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ABSTRACT
Objective: To qualitatively and quantitatively compare spectra obtained on single voxel spectroscopy and magnetic
resonance spectroscopic imaging in suspected recurrence of brain tumour or radiation necrosis.
Patients and Methods: Six patients with suspected recurrence of brain tumour or radiation necrosis were studied
with single voxel spectroscopy and magnetic resonance spectroscopic imaging using the point-resolved
spectroscopy technique, a repetition time of 1500 ms and an echo time of 135 ms.
Results: A high correlation in metabolite ratios obtained from single voxel spectroscopy and magnetic resonance
spectroscopic imaging was seen. A tendency to obtain lower Choline/N-acetyl-aspartate ratios on magnetic
resonance spectroscopic imaging compared with single voxel spectroscopy was noted.
Conclusion: The threshold established for the differentiation of recurrent tumour from necrosis using single
voxel spectroscopy may need to be adjusted when magnetic resonance spectroscopic imaging is performed for
the measurement of metabolite ratios.
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INTRODUCTION
The ability to provide brain metabolite information
has given magnetic resonance spectroscopy a unique
position in the evaluation of brain lesion, both for
characterisation of the lesion, and for progress assess-
ment. While single voxel magnetic resonance spec-
troscopy (SVS) has been shown to be robust in the
estimation of the concentration of cerebral metabolites,
the restriction of information to a pre-selected volume
of the target — a conventional imaging dependent
process — is a disadvantage. In a study of brain lesions,
Ricci et al have shown the reliability of SVS findings
to be dependent on voxel position.1

Magnetic resonance spectroscopic imaging (MRSI)
has the capability to examine multiple adjacent voxels,
covering a large volume in a single measurement.
MRSI not only provides wide coverage of the brain
but also allows selective evaluation of different parts
of the target volume. The representation of metabolite
information as spectral maps or metabolite images,
allows direct visual evaluation of the distribution of
metabolites in the lesion, in comparison with normal
brain tissue.

While SVS has been shown to be a reliable method of
quantitative evaluation,2 the quantitative evaluation
of individual voxels on MRSI in pathological lesions
has not been fully investigated. The objective of the
current study was to qualitatively and quantitatively
compare spectra of selected volumes of interest (VOI)
on MRSI with corresponding voxels on SVS, in patients
with suspected recurrence of brain tumour or radiation
necrosis.
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MATERIALS AND METHODS
The study population included 6 patients who had
previously received radiation therapy for a brain tumour
at the German Cancer Research Centre, Heidelberg,
Germany. Clinical details of the patients are summarised
in Table 1.

The patients subsequently presented with symptoms
suggestive of tumour recurrence. All patients underwent
SVS and MRSI evaluation, using a 1.5 Tesla magnetic
resonance imager (Magnetom Vision, Siemens,
Erlangen, Germany) with a standard head coil. The
study protocol included multiplanar T2-weighted spin
echo imaging, SVS and MRSI. Both SVS and MRSI
were obtained by point-resolved spectroscopy (PRESS),
with repetition time (TR) of 1500 ms and an echo time
(TE) of 135 ms. A double spin-echo technique was
used, and water suppression was achieved by 3 selective
pulses. For SVS, a VOI of 2 cm x 2 cm x 2 cm was
located at the site of the solid lesion on T2-weighted
images. Subject to time constraints, a second VOI
was examined on the contralateral (normal) side. For
MRSI, an axial 2-dimensional MRSI, with a single
slice 2 cm thick was selected, according to the slice
location of the VOI on SVS. Inner volume excitation
was performed with the VOI positioned entirely within
the skull, avoiding lipid signals from adipose tissue.3

The sampling frequency was 1000 Hz and the number
of data points was 1024. The field of view was 16 x
16 cm2, with 16 x 16 phase encoding steps giving an
in-plane resolution of 1 cm2, and a voxel size of 2 cm3.
All MRSI measurements were B

0
 corrected. The four

voxels on MRSI corresponding to the VOI on SVS were
selected for analysis.

Evaluation of the quality of spectra obtained from
SVS and MRSI was performed by an investigator
experienced in magnetic resonance (MR) spectroscopy
who was not involved in the post-processing of the
spectral data. The SVS and MRSI spectra of the voxel
containing the largest solid lesion component on the
reference T2-weighted images, were selected for
evaluation. Blinded to the type of spectra, as well as to
the imaging process and clinical data, the quality of the
spectra was graded as poor, satisfactory, or good, by
the investigator.

MR spectroscopy data were also evaluated on the
scanner using a commercial programme (LUISE;
Siemens, Erlangen, Germany). First, signal-time data
was multiplied by a Gaussian function (time constant,
256 ms). After Fourier transformation and phase cor-
rection, the baseline was flattened by fit and subtraction
of a spline function. The signal intensities of choline
(Cho, δ = 3.22 ppm), total creatine (Cr, δ = 3.01 ppm),
and N-acetyl-aspartate (NAA, δ = 2.01 ppm), were
calculated by fit and integration of the resonances on
post-processed Fourier spectra. The relative intensities
of NAA/Cr, Cho/Cr, and NAA/Cho obtained on SVS
were compared with: (1) the corresponding 2 cm3 VOIs
with the largest solid component, and (2) 8 cm3 VOIs,
obtained by summating the four 2 cm3 smaller VOIs on
MRSI. The summation of the metabolite ratios in the
8 cm3 VOIs on MRSI was obtained by calculating the
average of the metabolite ratios in the four 2 cm3 VOIs.

RESULTS
Evaluation of the lesion spectra on SVS resulted in one
being graded as satisfactory, while 5 were graded as

Table 1. Clinical data of study population.

Patient Histological grade Location Treatment New symptom
of astrocytoma

1 III* Corpus Partial resection 6.8 years ago followed by interstitial No new symptoms (only
callosum radiotherapy 6.3 and 4.8 years ago (60 Gy), and suspicious MRI findings)

stereotactic radiotherapy 2 years ago (50 Gy)
2 III Right frontal Partial resection 9 months ago followed by 54 Gy Increasing forgetfulness

lobe radiotherapy 2 months ago
3 II Left fronto- Biopsy followed by radiotherapy (60 Gy) 3.5 years ago Trouble with speaking and

temporal lobe walking, headache, nausea
and vomiting

4 IV Right fronto- Resection and radiotherapy (54 Gy) 9 months ago Left brachial hemiparesis
temporal lobe

5 IV Right temporal Resection 13 months ago followed by radiotherapy Left hemiparesis
lobe (60 Gy) 11 months ago; stereotactic radiotherapy

(30 Gy) 5 months ago
6 IV+ Left temporal Resection 9.1 years ago followed by partial resection Trouble with speaking and

lobe 11 months and radiotherapy (57 Gy) of recurrence concentration, headache,
8 months ago weakness of the right arm

* Astrocytoma grade II was found at initial surgery.
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good. Grading of representative lesion spectra on MRSI
resulted in 3 graded as satisfactory and 3 graded as good.
Both of the normal contralateral side spectra on SVS
were graded as good. The corresponding spectra on
MRSI were graded as good for one, and satisfactory for
the other. No spectrum was graded as poor.

The relationship of Cho/Cr, Cho/NAA and NAA/Cr
ratios in the 6 selected 2 x 2 x 2 cm3 VOIs within the
lesion, and additional contralateral VOIs in 2 patients
obtained on SVS and MRSI (average of the metabolite
ratios in the four 2 cm3 VOIs) is shown in Figure 1. A
high correlation (r = 0.88) was observed for both the
whole group and the lesion subgroup, as well as for
the normal contralateral group (r = 0.86).

The correlation between individual metabolite ratios
within the lesion obtained on SVS and MRSI is reported
in Table 2. Figure 2 illustrates spectra obtained on
SVS and MRSI in a patient with recurrent tumour.

The Cho/NAA ratios in selected voxels within the lesion
on SVS and MRSI are reported in Table 3. When the

MRSI voxel (1 x 1 x 2 cm3) with the highest Cho/NAA
ratio was selected and compared with the 2 x 2 x 2 cm3

voxel on SVS, a correlation of 0.57 was observed. A
slightly higher correlation (r = 0.68) was obtained when
the MRSI voxel containing the most solid component
was selected for comparison with the SVS voxel.

DISCUSSION
Ricci et al1 studied brain lesions (n=17) using SVS, and
found the accuracy for diagnosis of tumour and non-
tumour conditions depended on the voxel location. A
high degree of accuracy (88%) was achieved when the
voxel was located at the enhancing edge of the lesion,
in contrast to low accuracy (22%) when the voxel was
located in the centre of the lesion or in a cavity. This
result is readily understood given the heterogeneity
of a brain tumour, and the considerations of sampling
error and resolution.

With MRSI, the spatial distribution of metabolites can
be shown directly on metabolite images. Evaluation
of the original spectra, selected from individual VOI is
necessary, however, for more rigorous quantitative
analysis.3,4 Spectral analysis of an individual VOI using
MRSI is more difficult than with SVS, because of
significant B

0 
variations across the large MRSI field

of view. Artifacts seen on metabolite maps as a result
of this variation can be corrected on individual VOI
spectral analysis by post-processing methods.5,6 N-
acetyl-aspartate, choline, and creatine concentrations in
various regions of the brain in normal volunteers using
quantitative MRSI have been shown to be in general
agreement with estimation by SVS.7 In the current
study, metabolite ratios in normal brain obtained on
MRSI were also highly correlated with ratios obtained
on SVS. A high correlation between SVS and MRSI
metabolite ratios overall was also observed in lesions
suspected of being recurrent brain tumour or radiation
necrosis in the current study, but the correlation was
more modest for the individual metabolite ratios. This
may reflect limitations inherent in MRSI techniques.
Spectral localization in MRSI employs phase encoding
techniques, which are less subject to chemical shift
artifact than techniques which use frequency selective
pulses in a constant gradient. However, unstable early
time points in the free induction decay are associated
with broadening of line widths and changes in spectral
line shape, which may affect quantification.8 The effect
of line broadening on the accuracy of quantification is
more profound when peak height measurement is
employed.4 Peak area integration, as utilised in the
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Figure 1. Relationship of metabolite ratios obtained on magnetic
resonance spectroscopy and single voxel magnetic resonance
spectroscopy in the 6 selected 2 x 2 x 2 cm3 volumes of interest
within the lesion and on additional contralateral volumes of interest
in 2 patients.

Table 2. Comparison of metabolite ratios obtained on single voxel
magnetic resonance spectroscopy and on magnetic resonance
spectroscopy (average of 4 voxels).

Metabolite ratio Correlation coefficient

Choline/creatine 0.93
Choline/N-acetyl-aspartate 0.55
N-acetyl-aspartate/creatine 0.72
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current study, is generally not adversely affected as
line broadening affects all resonances simultaneously.
However, some inaccuracy in estimation is still possible
for extremely high or low concentrations of the me-
tabolite. The finite and truncated sampling of K-space
in MRSI will produce artifacts related to maximum

spread and the interval between samples. The effect,
the magnitude of which can be seen by point-spread
function, is that an individual voxel on MRSI will have
spectral contributions from adjacent voxels.8 Thus,
quantification in an individual voxel is affected by the
metabolite concentration in adjacent tissue.

Figure 2. Spectroscopy findings in a 25-year-old man with an initial WHO grade III astrocytoma, treated by partial resection and conformal
radiation therapy (54 Gy) 18 months previously. Current patient complaint is of increasing forgetfulness. (a) Spectra obtained from single
voxel magnetic resonance spectroscopy of the recurrent tumour shows elevated choline and low N-acetyl-aspartate; (b) spectra obtained
from magnetic resonance spectroscopy of the recurrent tumour shows elevated choline and low N-acetyl-aspartate; (c) spectra obtained
from single voxel magnetic resonance spectroscopy of the contralateral normal side; (d) spectra obtained from magnetic resonance
spectroscopy of the contralateral normal side.

(a) (b)

Table 3. Choline/N-acetyl-aspartate ratio in selected voxels of the lesion on single voxel magnetic resonance spectroscopy, magnetic
resonance spectroscopy, and final diagnosis.

Patient Final diagnosis Single voxel Magnetic Magnetic Magnetic Magnetic
for new symptom magnetic resonance resonance resonance resonance

resonance spectroscopy spectroscopy spectroscopy spectroscopy
spectroscopy (1 x 1 x 2 cm3) (1 x 1 x 2 cm3) (1 x 1 x 2 cm3) (1 x 1 x 2 cm3)
(2 x 2 x 2 cm3) Voxel 1  Voxel 2 Voxel 3 Voxel 4

1 Recurrent tumour 3 0.97 1 2* 1.47
2 Not yet evaluated 4.35 3* 2.04 1.56 2.27
3 Recurrent tumour 6.67 2 2.63 2.78 3.85*
4 Recurrent tumour 2.08 1.69 2.56 3.45* 3
5 Indeterminate 1.54 1.92* 1.25 0.96 1.39
6 Recurrent tumour 2.7 1.41 3.45 2.63* 1.72

* Indicates 2 cm3 voxel with the largest amount of solid lesion component

(c) (d)
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MRSI experiments on the phantom method, using
PRESS with an inner volume excitation tech-
nique, showed a 10% variation in within-plane signal
intensity.9 The lower signal-to-noise ratio obtained
in MRSI assessment of the human brain can result in a
lower accuracy in metabolite measurement. In inner
volume excitation, the shape of the radio-frequency
pulse employed often results in non-uniformity in the
excitation profile. Wild and Marshall10 have reported a
variation in intensity of 50% between voxels at the
edges and centre of the VOI on MRSI. A phantom
replacement technique has been suggested by these
authors as a means of amplitude correction for this
spatial variation in intensity. The high correlation in
metabolite ratios between SVS and MRSI in the current
study without additional amplitude correction however,
suggests that such correction may not be necessary when
adjacent voxels on MRSI are measured.

The poorer correlation for the NAA-related metabolite
ratios compared with the Cho/Cr ratio may reflect
greater variability of the NAA signal, arising from the
lower signal-to-noise ratio due to lower NAA in the
lesion compared with normal brain. Inspection of the
metabolite ratios obtained on MRSI shows a tendency
to overestimate NAA in the lesion in comparison to
SVS. Most of the lesions studied have their active
solid component located at the periphery, while the
cystic and necrotic portion are more often centrally
located. The VOI in the lesion, therefore, is more likely
to be close to adjacent normal brain with a higher NAA
content. As a result, voxel ‘bleeding’ from adjacent
voxels of normal brain tissue may result in an over-
estimation of NAA.

Over-estimation of NAA may decrease the sensitivity
of MRSI in differentiating recurrent tumour from
radiation necrosis as the Cho/NAA ratio may be falsely
lowered. This has important clinical implications,
given that a Cho/NAA ratio of more than 3 has been
suggested as indicative of recurrent tumour rather
than radiation necrosis.11,12 The threshold established for
the differentiation of recurrent tumour from necrosis
on SVS may need to be adjusted when MRSI is used
as the imaging technique.

CONCLUSION
The results of this study comparing SVS and MRSI for
the assessment of suspected recurrent brain tumour or
necrosis indicate that the metabolite ratios obtained by
these respective techniques are highly correlated. There
is a tendency, however, to a lower Cho/NAA ratio on
MRSI compared with SVS. A different threshold for
the differentiation of recurrent tumour from necrosis
may therefore need to be established for the MRSI
technique.
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