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Application of magnetic resonance 
spectroscopy in the differentiation 
of high-grade brain neoplasm and 
inflammatory brain lesions

José Roberto Lopes Ferraz-Filho1, Pedro Vieira Santana-Netto2,  
Jose Alves Rocha-Filho3, Aline Sgnolf2, Fernando Mauad3, Rafael Angelo Sanches4

Abstract – This study aims at evaluating the application of magnetic resonance spectroscopy (MRS) in the 
differential diagnosis of brain tumors and inflammatory brain lesions. The examinations of 81 individuals, who 
performed brain MRS and were retrospectively analyzed. The patients with ages between 10 and 80 years old, 
were divided into two groups. Group A consisted of 42 individuals with diagnoses of cerebral toxoplasmosis 
and Group B was formed of 39 individuals with diagnosis of glial neoplasms. On analyzing the ROC curve, the 
discriminatory boundary for the Cho/Cr ratio between inflammatory lesions and tumors was 1.97 and for the 
NAA/Cr ratio it was 1.12. RMS is an important method useful in the distinction of inflammatory brain lesions 
and high-degree tumors when the Cho/Cr ratio is greater than 1.97 and the NAA/Cr ratio is less than 1.12. And 
so this method is important in the planning of treatment and monitoring of the therapeutic efficiency.
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Aplicação da espectroscopia por ressonância magnética na diferenciação de lesões expansivas encefálicas 
neoplásicas e inflamatórias

Resumo – O presente estudo tem como objetivo avaliar a aplicação da espectroscopia por ressonância 
magnética (ERM) no diagnóstico diferencial entre lesões expansivas encefálicas inflamatórias e neoplásicas. 
Foram analisados retrospectivamente 81 indivíduos que realizaram exames de ERM com idade entre 10 a 18 anos, 
divididos em dois grupos. O grupo A foi formado por 42 indivíduos com diagnóstico de neurotoxoplasmose 
e o grupo B foi formado por 39 indivíduos com diagnóstico de neoplasias gliais. Após análise da curva ROC 
observou-se que o valor discriminatório da relação Co/Cr entre lesões inflamatórias e neoplásicas foi de 1,97 
e da relação Naa/Cr foi de 1,12. A espectroscopia por RM é um método útil na distinção de lesões expansivas 
inflamatórias e neoplasias de alto grau quando a relação Co/Cr é maior que 1,97 e a relação Naa/Cr é menor 
que 1,12, o que torna este método importante no planejamento do tratamento e monitorização da eficácia 
terapêutica. 
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Magnetic resonance spectroscopy (MRS) is a relative-
ly fast, non-invasive method that provides metabolic/
biochemical information of the normal brain parenchy-
ma and of pathological processes1,2. Spectroscopy utiliz-
es the same physical principles as conventional magnet-
ic resonance, but differs in the way that the data are pro-

cessed and presented;instead of images, amplitude by fre-
quency plots are obtained1.

There are few published studies concerning the differ-
entiation between inflammatory lesions and brain tumors 
employing MRS and all that exist are related to the differ-
ential diagnosis of lymphoma and inflammatory lesions in 
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patients with human immunodeficiency virus (HIV) infec-
tions3-6. HIV may initially manifest with neurological symp-
toms which at times mimic tumors7,8.

This study aims at evaluating the application of MRS 
in the differential diagnosis of brain tumors and inflam-
matory brain lesions.

Method
The examinations of 81 individuals, who performed brain 

MRS from 2004 to 2007, were retrospectively analyzed. The pa-
tients, of both genders, with ages between 10 and 80 years old, 
were divided into two groups. Group A consisted of 42 individu-
als with diagnoses of cerebral toxoplasmosis with single or mul-
tiple lesions confirmed by cerebrospinal fluid (CSF) and clinico-
radiological responses to anti-toxoplasmosis therapy. Group B 
was formed of 39 individuals with diagnosis of glial neoplasms 
(Grade III and IV gliomas according to the World Health Orga-
nization classification) confirmed by means of anatomopatho-
logical studies.

The inclusion criteria utilized in this study were that patients 
were older than 10 years old, the MRS was of a good techni-
cal standard, the voxel included the highest possible volume of 
pathological tissue and the etiological diagnosis of the lesions 
were definitive.

The MRI examinations were performed in the Magnetic Res-
onance Service using a Philips Medical Systems Gyroscan Intera 
(Best, Netherlands) 1.5 Tesla scanner.	

The protocol included turbo spin-echo axial T2-weight-
ed sequences (TE 110, TR 4466, 5mm slice thickness and 1-mm 
gap);spin-echo sagital T1-weighted (TE 15, TR 550, 5-mm slice 
thickness and 1-mm gap);axial fluid-attenuated inversion recov-
ery - FLAIR (TE 120, TR 6000, 5-mm slice thickness and 1-mm 
gap);axial diffusion weighted (TE 86, TR 1000, 5-mm slice thick-
ness and 1-mm gap) and spin-echo axial, sagital and coronal T1-
weighted imaging after intravenous administration of para-
magnetic contrast at 0.1 mmol/kg (TE 15, TR 550, 5-mm slice 
thickness and 1-mm gap).

The RMS was achieved during conventional MR image acqui-
sition. The single-voxel technique was employed using a stan-
dard voxel volume of 8.0 cm3 (2.0 × 2.0 × 2.0 cm) or at least 3.37 
cm3 (1.5 × 1.5 × 1.5 cm) applied in smaller lesions. The parameters 
utilized for acquisition were the PRESS technique using a TE of 
144 m/s. Shimming was automatically performed, followed by 
chemically selected saturation (CHESS) for water suppression. 
Metabolites were always shown, on the x axis in parts per million 
(ppm) and on the y axis, by the height of the metabolite peaks 
in an expressed scale at an arbitrary intensity.

The metabolites studied were choline (Cho) which appears 
at 3.22 ppm, creatine (Cr) at 3.02, N-acetyl aspartate (NAA) at 
2.01 ppm, Lipid at 0.8 to 1.3 ppm and lactate at 1.32 to 1.33 ppm. 
The Cho/Cr and NAA/Cr ratios were analyzed as was the pres-
ence of lipids and lactate.

The sensitivity and specificity of MRS in the distinction of 

inflammatory lesions and brain tumors by means of the Cho/Cr 
and NAA/Cr ratios were estimated by analyzing the ROC curve 
and by multiple logistic regression. The results are presented as 
percentages with 95% confidence intervals. An alpha error of 5% 
was considered acceptable. This work was approved by the in-
stitution’s Research Ethics Committee.

Results
Of the 81 patients included in the study, Group A with 

diagnosis of toxoplasmosis, had a mean age of 41 years 
old and Group B, with diagnosis of glial neoplasms had a 
mean age of 51 years old. Seven patients had grade III and 
32 had grade IV glial neoplasms.

On analyzing the ROC curve, the discriminatory 
boundary for the Cho/Cr ratio between inflammatory le-
sions and tumors was 1.97. The sensitivity of the Cho/Cr 
ratio to detect neoplasms was 77% (95% CI: 61–89) with 
a p-value=0.001 and the specificity was 79% (95% CI: 63–
90) with a p-value=0.001. The sensitivity of the NAA/Cr 
ratio to detect neoplasms was 64% (95% CI: 47–78) with 
a p-value=0.108 and the specificity was 69% (95% CI: 52–
82) with a p-value=0.020.

On analyzing together, the specificity of the method 
increased to 97.6% with a p-value=0.001 when the Cho/
Cr ratio was greater than 1.97 and the NAA/Cr ratio was 
less than 1.12 at detect neoplasm (Fig 1).

Multiple logical regression analysis, established with 
a reference value of 1.97, was significant for the Cho/Cr 
ratio (p-value=0.001 and Odds Ratio=11.9), the NAA/Cr 
ratio (p-value=0.03 and Odds Ratio=3.6) and for age (p-
value=0.02 and Odds Ratio=1.04). 

No discriminatory power was observed for the pres-
ence of lipid and lactate metabolites.

Fig 1. Graphic representation of Cho/Cr ratio and NAA/Cr ratio at 
diagnoses of the neoplasm and inflammatory brain lesions.
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Discussion
The present study showed that MRS can discriminate 

between high-degree glial tumors and cerebral toxoplas-
mosis when the Cho/Cr ratio is greater than 1.97 (Figs 2 
and 3). The use of the Cho/Cr ratio in the evaluation of 
neoplastic lesions has already been described in the liter-
ature as Cho is an important constitute of cell membranes 
with increases occurring when there are increases in cell 
synthesis and conversion to carcinogenic cells, while cre-
atine is generally stable8,9. NAA is found in normal neurons 
and when altered, reductions occur both in tumors and 
in inflammatory lesions thereby indicating neuronal loss. 
The NAA/Cr ratio has discriminatory value when analyzed 
together with the Cho/Cr ratio increasing the specifici-
ty of the method10.

As of yet we have no knowledge of MRS investiga-
tions comparing high-degree glial tumors and cerebral 
toxoplasmosis and thus there are few published data to 
compare with the results of this study. Existing publica-
tions are conflicting and compare cerebral toxoplasmosis 
with lymphomas, which is the most common brain tumor 
in patients with HIV. Chinn et al.4 studied 18 patients with 
cerebral toxoplasmosis and 9 with lymphomas and con-

cluded that the Cho/Cr and NAA/Cr ratios are not use-
ful in the differentiation of the two diseases;this conclu-
sion was also supported by Simone et al.5 Chang et al.3, 
who studied 11 patients with cerebral toxoplasmosis and 
8 with lymphomas, did not utilize ratios between metab-
olites in their studies but ascertained that MRS is useful 
for differentiation, thus agreeing with the conclusion of 
Harting et al.11

In MRS studies evaluating gliomas, Meng Law et al.12 re-
ported that this method is useful in the differentiation of 
high- and low-degree glial tumors with the Cho/Cr ratio 
being higher than 1.56 in high-degree tumors. These data 
are sustained in studies by Fayed et al.13 who demonstrat-
ed that a Cho/Cr ratio greater than 1.55 has a discrimina-
tory power to differentiate between high- and low-grade 
glial tumors13-15.

Another previously described situation is the associa-
tion of glial tumors in HIV seropositive individuals16-19. This 
association has become more common due to recently 
developed drugs and the efficacy of treatment, thereby 
increasing survival of HIV seropositive patients. Howev-
er, of the 39 patients diagnosed with glial tumors in this 
study, only 10 had been tested for HIV with none of them 

Fig 2. Toxoplasma encephalitis. [A] MR spectroscopy showing increases of Cho (Cho/Cr ratio=1.33), reductions of NAA (NAA/Cr ratio=1.35) and 
the lipid peak. [B, C, D] FLAIR sequence and T1-weighted after contrast showing nodular lesion with ring-enhancement and necrotic central-
ly located in the basal ganglia to the right.

Fig 3. Glioblastoma multiforme. [A] MR spectroscopy showing increases of Cho (Cho/Cr ratio=2.41), reductions of NAA (NAA/Cr ratio=0.58). 
[B, C, D] FLAIR sequence and T1-weighted after contrast showing nodular lesion with irregular enhancement and necrotic centrally located in 
the left frontal lobe.
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being seropositive. Additionally, none of the HIV seropos-
itive patients presented with glial tumors.

The differentiation between inflammatory lesions and 
tumors may help in the early establishment of therapy 
which is essential for better prognoses with cerebral toxo-
plasmosis lesions and may also avoid inappropriate treat-
ment of tumor patients that may cause allergic reactions 
or hematogenic intoxication with impairment of the gen-
eral state of already debilitated patients20,21.

Hence, the reason for this study was, that on some 
occasions, the first manifestations of HIV infection are 
neurological alterations caused by cerebral toxoplasmo-
sis. When the results of other examinations are unknown, 
differentiation diagnosis based only on conventional mag-
netic resonance may not be possible and so MRS plays an 
important role7,8.

In conclusion, RMS is an important method useful in 
the distinction of inflammatory brain lesions and high-
degree tumors when the Cho/Cr ratio is greater than 1.97 
and the NAA/Cr ratio is less than 1.12. And so this meth-
od is important in the planning of treatment and moni-
toring of the therapeutic efficiency.
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