
INTRODUCTION
The first assessment of a brain mass aims to determine
whether the lesion is really a tumor or a pseudotumoral
lesion.1 An MR imaging (MRI) examination suggesting a
pseudotumoral mass would indicate laboratory tests
and/or follow-up. On the other hand, if a tumoral mass is
suggested, stereotactic biopsy or surgical resection
should be considered. Differentiation between tumors
and non-neoplastic lesions using conventional MRI may
be challenging. Examples of non-neoplastic lesions that
may mimic brain tumors on conventional imaging are
infectious (including abscess) or ischemic lesions, or
demyelinating lesions.

MR spectroscopy (MRS) is a technique that allows non-
invasive monitoring of metabolites within the tissue of
interest, and has the potential for providing information
about a lesion's composition and response to therapy.2,3

The major brain metabolites detected are choline,
creatine, N-acetyl aspartate (NAA), lactate, myo-inositol,
glutamine, glutamate, lipids and the amino acids leucine

and alanine.4,5 Brain lesions show abnormal values of
these metabolites as compared to normal tissue. Since
tumors typically exhibit elevated Choline (Cho) and
decreased N-acetyle acetate (NAA), the greatest benefit
of adding MRS to a clinical examination may be
including (or excluding) diagnoses with markedly
different spectroscopic patterns, e.g. strokes or focal
cortical dysplasias, neither of which are expected to
have increased Cho. Conversely, differentiation between
tumors and acute demyelinating lesions, based on MRS
alone, may be difficult as both entities typically present
with elevated Cho and decreased NAA, as well as often
increased lactate, Table I.6

This study was conducted to ascertain the diagnostic
superiority of MR spectroscopy not only to MRI but also
to compare it with histopathological examination.
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ABSTRACT
Objective: To determine the accuracy of MR Spectroscopy (MRS) in diagnosing brain tumors.
Study Design: Analytical study.
Place and Duration of Study: Neurosurgery Department, Jinnah Postgraduate Medical Centre, Karachi, from November
2010 to April 2011.
Methodology: Fifty cases with brain tumors, who presented to Neurosurgery Department of Jinnah Postgraduate Medical
Centre, Karachi, during the study period, were included in the study. All patients underwent MRS and later brain. Those
with recurrent disease were excluded. Data was collected with the help of proforma. Data was analyzed using SPSS
version 16. Comparison of MRS findings and biopsy diagnosis was done. Sensitivity, specificity, negative and positive
predictive values (NPV and PPV) were determined keeping histopathology as the gold standard.
Results: Out of the 50 patients, there were 20 (40%) females and 30 (60%) males with mean age of 37 ±13.24 years.
The commonest presenting complaint was headache (76%) followed by weakness (62%) and seizures (30%). MRI had
diagnosed 27 (51%) as neoplastic lesion. Spectroscopy reported 44 (88%) as neoplasms, while on histopathology, 42
(84%) were confirmed to have neoplasm. The accuracy of MRS was 94%, with 97.6% sensitivity, 71.42% specificity,
95.45% PPV and 83.3% NPV.
Conclusion: Magnetic resonance spectroscopy can readily help in differentiating neoplasm from non-neoplastic brain
tumors, thus an invasive brain biopsy procedure can be avoided.
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Table I: Major metabolites of MR spectroscopy and their significance.

Metabolites Location on Significance
spectrum (ppm)

NAA 2.02 Neuronal integrity

Cho 3.2 Linked to cell membrane turnover

Cr 3.03 / 3.9 Energy storage / stable in metabolic disease

Lipids 0.9 - 1.5 Nectrotic tumor / acute inflammation / not seen 
in normal brain

Lact 1.32 Not seen in normal brain. Anaerobic metabolism
mitochondrial disease, ischemia, inflammation 
and tumors

ml 3.56 Glial marker, dementia, HIV encephalopathy, 
high in infant
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METHODOLOGY
This analytical study was conducted in the Neurosurgery
Department of Jinnah Postgraduate Medical Centre,
Karachi, Pakistan, from November 2010 to April 2011.
Patients with space-occupying brain lesions were
included in the study. Patients having recurrent tumors
and those who were not eligible for the surgery and
biopsy, were excluded from the study.

Data was collected with the help of a proforma including
name, gender, clinical findings of the MRI of the brain
and of the MRS, operative findings and histopathological
findings. Patients with brain tumors, whose MRI has
already been done and were waiting for surgery, were
advised MRS. For statistical analysis, SPSS version 16
was used to determine specificity, sensitivity, Positive
Predictive Value (PPV), Negative Predictive Value (NPV)
and accuracy using histopathology as the gold standard.

RESULTS
There were a total of 50 patients, 20 (40%) females and
30 (60%) males with mean age of 37 ±13.24 years. They
presented with main complaints of headache in 38
(76%), weakness in 31 (62%) and seizures in 15 (30%).
These patients presented with either right 13 (26%) or
left 9 (18%) sided hemiplegia. Five (10%) patients had
generalized weakness.

MRI of these patients reported tumors in 27 (54%) and
Space Occupying Lesions (SOL) with differential
diagnosis of tumor, infection either fungal or tuber-
culoma in 23 (46%) patients. These were either on the
right side 25 (50%) or on the left side 22 ( 44%); while 3
(6%) lesions were in midline.

On spectroscopy, 44 (88%) patients were diagnosed as
having tumor, 3 (6%) had infarction, 2 (4%) had infection
and 1 (2%) had benign neoplasm. Out of them, 44 (88%)
patients who were diagnosed as having neoplasm,
Choline, NAA creatinine and lactate peaks were raised
in 41 (93%), 1 (2%), 1 (2%) and 1 (2%) patients,
respectively. Peaks of NAA, choline, creatinine and
lactate were reduced in 42 (95%), 1 (2%), 4 (9%), 5
(11%) patients each. One (2%) patient had absent
lactate peaks and 1 (2%) had normal choline peak.
Spectroscopy reported infarction in 3 (6%) patients.
Choline, NAA and creatinine peaks were reduced in 1
(33%), 3 (100%) and 1 (33%) patients. Choline peak
was absent in 1 (33%) patient. Lactate peaks were
raised in 2 (66%) patients. Infection was established in
2 (4%) patients by spectroscopy. One (50%) patient had
decreased choline, NAA and creatinine peaks with
raised lactate peak. While all the peaks were absent in 1
(50%) of the patient diagnosed with infection. Benign
tumor was diagnosed in 1 (2%) patient with reduced
peaks of choline and NAA.

On biopsy of the lesions, 42 (84%) patients were
diagnosed as having neoplasm, 1 (2%) patient had

haemorrhage, 4 (8%) were diagnosed with infection and
3 (6%) patient had infarctions. On sub-diagnosis of the
neoplasm out of 42 (84%) patients, 15 (35%) had
oligodandroglioma, 5 (11%) had meningioma and 4 (9%)
had astrocytoma. Schwannoma and glioblastoma
multiforme was diagnosed in 3 (7%) patients each.
B-cell lymphoma and hemangioblastoma was diag-
nosed in 2 (4%) patients each. Metastasis, medulo-
blastoma, gliosarcoma, chraniopharangioma, chordoma
was present in 1 (2%) each. Only one (2%) patient was
found to have haemorrhage on biopsy. Infection was
diagnosed in 4 (8%) patients. Two (50%) had fungal
infection while 1 (25%) had tuberculoma and MRS each.
Out of 3 (6%) patients who had benign tumors, 2 (50%)
had reactive gliosis.

According to MR spectroscopy, total patients with
neoplastic findings were 44 (88%) while biopsy showed
42 (84%) patients with neoplastic findings. According to
MR spectroscopy, there were 3 (6%) patients with
infarction, 2 (4%) patients with infection while one (2%)
case was inconclusive but histopathology showed one
patient with infarction, 4 (8%) patients with infection and
3 (6%) patients had gliotic changes. This led to 97.6%
sensitivity, 71.42% specificity, 95.45% positive predictive
value, 83.3% negative predictive value and 94%
accuracy.

DISCUSSION
Magnetic resonance spectroscopy is an application of
MRI that provides chemical information about tissue
metabolites.1 The first clinical use of MRS came in the
1980s.2 Since then, patients with brain cancer have
become the primary focus of MRS applications.1,2,7

Early in the development of human brain proton MRS, it
was realized that brain tumors exhibited markedly
different spectra from normal brain tissue.8 It was found
that nearly all brain tumors have decreased N-acetyl
aspartate (NAA) signals, and often also have increased
levels of Choline (Cho), leading to increased Cho/NAA
ratios. In this group of patients with heterogeneous brain
lesions evaluated for suspected neoplasm, analysis
demonstrated a high rate of success of 94% accuracy in
correctly classifying lesions as tumors and non-
neoplastic lesions on the basis of the ratios of NAA/Cho,
Chonorm, NAAnorm, and NAA/Cr. As expected, elevated
levels of Cho were detected in tumors compared with
non-neoplastic lesions. Elevated signal intensity in Cho
results from increased attenuation of proliferating
tumoral cells, with Cho-containing compounds including
membrane precursors and products of degradation.
Tumoral levels of NAA were presumably originating from
residual brain tissue within an infiltrating tumor. The
study showed that MRS absolute lipid and macro-
molecular signals could be helpful in differentiating GBM
from metastasis. LM13 class was found to be a



discriminant parameter with an accuracy of 85%.
Detection of the MM12-fucose peak may also have a
role in understanding molecular biology of brain
metastasis and should be further investigated to address
specific metabolic phenotypes,9,10 which were lower
than in non-neoplastic lesions. Thus, in agreement with
published data.

In a study by Hourani et al.11 84% of 69 brain lesions (36
tumors) were correctly diagnosed using the ratios
NAA/Cho. In this study, 40 (95%) patients were correctly
diagnosed as neoplastic following the NAA/Cho ratio.

While 2 (4%) tumors were classified as infarction.
Misclassification of tumors as benign lesions can occur
either as a result of high tumoral heterogeneity, when
regions of spectroscopic sampling differ from the
location of the highest tumor grade on histologic
examination (which presumably exhibit the highest
levels of Cho), or in tumors showing no increase in
Cho.12,13

On biopsy, 4 (8%) patients were diagnosed as having
infections. Out of these 4 patients, spectroscopy
reported 2 (25%) as tumors that is because infection
tends to resemble low-grade gliomas, with reduction of
the NAA signal and elevation of the choline and
myoinositol peaks. A lactate peak is an inconsistent
finding. MRS can detect subtle differences between low
grade brain tumors and should form part of the clinical
assessment of these tumors.14 Lactate, an end-product
of anaerobic glycolysis, is often elevated in rapidly
growing tumors, in which hypoxic regions may exist.15

MR spectroscopy may shed light as which organism is
responsible for the abscess, because the presence of
anaerobic bacteria tends to cause elevated acetate and
succinate peaks, whereas absence of acetate and
succinate signals are more likely with obligate aerobes
or facultative anaerobes.16 MRS can differentiate high-
grade gliomas from metastases, especially with
peritumoral measurements, supporting the hypothesis
that MRS can detect infiltration of tumor cells in the
peritumoral edema.17

Second important diagnosis, after differentiating neo-
plastic from non-neoplastic, is the grade of neoplastic
lesion; because of the lack of expertise, we could not
differentiate the high grade tumors from low grade
tumors by spectroscopy.

However, while differentiating neoplastic from non-
neoplastic lesions, our results showing sensitivity
(97.6%), specificity (71.42%) and accuracy (94%)
are comparable to the previous studies reporting
sensitivities of 87%, specificity of 85% and diagnostic
accuracy of 88.2%3 for spectroscopy.18,19 In this study,
PPV and NPV were 95.45% and 83.3%; while one study
has found 93% PPV and 70% NPV.3

MRS is helpful for differentiating many types of brain
tumors.20 Gliomas of each grade have some specific

MRS features that can be used for improvement of the
diagnostic value of conventional magnetic resonance
imaging in non-invasive assessment of glioma grade.21

CONCLUSION
Magnetic resonance spectroscopy can readily help in
differentiating neoplasm from non-neoplastic brain
tumors, thus an invasive brain biopsy procedure can be
avoided.
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