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A B S T R A C T
Introduction: Magnetic resonance (MR) spectroscopy is a new and emerging imaging modality, which offers a detailed
biochemical analysis of the tissues thereby giving us a glimpse of in-vivo human brain metabolism. This study was undertaken
to assess the role of MR spectroscopy in characterization and diagnosis of intracranial space-occupying lesions (ICSOLs)
when used in addition to conventional magnetic resonance imaging (MRI) and to distinguish between neoplastic and nonneoplastic lesions.
Material and Methods: This 1-year observational study was conducted at the Department of Radiodiagnosis, KLE’S Hospital,
Belgaum. A total of 50 patients with ICSOLs detected by MRI brain (plain/contrast) scans from January 2012 to December
2012 were studied.
Results: Majority of the patients were women (56%) and the most common age-group was 31–45 years. Headache and
neurological deficits were the most frequent presenting complaints. Out of total cases, 64% of the lesions were neoplastic
and 36% of the lesions were non-neoplastic. High choline (Cho)/creatine (Cr) and Cho/N-acetyl aspartic acid (NAA) ratios
were found in neoplastic lesions as compared to non-neoplastic lesions. Among the neoplastic lesions, high-grade gliomas
had significantly higher Cho/Cr and Cho/NAA ratios as compared to low-grade gliomas. Lactate and lipid resonances were
also present in high-grade gliomas. Among the infectious lesions, abscesses had amino acid peaks and high lactate levels;
however, they had low Cho/Cr andCho/NAA ratios, which helped to differentiate them from neoplasms. Tuberculomas
demonstrated a prominent lipid peak.
Conclusion: Information provided by MR spectroscopy complemented the information obtained by MRI and was particularly
helpful in distinguishing neoplastic from non-neoplastic lesions.
Key words: Intracranial Space-Occupying lesion; Magnetic Resonance Imaging; Magnetic Resonance Spectroscopy;
Neoplastic Lesions; Non-Neoplastic Lesions

INTRODUCTION

Any newly altered, malignant, or non-malignant, primary
or metastatic neoplasms including parasitic, as well as
infectious lesions, residing inside the cranium is termed as
intracranial space-occupying lesions (ICSOL).1 Tumors that
initiate from the brain or neural cells are known as primary
intracranial tumors, which are more complex and significant
in number than secondary intracranial tumors that originate
outside. Among all primary neoplasms of whole human body,
primary space-occupying intracranial neoplasms account
for 9% and of all intracranial neoplasms they account for
40–50%. In elderly population, cases of brain tumor are
increasing2 and approximately 80,000 to 100,000 new cases
of secondary brain tumors are diagnosed every year.2 So far,
only two risk factors are found convincing to cause brain
tumor that are ionizing radiations and inherited mutations

of penetrant genes.3 Reports suggest that intracranial
neoplasms configuration and occurrence considerably vary
with age, sex, tribal, as well as geographical region.4–6 ICSOLs
also include non-neoplastic lesions such as cerebral infarcts,
intracerebral hematomas, brain abscess.7 So priority during
diagnosis relies on whether the lesions are neoplastic or nonneoplastic, which helps in accurate differential diagnosis for
proper management of patients with ICSOL.8 Computed
tomography (CT) and magnetic resonance imaging (MRI)
are the widely used primary stage imaging modalities for the
diagnosis of patients suspected with brain lesions.9 Although
MRI is significant in diagnosis; however, in some cases, in
differentiation of tumoral mass from neoplastic to nonneoplastic lesions, it remains incompetent even after contrast
administration.8 In some of the cases, exact differentiation
becomes intricate and not possible. Thus, patients have to
undergo invasive procedures to rule out malignant lesions.
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Magnetic resonance spectroscopy (MRS) is a device
employed to determine the presence and molecular structure
of compounds. It can deliver the biochemical, as well as
metabolic information of the brain that assists in noninvasive differential diagnosis.10 MRS renders images based
on the metabolites in the tissue.9 Major metabolites that
can be detected by MRS are choline (Cho), creatine (Cr),
N-acetyl aspartate (NAA), lactate, myoinositol, glutamine
lipids etc. MRS also plays a significant clinical role in
observing the evolution of diseases such as stroke, ischemic
injury, dementia, acquired immunodeficiency syndrome
(AIDS), and intracranial neoplasms.10 Latest improvements
in the technique also provide additional information on
energy uptake, necrotic specifics of the cells, and proliferation
or degradation of the cells.11 Combination of this MRS with
MRI showed a promising results in previous reports for
distinguishing neoplasms from non-neoplastic pathology.12–14
However, further research and clinical trials are needed to
address above issues, and in India, due to lack of availability
of MRS, less studies have been reported. Hence, the
current study is intended to assess the role of MRS in
characterization and diagnosis of ICSOLs when used in
addition to conventional MRI and to distinguish between
neoplastic and non-neoplastic lesions.

MATERIAL AND METHODS

This 1-year observational study was conducted at KLES
Dr. Prabhakar Kore Hospital and Medical Research
Centre, Belgaum from January 2012 to December 2012. A
total of 50 patients with ICSOLs detected by MRI of the
brain (plain or contrast) scans were selected for the study.
Patients with traumatic lesions, cerebrovascular accidents,
arteriovenous malformations, calcifications, benign cystic
lesions, and patients not willing to participate in the
study were excluded from the study. Ethical clearance was
obtained from institutional ethics committee and selected
patients were informed about the nature of the study and
a written informed consent was obtained. Study population
was interviewed for demographic data such as age, sex, and
clinical history; and clinical examination were noted.
Imaging
A 1.5 T MRI manufactured by SIEMENS with software
version SYNGO 2002 B was used for scanning and field of
view (FOV) was set to 14–24 cm. Slice thickness was fixed to
10, 5, and 3 mm and matrix size to 256 × 256. Plain images
were acquired and injected with gadolinium diethylene
triaminepentaacetic acid (DTPA) at a dose of 0.1mmol/kg
body weight. Subsequent to injection, contrast images were
acquired and assessed. MRI of brain was performed in supine
position and proper positioning and immobilization of head
was obtained. Standard head coil was used for acquisition
of images. Precontrast scanning was done using diffusionweighed images (DWI), T1, T2, and PD. Multihance was
used as contrast agent in dose of 0.1mmol/kg body weight.
Postcontrast coronal, sagittal, and axial spin-echo T1weighed images (T1W1) were obtained. If required, thinner
sections were obtained in the region of interest wherever
necessary and if lesions were suggestive of a tumor in MRI,
then were subjected to proton (1H) MRS examination.

H Magnetic resonance spectroscopy
Global shimming and local shimming were carried out before
spectroscopic measurements to adjust for static and dynamic
magnetic field inhomogeneties. The global shimming was
optimized at 15–17 Hz, and full width at half maximum
(FWHM) value was set between 5–7 Hz. A gaussian pulse
was used for water suppression. Areas of edema, adjoining
calvarium, ventricles, and paranasal sinuses were avoided
to prevent signal contamination. Optimal shimming and
water suppression were achieved in most cases; however, the
location and heterogeneous nature of the lesions prevented
optimal shimming in some patients (eight cases) and such
patients were excluded from the study. 1H MRS was carried
out using single- (SV) and multivoxel (MV) techniques
at short echo time (TE; 30 ms), long TE (270 ms), and
intermediate TE(135ms) wherever appropriate with an
acquisition time of approximately 3–6 min each using
stimulated echo acquisition method (STEAM) sequence.
The voxel size was selected depending upon the size of the
lesion and whether single voxel or multivoxel MRS is being
used. Based on the literature, prior experience with normal
subjects and software standardization values of Cho/Cr
> 1.5, NAA/Cr < 1.6, and Cho/NAA > 0.8 were taken as
abnormal. Standard of reporting was verified and confirmed
by experienced radiologists who worked in consultation and
had access to all available clinical and imaging information.
The images were analyzed for number of lesions, tumor
size, location, signal intensity changes, areas of hemorrhage,
cystic changes, calcification, and intensity and pattern of
contrast enhancement. MRS results were evaluated for the
distribution of pathologic spectra across the lesion and for
signal ratios in different lesions. The metabolites and ratios
assessed were: NAA)/Cr), Cho/Cr, Cho/NAA; lactate, lipids
and other prominent peaks in the spectrum.
1

STATISTICAL ANALYSIS

The data obtained werecoded and entered into Microsoft
Excel Worksheet (Annexure IV). The categorical data were
expressed as rates, ratios, proportions, and percentages. The
continuous data were expressed as mean ± standard deviation
and the comparison was done using two sample ‘t’ test. A
probability value (P value) of less than or equal to 0.050 was
considered as statistically significant.

RESULTS

In the present observational study, amongst the cases with
ICSOLs women preponderance was observed (56%); and
44% were men. Leading age-group was found between
31 and 45 years (34%) and followed by 46–60 years (30%)
age-group. Most common presentations were headache and
neurological deficits (44%) followed by seizures (40%). A
total of 31 patients had single lesion while, 19 had multiple
lesions with metastases, infection, or multiple sclerosis.
T1-weighted MRI sequence revealed hypointense lesions
in 54% of the patients and 24% of patients had isointense
lesions. T2-weighted MRI sequence revealed hyperintense
on 50% of patients and 40% had mixed intense lesions. In the
present study, on contrast administration, there was intense
enhancement in 54% of patients, moderate in 30%, and mild
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Lesions
High-grade gliomas
Low-grade gliomas
Lymphomas
Metastasis
Meningiomas
Infections
Others (MS)

Proton Magnetic Resonance Spectroscopic Patterns of Intracranial Space-Occupying Lesions

Choline to creatine
Choline to N-acetyl aspartate
Mean
SD
Mean
SD
4.58
1.07
4.98
0.30
1.88
0.51
1.85
0.77
3.70
1.27
1.85
0.07
3.50
1.32
2.96
0.90
6.90
1.96
7.38
3.10
1.47
0.36
1.43
0.46
1.40
0.30
1.38
0.56
Table-1: Average metabolite ratios in various lesions

N-acetyl aspartate to creatine
Mean
SD
0.92
0.22
1.07
0.26
1.95
0.78
1.18
0.38
0.98
0.19
1.06
0.26
1.00
0.43

Mean metabolite ratio in neoplastic and nonneoplastic lesions
Choline to creatine
Choline to N-acetyl aspartate
N-acetyl aspartate to creatine
Mean
SD
Mean
SD
Mean
SD
Neoplastic
4.10
1.98
4.07
2.35
1.03
0.39
Non-neoplastic
1.45
0.34
1.41
0.45
1.05
0.28
P value
<0.001
<0.001
0.826
Mean metabolite ratio in High-grade gliomas and Low-grade gliomas
High-grade gliomas
4.57
1.07
4.98
0.30
0.91
0.21
Low-grade gliomas
1.88
0.51
1.85
0.76
1.06
0.25
P value
<0.001
<0.001
0.272
Table-2: Mean metabolite ratio in neoplastic and nonneoplastic lesions and in High-grade gliomas and Low-grade gliomas
Lesions

Lesions

MRI + MRS

MRI Alone

two or more
Positive correlation (%)
differential diagnosis
Neoplasms
32
35
3
(90.62)
Intraaxial
21
24
3
21 (85.71)
High-grade gliomas
8
11
3
8 (62.50)
Low-grade gliomas
6
5
1
5 (83.33)
Metastasis
5
6
1
5 (83.33)
Lymphoma
2
2
0
(100)
Extraaxial
11
11
0
11 (100)
Meningioma
6
6
0
6 (100)
Others
5
5
0
5 (100%)
Infections
15
22
7
15 (53.33)
Tuberculoma
8
11
3
8 (62.5)
Neurocysticercosis
3
3
0
3 (100)
Abscess
3
7
4
3 (57.14)
Others
1
1
0
1 (100)
Others
3
3
0
3 (100)
Table-3: Correlation of Magnetic resonance imaging + Magnetic resonance spectroscopy with Magnetic resonance imaging alone

enhancement in 12% of patients. However, two patients did
not show any contrast enhancement.
In the present study, the MRI enhancement pattern was
found to be peripheral in 50% (mostly in high-grade
gliomas, abscesses, and granulomatous lesions) of cases,
heterogeneous in 22% of cases, homogenous in 18% (mostly
in meningiomas), and patchy in 6% of cases. Also, 64% of
the cases had neoplastic lesions and among these, intraaxial
neoplasms were present in 65% and extraaxial in 35%
of cases. Infectious etiology was seen in 30% of cases and
tuberculomas were the predominant infectious lesions in
53% of infectious lesions. Inflammatory tumefactive lesions
such as multiple sclerosis were noted in 6% of cases.
The mean Cho/Cr and Cho/ NAA ratios were elevated in
the neoplastic lesions as compared to infections and multiple

sclerosis and were highest among meningiomas and high
grade gliomas, while NAA/Cr was found to be inconclusive
and did not follow any set pattern among neoplastic and
non-neoplastic lesions. However, 75% of high-grade gliomas
and metastases cases had lactate. Lipids were seen in 62%
of high-grade glioma cases and 40% of metastases cases. In
meningiomas, 40% of cases had alanine, which was not seen
in any other tumor cases.
In neoplastic lesions, high grade gliomas clearly had higher
Cho/Cr and Cho/NAA ratios when compared to low-grade
gliomas, infectious lesions, as well as nonneoplastic lesions.
However, NAA/Cr metabolite ratio was found to be non
significant. (Tables 1–2)
MRS allowed better characterization of lesions and helped
to narrow down the multiple differential diagnosis given by
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Figure-1: MR spectroscopy (MV STEAM, TE: 135):
(a) glioblastoma multiforme, (b) low grade glioma, (c)
tuberculoma, (d) cerebral abscess
MRI, particularly in case of differentiating non-neoplastic
lesions such as abscesses from high grade tumors (Table 3;
Figure.1).

DISCUSSION

MRI has established superiority over CT15,16 and has become
an important diagnostic tool in evaluation of ICSOLs.
Multiplanar acquisition and high-contrast resolution
between different tissues have made MRI very sensitive in
tumor detection and localization. Certain neoplasms such
as malignant glioblastoma multiforme, metastasis tumors;
and certain non-neoplastic lesions such as abscess or acute
infarction show contrast enhancement on MRI. However,
low-grade gliomas and non-neoplastic diseases such as
cortical dysplasia and contusion are usually non-enhancing.11
This uncertainty in contrast enhancement of neoplastic and
nonneoplastic lesions and lack in its specificity limits the use
of MRI.9 Exact categorization of cerebral lesions requires the
estimation of connection between the pathological process
as well as their metabolic profile.9 1H-MRS is an emerging
non-invasive imaging modality, which offers a detailed
biochemical examination of tissues providing a glimpse of
in-vivo human brain metabolism. It renders five principal
metabolite peaks such as choline comprising compounds
peaks representing membrane turnover, creatinine peak
replicating energy synthesis, NAA peaks serving as a marker
of neuronal cells, lactate representing anaerobic metabolism,
and lipid reflects dead necrotic cells.17 MRS characterizes
neoplasms by elevated Choline and lowered NAA levels
signifying that the Choline peak acts as a biomarker.11
In the present study, 56% of patients were women and 44%
were men. Mean age of patients presenting ICSOL were
between 30 and45 years. Present study found neoplasms (64%)
as the predominant cause of ICSOLs. Irrespective of causes,
predominant symptoms were headache and neurological
deficits followed by seizures, which is in concordance with
the study done by Bhavesh et al.18 where chief presentation
was headache followed by seizures. It also has been reported
that brain tumors and headache are correlated clinically19

and seizures occurs in 95% of patients presenting with brain
tumor.20 Infections, either tuberculomas or abscesses, did not
present with any fever or meningismus making diagnosis
difficult clinically. These observations were in concordance
with the findings of Grand et al.21
All neoplasms revealed elevated Cho, and decreased NAA and
creatinine levels, which manifest the presence of carcinoma
characteristics in majority of the patients. Mild elevation
of Cho level in infectious lesions may be due to membrane
degradation products. Among neoplasms, the mean Cho/
Cr and Cho/NAA ratiosweresignificantly elevated in
eightpatients with high grade gliomas as compared to lowgrade gliomas in sixcases. High ratios indicated increased
grade of malignancy. So it is concluding to the certain studies
that suggested Cho/Cr and Cho/NAA ratios can act as a
biomarker for determining carcinoma characteristics in the
brain tissues as well as for grading of malignancies.11,22,23
NAA/Cr levels in both low- and high-grade gliomas
werefound to be nonsignificant, which is having same
conclusion as in study done by Sutton et al.23 Neuronal
marker—NAA levels are relatively less in extraaxial ones
when compared to intraaxial ones as extraaxials lacks neural
tissues; however, intraaxial possess neural tissue. However,
their levels depend on difference in the cellular composition
and the degree of necrosis.24
It has been postulated that presence of lipid signals may
be useful in grading gliomas.25 In the present study none
of the low-grade gliomas showed presence of lipids, while
it was present in 62% of cases of high-grade gliomas.
This concludes that lipid resonances indicates necrosis,
and presence of lipids correlates with higher degrees of
malignancy. In meningiomas, alanine resonances are seen.24
In our study, alanine peaks were found in two of six patients
and none of the other ICSOLs demonstrated alanine peaks.
Including our study, Cho et al26 showed schwannomas cases
with elevated Choline and myoinositol levels and decreased
NAA levels. Out of two patients, one patient showed a MI
peak whereas in the second patient MI was not seen. This
could be due to reason that the second patient underwent
spectroscopy at intermediate TE.
Abscesses are difficult to differentiate from cystic or necrotic
neoplasms in MRI because both of them show peripheral
ring enhancement patterns.27,28 However, a high Cho/Cr and
Cho/NAA levels were seen in high-grade neoplasms and
amino acids resonances (two out of three patients) were seen
only in abscesses. This is in concordance with Harada et al29
and concludes the statement that the MR spectra of amino
acids are not seen in brain tumors cases.28
In our study (six out of eight cases), tuberculous lesions
demonstrated lipid resonances, which were not seen in other
infective lesions except for one case of abscess. Lipid peaks
were absent in neurocysticercosis, which had similar imaging
appearance on MRI. Low Cho/NAA levels helped to
differentiate tuberculomas from other high-grade neoplastic
lesions, which showed similar pattern of ring enhancement.
This suggests combination of MRS not only compliments the
information available from MRI but also helps in assessing
the prognosis and response to treatment. Present study has
shown that MRS can differentiate between neoplastic and
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nonneoplastic ICSOLs and help in diagnosing various
lesions based on the metabolite spectrum and ratios.
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