
Introduction

The differential diagnosis of focal brain lesions depends
on the ability of the experienced neuroradiologist to
interpret a variety of rather indirect imaging criteria and
clinical data. These include location, oedema, mass
effect, calcification, cyst formation, vascularization,
contrast enhancement, age and clinical presentation.

The differentiation of ischaemic mass lesions, intra- and
extra-axial brain tumours, and discrimination between
high and low grade, however, often remains ambiguous
if the diagnosis is exclusively based on these criteria [1, 2,
3, 4, 5].

In contrast to MRI, CT, and angiography, i.e.
methods that provide structural data, proton magnetic
resonance spectroscopy (1H-MRS) gives completely
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Abstract Diagnosis of primary and
secondary brain tumours and other
focal intracranial mass lesions based
on imaging procedures alone is still a
challenging problem. Proton
magnetic resonance spectroscopy
(1H-MRS) gives completely different
information related to cell mem-
brane proliferation, neuronal dam-
age, energy metabolism and necrotic
transformation of brain or tumour
tissues. Our purpose was to evaluate
the clinical utility of 1H-MRS added
to MRI for the differentiation of
intracranial neoplastic and non-
neoplastic mass lesions. 176 mostly
histologically verified lesions were
studied with a constant clinically
available single volume 1H-MRS
protocol following routine MRI. 12
spectra (6.8%) were not of satisfac-
tory diagnostic quality; 164 spectro-
scopic data sets were therefore
available for definitive evaluation.
Our study shows that spectroscopy
added to MRI helps in tissue char-
acterization of intracranial mass
lesions, thereby leading to an im-
proved diagnosis of focal brain

disease. Non-neoplastic lesions such
as cerebral infarctions and brain
abscesses are marked by decreases in
choline (Cho), creatine (Cr) and
N-acetyl-aspartate (NAA), while
tumours generally have elevated
Cho and decreased levels of Cr and
NAA. Gliomas exhibit significantly
increased Cho and lipid formation
with higher WHO tumour grading.
Metastases have elevated Cho simi-
lar to anaplastic astrocytomas, but
can be differentiated from high-
grade gliomas by their higher lipid
levels. Extra-axial tumours, i.e.
meningiomas and neurinomas, are
characterized by a nearly complete
absence of the neuronal marker
NAA. The additive information of
1H-MRS led to a 15.4%-higher
number of correct diagnoses, to
6.2% fewer incorrect and 16% fewer
equivocal diagnoses than with
structural MRI data alone.
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different information related to neuronal integrity [6],
cell proliferation or degradation [7, 8, 9], energy
metabolism [6], and necrotic transformation of brain or
tumour tissues [10]. Hence, in conjunction with struc-
tural imaging modalities, 1H-MRS is playing an
increasingly important role in a number of common
neurological disorders such as stroke, epilepsy, multiple
sclerosis, HIV, dementia, head injury and near drowning
[11]. Although numerous 1H-MRS studies have been

conducted in order to describe metabolic patterns of
focal brain lesions [12, 13, 14, 15, 16], only a few
investigations focussed on the complementary differen-
tial diagnostic value of 1H-MRS added to MRI or other
imaging methods [17, 18]. In particular, the clinical
utility of 1H-MRS for solving key diagnostic problems,
e.g. differentiation between neoplastic and non-neo-
plastic lesions, low- and high-grade tumours, infarction
and low-grade gliomas, or separating metastases from
primary brain tumours and abscesses, has not yet been
defined in a large series of patients. In the present study,
metabolic patterns of focal brain lesions were reviewed
with regard to their potential impact for overcoming the
aforementioned problems.

Methods and materials

This is a consecutive series of 176 patients who presented to the
department of neuroradiology with focal intracranial mass lesions.
All patients were investigated under a constant single-volume 1H-
MRS protocol following structural MRI and/or CT imaging. All
imaging and spectroscopic studies were carried out with a 1.5-T
whole-body magnetic resonance scanner (Magnetom Vision, Sie-
mens) using a circularly polarized head coil. While all structural
MRI data were acquired in satisfactory imaging quality, the spectra
of 12 patients (6.8%) could be obtained only in poor quality,
without any diagnostic significance, mostly due to movement
artefacts and/or non-compliance on the part of the patients;

Fig. 1. a Relative metabolite levels of Cho, Cr and NAA expressed
as percentage of mass lesion/contralateral brain metabolite
proportion. All brain lesions have diminished NAA and Cr. Cho
is generally decreased in non-neoplastic brain lesions (infarction,
abscess) and elevated in brain tumours. Note the statistically
significant increase of Cho in gliomas according to tumour grading.
In comparison with gliomas, metastases show decreased NAA and
Cr, while Cho levels of metastases are in the range of anaplastic
astrocytomas. b Signal intensities of lactate (Lac) and lipids (Lip)
expressed as ratio to Cr of contralateral reference spectrum (i.e.
Lac and Lip level). Infarctions are characterized by prominent
lactate resonances. Glioblastomas exhibit higher lipid levels than
anaplastic astrocytomas and low-grade gliomas. The highest lipid
levels are observed in metastases, with statistically significant
differences from anaplastic astrocytomas, glioblastomas and all
other intracranial mass lesions. Astro II astrocytoma WHO II,
astro III anaplastic astrocytoma WHO III, astro IV astrocytoma
(glioblastoma) WHO IV, PNET primitive neuroectodermal tumour
(medulloblastoma), Cho choline, Cr creatine, NAA N-acetyl-
aspartate, SEM standard error of mean
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therefore, 164 spectroscopic data sets were available for further
assessment (Fig. 1; Table 2).

Within 10 days of spectroscopic examination, histological di-
agnosis was obtained by stereotactic biopsy or craniotomy and
open biopsy, except in 9 (of 25) cases of brain abscesses or focal
inflammatory brain disease and 9 (of 9) cases of cerebral infarction.
The diagnoses in these patients were based on magnetic resonance
and CT features, clinical course, cerebrospinal-fluid findings and
blood laboratory tests. Patients with cerebral infarction were ex-
amined during the acute and subacute phases with onset of clinical
symptoms of less than 72 h.

Definitive diagnoses (of the patients with successfully completed
MRI and MRS) included 23 low-grade astrocytomas (WHO II), 28
anaplastic astrocytomas (WHO III), 39 glioblastomas (WHO IV), 4
PNETs or medulloblastomas, 18 metastases, 9 meningiomas, 9
neurinomas, 25 cerebral abscesses and 9 brain infarctions.

The MRI and spectroscopic findings were reviewed indepen-
dently by various experienced readers, who were blinded for the
definitive diagnosis: Two readers (W.M.H., S.H.) made their di-
agnosis based on data from MRI and MRS, while two other in-
vestigators (H.L., F.E.Z.) made their diagnosis by interpreting the
magnetic resonance images alone (without the added information
given by MRS). A diagnosis was voted as ‘‘correct’’ if, not only the
kind of intracranial mass lesion (i.e. metastasis, abscess, glioma,
meningioma, neurinoma, infarction etc.), but also the tumour
grading according to the WHO classification, was diagnosed cor-
rectly. If the neuroradiologists could not decide between several
differential diagnoses, this was considered as ‘‘no evident diagno-
sis’’ (Table 2).

Proton magnetic resonance spectroscopy

To guide single-voxel spectroscopic examinations, scout magnetic
resonance images using either contrast-enhanced T1-weighted or
T2-weighted two-dimensional gradient-echo sequences were
obtained in exact axial, coronal and sagittal planes. Afterwards, a
volume of interest (VOI) of 4–12 ml (mean: 8 ml) was placed in the
solid part of the mass lesion excluding necrotic or cystic tumour
parts or adjacent oedematous brain. For this study, we accepted
any patient with an estimated tumour fraction in the magnetic
resonance spectroscopy voxel greater than 70%. Whenever feasi-
ble, identical VOIs were acquired from a homologous region of the
contralateral hemisphere. To avoid partial volume artefacts with
internal and external liquor spaces, which would reduce the ef-
fective voxel size of brain metabolites, we placed the contralateral
voxel into the white matter (reference spectrum). In cases of lesions
located in the midline or in the cerebellar vermis, the reference
spectrum was taken from the left parieto-occipital white-matter
region. Water-suppressed single-voxel spectra were acquired using
a double spin-echo localization technique (PRESS, point-resolved
excitation spin-echo sequence) with frequency-selective water
suppression. The PRESS sequence was used with parameters of
1,500/135 (TR/TE) because of sufficient signal-to-noise ratio
reported for the PRESS technique and in order to minimize phase-
induced baseline distortion [19, 20]. Depending on the size of the
selected VOI, either 128 or 256 acquisitions were performed,
leading (at a TR of 1,500 ms) to a total pure acquisition time of
3 min 15 s up to 6 min 30 s per voxel. Prior to spectroscopic
acquisition, global and localized shimming on the water proton as
well as optimization of water suppression was performed, resulting
in an overall spectroscopic examination time of 30–60 min for
both voxels.

Postprocessing and analysis of spectroscopic data

Time domain data were multiplied with a Gaussian function
(centre 0, half width 256 ms), 2D Fourier transformed, phase and

baseline corrected and quantified by means of frequency domain
curve fitting with the assumption of a Gaussian line shape using
the NUMARIS-3 software package (Siemens). Obtained metab-
olite signals centred at 0.9, 1.3, 1.5, 2.0, 3.0 and 3.2 ppm were
attributed to aliphatic lipids (Lip) (fatty acid-CH2 and -CH3),
lactate (Lac), alanine (Ala), N-acetyl-aspartate (NAA), creatine/
phosphocreatine (Cr) and choline (Cho) [21]. At a TE of 135 ms
Lac can be differentiated from lipids, because Lac-bound protons
are dephased and therefore exhibit an inverted j-coupled double
peak at 1.3 ppm (with a narrow bandwidth that is comparable
with the peaks of the other metabolites), whereas lipids exhibit
broad peaks at 1.3 ppm without phase reversal [10, 15]. Tumour
metabolite signal intensities were quantified (or normalized) in
two different ways. First, the peak area signal intensity of each
metabolite (NAA, Cr and Cho) in the lesion was expressed as
percentage of the corresponding metabolites of the reference
spectrum (these values will be further referred to as ‘‘relative
signal intensity’’ or ‘‘metabolite level’’). Assuming brain metabo-
lites to have an appropriate internal concentration standard, this
permits semi-quantitative estimation of the extent to which me-
tabolite concentrations are altered in focal brain lesions [15]. Lip
and Lac, which are not detectable in normal brain, were nor-
malized using Cr of the contralateral reference spectrum as an
internal standard (these values will be referred to as ‘‘Lip level’’
and ‘‘Lac level’’). The second way in which we quantified our data
was by expressing the peak area intensities of the metabolites
NAA and Cho as ratios to intratumoral Cr (Cho/Cr or NAA/Cr
ratio).

Statistics

After statistical evaluation for normal distribution (Kolmogorov-
Smirnov test), we used Student’s t-test for non-paired group
comparison for analysis of data. The level of significance was
determined at P £ 0.05.

Results

Intra-axial neoplastic lesions

All gliomas showed increased Cho and reduced NAA
compared with normal brain (1a; Table 1). According
to tumour grading, the relative signal intensities of
Cho and Cho/Cr ratio showed a statistically significant
increase from low-grade astrocytoma to anaplastic
astrocytoma to glioblastoma (Figs. 1a, 2, 3, 4; Ta-
ble 1). The highest Cho levels were observed in
PNETs (Figs. 1a, 5; Table 1). NAA was reduced in all
gliomas; again, corresponding to tumour grade, there
was a statistically significant decline in the signal
intensity of NAA that correlated inversely with the
tumour grade.

Cr was moderately decreased in all gliomas, without
statistically significant differences between low- and
high-grade gliomas (Fig. 1a; Table 1). Remarkable is the
strong statistically significant decrease of Cr signal
intensity in PNET tumours compared with low- and
high-grade astrocytomas (Fig. 1a; Table 1). Due to the
diminished Cr level, the NAA/Cr ratio of PNET
tumours was statistically significantly higher than those
of low- and high-grade gliomas (Table 1).
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Low-grade gliomas had no or only low Lac and Lip.
With increasing malignancy, tumours exhibited Lac and
prominent Lip peaks, with statistically significant dif-
ferences for Lip between low-grade astrocytomas, ana-
plastic astrocytomas and glioblastomas (Figs. 1b, 2, 3,
4). There were no noteworthy resonances of Lip or Lac
in PNET tumours (Fig. 5).

Metastases

In metastases the signal intensities of Cho were increased
to values comparable with anaplastic astrocytomas
(Figs. 1a, 6; Table 1). Signal intensities of NAA and Cr
were statistically significantly lower than in low- and
high-grade astrocytomas (Fig. 1a; Table 1). Because of
reduced Cr signal intensity, Cho/Cr ratios of metastases
were statistically significantly higher than those of ana-
plastic astrocytomas (Table 1). Beside this findings,
metastases showed strongly elevated Lip, with statisti-
cally significant differences from glioblastomas, ana-
plastic astrocytomas, abscesses and all other intracranial
mass lesions (Figs. 1b, 6).

Extra-axial neoplastic lesions

Spectra of meningiomas and neurinomas were char-
acterized by prominent Cho resonances (Fig. 7). The
relative signal intensities of Cr and NAA were
strongly decreased, and NAA especially was seldom
identified (Fig. 7; Table 1). Six of nine meningiomas
showed a dephased double peak at 1.5 ppm, which is
attributed to Ala [13]. Alanine was not visible in any
neurinomas or other brain lesion. Compared with
contralateral brain, neurinomas showed only slight
increases of Cho, whereas meningiomas showed mod-
erate increases of Cho signal intensities (Table 1).
Because both tumour entities had strongly decreased
Cr peaks (Table 1), meningiomas and neurinomas
had notably elevated Cho/Cr ratios (Table 1). There

Fig. 2a, b. Astrocytoma WHO II. a Location. b Left spectrum:
mass lesion. Right spectrum: contralateral brain. Values at top of
NAA (2.0 ppm), Cr (3.0 ppm) and Cho (3.2 ppm) reflect signal
peak integrals (arbitrary units). Metabolite levels relative to
contralateral brain: NAA 38%; Cr 83%; Cho 120%. Levels of
NAA and Cr are decreased while Cho is moderately elevated in low
grade gliomas

Table 1. Metabolite/Cr ratios
(Cho/Cr and NAA/Cr) and
percental signal intensities of
Cho, Cr and NAA relative to
reference spectrum (i.e. healthy
tissue on contralateral hemi-
sphere). The table displays
mean values ± standard error
of mean

Lesion Cho/Cr NAA/Cr Cho (%) Cr (%) NAA (%)

Infarctiona 1.45±0.22 0.93±0.25 71.0±8.3 49.9±10.5 23.3±6.9
Astrocytoma II 1.33±0.08 1.14±0.10 111.2±5.0 80.9±5.5 48.2±4.4
Astrocytoma III 2.13±0.12 1.02±0.06 170.9±7.5 78.7±5.2 42.5±2.7
Astrocytoma IV 3.93±0.64 0.92±0.11 307.7±21.4 75.2±6.1 32.8±2.2
PNET 18.4±6.30 4.73±2.59 409.3±93.8 36.3±11.8 39.0±4.1
Metastasis 3.97±0.74 1.09±0.23 155.5±16.2 43.2±5.4 25.2±4.2
Abscess 1.52±0.10 1.26±0.10 79.5±3.9 44.9±3.3 33.1±3.1
Meningiomab 4.81±1.04 1.20±0.37 137.4±13.2 26.9±7.2 12.7±3.5
Neurinoma 3.08±0.78 0.55±0.15 112.0±6.4 38.6±9.8 11.8±3.9

aFive of nine infarct spectra exhibited an additional acetate peak
bSix of nine meningiomas exhibited an additional alanine peak
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were only unremarkable Lac and Lip resonances in
meningiomas and neurinomas.

Non-neoplastic lesions

Brain abscesses (Figs. 1a, 8; Table 1) showed decreased
levels of Cho, Cr and NAA. The Cho levels were sta-
tistically significantly lower than those of the contrast-
enhancing neoplasms, i.e. anaplastic astrocytomas,
glioblastomas, PNETs and metastases. Abscesses ex-
hibited moderate Lip resonances at 1.3 ppm (fatty acid-
CH2) and occasionally at 0.9 ppm, which are assigned to
cytosolic amino-acid residues [22] or to fatty acid-CH3

resonances [23], and to a lesser extent, Lac. Especially,
abscesses of tuberculous origin expressed high Lip.

Cerebral infarction showed strong and homogeneous
decrease of all metabolites, with statistically significant
reductions of Cho, NAA and Cr compared with low-
and high-grade gliomas (Figs. 1a, 9; Table 1). Because
all metabolites including Cr were reduced in ischaemia,
Cho/Cr and NAA/Cr ratios of brain infarction did not
differ from the Cho/Cr and NAA/Cr ratios of low-grade
gliomas (Table 1). According to the ischaemic origin of
infarction all infarct spectra exhibited high Lac
resonances, while Lip was not observed (Figs. 1b, 9).

Fig. 3a, b. Astrocytoma WHO III. a Location. b Left spectrum:
mass lesion. Right spectrum: contralateral brain. Values at top of
NAA (2.0 ppm), Cr (3.0 ppm) and Cho (3.2 ppm) reflect signal
peak integrals (arbitrary units). Metabolite levels relative to
contralateral brain: NAA 51%; Cr 79%; Cho 159%. Note the
dephased lactate peak (caused by anaerobic glycolysis) at 1.3 ppm
and increasing Cho level according to WHO tumour grading in this
case of anaplastic astrocytoma

Fig. 4a, b. Astrocytoma WHO IV (GBM). a Location. b Left
spectrum: mass lesion. Right spectrum: contralateral brain. Values
at top of NAA (2.0 ppm), Cr (3.0 ppm) and Cho (3.2 ppm) reflect
signal peak integrals (arbitrary units). Metabolite levels relative to
contralateral brain: NAA 33%; Cr 71%; Cho 306%. There is a
further increase of Cho proportional to tumour grading in grade IV
gliomas. Broad lipid resonances at 1.3 and 0.9 ppm are due to
micro- and macronecrosis, one of the microscopic hallmarks of
GBM
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In five (of nine) cerebral infarctions, there was an
additional peak at 1.8 ppm, which is attributed to
acetate [22, 24].

Diagnostic value of 1H-MRS added to MRI

With conventional MRI alone 97 (of 176) correct diag-
noses (including the accurate WHO grade classification)
were made (55.1%). 1H-MRS in addition to MRI led to
the correct diagnosis in 124 (of 176) cases (70.5%); the
rate of correct diagnoses was therefore raised by 15.4%
when the diagnostic information of MRS was added to
that of MRI (Table 2).

The number of incorrect diagnoses could be lowered
from 27 (15.3%) for MRI alone to 16 (9.1%) for
1H-MRS in addition to MRI. The cases without evident

diagnoses were diminished from 52 (29.6%) to 24
(13.6%). In no patient was a correct diagnosis estab-
lished by MRI alone interpreted incorrectly by the
combined use of 1H-MRS and MRI. In 12 patients
(6.8%) the MRS examinations were of no diagnostic
value, while all MRI scans were of sufficient diagnostic
quality.

Discussion

In spite of the fact that the function of NAA is not known
exactly, it is generally recognized as a marker of func-
tional neurons and their appendages (including den-
drites) [12, 15, 25]. Whenever brain tissue is damaged or

Fig. 5a, b. PNET (medulloblastoma). a Location. b Left spectrum:
mass lesion. Right spectrum: normal healthy brain. Values at top of
NAA (2.0 ppm), Cr (3.0 ppm) and Cho (3.2 ppm) reflect signal
peak integrals (arbitrary units). Metabolite levels relative to
contralateral brain: NAA 19%; Cr 37%; Cho 524%. In our series,
PNETs showed the highest Cho levels of all brain tumours

Fig. 6a, b. Brain metastasis. a Location. b Left spectrum: mass
lesion. Right spectrum: contralateral brain. Values at top of NAA
(2.0 ppm), Cr (3.0 ppm) and Cho (3.2 ppm) reflect signal peak
integrals (arbitrary units). Metabolite levels relative to contralateral
brain: NAA 26%; Cr 61%; Cho 156%. Note broad lipid
resonances at 1.3 (fatty-acid methylene-group) and 0.9 ppm
(fatty-acid methyl-group). Spectra of metastasis are characterized
by elevated Cho and prominent lipid peaks. Lipid resonances in
metastasis are due to mobile membrane-bound lipids and occur
even in absence of necrosis
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replaced by any destructive, degenerative or infiltrative
process, NAA is markedly reduced. Extra-axial lesions,
which do not infiltrate brain or which do not contain
neuroglial tissue, will not demonstrate any NAA reso-
nances [8, 12, 13, 15, 18, 26]. Since Cr-bound phosphates
are a substrate of the ATP/ADP cycle, Cr is considered
to be an indicator of energy metabolism. Because Cr is
quite constant in various metabolic conditions, it has
often been used as an internal standard for semi-quan-
titative evaluation of metabolic changes of other brain
metabolites [15, 27, 28]. Cho resonances originate mainly
from intermediates of phospholipid metabolism such as
phosphocholine and glycerophosphocholine, which both
play an important role in the structure and function of
cell membranes [23, 29]. Consequently, increased Cho
can be seen in processes with elevated cell-membrane
turnover, such as in proliferating tumours and in devel-
oping brain [30]. Lipids and lactate are physiologically
not detectable in healthy brain. In-vitro studies have
shown that the amount of lipids detected by spectroscopy
correlates well with the degree of micro- and macrone-
crosis [10] seen on histology. Brain lactate is produced in
conditions of anaerobic glycolysis, i.e. during a mismatch
between glycolysis and oxygen supply, and indicates
hypoxic conditions as well as hypermetabolic glucose
consumption [31, 32].

In accordance with several former studies [18, 33, 34,
35, 36, 37], we observed as a common feature of primary
and metastatic brain tumour increased Cho and de-
creased NAA (Fig. 1a; Table 1). Non-neoplastic lesions
such as cerebral infarction and brain abscess, on the
other hand, showed markedly decreased Cho resonanc-
es. Therefore, Cho as a marker of proliferating tissue can
differentiate between neoplastic lesions (elevated Cho)
and non-neoplastic tissue (decreased Cho).

Histopathological tumour grades of gliomas can be
determined reliably with relatively simple, clinically
available techniques for acquisition and analysis of brain
spectra. These findings are in general concordance with
previous works [16, 18, 37]. According to the grade of
malignancy in gliomas, there was a statistically signifi-
cant increase in Cho, i.e. Cho was the best index for
grading cerebral gliomas according to WHO criteria
(Fig. 1a; Table 1); these findings correlate well with re-
cently published data [16, 38, 39], which showed a pos-
itive correlation of Cho/Cr ratios with the histological
grading of astrocytomas and the labelling index of KI-
67, a histochemically detectable proliferation marker.
Glioblastomas exhibited statistically significantly higher
lipid levels than low-grade astrocytomas and anaplastic
astrocytomas. Since necrosis is (besides mitotic activity
of tumour cells and presence of vascular glomeruli) one
of the microscopic hallmarks of glioblastomas [38],
spectroscopic detection of lipids is, therefore, not sur-
prising. The amount of lipids was the second-best dis-
criminator between low- and high-grade gliomas, while
changes of Cr and NAA signal intensities were less
helpful in grading cerebral gliomas. Medulloblastomas
(PNET-tumours) showed the highest Cho signal inten-
sities in our series (with statistically significant differ-
ences from high-grade gliomas), decreased NAA and Cr
and unremarkable resonances of lactate and lipids.
These findings reflect well the clinical course of medul-
loblastomas as fast-growing tumours with a high
proliferation rate.

Metastases are known to show variably increased
Cho and low Cr and NAA [12, 14, 33]. Additionally,
metastases apparently exhibit prominent lipid reso-
nances [13, 35]. In our series, metastases showed un-
ique spectroscopic findings, which differentiated them

Fig. 7. a Meningioma; b neuri-
noma. Spectra are characterized
by a Cho mono-peak (3.2 ppm)
and no or only low resonances
of NAA (2.0 ppm) and Cr
(3.0 ppm). Note dephased
alanine peak at 1.5 ppm in
meningioma (arrow) and small
lipid peak (fatty-acid methyl-
group) at 0.9 ppm in neurinoma
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from other contrast-enhancing neoplastic and non-
neoplastic masses (Figs. 1, 6; Table 1). In comparison
with brain abscesses, metastases had elevated Cho
peaks, whereas the contrast-enhancing parts of in-
flammatory brain disease showed decreased Cho.
Metastases were characterized by Cho levels compa-
rable with anaplastic astrocytomas, but in contrast to
high-grade gliomas, metastases showed – even in the
absence of necrosis – markedly higher lipid levels.

NAA and Cr were significantly lower in metastases
than in gliomas, which can be explained by the dis-
placing growth of metastases rather than the more
infiltrating growth of gliomas [13]. Mountford and
co-workers [40, 41] give a possible explanation for
elevated lipids in metastatic lesions: cancer cells of
different origin, which have the potential to metasta-
size, contain mobile spectroscopically detectable lipids
in their cell membranes, while cell cultures of tumours
which do not lead to metastases do not exhibit these
mobile membrane-bound lipids. Thus, the uniform
appearance of brain metastases of different origin is
well explained by the fact that metastasizing tumour

Fig. 8a, b. Brain abscess. a Location. b Left spectrum: mass lesion.
Right spectrum: contralateral brain. Values at top of NAA
(2.0 ppm), Cr (3.0 ppm) and Cho (3.2 ppm) reflect signal peak
integrals (arbitrary units). Metabolite levels relative to contralateral
brain: NAA 38%; Cr 44%; Cho 80%. Resonances at 1.3 ppm and
0.9 ppm are due to lipids. In contrast to metastases, high-grade
gliomas and other neoplastic lesions, Cho levels are decreased in
inflammatory brain disease

Fig. 9a, b. Cerebral infarction. a Location. b Left spectrum: lesion.
Right spectrum: contralateral brain. Values at top of NAA
(2.0 ppm), Cr (3.0 ppm) and Cho (3.2 ppm) reflect signal peak
integrals (arbitrary units). Metabolite levels relative to contralateral
brain: NAA 64%; Cr 61%; Cho 59%. All brain metabolites
(including Cho) are decreased. Note prominent phase reversed
lactate resonances at 1.3 ppm and the acetate peak at 1.8 ppm (*)
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cells contain a higher amount of membrane-bound
lipids than non-metastasizing cancer cells [42].

Meningiomas and neurinomas are extra-axial tu-
mours. Therefore, it is not surprising that both extra-
axial neoplasms showed absent or only low NAA in our
series (Fig. 7; Table 1); the presence of NAA in extra-
axial masses is attributed to contamination of the voxel
with adjacent brain tissue and to partial volume arte-
facts and does not reflect the presence of NAA in
meningiomas or neurinomas [12, 13, 29]. Cho/Cr ratios
of meningioma and neurinomas were strongly elevated,
due to the fact that the relative signal intensities of Cr in
both tumours were clearly diminished (Fig. 7; Table 1).
In these tumours Cho/Cr ratios should therefore not be
used for purposes of tumour grading. Meningiomas
exhibited higher Cho levels than neurinomas, but the
most obvious discriminating factor for differentiating
meningiomas from neurinomas was the presence or
absence of Ala, which is represented by a dephased
j-coupled double peak at 1.5 ppm (Fig. 7). According to
the literature [13, 26, 29], we could find Ala in six of the
nine meningiomas studied; we did not observe Ala in
any case of the nine examined neurinomas in this series.
Thus, the presence of Ala in meningiomas seems to be
useful for differentiating them from neurinomas in di-
agnostically difficult cases. On the other hand, the
presence of lactate and lipids, which is probably attrib-
utable to small areas of cystic tumour degeneration often
evident on magnetic resonance scans in neurinomas, did
not help to distinguish neurinomas from meningiomas.

Besides reduced NAA and Cr, abscesses demon-
strated markedly decreased Cho levels with statistically
significant differences from metastases and gliomas
(Figs. 1a, 8; Table 1). As reported by other authors, we
found strong lipid resonances, especially in abscesses of
tuberculous origin or in cases of toxoplasmosis [43].
Our aim was to characterize brain lesions by spec-
troscopy of the solid part, avoiding partial volume
artefacts from cystic or necrotic areas, and our data
indicate that spectra of contrast-enhancing lesions with
decreased Cho, NAA and Cr are typical for brain ab-
scesses. We did not study the spectroscopic findings in
cystic or necrotic brain tumours and abscesses, but it is
worth mentioning that brain tumours and abscesses
can additionally be differentiated by examining their

cystic components: abscess cysts exhibit Lac, lipids,
acetate and various amino-acid peaks from valine,
leucine, Ala and other metabolites attributable to dif-
ferent proteolytic enzymes, whereas ‘‘pure’’ tumour
cysts show only resonances from Lac or lipids [22, 44],
but not the variable spectral pattern of inflammatory
cysts.

Infarcts showed reduction of all metabolites including
Cho (Figs. 1a, 9; Table 1) and prominent Lac reso-
nances, in general agreement with published reports [32,
45]. NAA is reduced due to loss of intact neuronal cells,
and Cr is markedly diminished because of general
breakdown of energy metabolism [32, 46]. Increased
Cho/Cr ratios in brain infarction have been reported
earlier; these authors attributed elevated Cho to a
breakdown of plasma or cell membranes, which is be-
lieved to lead to an increase of free Cho in the extra-
cellular space [45, 47]. Based on our observations, we
presume that the increased Cho/Cr ratio in infarcts is
secondary to a more pronounced reduction of Cr than of
Cho, but not because of an elevation of Cho (Table 1;
Fig. 1a). In our study, the relative signal intensities of
Cho and of the other brain metabolites were clearly
reduced in relation to healthy brain tissue. It is our
opinion that determination of metabolite signal inten-
sities as the proportion to the corresponding metabolite
of contralateral normal brain (i.e. relative signal inten-
sity) is superior to the calculation of metabolite/Cr ratios
(e.g. NAA/Cr or Cho/Cr), since the absolute changes of
metabolites are better reflected when handling the data
in comparison with the ‘‘internal standard’’ of mirror-
image healthy brain (Table 1; Fig. 1a). In addition to
decreased Cho, Cr and NAA and prominent Lac reso-
nances, there was yet another spectral hallmark typical
for cerebral ischaemia: in more than 50% of infarct
spectra we found an additional peak at 1.8 ppm, which
is attributed to acetate, a direct degradation product of
destroyed N-acetyl-aspartate [22, 24]. Although less
frequently a diagnostic problem, cerebral infarction can
be differentiated spectroscopically from low-grade astr-
ocytoma by decreased Cho and the presence of lactate
and occasionally acetate, both of which are not found in
low-grade gliomas.

The diagnostic value of MRS added to MRI has not
been determined until now. Our data indicate clearly

Table 2. The data display the additional information of 1H-MRS
(1H-MRS + MRI) in comparison with structural imaging (MRI)
alone. The proportion of correct diagnoses is 15.4% higher when
the diagnosis is based on 1H-MRS + MRI instead of MRI solely.

The number of incorrect diagnoses is reduced by 6.2% and the
number of cases without evident diagnosis by 14% when the
complementary diagnostic information of 1H-MRS is used

Procedure Correct diagnosis Incorrect diagnosis No evident diagnosis Examination without
diagnostic value

Number (%) Number (%) Number (%) Number (%)

MRI 97 (55.1) 27 (15.3) 52 (29.6) 0 (0)
1H-MRS + MRI 124 (70.5) 16 (9.1) 24 (13.6) 12 (6.8)
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(Table 2) the additive information of MRS, which led to
a significantly higher number of correct diagnoses and to
a noticeably lower proportion of incorrect and equivocal
diagnoses. Moreover, the additional information did not
lead to incorrect diagnoses when compared with struc-
tural MRI alone. Therefore, it is concluded that the
biochemical information given by 1H-MRS is a useful

additional diagnostic modality for preoperative grading
of human gliomas, differentiating contrast-enhancing
neoplastic and non-neoplastic lesions such as cerebral
metastases, high-grade gliomas and abscesses, and al-
lowing differentiation of non-contrast enhancing lesions
such as low-grade gliomas from acute and subacute in-
farction.
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