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ABSTRACT
Objective: To evaluate the diagnostic accuracy of Magnetic Resonance spectroscopy (MRS) in distinguishing neoplastic
from non-neoplastic ring enhancing brain lesions taking histopathological findings as gold standard.
Study Design and Setting: The cross sectional study was conducted at Radiology department of Jinnah Postgraduate
Medical Centre.
Methodology: Total 102 patients with ring enhancing lesions detected on MRI brain contrast studies were selected for this
study. Cases were referred from Outpatient Department of Neurology Clinics who were suspected of having space occupying
lesions in brain. Full history, clinical examination and laboratory investigations (Complete Blood Count and ESR) were
carried out. The patients having claustrophobia, metallic implants, cardiac pacemaker and having metallic foreign body
in situ were excluded from the study. Informed consent was taken from the research and MRS was performed. On MRS,
lesion was categorized and final diagnosis was taken based on histopathology results. All the information was recorded
into predesigned proforma. Patients Data was scrutinized by using Statistical Package for Social Sciences (SPSS 21.0).
Mean + SD was calculated for age, gender, duration of symptoms and size of the lesion.
Results: The average age of the patients was 35.45±10.36 years. Sensitivity, specificity, PPV, NPV and accuracy of MRS
was 87.5%, 93.3%, 95.5%, 89.7% and 92.1% respectively.
Conclusion: Magnetic resonance spectroscopy can be effective in discerning neoplastic from non-neoplastic ring enhancing
cerebral lesions, thus avoiding an invasive procedure like brain biopsy.
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detection of the benign or malignant lesions on MRS, many
patients are saved from undergoing unnecessary surgeries.
Ring-enhancing lesions are frequently encountered
neurological lesions and provide a challenge to neuroimaging.
Typical location of ring-enhancing lesions is at the junction
of the gray and white matter, however they can also be seen
in the sub-cortical area, deep in the brain parenchyma or
may even be superficial.3 Cerebral ring-enhancing lesions
may present as non-tumorous conditions like abscesses,
tuberculomas, multiple sclerosis, resolving hematoma (age
10-21days) or even post radiation necrosis. These conditions
can easily mimic primary brain tumors or metastasis.4

Some of non neoplastic lesions show changes in MRS like
raised Cho/Cr ratio with a suppressed NAA peak in
Alexander’s leukodystrophy 5 while lower concentration of
all metabolites, except Cr, in adult onset autosomal dominant
leukodystrophy. Gupta R et al 6 described the presence of
lipid/lactate peak in both pyogenic and tuberculous abscesses,
however, more frequently in tuberculous lesions.
Distinguishing neoplastic from non-neoplastic ring-enhancing
and tumor mimicking lesions is extremely important which
if misdiagnosed may not only lead to unwarranted neuro-

INTRODUCTION:
Magnetic resonance spectroscopy (MRS) is an application
of MRI that early detects the abnormal chemical metabolites
of brain tissue.1 First clinically used in 1980s, it has proved
to be useful in providing molecular information about the
tumor and non tumoral cells of the brain tissue.2After true
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surgery, noxious chemotherapy or harmful irradiations but
also prove to be fatal in many cases. Conventional MRI
shows only 61.4% 7sensitivity in separating benign from
malignant lesions even with the use of exceptional soft tissue
contrast.
Magnetic resonance spectroscopy (MRS) significantly
increases the diagnostic accuracy when used as an adjunct
with conventional MRI. MRS determines the concentration
of specific metabolites of different neurological pathologies
in a pre-selected volume of brain tissue. 8,9  Therefore, in
newer imaging, MRS is emerging as a capable diagnostic
tool in identifying several neurological and neurosurgical
disorders with sensitivity and specificity of 97.6% 1 and
71.42%10 respectively.

The rationale of this study was the intention to determine
the diagnostic accuracy of magnetic resonance spectroscopy
which is cost effective, noninvasive and does not involve
ionizing radiations in detecting neoplastic from non-neoplastic
ring enhancing brain lesions and to standardize its use to
determine the best management.
METHODOLOGY:
This cross-sectional study was executed from 9th January
2019 till 10th July 2019 in Radiology department of Jinnah
Postgraduate Medical Centre after approval from ethical
committee. Total 102 patients with ring enhancing lesions
detected on MRI brain contrast studies were selected with
patient’s age ranging from 16 to 70 years. The mean age
was 35.45±10.36 years of both genders. Cases were referred
from Outpatient Department of Neurology Clinics who were
suspected of having space occupying lesions in brain. Full
history, clinical examination and laboratory investigations
(Complete Blood Count and ESR) were carried out.
The patients having claustrophobia, metallic implants, cardiac
pacemaker and having metallic foreign body in situ were
excluded from the study. Informed consent was taken from
the research and ethical committee of the institution. Sample
size was calculated considering both the sensitivity and
specificity of magnetic resonance spectroscopy to differentiate
neoplastic from non neoplastic ring enhancing brain lesions.
Nonprobability consecutive sampling technique was applied
to collect the samples.  Patient’s history regarding duration
of symptoms and demographic details like patient’s age and
gender was noted. Patients were subjected to Toshiba 1.5
Tesla MR Scanner. Various sequences were carried out with
and without contrast like T1, T2 and Fluid Attenuated
Inversion Recovery using a head coil. Then MRS was
performed via single voxel technique using main metabolites
like NAA which appears at 2.01ppm, Cho at 3.22ppm, Cr
at 3.02, lipid at 0.8 to 1.3ppm and lactate at 1.32 to 1.33ppm.
Lesions with increased Choline and reduced NAA levels
along with increased Cho/Cr ratio of more than 1.5 were
labelled as neoplastic. While non-neoplastic lesions have
reduced Cho, Cr and NAA levels.2 Final results were

evaluated based on the histopathology results.
Statistical analysis was performed by using Statistical
Package for Social Sciences (SPSS 21.0) as to obtain
sensitivity and specificity of MRS in the differentiation of
neoplastic from non-neoplastic ring enhancing brain lesions
while taking histopathology as gold standard. Frequency
and percentage was calculated for qualitative variables, i.e,
presenting complains, detailed history of presenting
complains; MRS findings and histopathological findings.
Mean ± SD was computed for quantitative variable, i.e. Age
of the pateint. Taken histopathological results as gold standard,
all statistical parameters, (sensitivity, specificity, positive
predictive value, negative predictive value) were estimated
to obtain diagnostic accuracy of MRS.
Patients Data was scrutinized by using Statistical Package
for Social Sciences (SPSS 21.0). Mean + SD was calculated
for age, duration of symptoms and size of the lesion.
Frequency and percentage was computed for qualitative
variables like gender, benign and malignant ring enhancing
cerebral lesions using MRS and histopathology. With
histopathology findings as gold standard; the sensitivity,
specificity, positive predictive value, negative predictive
value and diagnostic accuracy of magnetic resonance
spectroscopy findings were calculated using 2 x 2 tables.
Stratification was done on age, gender, duration of symptoms
and size of the lesion.
RESULTS:
A total of 102 patients with ring enhancing lesions detected
on MRI brain contrast studies were included in this study.
There were 60.78% (62/51) male and 39.22% (40/51) female.
Diagnostic precision of magnetic resonance spectroscopy
in separating neoplastic from non-neoplastic ring enhancing
brain lesions is presented in table 1. Sensitivity, specificity,
PPV, NPV and accuracy of MRS was 87.5%, 93.3%, 95.5%,
89.7% and 92.1% respectively.
DISCUSSION:
Magnetic resonance spectroscopy provides useful chemical

Neoplastic
Non neoplastic
Total

Sensitivity
Specificity
PPV
NPV
Accuracy

42 (TP)
 6 (FN)
48(47.1%)

87.5%
93.3%
95.5%
89.7%
92.1%

2 (FP)
52 (TN)
54(52.9%)

44(43.1%)
58(56.9%)
102

Magnetic
Resonance
spectroscopy
Findings

Total
Histopathology

Positive Negative

Table 1: Diagnostic accuracy of MRS in segregating neoplastic
from non-neoplastic ring enhancing brain lesions taking

histopathology as gold standard
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information which cannot be really provided by conventional
CT scan and MRI .11 MRS was first used in 1980s. [12] Since
then, it is targeting primarily patients with brain cancer. 11-

13 When studied about human brain proton MRS, it was
known that brain cancer cells exhibit dissimilar spectra from
normal brain tissue. 14

Lesions showing decreased levels of N-acetyl aspartate
(NAA) and frequently increased levels of Choline (Cho),
leading to increased Cho/NAA ratios were recognized as
neoplastic lesions. So, on the basis of ratios of Cho/NAA
and Cho/Cr, patients with heterogeneous brain lesions
evaluated for suspected neoplasm show a higher rate of
success of 94% accuracy in correctly classifying lesions as
neoplastic and non-neoplastic lesions. Choline is contained
in tumor cell membranes and gives elevated signals on MRS
when there is tumoral cell proliferation and products
degradation. It is presumed that tumoral levels of NAA
originate from remaining brain tissue within a penetrating
tumor. Few studies 15, 16 showed even GBM could be
differentiated from metastasis from MRS absolute lipid and
macromolecular signals. LM13 class was found to be 85%
accurate in tumor detection. Another metabolite MM12-
fucose peak is yet to prove a role in molecular biology of
brain metastasis 15, 16 which was lower than in non-neoplastic
lesions.
In present study, the average age of the patients was
35.45±10.36 years. There were 60.78% (62/51) male and
39.22% (40/51) female. In Rehman et al study1 40% were
females and 60% were males with mean age of 37 ±13.24
years. In Surur et al study 17 women (57.9%) and 24 men
(42.1%) and aged between 12 and 81 years (35 years average).
The results of this study depicted the sensitivity (87.5%),
specificity (93.3%) and accuracy (92.1%) which are
comparable to the previous studies reported sensitivity of
97.6%), specificity (71.42%) and accuracy (94%).1  Other
study reported the sensitivity 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% NPV2. One study
showed sensitivity of 91.7% and specificity of  94.3% 20

which is comparable than our results.
Figure 1 (a and b) shows ring enhancing lesion in right
parietal lobe of brain and its MRS shows reduced peak of
N-acetylasparate (NAA) and significantly raised peak of
Choline and high choline to creatine ratio, findings on MRS
are suggestive of neoplastic lesion.
Figure 2 (a and b) shows ring enhancing lesion in left
parietoccipital lobes of brain and its MRS shows elevated
lipid/lactate peak, findings on MRS are suggestive of brain
abscess.
MR spectroscopy may also guide us about the organisms
accountable for the abscess. Anaerobic bacteria are shown
to elevate the levels of acetate and succinate peaks. Whereas,
absence of acetate and succinate signals are more likely
associated with obligate aerobes or facultative anaerobes. 18

MRS can distinguish high-grade gliomas from metastases,
especially with effective peritumoral measurements. This
also supports the theory that MRS can detect infiltration of
tumor cells in the peritumoral edema. 19 Study conducted
by Alam MS et al. 20 revalidates this technique as highly
sensitive in differentiating between neoplastic and non-
neoplastic brain lesions although it was not very specific.
Cho level was significantly increased in brain tumours due
to an increase in mitotic activity which is not present in non-
neoplastic lesions. This study showed median Cho levels of
2.15 in neoplastic lesions compared to non-neoplastic lesions
of 1.03 which makes it single best marker to differentiate
between the two types of brain lesions [21] while our study
show median choline level of 1.75 in neoplastic lesions
which is again mentioning almost same values and
characteristics . Our study has two false positive and six
false negative cases while study conducted by Alam MS et
al. has six false positive and six false negative 21  which
signifies more reliable results in our study. In one study
more reliable results were noted which showed three false
negative and three false positive cases 22, however this study

Figure 1(a): Ring enhancing lesion in right parietal lobe crossing the midline
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MRS features which again improve the diagnostic value of
conventional magnetic resonance imaging. 24

Few limitations apply to this study. First, this study was
conducted in one center of a private hospital and, hence, a
certain demographics variables were observed. Second,
sample size was small hence more sample size is required
to generalize the specific findings and results.
CONCLUSION:
By using non invasive technique of MRI like MRS, invasive
procedures such as brain biopsy can be avoided in
differentiating neoplastic from non neoplastic ring enhancing
brain lesions thus reducing the morbidity and mortality.

Figure 1(b): MRS of lesion in right parietal lobe shows elevated
choline peak and reduced NAA peak

Figure 2(a): Ring enhancing lesion in left parietoccipital lobes
with perilesional edema

Figure 2(b): MRS of lesion in left parietoccipital lobes shows
elevated lipid/lactate peak
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