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To investigate differences between the metabolic ratios of normal controls and brain tumors such as
astrocytomas and glioblastoma multiforme (GM) by proton MR spectroscopy (MRS) at 3T high field
system. Using 3T MRI/MRS system, localized water-suppressed single-voxel technique in patients
with brain tumors was employed to evaluate spectra with peaks of N-acetyl aspartate (NAA),
choline-containing compounds (Cho), creatine/phosphocreatine (Cr) and lactate. On the basis of Cr,
these peak areas were quantificated as a relative ratio. The variation of metabolites measurements of
the designated region in 10 normal volunteers was less than 10%. Normal ranges of NAA/Cr and
Cho/Cr ratios were 1671018 and 1.16%0.15, respectively. NAA/Cr ratio of all tumor tissues was
significantly lower than that of the normal tissues (P=0.005). Cho/Cr ratic of glioblastoma multiforme
was significantly higher than that of astrocytomas (P=0.001). Lactate was observed in all tumor
cases. The present study demonstrated that the neuronal degradation or loss was observed in all
tumor tissues. Higher grade of brain tumors was correlated with higher Cho/Cr ratio, indicating a
significant dependence of Cho levels on malignancy of gliomas. This results suggest that clinical

proton MR spectroscopy could be useful to predict tumor malignancy.
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INTRODUCTION

The clinical challenge of managing primary brain
tumors is still formidable. The need for prompt and

accurate recognition of malignant brain tumor has
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given impetus to continued reassessment and to the
search for novel neuroimaging methods.!™ Although
computerized tomography (CT) and magnetic reso-
nance imaging (MRI) can solve many diagnostic pro-
blems related to brain tumors, they do not provide
the biochemical information critical to the appropriate
management.* 5 Positron emission tomography (PET)
provides insights into tumor cell metabolism and has
emerged as a powerful method to assess the bio-
logical behavior of brain tumors,H) however PET
facilities are available in only a few specialized
centers.

In recent years, in vivo proton magnetic resonance
spectroscopy ((H MRS) has been developed as a
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non-invasive technique that provides living biochemi-
cal information in situ® This technique has shown
great promise as a tool for cancer research and the
clinical management of cancer. The proton spectrum
of healthy human brain reveals resonances from
creatine and phosphocreatine (Cr), choline containing
(Cho), (NAA),

which is currently considered to be a neuronal spe-
10, 11)

compounds and N-acetylaspartate

cific metabolite. Improvements in localization,
water-suppression techniques, and instrumentation for
in vivo 'H MRS and the relatively high MR sensi-
tivity of protons have promoted a wide range of
applications of in vivo '"H MRS to the study of hu-

219 Stimulated-echo acquisition

man brain tissue.
mode (STEAM)™® has been used as a means of
localization of the volume of interest (VOI) in MRL
Hence, spatially localized in vivo 'H MRS could pro-
vide a better quality of information on the biochemi-
cal changes in the brain tumors. Indeed, spectro-
scopic studies on brain tumors have attempted to
characterize the histologic type and assess the degree
of malignancy, which help in better treatment plan-
ning and management.ng)

The purpose of the present study was to evaluate
'H MR spectroscopic characteristics of malignant
(glioblastoma multiforme : GM  and

brain tumors

astrocytoma) to provide diagnostic aids.

METHODS AND MATERIALS

1. Patient Characteristics

Ten patients, four men and six women (age range,
28-73 years; mean age, 52.2 years) were examined in
Kangnam St. Mary’s Hospital, Catholic University
Medical College from January 2001 to June 2002.
Their confirmed diagnoses were as follows; five
glioblastoma multiforme (GM) and five astrocytomas.
The clinical characteristics of patients are summa-
rized in Table 1. All the patients underwent surgery
to remove the tumors after the examination, and the
complete histologic diagnosis of each tumor was
provided by the pathologists. Tumors were included
in the study only when we could locate at least 25
mL of VOI within the tumor body while avoiding the
inclusion of macroscopic cysts and necrosis in the
VOI After complete description of the study to the
subjects, written informed consent was obtained from
each subject.

Table 1. Patients Characteristics (n=10) and metabolic ratios of tumor lesions

.« Age/ i o Lesion
Patient Sex Tumor Type and Location Pathologic Finding
Cho/Cr NAA/Cr Lac/Cr
1 F/49 Pilocytic astrocytoma, Lt. Frontal KI-67 index:5-10%, GFAP: + 0.44 0.26 1.65
2 F/42  Astrocytoma, Lt. Temporal Ki-67 index:less than1% 0.45 0.80 1.50
3 M/45  Astrocytoma, fibrillary type, low-grade, Lt. Fontal Ki-67 indexless than1%, GFAP: + 091 0.67 1.30
4 F/28 Anaplastic astrocytorna Ki-67 index: 27% 1.10 0.46 1.87
5 F/73 Anaplastic astrocytoma Ki-67 index: 2-3% 1.76 04 130
6 F/55 Glioblastoma, Rt. Parietal Ki-67 index: 40% 202 032 3.80
7 F/64 Glioblastoma, Rt. Temporoperiatal GFAP: + 2.10 0.11 9.10
8 M/46 Glioblastoma, Rt. Frontal Ki-67 index: 7-8% 2.11 1.17 495
9 M/59 Glioblastoma, Rt. Temporal Ki-67 index: 30% 2.28 0.52 425
10 M/B4  Glioblastoma, Rt. Temporal Ki-67 index: 5% 3.80 0.90 558
+ + +
o o,
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2. Magnetic Resonance Spectroscopy

In vivo 'H MRS examinations were performed on
a Magnus 2.1 for Magnum 3 tesla MRI/MRS system
(Medinus Co., LTD. Seoul, Korea) with a standard
quadrature birdcage head coil. Localized single voxels
(7-8 ml) centered on the volume of interested lesion
in patients with brain tumors selected using the
T2-weighted MR images (TR 2500 ms; TE 90 ms)
with fast spin echo (FSE) with the echo train length
of 8. A stimulated-echo acquisition mode (STEAM)®
was used as the localization method in this study.
Suppression of the water signal was performed by
using a three-pulse chemical shift selective, or
CHESS, sequence. Offsets of the higher order and
linear shim coils were adjusted by the auto prescan
(APS) for optimization of the homogeneities of the
total and the localized volumes of the brain, respec-
tively. The strength of the transmitter RF power, the
receiver gains, and the three RF pulses for suppres-
sion of the water signal were also adjusted by the
APS. After APS, typical line width (full width at
half maximum; FWHM) was usually 2 to 4 Hz,
which gave 97-99% of the suppression factor. Image
guided STEAM spectra were obtained with a TE of
20 msec, TR of 2000 msec, data points of 2048,
spectral bandwidth of 2500 Hz, and acquisition aver-
ages of 128.

The magnetic field over the VOI was homogenized
by adjusting the linear shims to minimize water line
width. Typical line width (full width at half maxi-
mum) was 3-4 Hz. Special attention was given to
locating the water signal frequency to maximize the
water suppression. An exponential line broadening
(1-2 Hz) was used for apodization of the free induc-
tion delay. Time domain data were converted to fre-
quency domain by Fourier transformation. Frequency
domain spectra were phased by hand, with use of

frequency-independent phase corrections only. Phased

absorption spectra are reported directly without base-
line correction or resolution enhancement. All of the
'"H MRS were plotted and analyzed in the absorption
mode.

Proton resonances in the spectra obtained from
brain tissues were assigned on the basis of prior
assignments.zn Resonance peak assignments of major
proton metabolites were CHsz of NAA, 2.00 ppm; N-
CHs of Cr, 3.00 ppm; N-(CHs)s of Cho, 3.20 ppm;
doublets of CH3z of Lac, 1.26 and 1.35 ppm. In order
to obtain the relative metabolite ratios, Cr was used

as a putative reference.
3. Statistical Analysis

Statistical analysis was performed using SPSS
(SPSS for Windows, Version 6.0, SPSS Inc., Chicago,
Illinois). The data were analyzed with two-tailed ¢-
tests, where P<0.05 was considered significant to
account for multiple comparisons. All the data are
presented as group mean values*standard deviation
(SD).

RESULTS

In vivo 'H MR spectrum in tumor tissue was very
The

specific MRS features of brain tumors (GM and

different from that in normal brain tissues.

astrocytomas) showed a decrease of the NAA signal
and an increase of the Cho and Lac signals relative
to normal brain spectra. Fig. 1 shows the VOI in the
temporal parietal white matter and the acquired
spectrum in a typical volunteer. The variation of
metabolites measurements of the designated region in
10 normal volunteers was less than 10%. Normal
ranges of NAA/Cr and Cho/Cr were 1.67%0.18 and
1.16%0.15, respectively. The metabolite ratio of Cho/
Cr in brain tumor (1.79%1.02) was significantly higher
than that of normal brain (1.16%0.15) (P=0.001). The
metabolite ratio of NAA/Cr in brain tumor (0.64%*
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Fig. 1. MR imaging and 'H MR spectrum of a normal volunteer.

A) T2-weighted axial MR imaging defining the volume of interest selected for localized in vivo 'H-MRS.

B) The corresponding spectrum obtained from the VOI shown in A, acquired with STEAM. Chemical shifts are indicated in
parts per million (ppm).
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Fig. 2. MR imaging and 1H MR spectrum of a patient with anaplastic astrocytoma.

A) T2-weighted axial MR imaging defining the volume of interest selected for localized in vivo 'H-MRS.

B) The corresponding spectrum obtained from the VOI shown in A, acquired with STEAM. Cho signal increased and NAA
signal decreased. Also, lactate signal was observed. Chemical shifts are indicated in parts per million {(ppm).

0.38) was significantly lower in normal brain (1.16 =*
0.15) (P<0.005). The signal intensity of Lac/Cr was
greatly elevated (3.532254) in brain tumor. High-
grade gliomas (GM) showed elevated Cho/Cr ratio,
while low-grade gliomas (anaplastic astrocytomas)
had Cho/Cr values within the normal ranges (Table
1). All tumor cases showed the decreased NAA/Cr

ratio. The decrease in the NAA peak was the actual

cause of the low NAA/Cr ratio. However, NAA/Cr
ratio was not correlated with malignancy. Statisti-
cally significant differences between low-grade glio-
mas and high-grade gliomas were shown in the
levels of Cho/Cr and NAA/Cr (P=0.001). Lactate was
more or less present in all the gliomas. A lactate
signal has been detected in the all tumor spectra.

The assignment of lactate is based upon its chemical
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Fig. 3. MR imaging and 'H MR spectrum of a patient with high—-grade glioma, glioblastoma.

A) T2-weighted axial MR imaging defining the volume of interest selected for localized in vivo 'H-MRS.

B) The corresponding spectrum obtained from the VOI shown in A, acquired with STEAM. Cho signal increased and NAA
signal decreased. Aiso, lactate signal was observed. Chemical shifts are indicated in parts per million (ppm).

shift (1.30 ppm) and its coupling constant (about 7
Hz). High~grade gliomas tended to have higher lac-
tate values than did low-grade gliomas. The repre-
sentative cases are presented in Fig. 2 and 3. Fig. 2
shows increased signal intensity of Cho/Cr and
hyperintense lactate signal in the neoplastic region
{anaplastic astrocytoma) when comparing normal
control brain. Fig. 3 shows increased signal intensity
of Cho/Cr and hyperintense lactate signal, however
decreased signal intensity of NAA/Cr in the neo-
plastic region (glioblastoma multiforme) when com-

paring the normal frontal area.
CONCLUSION & DISCUSSION

In vivo 'H MRS is a major advance for noninva-
sive spectroscopic evaluation of biochemical changes
since it allows appreciation of the regional hetero-
geneity of the chemical pathological changes. Also, in
vivo '"H-MRS can contribute to the monitoring of
alterations of brain metabolites in the slice of whole
brain and the understanding of the pathophysiology

during the development of a disease. The use of in

vivo MRS has generated considerable interest as a
means for obtaining noninvasive biopsy information
because obtaining biochemical information from brain
tissue through repeated brain biopsies is not clini-
cally feasible.

Establishing which compounds contribute to the
Cho signal has been an area of active research in
recent years. If the major water-soluble Cho-con-
faining compounds in the brain are added together,
their total concentration does no account for the
large signal that is seen in vivo. This has led to the
conclusion that relatively immobile lipid molecules,
such as phosphatidylcholine, can be seen in vivo.?
In the 1994 in vivo and in vitro study of the canine
brain, the Cho signal was attributed predominantly to
water-soluble glycerophosphocholine and phospho-

B A recent report on the patients with neo-

choline.
plastic and infectious brain lesions stated that the in
vivo Cho signal correlated with in vitro measures of
cellular density and water-soluble Cho-containing
compounds (phosphocholine and glycerophosphoch-
line), but not with membrane-bound phosphatidyl-

choline.® All these Cho-containing compounds parti-
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cipate in phospholipid metabolism. Thus, the in-
creased Cho peak found in most of the 1H MRS
studies of brain tumors has been attributed to a
greater membrane synthesis, increased cellularity, or
"% Our observations are
Fulham and

' This elevation of Cho signal intensity

to a rapid cell turnover.
consistent with the results of Gill,
coworker."” ®
was statistically significant.

NAA was unequivocally demonstrated in normal
tissue, but its function remains unknown. One sug-
gestion is that NAA donates its acetyl group for
lipid synthesis, particularly during the developmental
period corresponding to the myelination for neurons.”
2 Another suggestion is that NAA may play a role
in the N-terminal nonribosomal synthesis of NAA-
containing neuropeptides, including N-acetyl-aspar-
tyl—glutamate,ZS) or serve as an organic anion in
neurons, similar to isothianate in the squid axon.”
That the location of NAA is confined to neurons
was confirmed using an antibody to NAAY NAA is
present in the millimolar range in nervous tissues
but in contrast is very low in nonnervous tissues.*
In our study, the reduced NAA signal was generally
observed in GM and astrocytomas. If the NAA peaks
were detected in a case, it would imply contamina-
tion of the nontumorous neuronal tissues surrounding
the tumors (Fig. 1b). 'H-MRS data indicated that
decreases of NAA concentrations were more directly
related to the tumor plus associated pathology. Na-
gendank showed that NAA is a neuronal marker’
and its content decreases in many brain diseases
including tumors, stroke, multiple sclerosis, and me-
tabolic disorders.®* A reduction in NAA is a non-
specific marker for anything that displaces normal
brain tissue.

The relationship between lactate concentrations and
brain tumors is complex. Although many clinical re-
ports cited increased lactate levels in brain turnors,32'
%) increased lactate levels may not fully characterize

the nature or grading of primary brain tumors.” The

lactate signal rises whenever the lactate producing
anaerobic glycolytic pathway exceeds the capacity of
the lactate catabolizing respiratory pathways, or
when the cellular capacity for exporting lactate to
the bloodstream is impaired.37) In our study, lactate
signal was increased highly in malignant brain tu-
mors. The presence of lactate in brain tumors has

7. 25, 30
1 )and

been focused by several groups of authors,
although lactate is more likely to be found in high
grade gliomas, its importance as a potential predictor

25, 30)
Because of

of malignancy is still being debated.
the well-known anaerobic glycolytic nature of tumor
metabolism, it is reasonable to assume that many
tumors should produce increased levels of lactate.
Although lactate is detected in most tumors, its pre-
sence is not necessarily a direct indicator of anaer-
obic metabolism. Single-voxel "H-MRS can measure
total quantity of lactate, however, it do not allow for
distinguishing between lactate that is trapped in
nonviable tissue and that which is produced by
anaerobic metabolism in viable tissue. This may be
associated, in part, with the difficulty of separating
the lactate signals from those of lipids and macro-
molecules that are either within the tumor or that
contaminate the tumor spectrum due to incomplete
volumetric localization.

In the present analysis the metabolite signal inten-
sities were measured in the tumor and the healthy
control tissues. The proton spectrum of healthy hu-
man brain reveals resonances from Cr and Cho con-
taining compounds, and NAA, which is currently
considered to be a neuron-specific metabolite. 'H-
MRS has hbeen shown to be capable of detecting
metabolic changes in brain tumor comparing to nor-
mal brain tissue.

In conclusion, MRS may provide an additional
information in cases in which differential diagnosis
by neuroimaging is difficult, because it reflects low-
molecular weight substances of tumor metabolism

according to their origin. We anticipate that this
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noninvasive method may play an important role for
improving the management of patients with brain

tumors, as well as accurate diagnosis.
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