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Original Article 

Magnetic Resonance Spectroscopy 

and its Usefulness in Brain 

Tumors  
 

Objective: To evaluate the utility of magnetic resonance spectroscopy in cerebellopontine 

angle tumors taking biopsy as gold standard. 

Study design: Cross sectional comparative study. 

Place and Duration: Department of Radio-Diagnosis and Imaging Lahore General 

Hospital Lahore, a period of six months from September 2007 to March 2008. 

Materials and Methods: Magnetic resonance spectroscopy (MRS) is a non-invasive 

method, which provides insight of   tumour  metabolism. MRS studies were performed on 
1.5 Tesla whole body MR systems using standard imaging head coil. Total 50 patients from 
indoor, outdoor, with suspected cerebellopontine angle(CPA) tumors  based on history,  
clinical and pathological findings were included in this study. 
Patients having strong contra indication to MRI including those with cardiac pace makers, 
prosthetic heart valves, cochlear implants, brain aneurysm clips or coils were excluded. 
Patients already diagnosed, operated, or on treatment for Recurrent tumors, Metastatic 
tumors or with jerky movements were also excluded. 

Results: Out of 50 patients 28 (56.0%) were male, 22 (44.0%) were females with mean age 

of 37.10 ± 15.07. MRS detected 43 out of 50 CPA tumors The Sensitivity, specificity rate and 
diagnostic accuracy of MR Spectroscopy were 95.4%, 83.3% and 94.0 % respectively. 

Conclusion: MR Spectroscopy is useful to arrive at a more definitive diagnosis in 

cerebellopontine angle tumors with similar morphological imaging patterns. 

Key words: Magnetic resonance spectroscopy, Cerebellopontine angle tumors, vestibular 

schwannomas. 
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Introduction 

Cerebellopontine angle (CPA) tumors are the most 
common neoplasms in the posterior fossa, accounting 
for 5-10% of intracranial tumors. Most CPA tumors are 
benign, with over 85% being vestibular schwannomas 
(acoustic neuromas), lipomas, vascular malformations, 
and hemangiomas. The most frequent nonacoustic CPA 
tumors are meningiomas, epidermoids (primary 
cholesteatomas), and facial or lower cranial nerve 
schwannomas. Primary malignancies or metastatic 
lesions account for less than 2% of neoplasms in the 
CPA.

1 
The morphological characterization of intracranial mass 
lesions using conventional Magnetic Resonance 
Imaging (MRI) alone, even after contrast administration 
may be difficult without the histopathological  
examination of the suspected tissue . Magnetic 
resonance spectroscopy (MRS) is a non-invasive 
method, which provides insight of tumour metabolism 

and provides information on the composition and spatial 
distribution of cellular metabolites.

2
 

In some state of the art centers Magnetic resonance 
spectroscopy (MRS) and angiography are performed to 
know about the biology and blood supply of the tumour . 
Magnetic resonance (MR) spectroscopy has received 
little attention from the clinical radiology community 
because most MR spectroscopic studies are performed 
by a small and dedicated group of individuals, mostly 
basic scientists. This behavior is partly because MR 
spectroscopy does not produce “pictures” but results in 
“graphs” and until lately, it could only be obtained with 
special software. At present, MR spectroscopy may be 
obtained with many 1.5-T MR units and commercially 
available software. Adequate MR spectra may be 
obtained in periods as short as 10 to 15 minutes. 

3.4
  

Magnetic resonance spectroscopy is used to detect the 
metabolic and biochemical profile of brain areas. Proton 
magnetic resonance spectroscopy provides a non-
invasive method for examining a wide variety of 
metabolites in the human brain, including N-
acetylaspartate (NAA), Choline (Cho), phosphocreatine 
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and creatine (Cr), lactate (Lac),  lipids and others such 
as succinate, pyruvate, amino acids, acetate, glycine, 
glutamine/glutamate and inositol. 

5
 There is currently 

great interest in evaluating the usefulness of MRS for 
non-invasive diagnosis of tumours and determining 
tumour grades.

6 
Approximately 10% of all intracranial 

tumors originate in the cerebellopontine angle (CPA) 
with vestibular schwannomas comprising the majority of 
tumors in this location .

7 
 

In this study we used a localized single voxel 1H-MRS 
technique to evaluate the cerebellopontine angle 
tumors. Focus of this study was to evaluate that the 
proton MR spectroscopy may be able to improve 
preoperative diagnostic accuracy in patients scheduled 
for surgery of cerebellopontine angle tumors and to 
obviate the role of biopsy. The clinical use of MR 
spectroscopy will offer improvement in patient 
management and health outcomes. 

Materials and Methods 

The study was carried out in the Department of 
Diagnostic Radiology, Lahore General Hospital, Lahore. 
It was a cross sectional comparative study. Study was 
carried out in six months from September 2007 to march 
2008. Fifty patients were included in this study. 
sampling technique: Non-probability: 
Inclusion Criteria: Total 50 patients between 20 – 65 
years of age from indoor, outdoor (neurology / 
neurosurgery department) and emergency with 
suspected cerebellopontine angle tumors. Provisional 
diagnosis was based on history, clinical / pathological 
findings, CT scan, and x-rays. Informed consent was 
taken. 
Exclusion Criteria: Patients having strong contra 
indication to MRI including those with cardiac 
pacemakers, prosthetic heart valves, cochlear implants, 
brain aneurysm clips or coils, already diagnosed, 
operated, or on treatment. Patients with Recurrent  
tumors, Metastatic tumors or with jerky movements were 
also excluded. 
Data analysis: The collected information was entered in 
SPSS version 12.0 and analyzed through its statistical 
package. The variables analyzed were included 
demographics (i.e. age, sex) severity, duration, positive 
signs and MRS findings. These were presented as 
descriptive statistics including means and standard 
deviation for numerical values (age, duration). 
Frequency and percentage was calculated for sex, 
severity and MRS findings, which was qualitative data. 
The sensitivity, specificity, positive, negative predictive 
values, and diagnostic accuracy for MR spectroscopy 
was calculated by using 2x2 table. The accuracy of MR 
spectroscopy was compared with the accuracy of 
histopathology. 

Results 

The study group was consisted of 50 patients. 
Regarding age of patients, all age groups were included. 
Mean age of patients was 33.7±15.07.  Sex distribution 
of patients showed 28 male (56%) and 22 were female 
(44%)  
Mode of presentation was vital factors and important 
clinical features were studied uniformly. History of 
headache 42 patients (84.0%) with no headache 08 
patients (16.0%). History of fits were present in 37 
patients (74.0%) no fits in 13 patients (26.0%). Sensory 
signs present in 19 patients (38.0%) while no sensory 
sign in 31 patients (62.0%). 
Out of total 50 patients, 45 patients (90.0%) presented 
with ataxia and 05  patients  (10.0%) were without 
ataxia. 26 patients (52.0%)   had right CP angle lesions 
and  24 patients (48.0%) had left sided. Regarding size 
of lesions 2-3cm in 30 patients (60.0%) 4-5cm in 18 
patients (36.0%) and greater than 5 cm were in 02 
patients (04.0%) and Mean SD 3.52 ±1.11. 
Consistency of the lesions were solid 10 (20.0%), cystic 
14(28.0%) and mixed 26 (52.0%).  
12 patients (24%) presented with surrounding brain 
edema while 38 patients (76%) without edema. 
Calcification was revealed in 13(26%)and absent in 
37(74.0%).Contrast enhancement was mild in 11(22%), 
moderate in 08 (16%) and intense in31(62.0%). 
Histopathology of all 50 patients were  performed after 
MRS.  In 26 patients (52.0%) lesions showed acoustic 
schwannoma, 10 patients (20.0%) with Meningioma, 5 
patients (10.0%) with Epidermoid,3 patients (6.0%) 
Arachnoid Cysts, while in the 6 patients (12.0%) 
histopathology result were negative (Table I). 
Table I: Distribution of cases by CPA   Tumors 
(histopathology) n = 50 

Brain lesions Number Percentage 

Acoustic 
schwannoma 

26 52.0 

Meningioma 10 20.0 

Epidermoid 05 10.0 

Arachnoid Cyst 03 06.0 

Negative cases 06 12.0 

Total 50 100.0 

 
On comparison of MRS with biopsy taken as gold 
standard out of 50 patients, 42 patients were True 
positive, 5 patients were True negative, while 1 patient 
was False positive and 2 patients were false negative 
(Table-II). 

Table  II:  Comparison MR Spectroscopy vs. biopsy 
(n = 50) 

MR 
spectroscopy 

Biopsy 
(Gold Standard) Total 

Positive Negative 

Positive 42 (TP) 1 (FP) 43 

Negative 2 (FN) 5 (TN) 07 

Total 44 06 50 
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According to the present study conducted the 
Sensitivity, specificity rate and diagnostic accuracy of 
MR Spectroscopy was 95.4%, 83.3% and 94.0 % 
respectively (Table-III). 
Table III: Sensitivity, Specificity and Accuracy of  
MR spectroscopy 

 
 
Sensitivity 
rate 
 

 

True Positive 
_________________________x 100 
True Positive + False Negative 

42 
_________x 100 = 95.4% 
42 + 2 

Specificity 
rate 
 

True Negative 
__________________________x 100 
True Negative + False Positive 

 
 

 

5 
-----------------x 100 = 83.3% 
5 + 1 

Diagnostic 
Accuracy 

 

True Positive + True Negative 
____________________________x 100 
True Positive +True Negative + 
False Positive + False Negative 

 
 
 

42 + 5 
---------------------  X  100 = 94 % 
42 + 5 + 1 + 2 

 
While the positive predictive value of MR Spectroscopy 
by present study was 97.6 % and its negative predictive 
value was 71.4 % (Table-IV). 

Table IV: Positive Predictive Value and Negative  
Predictive of MR spectroscopy 

Predictive value 

of 

Positive test 

True Positive 
________________________x 100 
True Positive + False Positive 
 
42 
__________x 100 = 97.6% 
42 + 1 

Predictive value 

of 

Negative test 

 

True Negative 
____________________________x 100  
True Negative + False Negative 
 
5 
________________x 100 = 71.4% 
5 + 2 

Discussion 

CPA lesions are not uncommon, very little rather no 
work regarding the use of magnetic resonance 
spectroscopy MRS for their diagnosis, has been 
performed in Pakistan due to non-availability of the 
facility. MRS studies were performed on 1.5 Tesla whole 
body MR systems using standard imaging head coil 
All the patients found to have focal cerebellopontine 
lesions on conventional MRI sequences were included 
in the study. All MR Spectroscopy was performed 
through single voxel technique. Initially, post contrast 
conventional MR imaging was done to localize the 
lesion and then voxel was placed on volume of interest. 

After water suppression, a point-resolved spectroscopy 
(PRESS) technique was used for localization and the 
studies were obtained with parameters including TE and 
TR of 135 and 1500 respectively. All the images were 
interpreted by consultant radiologists having experience 
in MR spectroscopy. Reporting was done on console as 
well as hard copies.The spectra were analyzed for the 
signal intensity of NAA, choline, and creatine and for the 
presence of lipid and lactate peak. Ratios were manually 
calculated for Cho/Cr, and Cho/NAA ratio. NAA is a 
marker of neuronal integrity and peaks at 2.02 ppm. 
Choline is an indicator of cell turnover and peaks at 3.22 
ppm. Similarly, creatine is involved in cell metabolism 
and peaks at 3 ppm. Cho/creatine and choline/NAA ratio 
are usually not altered in non-neoplastic lesions. Lipid 
and lactate peak can be seen in high grade tumours and 
also in infectious lesions. Lesions were also evaluated 
on conventional MR sequences before making the final 
MRS diagnosis. Final diagnosis was made on 
histopathology. 
This study shows the feasibility of obtaining MRS 
imaging during standard preoperative MR examination 
and is helpful for guiding biopsies. MRS imaging 
contributes in treatment planning of those regions where 
low NAA and high choline concentration is found. Proton 
MRS can improve the diagnostic accuracy 
preoperatively in brain tumors, even obviating 
stereotactic biopsies in some cases (especially the 
inoperable tumors) and helping in monitoring the 
response to therapeutic surgical/medical intervention. 

8  
 

Cr resonance intensity is relatively   invariant   and 
uniform throughout the normal brain tissue. It is used as 
an internal standard against which resonance intensities 
of other metabolites are normalized.

9
 Elevated Cho/Cr 

ratio is generally correlated, with an increase in tumor 
malignancy.  It is used as a possible non-invasive index 
of tumor grading. Reduction of NAA indicates loss of 
normal neuronal elements as they are destroyed or 
substituted by malignant cells. We can differentiate 
between high and low-grade tumors on the basis of 
Cho/Cr and NAA/Cho ratios. 

10
 

All mass lesions studied showed abnormal MR Spectra 
as compared to normal parenchyma. When the pattern 
of MRS metabolites consisted of abnormally increased 
pattern of MRS and metabolites consisted of abnormally 
increased choline and decreased N-acetyl aspartate 
(NAA) resonances, histological findings of the biopsy 
were positive for brain lesion.

11
 

Our results are consistent with those of previous reports 
of Gill SS et al Neff B et al and Lin A et al. 

12,13,16
 In a 

study  epidermoid cysts were found occasionally difficult  
to differentiate from other  non enhancing non neoplastic 
cysts with MR imaging or CT scan. Proton MR 
spectroscopy may assist in distinguishing theses cysts. 
14

 



Magnetic Resonance Spectroscopy and its Usefulness in Brain Tumors      Sohail Kamran  et al  

Ann. Pak. Inst. Med. Sci. 2013; 9(4):180-183          183 

The Cho peak is markedly elevated in all meningiomas, 
particularly in recurrent meningiomas. Current study 
showed that similar appearance of tissues on 
conventional MR images may have different spectral 
characteristics. Abnormal metabolites levels were found 
in a range of biopsy specimens and this is consistent 
with two studies conducted by Leclerc et al and 
Kennedy et al. 

6,15
 

The manner of using MRS for patient management 
guidance depends on clinical   situations. In some cases 
where both MRS and biopsy may be performed, 
decision depends on clinical circumstances and routine 
imaging findings. Mode of presentation was important 
factor in this study as clinical features were taken into 
consideration simultaneously. Headache, 
Vomiting/nausea were present in all patients (100%) 
included in the study and were subdivided in mild, 
moderate and severe catagories.

16
 

In this study comparison of MRS with biopsy taken as 
gold standard out of 50 patients, 42 patients were True 
positive, 5 patients were True negative, while 2 patients 
were False positive and one patient was False negative.  
Comparison of MRS with biopsy taken as gold standard 
the Sensitivity, specificity rate and diagnostic accuracy 
of MR Spectroscopy were 95.4%, 83.3% and 94.0 % 
respectively. While the positive predictive value of MR 
Spectroscopy in present study was 97.6 % and its 
negative predictive value was 71.0 %.  
Three studies presented with brain lesions reported 
sensitivity for MRS ranged from 79 to 100% and 
specificity ranged from 74 to 100%. Positive predictive 
values ranged from 92 to 100% and negative predictive 
values ranged from 79 to 100%.

10,16,18
 

Effect of single-voxel proton depends on whether 
patients would avoid biopsy when MRS is positive for 
neoplasm or when MRS is negative for neoplasm. If 
positive MRS results would be used to avoid biopsy, 
then high specificity and high positive predictive value 
would be desirable in order to minimize false-positive 
results that might lead to exposure to unnecessary 
treatment for neoplasm. In present study the specificity 
(97.6%) and positive predictive value (95.4%) is quite 
high. 
Lin et al. (1999) reported that MRS results were used to 
avoid biopsy in 7 of 15 cases (46%) and may have been 
helpful in avoiding two additional biopsies if MRS results 
had been used in all patients .

16 
In the study by 

Adamson et al (n=78), MRS was considered to have a 
potentially positive influence on treatment decisions by 
correctly avoiding biopsy in 23 of 78 patients (29%). 
MRS was suggestive of neoplasm in about one-third of 
the cases where biopsy was avoided and negative for 
tumor in the remaining two-thirds of cases.

17,19,20 

Conclusion 

This study showed that the presence of elevated 
choline, and decreased NAA is correlated with tumor 
histopathological findings. It is suggested that MR 
Spectroscopy can be used as a non-invasive screening 
test for CPA lesions, and a suitable alternative to biopsy. 
MR Spectroscopy is useful to achieve definitive 
diagnosis in doubtful CPA lesions with similar 
morphological imaging patterns. 
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