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INTRODUCTION 
Magnetic Resonance Spectroscopy is an advanced and non-
invasive technique and has a potential for providing the 
information about the composition of various lesions. It is 
a useful method for determining the molecular structures 
which provides the metabolic information from viable brain 
tissues.1- 3 With the development of improved techniques 
for spatial localization and water suppression (MRS) 
provides metabolic information regarding the tissue under 
study, complementing the anatomic information obtained 
with conventional MRI. For a reliable MRS procedure, 
spectroscopic localization methods and data acquisition 
should be properly adjusted.4-6 Metabolites which can be 
detected in the brain tissue include Choline, Creatinine, 
N-acetyl aspartate (NAA), lactate, myoinositol, glutamine/
glutamate, lipids, and amino acids. Brain lesions contain 
abnormal levels of these metabolites as compared to normal 
brain tissue.7, 8 Single-voxel MR spectroscopy measures the 
MR signal of a single selected region of interest whereas 
signal outside this area is suppressed. In single-voxel MRS, 
the magnetic field and the various other parameters are 
optimized to get the best possible spectrum from a relatively 
small region of the brain.9 Spectroscopic imaging or chemical 
shift imaging the data is converted as an image with the 

signal intensity representing the particular metabolites and 
its concentration. In a normal MR spectroscopy, the spectra 
obtained from the white matter and grey matter shows the 
predominant metabolites which are represented from right 
to left sequentially they are arranged as N-acetyl aspartate, 
creatinine, choline and Myoinositol.10- 12 Hence; we 
planned the present study to assess the efficacy of Magnetic 
Resonance spectroscopy in characterizing the intracranial 
tumors, comparing single voxel and multi voxel 1H MR 
Spectroscopy.

MATERIAL AND METHODS
3 0 patients with MRI findings suggestive of intra-cranial 
tumors were selected for the study. The patient with all 
age groups was included in this study. Patients undergoing 
MRI brain found to have intracranial tumors where MRS 
is applicable. 
Exclusion criteria
•	 Patients on cardiac pacemakers.
•	 Metallic implants.
•	 Claustrophobic patients.
•	 Early pregnancy
A 1.5 Tesla SIGMA GE HDxt MRI scanner was used to 
scan all patients with a 8 channel NV (NAVIGATOR) 
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radiofrequency coil was used. The bore size of the machine 
is 60cm. All the cases were examined in supine position with 
standard circularly polarized head coil using the following 
sequences. In this study all the patient have undergone routine 
sequence like diffusion weighted images (DWI) axial, T2 
FLAIR axial, T2 TSE axial, T1 SE axial, T2 FLAIR coronal, 
T1 SE sagittal, T1 SE fat-sat pre-contrast axial, T1 SE 
fat-sat post contrast axial /sagittal /coronal and in addition 
(Figure 1). Single voxel and Multi-voxel spectroscopy will 
be used in all studies. Minimum of two areas will be selected 
for the study.
To get an accurate assessment of the tumor chemistry, the 
spectroscopic voxel were placed over an enhancing region 
of the tumor, avoiding areas of necrosis, hemorrhage, 
calcification, or cysts. Point Resolved Spectroscopy (PRESS) 
is the sequence used in single voxel and multi voxel 
spectroscopy. It employs one 900 and two 1800 slice selective 
pulses along each of the spatial direction, generating signals 
in the form of a spin echo. 
Single voxel spectroscopy
When short echo times are selected, single voxel MRS 
performs more vividly.11 By employing a short echo time, it 
provides a high signal to noise ratio spectra and minimizes 
the loss of signal due to fast decaying peaks of metabolites 
(Figure 2). Hence for single voxel examination short echo 
time PRESS with TE less than 35ms is preferred.
In chemical shift imaging (CSI), typically more than 100 
spectra per slice or volume are simultaneously acquired. 
A selective RF pulse is used for slice selection. All spatial 
information is encoded into the phase of MRI with the 
help of CSI. Here, acquisition of data is performed without 
frequency encoding gradient to retain chemical shift 
information. Through phase encoding step, many spectra 
from a slice or a 3D volume can be simultaneously acquired. 
This imaging is combined with PRESS but only selecting a 
larger volume than for a single voxel MRS (Figure 3). 
Signal to Noise Ratio
SNR is the ratio between amplitude of resonance received 
to the average amplitude of the noise. The noise is the 
frequency that is random in space and time. It is constant 

for all patients and is primarily dependant on the built of the 
patient or the inherent noise of the system. Region of interest 
(ROI) was carefully placed to avoid strong interference from 
subcutaneous fat and lipids of the skull, and outer volume 
suppression (OVS) slabs outside the ROI was used to further 
reduce the potential for artifact. 
Analysis of the spectroscopic data 
The main metabolites identified by MRS are (NAA) at 2.02 
ppm, (Cr) at 3.0 ppm, (Cho) at 3.2 ppm and (mI) at 3.6 
ppm. Concerning lipids and lactate we qualitatively defined 
and estimated their sum (LL) between 0.9 and 1.3 ppm. 
The following metabolite ratio was calculated using the 
standard commercial software: Cho/NAA, Cho+Cr/NAA, 
Cho/Cr, LL/Cr and NAA/Cr in addition to MI/Cr in the 
second technique when the short TE has been used. In case 
of 2DMRSI, only voxels presenting the highest Cho/NAA, 
Cho +Cr/NAA, Cho/Cr, LL/Cr and the lowest NAA/Cr in 
the solid part of the tumor were considered. A spectrum was 
excluded for analysis if integration of any peak could not be 
accomplished using the automated analysis software.

RESULTS
A total of 30 patients were examined. Metabolites ratio is 
shown in Figure 4. In 8 patients, false peak value occurred. 
Out of the total number of patients examined using single 
and multi voxel MRS, a few number of patients show a 
false peak value when using single voxel MR spectroscopy 
whereas the same was not true when using multi voxel MR 
spectroscopy (Figure 5). Majority of the patients in the 
present study belonged to the age group of 40 to 70 years 
(Figure 6). Among these 30 patients, 60 percent of them 
were males while the remaining were females (Figure 7). 
In using MRS for application to brain tumors, the limited 
spatial resolution (usually 1 cm3 or less for MRSI and ~4 to 8 
cm3 for single voxel MRS) and partial volume effects should 
be kept in mind. For example, in treatment planning, MRSI 
pixel whose ‘point-spread function’ overlaps both tumor and 
normal tissue has the potential to be mis-classified as tumor 
invasion into surrounding brain if this issue is neglected. 
For this reason, use of high as possible spatial resolution is 
recommended. High resolution MRSI with good signal-

Parameters T2 flair T2 fse T1 se T2 flair T1 se T1 se MRS
single multi

Acquisition Method 2d 2d 2d 2d 2d 2d MRS MRS
Plane axial axial axial Coronal sagittal axial axial axial
FOV 24 24 24 28 26 24 24 24
TR 6500 4000 800 6500 835 830 1500 1000
TE 800 650 75 800 80 90 35 144
Matrix 320X244 320X256 320X192 320X224 320X192 320X224 1X1 16X16
NEX 2 2 2 1 2 1 8 1
FAT-SAT NO NO NO NO NO YES - -
Slice Thickness 4 4 4 4 4 4 - -
Voxel Thickness - - - - - - 20 40
Inter slice 1 1 1 1 1 1 - -
Timing (min) 3.28 1.45 1.05 3.28 1.15 3.45 3.00 4.2
IV Contrast NO NO NO NO NO YES - -

Table-1: Image Acquisition Parameters
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Figure-1: Planning of axial plane

Figure-2: Planning of single voxel spectroscopy

Figure-3: Planning of multi voxel spectroscopy

Figure-4: Metabolite ratios 

Figure-5: Accurate vs false peak value

to-noise ratios is best performed using high magnetic field 
strengths and multi-channel phased-array coils, and efficient 
pulse sequences. Both single and multi voxel MRS was 
applied to the total number of patients examined. Hence the 
use of multi voxel spectroscopy is suggested to give accurate 
analysis of the region of interest (ROI) in cases which may 
involve a tumor associated with hemorrhage / calcification / 
necrosis.

DISCUSSION
When performing the single voxel spectroscopy we employed 
a short TE technique in order to make initial diagnosis 
since all the metabolites represented have a high SNR. 
When performing the multi voxel spectroscopy a long TE 
is employed to characterize different regions of lesion/mass 
in order to assess the parenchyma of the brain both around 
and adjacent to the mass/lesion. This method is used to assess 
response to therapy and to aid the prognosis in search of 
tumor recurrence.
The Hunter’s angle is a common way to analyze the 
chemical spectra while looking for metabolite ratios, namely 
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NAA: Cr; NAA: Cho; Cho: Cr. With the help of a known 
reference solution from the MR spectral data an absolute 
concentration of metabolite can be calculated. A single voxel 
MRS, the operation is faster and easier, when compared to 
a multi voxel MRS.A limited volume of interest in a single 
voxel MRS allows an excellent shim as opposed to a multi 
voxel MRS where it is difficult to shim over the total area 
of interest. There is excellent spectral quality and peak 
separation with high signal to noise quantification in case of 
a single voxel MRS when compared to a multi voxel MRS 
which shows lower signal to noise and poses difficulties 
with quantification. The spectral contamination in case of 
a single voxel MRS is due to partial volume and chemical 
shift displacement effects from adjacent tissues. In a multi 
voxel MRS, the chemical shift aliasing is due to the bleeding 
of spectra from the adjacent voxel. A single voxel consumes 
about 3-5 minutes per voxel and hence is quicker compared 
to amulti voxel MRS which takes about 5-8 minutes for 2D 
imaging and 7-15 minutes for 3D imaging.12

In cases involving tumor associated with adjacent hemorrhage 
or calcification or necrosis, applying single voxel spectroscopy 
may give arise to a false peak value in the spectra because 
of the ROI being localized to the tumor region which also 
includes adjacent hemorrhage or calcification or necrosis.
Whereas in a similar case applying multi voxel spectroscopy 
is considered the best method to assess tumor region because 
of the ROI being individually and independently localized to 
the tumor and its constituents only, thus giving a true peak 
value in the spectra.13- 16 
Relatively common metabolic changes in human brain 

tumors are elevated signals in the lactate and lipid region 
of the spectrum, and also sometime increased levels of 
myo-inositol (mI) in short echo time (TE) spectra.17- 19 
The increase in lactate is most likely the result of anaerobic 
glycolysis, although it could also be due to insufficient blood 
flow leading to ischemia, or possibly also due to necrosis.20

Choi S et al measure the difference in levels of cerebral 
metabolites in the right and left hemispheres, gray (GM) and 
white matter (WM), imaging planes, and anatomical regions 
of healthy dogs to establish normal variations. There was no 
significant difference in levels of these metabolites between 
the right and left in any locations or between the GM and 
WM in the cerebral hemispheres. However, there were 
significant differences in metabolite ratios within imaging 
planes. The NAA/Cr was lower in the cerebellum than other 
regions and the thalamus had a higher Cho/Cr and lower 
NAA/Cho ratio than in other regions. The spectral and 
metabolic values will provide a useful internal reference for 
clinical practice and research involving multi-voxel magnetic 
resonance spectroscopy. Measurement of metabolite values in 
the transverse plane is recommended for comparing levels of 
regional metabolites.15 Steffen-Smith EA et al determined 
the feasibility of two magnetic resonance spectroscopy 
techniques in pediatric patients with diffuse intrinsic pontine 
gliomas (DIPGs) and evaluate the relationship of metabolic 
profiles determined by each technique. Children with DIPG 
(n=36) were evaluated using single voxel spectroscopy (SVS) 
and magnetic resonance spectroscopic imaging (MRSI) 
during the same imaging session. Patients were followed 
longitudinally (n=150 total studies). Technical feasibility was 
defined by sufficient water and lipid suppression for detection 
of metabolites. Correlation of metabolic data obtained by 
SVS and MRSI was determined using the Spearman rank 
method. Metabolite ratios, including Choline:N-acetyl-
aspartate (Cho:NAA) and Cho:Creatine (Cho:Cr), were 
obtained from SVS and MRSI. SVS and MRSI acquisition 
were feasible in >90% of studies. Maximum Cho:NAA 
and Cho:Cr from MRSI analysis were strongly associated 
with Cho:NAA and Cho:Cr obtained by SVS (r=0.67 and 
0.76, respectively). MRSI Cho:NAA values were more 
heterogeneous compared to Cho:Cr values within the same 
lesion, and a strong linear relationship between the range and 
maximum Cho:NAA values was observed. SVS and MRSI 
acquisition was feasible, with a strong correlation in metabolic 
data. Both techniques may improve diagnostic evaluation 
and management of DIPG. SVS is recommended for global 
assessment of tumor metabolism before and after therapy.16

CONCLUSION
Hence, the application of single and multi voxel spectroscopy 
is solely dependent on the nature of the study and its 
application is employed uniquely when needed for different 
individuals depending on the characteristics of the tumor. 
However the use of multi voxel spectroscopy is highly 
suggested because of its flexible characteristics and accurate 
localization of ROI.
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