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Abstract:-Background and Purpose: Preoperative evaluation and differentiation of intra-axial brain 

masses is essential for therapy and prognosis. The integrated Magnetic Resonance Imaging (MRI) 

techniques such as Diffusion Weighted Imaging (DWI), Magnetic Resonance Spectroscopy (MRS) and 

Dynamic Susceptibility Contrast (DSC) MRI allow insights into tumour anatomy and physiology. Our study 

was designed to find the sensitivity, specific and accuracy of a diagnostic algorithm comprising of these 

techniques.  

Materials and Methods: Thirty consecutive immunocompetent patients with treatment naïve intra-axial 

brain masses underwent MRI from July 2016 to July 2017. Conventional and DWI, MRS and MR perfusion 

scans were performed using 1.5 T MR imaging system. The following cut-off values (ADC ≤1.1 /100mm2, 

intralesional Cho/NAA > 2.2, perilesional Cho/NAA >1 and rCBV >1.75) were applied to the diagnostic 

strategy algorithm. Histopathological analysis served as the gold standard. Sensitivity, specificity, negative 

predictive value (NPV), positive predictive value (PPV) and accuracy were obtained.   

Results: Twenty one of 30 cases were correctly classified using the diagnostic algorithm. One case of 

primary central nervous system lymphoma (PCNSL) was misdiagnosed as metastasis, 2 cases of high-grade 

neoplasm (HGN) as brain abscesses, 1 case of HGN as metastasis, 1 case of HGN as low-grade neoplasm 

(LGN), 1 case of LGN as HGN, 1 case of LGN as abscess / tumefactive demyelinating lesion (TDL), 1 case 

of brain abscess as HGN, and 1 case of metastasis (breast carcinoma) as HGN.  

Conclusion: Diagnosing intra-axial brain masses using a combination of advanced imaging techniques 

(MRS, MR perfusion and ADC) is fairly accurate. 

Keywords:-Diagnostic algorithm; Intra-axial brain masses; Magnetic Resonance Imaging (MRI); Diffusion-

weighted imaging (DWI); MR spectroscopy (MRS); MR perfusion 

Introduction: 

The preoperative evaluation and differentiation of 

intra-axial brain masses is essential for determining 

the best possible neurosurgical strategy and patient 

prognostication. The integration of information 

obtained from advanced magnetic resonance 

imaging (MRI) techniques plays an important 

diagnostic and prognostic role in intra-axial brain 

masses. These techniques not only provide 

anatomical details but also provide insight into the 

underlying physiological processes and aid in 

arriving at a specific diagnosis.  

The differentiation of common intra-axial 

masses using a diagnostic algorithm, comprising 

several parameters and a few cut-off values has been  

Advocated by Al-Okaili RN et al1. Our study 

comprising of 30 patients is designed to find the 

sensitivity, specific and accuracy of this diagnostic 

algorithm 

Materials and methods: 

Patient Selection: The study was carried out at a 

tertiary oncology centre after obtaining approval of 

the institutional review board and informed  

Consent from all patients. Eligible patients 

fulfilling the inclusion criteria of age more than 18 

years, immunocompetent status, presence of 

treatment-naïve intra-axial brain mass, absence of 

imaging features suggestive of benign disease 

process (like calcified granuloma) on conventional 

MRI at our institute from July 2016 to July 2017 

were included. A total of 30 consecutive patients 
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fulfilling the inclusion criteria were included in the 

study. 

MR imaging, post-processing and analysis: 

Images were acquired using a 1.5 T MR imaging 

system (Siemens Magnetom Symphony) with a 12-

channel head-matrix coil. Conventional MR imaging 

included axial T2 weighted fast spin echo (FSE) 

sequence (Slice thickness: 5mm, TR/TE: 4210/99, 

FOV: 230 x 173 mm), FLAIR axial sequence (Slice 

thickness: 5mm, TR/TE/TI:  8200/114/2500 ms 

respectively, FOV: 230 x 173 mm), 3DT1 sequence 

(TR/TE:  11/5.2 ms, FOV: 224 x 256 mm). Matrix 

size was 384 x 512 in T2WI   and 308 x 512 for 

FLAIR sequence. The echo-planar imaging (EPI) 

diffusion-weighted imaging (DWI) sequence was 

performed using sequential application of diffusion 

sensitizing gradients (b values of 0, 500 and 1000 

s/mm2 in three orthogonal directions). Post-

processing of apparent diffusion coefficient (ADC) 

maps was performed. The lowest ADC value 

(expressed in mm2/s) from 5 regions of interest of 

enhancing and non-enhancing parts of a lesion was 

recorded. Subsequently perfusion imaging was done 

using T2* weighted EPI sequence. After the second 

dynamic acquisition, a standard dose (0.1 mmol/kg 

body weight) of Gadopentetate dimeglumine was 

injected as a bolus through a pneumatically driven 

injection pump at a rate of 5 mL/s. Contrast 

injection was followed by 20 ml of saline bolus. 

After completion of the Dynamic Susceptibility 

Contrast (DSC)-MR sequence, standard post 

contrast 3D T1 data was acquired. Single voxel 

Magnetic Resonance Spectroscopy (MRS) was 

obtained from the enhancing portion, immediately 

outside of the enhancing portion and from the 

corresponding contralateral white matter (WM). The 

Cho/NAA ratio was then measured from these areas. 

Post-processing of perfusion images was obtained 

using software developed at the institute – 

‘Promatheus’. The recorded cerebral blood volume 

(CBV) value from the lesion area was normalized to 

contralateral normal-appearing white matter 

(NAWM) and relative CBV (rCBV) obtained. The 

maximum rCBV value was chosen from among the 

3 recorded values. Subsequently the conventional 

and advanced MRI (DWI, MRS and MR perfusion) 

findings were integrated and applied to the 

diagnostic algorithm. Histopathological examination 

(HPE) was done for all cases and served as the gold 

standard for the study. Statistical analysis was 

performed using the Statistical Package for the 

Social Sciences Statistics, Version 20.0 (IBM, 

Armonk, New York). P values < 0.05 were 

considered significant. 

Results: 

Our study comprising 30 patients (17 males, 

13 females), included HPE diagnosis of high grade 

neoplasm (HGN, n=14), low grade neoplasm (LGN, 

n=6), metastases (n=5), primary central nervous 

system lymphoma (PCNSL) (n=2) and brain abscess 

(n=3). Applying advanced imaging cut-off values to 

the diagnostic algorithm, we correctly classified 21 

of 30 cases (Fig 1 and Table 1).  

Of the nine (9) inaccurately diagnosed cases, 

eight (8) were enhancing lesions and one (1) a non-

enhancing lesion. Out of the 30 lesions, 23 (cases) 

showed enhancement; 11 out of 14 HGN, 2 out of 6 

LGN, metastatic lesions (n=5), abscesses (n=3) and 

PCNSL (n=2) showed contrast-enhancement. Non-

facilitated diffusion was exhibited by 10 out of 14 

HGN, 1 out of 6 LGN, 1 case of metastasis, all cases 

of lymphoma (n=2) and brain abscess (n=3). rCBV 

greater than 1.75 was seen in 11 of  14 HGN, 1 of 6 

LGN, 1 of 3 brain abscess and all cases of PCNSL 

(n=2) & metastases (n=5). Cho/NAA greater than 

2.2  from within the lesion was seen in 11 out of 14 

HGN,  1 out of 6 LGN and all cases of PCNSL 

(n=2) and metastases (n=5). Cho/NAA greater than 

1 from outside of the enhancing margin of the lesion 

was seen in 12 out of 14 HGN, 1 out of 6 LGN, 1 

out of 5 metastases, 1 out of 3 brain abscess and 

none of the 2 cases of lymphoma (Table 2). Of the 9 

inaccurately diagnosed cases, 1 case of primary CNS 

lymphoma was misdiagnosed as metastasis, 2 cases 

of HGN as brain abscess, 1 case of HGN as 

metastasis, 1 case of HGN as LGN, 1 case of LGN 

as HGN, 1 case of LGN as abscess / tumefactive 

demyelinating lesion (TDL), 1 case of brain abscess 

as HGN, and 1 case of metastasis (primary breast 

carcinoma) as HGN (Table 1).   
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Table 1: Intra-axial brain masses with discordance 

on imaging and HPE. 

HGN: Highgrade Neoplasm, LGN: Low grade 

Neoplasm, TDL: Tumefactive demyelinating 

lesion,PCNSL: Primary CNS lymphoma, HPE: 

Histopathological Examination. NA: Not applicable 

in the diagnostic algorithm. 

Table 2: Table showing imaging features in 

histopathologically different neoplasms.GN: High 

grade Neoplasm, LGN: Low grade Neoplasm, 

TDL: Tumefactive demyelinating lesion,PCNSL: 

primary CNS lymphoma, HPE: Histopathological 

Examination. SPS: Spectroscopy. 

Fig 2 illustrates a case of imaging-based diagnosis 

of HGN and concordant histopathology.  

Fig 2 shows a  well-defined intra-axial mass lesion 

involving right superior frontal and cingulate gyrus, 

with  perilesional edema (A), non-facilitated 

diffusion (B & C, ADC value :0.8 x 10-3 mm2 /sec), 

lesional Cho/NAA: 15 (D),  perilesional  Cho/NAA: 

>1 (not shown in figure), rCBV : 9.1 (E) and the 

DSC mean curve revealing rapid steep fall in signal 

intensity (F).The algorithm based diagnosis and 

histopathology were concordant with diagnosis of 

HGN. 

One case of  primary CNS lymphoma (Fig 3) 

centred in the splenium of corpus callosum 

misdiagnosed as metastasis based on the diagnostic 

algorithm, showed restriction of diffusion (ADC 

value of 0.6),  rCBV of 1.8,  Cho/NAA < 1 outside 

of the enhancing margins, and  presence of  non-

enhancing areas within the lesion.   
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The sensitivity, specificity, positive predictive value 

(PPV) and negative predictive value (NPV) in 

differentiating neoplastic from non-neoplastic, HGN 

from LGN, HGN from metastases are detailed in 

Tables 3 and 4.  

Table 3. Measures of accuracy of MRI based 

strategy in discriminating intra-axial brain 

lesions. HGN: High grade Neoplasm, LGN: Low 

grade Neoplasm, NPV = negative predictive value, 

PPV = positive predictive value (Data are 

percentages with 95% confidence intervals in 

brackets). 

Table 4. Measures of accuracy of MRI based 

strategy in discriminating malignant brain  

Lessions. HGN: High grade Neoplasm, LGN: Low 

grade Neoplasm, NPV = negative predictive value, 

PPV = positive predictive value (Data are 

percentages with 95% confidence intervals in 

brackets) 

Discussion: 

The characterization of tumour grade, more 

importantly differentiating low grade (WHO I-II) & 

high grade (WHO III-IV) gliomas, is crucial for 

decision-making in treatment. The conventional 

MRI appearances in enhancing malignant brain 

tumours (HGN, PCNSL and metastases) may be 

similar and not indicate a specific diagnosis. 

Advanced MR imaging plays a crucial role in non-

invasive assessment of intra-axial brain masses and 

aid in making treatment decisions2.  

Contrast-enhancement is usually directly 

related to the progressively increasing grade of 

tumour (almost all GBMs show enhancement), and 

presence of enhancement in grade II tumours being 

associated with poorer outcome3, 4, 5. The glioma in 

the elderly may show subtle or no enhancement, 

despite being of high grade6. The heterogeneity of 

high grade tumours demands that biopsy be targeted 

from higher perfusion areas, rather than from the 

most enhancing region of the tumour to avoid 

sampling error and undergrading of tumour7, 8. DSC 

perfusion measures T2/T2* signal intensity in the 

brain tissue and the rCBV parameter obtained plays 

a key role in differential diagnosis of intra-axial 

brain masses9, 10. Lesions with high rCBV 

distinguishes tumour from non-tumour, corresponds 

to higher tumour grade, worse prognosis, increased 

microvessel density and directs biopsy sites with an 

increased likelihood of obtaining the highest-grade 

portion of tumour10, 11. Studies have consistently 

documented significantly lower rCBV in infectious 

lesions compared to metastases or high grade 

glioma12, 13, 14.  Floriano VH et al concluded that 

rCBV cut-off value of 1.3 differentiated infectious 

from neoplastic lesions with sensitivity, specificity 

and accuracy of 97.8%, 92.6 % and 95% 

respectively12. Despite the usually higher rCBV in 

neoplasms, the potential for overlap does exist 

between non-neoplastic lesions and low-grade 

tumours15. No universally agreeable rCBV threshold 

exists to differentiate HGN from LGN1, 16, 17, 18 with 

Ji HS et al16, Nail Bulakbasi et al17, Law M et al18 

and Al-Okaili RN et al1 suggesting rCBV cut-off 

values of 2.93, 2.60, 1.75 and 1.75, respectively. 

Gliomas with high rCBV, specifically more than 

1.75 progress faster and are associated with a poor 

prognosis18. Due to extravascular leakage of contrast 

and differences in post-processing software used, the 

measured rCBV value may not be generalised to all 

studies19. The combination of preload and post-

processing correction can significantly improve the 

accuracy of rCBV values compared to preload 

method alone20. The glioblastoma can be 

differentiated from PCNSL using corrected CBV 

(CBV with contrast leakage correction) more 

accurately than using conventional (uncorrected) 

CBV parameter21.     
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MRS plays an important role in 

differentiating intra-axial brain masses by assessing 

the internal milieu of metabolites. In our study, 11 

out of the 14 cases of HGN showed Cho/NAA ratio 

more than 2.2. Studies by Law M et al22 and Calvar 

JA et al23 have also shown similar results. All cases 

of brain abscess (n= 3) in this study revealed 

reduced Cho/NAA ratio with similar results 

documented by Burtscher IM et al24and Kumar A et 

al25. Presence of high rCBV and Cho/Cr outside the 

enhancing portion of a tumour suggests primary 

high grade neoplasm and helps differentiate it from 

metastases. In our study,  12 of the 14 cases of HGN 

and only 1 case of metastasis (out of 5),  revealed 

perilesional Cho/NAA ratio of >1. Similar results 

have been documented by Burtscher IM et al24 and 

Law M et al26. MRS pitfalls include inaccurate 

assessment of small lesions (due to lower spatial 

resolution), requirement of trained personnel to 

accurately put regions of interest (excluding areas of 

calcification, hemorrhage and scalp fat) and 

different acquisition sequences and processing 

techniques. 

MR-DWI by assessing cellularity of intra-

axial brain masses is a useful tool to discriminate 

HGN and LGN. The ADC values show progressive 

reduction with higher tumour grade27. Statistically 

significant difference is noted in ADC values 

between lymphoma and grade III-IV glioma; 

however the there is no significant difference 

between glioblastoma multiforme, anaplastic 

astrocytoma and metastasis28. Documenting 

significant restriction of diffusion (due to presence 

of high cellularity and viscosity) on DWI helps 

differentiate brain abscesses from necrotic or cystic 

tumours with a sensitivity of 96% 29, 30.  However, 

the rarely encountered overlap in diffusion 

restriction between brain abscess and HGN can be 

countered by perfusion MR to arrive at the correct 

diagnosis14.  

Thus a multiparametric approach combining 

ADC, rCBV and MRS metabolites ratio contributed 

to a more accurate diagnosis, compared to these 

modalities used alone1, 22, 28.  

Limitations to this study include small cohort 

size, non-inclusion of immunocompromised patients 

and overlap in the imaging technique cut-off values 

(in various disease entities). The absence of a cut-off 

percentage value of the non-enhancing component in 

an enhancing lesion to be considered as necrosis on 

contrast-enhanced MRI (CE MRI) resulted in a few 

diagnostic errors. 

Conclusion: 

Diagnosing intra-axial brain masses using a 

combination of advanced imaging techniques (MRS, 

MR perfusion and DWI) in intra-axial brain masses 

is fairly accurate and should be resorted to whenever 

feasible. Modification in advanced imaging 

parametric cut-off values, inclusion of 

immunocompromised patients, inclusion of cut-off 

values to assign a lesion as necrotic on CE MRI, 

large cohort size with accordingly modified 

diagnostic algorithm is suggested to further validate 

the results of this study.  
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