplasm or lymphoma classified as a high grade 
neoplasm or lymphoma, a true-negative finding is defined as a low grade neoplasm or non neoplastic disease 
classified as a low grade neoplasm or non neoplastic disease, a false positive finding is defined as low grade 
neoplasm or lymphoma, and a false negative finding is defined as a high grade neoplasm or lymphoma classified 
as a low grade neoplasm or non neoplastic disease. 

(4) Discrimination of different types of non-neoplastic lesions. 
 
 
Table 3: Statistical analysis of the diagnostic accuracy & predictive value of diffusion &ADC in discrimination of 
neoplastic from non neoplastic cases 

 
Results 

True +ve False +ve True –ve False –ve 
Cases(n=40) 19 2 16 3 
Accuracy Sensitivity Specificity +ve predictive -ve predictive 
=87.5% =86.3% =88.8% =90.4% =84.2% 

We incorrectly diagnose 1 case of MS as a lymphoma, 1 abscess as a high grade glioma, 1 lymphoma and 1 low 
grade glioma as an abscess. 
 
Table 4: Statistical analysis of the diagnostic accuracy & predictive value of diffusion &ADC in discrimination of 
high grade neoplasm and lymphoma from low grade glioma and non neoplastic cases 

 
Results 

True +ve False +ve True –ve False –ve 
Cases(n=40) 16 5 18 1 
Accuracy Sensitivity Specificity +ve predictive -ve predictive 
=85% =94.1% =78.2% =76.1% =94.7% 

 
Table 5: Discrimination of high grade neoplasm (HGG & metastases) from low grade neoplasm (10 HGG,3 

metastases,5LGG) 

 
Results 

True +ve False +ve True –ve False –ve 
Cases(n=18
) 

10(8 HGG & 2 
metastases) 

heterogeneous 
enhancement+ 

facilitated 

3 (LGG, heterogeneous + 
facilitated diffusion) 

2 (LGG, restricted 
diffusion) 

3(2 HGG, 1 
metastases, rim+ 

facilitated) 

Accuracy Sensitivity Specificity +ve predictive -ve predictive 
=66.6% 76.9=% =40% =76.9% =40% 
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Table(6) classification of benign lesions according to imaging criteria (enhancement pattern, Diffusion& ADC) 

 
Benign lesions=18 
True +ve False +ve True –ve False –ve 

Abscess = 
10 9 ( rim enhancement + 

restricted diffusion) 

2 (1 LGG & 1 
lymphoma + restricted 

diffusion+ rim 
enhancement) 

8 ( cases of 
MS) 

1 ( heterogenous 
enhancement 

+facilitated diffusion) 

MS=8 7 ( facilitated diffusion + 
4 heterogeneous 

enhancement,     3 
incomplete rim 
enhancement) 

0 
10 ( all cases of 

abscesses) 

1(complete rim 
enhancement+ restricted 

diffusion) 

 

 
Case;1) Left frontal glioblastoma multiform in 55 years old man: irregular ring enhancement of non-uniform 
thickness pattern with adjacent tissue infiltration, facilitated diffusion, the highest ADC(10000/118; b values, 0 and 
1000 sec/mm2) =1.46x10-3mm2/sec( necrosis has a higher ADC than enhancing areas)  
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Case; 2 ) Multiple sclerosis:   The plaques show diffusion facilitation and high ADC values=1.33x10-3mm2/sec: 

 

 
 
3) Mitochondrial disease: basal ganglia, corpora striata small mild DW hyper-intensity (mild diffusion restriction), 
mild low ADC values.  
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4 )Right parietal&temporal and left occipital metastases :the parietal appears ill defined+heterogenous enhancement, 
the right temporal and left occipital show ring irregular enhancement at T1 +C , DWI shows mild high signal 
intensity at the centre of the tumor, diffusion facilitation at the periphery with high ADC values=1.42x10-3mm/sec. 
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5) Right occipital abscess: DWI: Abscess cavities are homogeneously hyperintense on DW MR images with low 
ADC,  the signal intensity of the abscess cavity (central portion) is markedly higher and the ADC ratios are 
markedly low=0.69x10-3mm/sec. 
 
4. Discussion: 

Diffusion-weighted imaging can provide 
valuable information about tumor cellularity and help 
in the characterization and grading of tumors of the 
brain. In most situations, it is difficult to differentiate 
between specific tumors and to determine tumor 
infiltration. DWI distinguishes cytotoxic from 
vasogenic edema in complicated cases; especially 
helpful for evaluation of new deficits following 
tumor-resection. (1, 2, 4, 5). 

Future studies will show whether diffusion 
tensor imaging can improve our ability to characterize 
and grade brain tumors on imaging studies.(14). Many 

authors (15-17)
, demonstrated that tumor and edema 

have higher ADCs than doe's normal brain tissue and 
that central necrosis has a higher ADC than do tumor, 
edema, or normal brain tissue, the present study 
confirmed that results. Tien et al. (15) demonstrated 
that enhancing tumors have significantly lower ADCs 
than does adjacent edema, but Brunberg et al. (16) 
found that there is no significant difference between 
ADCs of enhancing tumor and edema. Both concluded 
that the ADC alone cannot be used to differentiate a 
nonenhancing tumor from adjacent edema. Brunberg 
et al.  suggested that both enhancing and non-
enhancing tumors can be distinguished from edema 
because edema has significantly higher indices of 
diffusion anisotropy when compared with adjacent 
tumor, presumably due to intact myelin within the 
edema. Demarcation of tumor from surrounding 
vasogenic edema with DW MR imaging is important 
in determining radiation ports, surgical margins, and 
biopsy sites. A number of investigators (16-18-19) 
have demonstrated that DW MR imaging cannot be 
used to differentiate between high- and low-grade 

gliomas or between tumor types. Osborn, et al found 
that there is no diffusion restriction is typical but 
diffusion tensor imaging of white matter may help 
surgical planning in future. DW MR imaging is also 
valuable in the assessment of tumor resections that are 
complicated, in the immediate postoperative period, 
by acute neurologic deficits. Although both 
extracellular edema and infarction are hyperintense on 
spin-echo T2-weighted images, cytotoxic edema is 
characterized by a low ADC, and vasogenic edema is 
characterized by a high ADC, relative to brain 
parenchyma. Thus, an acute infarction can easily be 
differentiated from postoperative edema.  

In intracranial Infections, the present study 
revealed characterizations of the pyogenic infection 
&its DD of the ring enhanced lesions, primary 
neoplasm, metastasis, demyelination, resolving clot 
and subacute infarct. Abscess cavities and empyemas 
are homogeneously hyperintense on DW MR images, 
with signal intensity ratios of abscess cavity to normal 
brain tissue that range from 2.5 to 6.9 and with ADC 
ratios range from = 0.87 to 0.53 x10-3mm/sec (20-21). 
In one study (22), the ADC of the abscess cavity in 
vivo was similar to that of pus aspirated from the 
cavity in vitro. In another study (21), the ADC ratio of 
empyema compared with CSF was 0.13 in one patient. 
The relatively restricted diffusion most likely results 
from the high viscosity and cellularity of pus.  
Although intracranial abscesses and intracranial 
neoplasms may appear similar on images obtained 
with conventional MR sequences, the signal intensity 
of the abscess cavity (central portion) is markedly 
higher and the ADC ratios are markedly lower than 
those of necrotic tumors on DW MR images, we 
confirmed the results of (15, 16, 20, 4) in addition, the 
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primary or metastatic neoplasm have a thick nodular 
enhancing wall (4). Other ring enhanced lesions as 
resolving hematoma, has a history of trauma or 
vascular lesion with conventional MRI manifestations 
of blood products, demyelination has enhancement 
often incomplete ring, characteristic lesions elsewhere 
in brain& less amount of mass effect for size of the 
lesion, subacute infarct, has a history of stroke, 
vascular distribution & gyriform enhancement. (4)  
Bacterial meningitis may be complicated by subdural 
effusions or subdural empyemas, which are difficult to 
differentiate on conventional MR images  

In multiple sclerosis, acute lesions show 
concentric ring pattern on diffusion-weighted images 
with hyperintense rim. Inactive MS plaques show 
variable ADC, anisotropic values, not statistically 
different from normal appearing white matter. 

Active plaque centers show increased ADC 
&low anisotropy. Subacute & chronic lesions show 
intermediate increased ADC & moderate decreased 
anisotropy. (4) 

The elevated diffusion in active stages may result 
from an increase in the size of the extracellular space 
due to edema and demyelination acutely and to axonal 
loss and gliosis chronically. In rare instances, acute 
plaques have restricted diffusion. This may result from 
increased inflammatory cellular infiltration with little 
extracellular edema. Of interest, normal-appearing 
white matter has a mildly increased ADC (25). This 
correlates with histologic results in which multiple 
sclerosis was shown to diffusely affect white matter 
(26). Horsfield et al. (25) demonstrated that benign 
multiple sclerosis lesions have ADCs similar to those 
of secondary progressive multiple sclerosis. 
Furthermore, the degree of ADC elevation within 
individual lesions did not correlate with the degree of 
patient disability.  

Increased apparent diffusion coefficient (ADC) 
values and decreased fractional anisotropy can be seen 
in normal-appearing white matter of patients with MS. 
This is clearly different from healthy control subjects, 
where these abnormalities are not seen [27, 28]. 

In acute disseminated encephalomyelitis, the 
ADC values appear normal within normal appearing 
white matter, unlike MS (4). Pamela et al. (3) 
demonstrated that DW MR imaging cannot help 
distinguish between multiple sclerosis and acute 
disseminated encephalomyelitis lesions because both 
usually have elevated diffusion. Because acute 
infarctions are characterized by restricted diffusion, 
however, DW MR imaging should be reliable for help 
in the differentiation between demyelinating lesions 
and stroke. In mitochondrial disease, basal ganglia, 
corpora stiata affected more than globi palledi , brain 
stem  or thalami which appear as a small discrete foci 
less than 1 cm with symmetric areas of restricted 

diffusion at acute phase with decreased ADC values 
(4). 

 
Conclusion 

The DW MR pulse sequence with ADC map is a 
valuable technique in differentiating neoplastic from 
non neoplastic lesions, high grade neoplasia and 
lymphoma from low grade neoplasia and non-
neoplastic lesions. It is valuable in the evaluation of 
intracranial lesions with post-contrast ring 
enhancement and MS activity. 

We recommend its use with relative cerebral 
blood volume, Cho/NAA ratio to improve accuracy, 
sensitivity and specificity of diagnosis and DD of 
intra-axial focal lesions..  
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