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ABSTRACT

The objective of the study was to assess the usefulness
of magnetic resonance spectroscopy (MRS) and dif-
fusion tensor imaging (DTI) in detection of vital tu-
mor cell infiltration presence in peritumoral brain
areas and determination of biochemical changes in the
brain parenchyma after received treatment. 73 pa-
tients with present, morphologically conformed brain
gliomas and 77 gliomas patients in remission stage
after combined therapy underwent magnetic reso-
nance imaging (MRI) including MRS and DTI. Frac-
tional anisotropy (FA) and metabolite ratios—cho-
line/creatine (Cho/Cr), myoinositol/creatine (MI/Cr),
lactate-lipid/creatine (LL/Cr), N-acetyl aspartate/crea-
tine (NAA/Cr)—were measured in the tumor, pe-
rifocal edema zone, distant and contra-lateral normal
appearing white matter. We observed gradual re-
duction of Cho/Cr, MI/Cr, LL/Cr mean ratios and
step-by-step increase of NAA/Cr, FA mean values in
the direction from the tumor to the distant and con-
tra-lateral normal-appearing white matter. LL/Cr
ratios within distal normal appearing white matter
decreased in patients after radiotherapy/chemother-
apy. Our study suggests that MRS and DTI in com-
bination with structural MRI sequences enhance vital
glial tumor cells areas and possible infiltration bor-
der. MRS and DTI quantitative measurements in the
glioma peritumoral area reveal pathological changes,
despite the normal signal intensity in structural MRI.
We suggest that increased LL/Cr ratios and decreas-
ed FA values may have the superior implications in
the detecting of glial tumors extent along the white
matter tracts. NAA/Cr reduction and Cho/Cr increa-
se may provide additional diagnostic value. LL/Cr
ratio in distal normal signal intensity area could be
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used as radiation/chemotherapy effectiveness criteria,
as this will reduce after the received treatment and in
remission period.
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1. INTRODUCTION

Glioma is the most common primary malignant brain
tumor [1]. Despite the development of modern surgical
techniques, focused radiotherapy and new chemotherapy
schemes, the majority of glial brain tumors recur due to
invasive growth [1-4]. Preoperative recognition of glio-
mas invasion border is a one of the most relevant clinical
problem. The usefulness of conventional structural MRI
sequences is limited because of their insensitivity for
detection of tumor cells outside the visible tumor border.
In this regard, new, advanced imaging techniques pro-
viding the physiological and metabolic characteristics of
the tumor and surrounding brain tissue could be perspec-
tive [5]. DTI with FA quantitative characteristics is a
noninvasive approaches for brain white matter study and
particularly, in patients with glial cerebral tumors be-
cause values of FA reflect the integrity state of white
matter tracts [6]. MRS is a technique for noninvasive in
Vvivo assessment of brain metabolites concentration [7-9].
Metabolites that are observed and well tested in the brain
include choline (Cho), creatine (Cr), N-acetylaspartate
(NAA), myoinositol (MI), lactate and lipids (LL). NAA
is regarded as a marker for neuronal function [5,10]. Cr
is a marker of cellular energy metabolism. Cr is consid-
ered the most stable brain metabolite [8]. Cho is a marker
of cell membrane [5,11]. MI is a marker of glial cells
[12]. Lipids are brain destruction products. Lactate is a
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product of anaerobic glycolysis [5].

Recently many studies analyzed the role of MRS and
DTI in differentiation of glial tumor as well as evaluation
of the treatment toxic effects. Less research has been
devoted to determining the effectiveness of therapy in the
peritumoral normal signal intensity area. Most studies
typically compared two groups—patients with recurrent
malignant lesions and those without recurrent lesions
[13]. We have analyzed the neuronal markers and diffu-
sion anisotropy parameters in glioma and definite peri-
tumoral areas to detect vital cell infiltration in normal
appearing brain areas. To evaluate the effect of nonsur-
gical therapy on vital tumor cells, we analyzed separately
DTI and MRS parameters alterations in two subgroups: 1)
patients before radiation/chemotherapy; 2) patients after
radiation/chemotherapy with present residual tumor, and
compared results with patients in remission period.

The objective of the study was to assess the usefulness
of MRS and DTI in detection of vital tumor cell infiltra-
tion in peritumoral brain areas and determine the bio-
chemical changes in the brain after received treatment.

Our hypothesis was that glial brain tumor and its peri-
focal areas are characterized by different values of neu-
ronal markers and diffusion anisotropy parameters; that
tumor grows from peripheral area where vital tumor cells
have a higher concentration, and in this area the meta-
bolic changes are expected after effective therapy.

2. MATERIALS AND METHODS
2.1. Patients

73 patients (40 women and 33 men, mean age 48 years,
range, 14 - 78 years) with brain gliomas and were studied
retrospectively. This group included both primary diag-
nosed glial tumors before treatment and recurrent or re-
sidual tumor after treatment. The tumor diagnosis was
determined based on morphological and immunohisto-
chemical confirmation. Histological type was classified
according to the World Health Organization brain tumor
classification [14] and consisted of 44 glioblastomas, 9
anaplastic oligoastrocytomas, 12 anaplastic astrocytomas,
3 oligoastrocytomas, 3 astrocytomas, 1 anaplastic oligo-
dendroglioma and 1 oligodendroglioma. Depending on
previous treatment two subgroups were divided: glial
tumor patients before radiotherapy/chemotherapy (n = 24)
and patients after radiotherapy/chemotherapy with re-
sidual tumor (n = 49).

Control group consisted of 77 patients (50 women and
27 men, mean age 48 years, range, 19 - 72 years) in a
radiological and clinical remission period with possible
treatment induced changes in the brain. Radiological
remission was diagnosed, based on structural MRI find-
ings in control examination using the following criteria:
long-term stability of the structural MRI or spontaneous
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regression of lesion [15,16]. Clinical symptoms and the
objective test results obtained from the medical records
supplemented the radiological diagnosis [16,17]. The
approvals of local Institutional Review Board of the Riga
East Clinical University Hospital and the Ethics Com-
mittee of Riga Stradins University before study initiation
were obtained.

2.2. MRI Acquisition

MRI was performed on a 1.5-T General Electric Signa
EXCITE MR unit with 8-channel head coil. Standard
conventional brain MRI protocol (T2-weighted, FLAIR,
diffusion weighted images, un-enhanced and gadolin-
ium-enhanced T1-weighted images) was supplemented
with MRS ((8ch) PROBE-2DSI PRESS 144TE) and DTI
(TENSOR 25 directions 1000b) (Figure 1). MRS was
performed with multi-voxel technique prior to contrast
administration. The volume of interest for MRS was de-
termined by using T2-weighted or FLAIR images in ax-
ial plane and it was defined including the pathological
signal intensity area as well as normal appearing brain
tissue. The row data of DTI were obtained using the axial
commissural plane.

2.3. MRI Data Post-Processing and Image
Analysis

Post-processing of MRS and DTI images was performed

on a MR GELS (General Electric) workstation. Quantita-

tive measurements of DTI and MRS were made in four
regions of interest (ROIs):

e Tumor—clearly visible solid component, contrast en-
hancement, abnormal signal intensity in T2, FLAIR
images;

e Perifocal edema—an area of increased signal inten-
sity in T2 and FLAIR images, without contrast en-
hancement, within 1 cm from the tumor solid parts;

e Distant normal-appearing white matter—up to 1 cm
from the abnormal signal intensity area;

e Contra-lateral normal-appearing white matter—normal
signal intensity area in all structural MR sequences.

Placement of ROI was based on previously published
recommendations [9,18,19].

We calculated metabolite ratios using the Cr signal as
a reference (NAA/Cr, Cho/Cr, LL/Cr and MI/Cr). The
axial T2 or FLAIR images were used to manually place
defined ROIs in spectroscopic matrix.

After the visual evaluation of color-coded FA maps,
round-shaped, uniform sized (30 pixels) ROI for quanti-
tative parameter of DTI (FA) measuring was placed in
the identical brain areas on gray-scale DTI axial images.

2.4. Statistical Analysis

Statistical analyses were performed using the Statistical
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SPECTRUM SPECTRUM

Figure 1. MRI in a 45-year-old man with morphologically and immunohistochemically confirmed recurrent anaplastic oligoastrocy-
toma: (a) Axial T2 FLAIR MRI shows an infiltrative left frontal lobe white matter mass; (b) Axial T1 MRI shows a hypointense infil-
trative mass; (c) Axial T1 post-contrast MRI shows a heterogeneously enhancing mass in the left frontal lobe. Surrounding hypoin-
tensity represents edema and/or tumor cells; (d) Color-coded FA map on which regions of high anisotropy are shown in red, and re-
gions of low anisotropy are shown in blue. The map shows reduced FA in left internal capsule; (e) Four ROIs placements are shown
on the gray-scale diffusion tensor map for the determination of the FA values. ROIs were placed in the tumor [1], the perifocal edema
[2], the distant normal-appearing white matter [3] and the contra-lateral normal-appearing white matter [4]; (f) Identical four ROIs
for metabolites measurements is placed in the spectroscopic matrix on axial FLAIR image; (g) Proton MRI spectra from selected
region in the tumor shows high LL peak and reduced NAA peak; (h) MR spectrum in the contra-lateral normal-appearing white mat-
ter shows high NAA peak. The LL peak is not visible.

Package for Social Sciences software (SPSS) version 20. standard deviations of measurements. The Kolmogorov-
We used descriptive statistics to calculate means and Smirnov test was used to determine if the data were
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normally distributed. If the data were normally dis-
tributed (p > 0.05), the paired samples t-test was used for
testing hypothesis on median between variables. If the
variables in paired samples did not meet the normal
distribution (p < 0.05), the nonparametric related samples
Wilcoxon signed rank test was used to compare pairs. P
values less than 0.05 were considered statistically sig-
nificant.

3. RESULTS

We calculated Cho/Cr, NAA/Cr, MI/Cr, LL/Cr ratios, FA
mean values and standard deviations in each area of in-
terest using descriptive statistics method. There were
gradual reduction of Cho/Cr, MI/Cr, LL/Cr mean ratios
and gradual increase of NAA/Cr, FA mean values in the
direction from the tumor to the distant and contra-lateral
normal-appearing white matter. The mean values (and
standard deviations) of the Cho/Cr, MI/Cr, LL/Cr, NAA/
Cr ratios and FA are summarized in Table 1.

Variables in each group (tumor, perifocal edema, dis-
tant and contra-lateral normal-appearing white matter)
were examined for their compliance with normal distri-
bution by means of Kolmogorov-Smirnov test. In the
tumor Cho/Cr, MI/Cr, FA values did not conform to
normal distribution (p < 0.05), therefore the nonparamet-
ric Wilcoxon signed-rank test was used to compare
paired samples. In the tumor NAA/Cr, LL/Cr values
demonstrated normal distribution (p > 0.05), therefore
the Student’s t-test for paired samples was used. In the
perifocal edema Cho/Cr, MI/Cr did not conform to nor-
mal distribution (p < 0.05), NAA/Cr, LL/Cr, FA demon-
strated normal distribution (p > 0.05). In the distant nor-
mal-appearing white matter Cho/Cr, MI/Cr, LL/Cr did
not conform to normal distribution (p < 0.05), NAA/Cr,
FA demonstrated normal distribution (p > 0.05). In the
contra-lateral normal-appearing white matter Cho/Cr,
NAA/Cr, MI/Cr, FA did not conform to normal distribu-
tion (p < 0.05), LL/Cr demonstrated normal distribution
(p > 0.05).

Comparing data in paired samples between tumor and
perifocal edema, statistically significant differences were
observed between the Cho/Cr mean values (p < 0.001,

Wilcoxon test), between the NAA/Cr mean values (p =
0.009, t-test), between the LL/Cr mean values (p < 0.001,
t-test), between the FA mean values (p < 0.001, Wil-
coxon test), but MI/Cr did not show statistically signifi-
cant difference (p = 0.647, Wilcoxon test).

Comparing data in paired samples between tumor and
distant normal-appearing white matter, statistically sig-
nificant differences were observed between the Cho/Cr
mean values (p < 0.001, Wilcoxon test), between the
NAA/Cr mean values (p < 0.001, t-test), between the
MI/Cr mean values (p < 0.001, Wilcoxon test), between
the LL/Cr mean values (p < 0.001, Wilcoxon test), be-
tween the FA mean values (p < 0.001, Wilcoxon test).

Comparing data between tumor and contra-lateral
normal-appearing white matter, statistically significant
differences were observed between the Cho/Cr mean
values (p < 0.001, Wilcoxon test), between the NAA/Cr
mean values (p < 0.001, Wilcoxon test), between the
MI/Cr mean values (p < 0.001, Wilcoxon test), between
the LL/Cr mean values (p < 0.001, t-test), between the
FA mean values (p <0.001, Wilcoxon test).

Comparing data between perifocal edema and distant
normal-appearing white matter, statistically significant
differences were observed between the Cho/Cr mean
values (p = 0.034, Wilcoxon test), between the NAA/Cr
mean values (p = 0.010, t-test), between the MI/Cr mean
values (p = 0.002, Wilcoxon test), between the LL/Cr
mean values (p < 0.001, Wilcoxon test), between the FA
mean values (p < 0.001, t-tests).

Comparing data between perifocal edema and con-
tra-lateral normal-appearing white matter, statistically
significant differences were observed between the Cho/
Cr mean values (p < 0.001, Wilcoxon test), between the
NAA/Cr mean values (p < 0.001, Wilcoxon test), be-
tween the MI/Cr mean values (p < 0.001, Wilcoxon test),
between the LL/Cr mean values (p < 0.001, t-test), be-
tween the FA mean values (p < 0.001, Wilcoxon test).

Comparing data between distant and contra-lateral
normal-appearing white matter, statistically significant
differences were observed between the Cho/Cr mean
values (p = 0.002, Wilcoxon test), between the NAA/Cr
mean values (p < 0.001, Wilcoxon test), between the

Table 1. The metabolite ratios and FA measurements results (mean + standard deviation) in patients with glial brain tumors.

Distant normal-appearing Contra-lateral normal-appearing

The metabolite ratios and FA* Tumor Perifocal edema white matter white matter
Cho/Cr 2.305 (+1.543) 1.444 (£0.953) 1.143 (£0.545) 0.924 (+0.366)
NAA/Cr 1.031 (x0.517) 1.221 (+0.560) 1.493 (+0.767) 2.354 (+1.010)
MI/Cr 0.814 (+0.509) 0.756 (£0.494) 0.509 (0.302) 0.482 (£0.315)
LL/Cr 3.933 (£1.547) 2.791 (£1.313) 1.834 (£0.896) 1.247 (£0.427)
FA 0.122 (£0.049) 0.175 (+0.323) 0.323 (£0.091) 0.473 (+0.068)

*Cho: choline; Cr: creatine; NAA: N-acetyl aspartate; MI: myoinositol; LL: lactate and lipid; FA: fractional anisotropy.

Copyright © 2013 SciRes.

OPEN ACCESS



522 A. Bieza, G. Krumina / J. Biomedical Science and Engineering 6 (2013) 518-526

LL/Cr mean values (p < 0.001, Wilcoxon test), between
the FA mean values (p < 0.001, Wilcoxon test), but
MI/Cr did not show statistically significant difference (p
=0.365, Wilcoxon test).

To determine whether the received radiation/chemo-
therapy affected neuronal markers and diffusion anisot-
ropy parameters, we compared the measurements in two
subgroups of patients—before radiotherapy/chemothe-
rapy (n = 24) and after radiotherapy/chemotherapy (n =
49) by the Wilcoxon test. Comparing measurements in
the tumor, Cho/Cr mean values of the first group 1.935
and second group 2.486 did not show statistically sig-
nificant difference (p = 0.145); NAA/Cr mean values
respectively 0.918 and 1.086 did not show statistically
significant difference (p = 0.070); MI/Cr mean values
0.815 un 0.813 did not show statistically significant dif-
ference (p = 0.753); LL/Cr mean values 4.255 un 3.776
did not show statistically significant difference (p =
0.304); FA mean values 0.108 un 0.128 did not show
statistically significant difference (p = 0.831). Compar-
ing measurements in the perifocal edema, Cho/Cr mean
values before radiotherapy/chemotherapy 1.187 and after
radiotherapy/chemotherapy 1.566 did not show statistic-
cally significant difference (p = 0.126); NAA/Cr mean
values respectively 1.054 and 1.300 did not show statis-
tically significant difference (p = 0.615); MI/Cr mean
values 0.690 and 0.787 did not show statistically signifi-
cant difference (p = 0.872); LL/Cr mean values 2.717
and 2.826 did not show statistically significant difference
(p = 0.421); FA mean values 0.173 and 0.176 did not
show statistically significant difference (p = 0.629).
Comparing measurements in the distant normal-appear-
ing white matter, Cho/Cr mean values before radiother-
apy/chemotherapy 1.340 and after radiotherapy/chemo-
therapy 1.047 did not show statistically significant dif-
ference (p = 0.179); NAA/Cr mean values respectively
1.526 and 1.476 did not show statistically significant
difference (p = 0.710); MI/Cr mean values 0.563 and
0.484 did not show statistically significant difference (p
= 0.841); LL/Cr mean values 2.267 and 1.622 showed
statistically significant difference (p = 0.013); FA mean
values 0.313 and 0.327 did not show statistically signifi-
cant difference (p = 0.513). Comparing measurements in
the contra-lateral normal-appearing white matter, Cho/Cr
mean values before radiotherapy/chemotherapy and after
radiotherapy/chemotherapy 0.844 and 0.964 did not
show statistically significant difference (p = 0.265); NAA/
Cr mean values respectively 2.279 and 2.391 did not
show statistically significant difference (p = 0.607); MI/
Cr mean values 0.532 and 0.456 did not show statisti-
cally significant difference (p = 0.738); LL/Cr mean
values 1.335 and 1.204 did not show statistically signifi-
cant difference (p = 0.407); FA mean values 0.480 and
0.469 did not show statistically significant difference (p

Copyright © 2013 SciRes.

=0.523).

Since only the LL/Cr measurements in the distant
normal-appearing white matter showed statistically sig-
nificant difference in patients before and after radiother-
apy/chemotherapy, we compared this measurement be-
tween patients in clinical and radiological remission pe-
riod (1.377) and patients after received combination
therapy with a residual tumor tissue (1.622). The meas-
urements did not show statistically significant difference
(p=0.193).

4. DISCUSSION

Our research is devoted to the one of the most topical,
yet insufficiently explored glial tumors problem—glioma
cell invasion real border in vivo. It is believed that at the
time of diagnosis the glioblastoma cells have invaded
brain tissue 2 - 3 cm away from the tumor core [20,21].
The exact demarcation of the tumor is essential, because
the main objective in the current oncological neurosur-
gery is to maximize tumor resection while preserving the
surrounding functioning brain tissue [22].

We analyzed the structural and functional MRI ex-
aminations in patients with histologically proven glial
brain tumors. We combined diffusion anisotropy pa-
rameter (FA) and MRS quantitative measurements to
determine whether such a multimodal approach provides
additional meaningful information in determining glial
tumor infiltration in peritumoral area that appears a nor-
mal on structural MRI.

We observed a progressive increase of NAA/Cr ratio
from the tumor to the distal and contra-lateral nor-
mal-appearing white matter. In all measurement zones
the NAA/Cr values were statistically significantly dif-
ferent. This finding is very important in the assessment
of the distal normal signal intensity area, because this
area appears normal in structural MRI and visually does
not differ from the contra-lateral normal appearing white
matter. The NAA/Cr ratio difference between these zones
was significant (p < 0.001). MRS findings suggest that
the neuronal function and integrity disorder is observed
in the normal signal intensity white matter zones close to
the tumor area, which are presumably related to an indi-
vidual tumor cell infiltration into peritumoral area.
NAA/Cr alterations in brain areas close to the tumor
were less specific—characteristic differences between
tumor and edema zone, between the edema and distant
normal appearing white matter were lower (p-values
were, respectively, 0.009 and 0.01). These observations
suggest that the NAA/Cr ratio is more specific for possi-
ble determination of tumor cell infiltration in the normal
signal intensity of white matter, but less specific in dif-
ferentiating between tumor and perifocal edema where
the integrity of neuronal damage is more pronounced
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both due to high concentration of tumor cells and edema.

We observed a gradual increase of FA values in the
direction from the tumor to the distant and contra-lateral
normal appearing white matter. Between all measure-
ment areas the differences of FA values were significant
(p < 0.001). Conceptually, this finding was expected,
because the FA is associated with alteration in neuronal
integrity, decreasing closer to the tumor area. This find-
ing is consistent with the previous data published by
other authors [6,23]. Previous studies have also shown
that FA decreases closer to the tumor, but it remains un-
clear whether these changes associated with edema or
tumor cell infiltration and whether the FA decrease re-
flects a decrease of axonal amount [23]. Published mor-
phological studies show that the perifocal area around
glial tumors contains not only water molecules, but also
invasive tumor cells [18], microglial cells and reactive
astrocytes [24]. We observed that in the distant brain
areas FA values returned to normal, suggesting that the
majority of invasive tumor cells and reactive brain cells
surrounded the tumor solid part.

We observed a gradual decrease of Cho/Cr values in
the direction from the tumor to the distant and con-
tra-lateral normal appearing white matter. Between all
measurement areas the differences of Cho/Cr values
were statistically significant. Since Cho levels increase in
areas with high cell membrane turnover, such as in the
growing tumor [25], it could indicate a gradual decrease
in the concentration of tumor cells in the distant peritu-
moral areas. However, the role of this indicator in vari-
ous peritumoral areas was different, depending on the
distance from the tumor. A statistically significant dif-
ference between Cho/Cr measurements in the tumor and
perifocal edema zone were most pronounced (p < 0.001),
but Cho/Cr ability to differentiate perifocal edema and
distal infiltration area, as well as distal and contra-lateral
normal signal intensity area was slightly lower (p-values,
respectively—0.034 and 0.002). These data suggest that
Cho/Cr ratio is less specific indicator of distal peritu-

moral area where invasive cells have lower concentration.

We believe that the Cho/Cr ratio provides additional in-
formation on the perifocal edema zone where the tumor
cells concentration is higher.

We observed a gradual decrease of MI/Cr values in the
direction from the tumor to the distant and contra-lateral
normal appearing white matter. Our study finding is con-
sistent with previously published studies, which showed
that the MI rate in tumor was higher compared to the
same patient's normal signal intensity white matter [26].
However, in our study, MI/Cr ratio showed the lowest
diagnostic role in the evaluation of the peritumoral areas.
Our findings suggest that MI/Cr ratio was not specific for
assessing tumor infiltration neither in edema area, nor in
the normal appearing white matter, because in MI/Cr

Copyright © 2013 SciRes.

ratio did not show statistically significant difference be-
tween the tumor and perifocal edema and between the
distal and contra-lateral normal signal intensity white
matter. Obviously, this finding is likely indicative of de-
scribed glial tumor heterogeneous morphology and vari-
able astroglial cell load in glial tumors, perifocal edema
and distant white matter. Similarly Chernov with col-
leagues found no statistically significant differences be-
tween the tumor and peritumoral brain tissue [27].

We observed a gradual decrease of LL/Cr values in the
direction from the tumor to the distant and contra-lateral
normal appearing white matter. Between all measure-
ment areas the differences of LL/Cr values were statistic-
cally significant. These statistically significant differ-
ences were most pronounced in all measurement areas (p
< 0.001) compared with the rest of MRS and DTI quan-
titative measurements, which could indicate that the
LL/Cr measurement is the most specific in determination
of tumor cell infiltration. LL/Cr is an important indicator
of the distant normal appearing white matter evaluation,
because this zone in structural MRI sequences is not dif-
ferent from the contra-lateral normal white matter, but in
the MRS images we observed the anaerobic glycolysis
suggesting a tumor-specific metabolism, i.e., a potential
tumor cell infiltration in areas that directly localized
around the tumor. Our results of the gradual decrease in
LL/Cr values from the tumor towards the periphery
agrees with to published morphological observations—
most gliomas recur within 2.5 cm from the edges of the
resection [4], where histologically individual invasive
cells were identified [6]. In this study we made meas-
urements in the distal normal signal intensity zone within
lem from perifocal edema border (measured from the
tumor solid parts, it varied in several centimeters, de-
pending on the amount of edema). We believe that the
results of our study tumor resection amount could affect
slightly, because, under the current approach, the neuro-
surgeon removes the tumor within visible abnormal brain
tissue borders according the structural MRI and in-
tra-operative appearance, maximally maintaining a visu-
ally intact brain tissue. Our findings are more likely to
help the nonsurgical treatment choice, especially in ra-
diation therapy planning, when the potential of tumor
cells infiltrating in normal signal intensity area at least 1
cm away from the borders of edema should take into
account.

Summarizing MRS and DTI results of the tumor and
surrounding brain tissues, which could indicate a tumor
cell infiltration among all measurement areas, Cho/Cr,
NAA/Cr, LL/Cr and FA values, were statistically signifi-
cantly different. LL/Cr and FA differences were particu-
larly evident in the distinguishing between different brain
areas surrounding the tumor. MI/Cr measurements show-
ed a lower diagnostic importance, because they were not
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different between the tumor and perifocal edema, as well
as between the distal and contra-lateral normal signal
intensity area.

As indicated by previous studies [7,25], MRS demon-
strated lipid levels correlate with the histologically ob-
servable degree of necrosis. Our research data could in-
dicate that LL/Cr ratio is a sensitive in early detection of
individual tumor cell perifocal infiltration. However, it
should be noted that the majority of patients in our study
received radiation and chemotherapy, so LL/Cr changes
might be partly due to treatment effects [28]. To deter-
mine whether MRS and DTI measurements were af-
fected by prior treatment, we separately analyzed the
glial tumor patients before and after received radiother-
apy/chemotherapy.

Compared MRS metabolites and FA measurements
between glial tumor patients before radiotherapy/chemo-
therapy and patients after radiotherapy/chemotherapy
with residual tumor tissue, we observed statistically sig-
nificant differences only in LL/Cr ratios within distal
normal appearing white matter. LL/Cr in this area after
received therapy had reduced, presumably due to the
alteration of brain metabolic type in the distal areas of
glioma—the metabolically active tumor cells decreased
in a given area. This parameter has also decreased
slightly in patients with clinical and radiological remis-
sion period, when a residual tumor tissue was no longer
detectable with structural MRI method, although the de-
crease in both groups was not statistically significantly
different. Thus, our findings indicate LL/Cr ratio impor-
tance of evaluating treatment effects—reduced LL/Cr in
distal normal signal intensity area suggestive of a posi-
tive treatment effect. These results confirm our hypothe-
sis that peripheral areas around gliomas have a higher
concentration of vital tumor cells; and the received non-
surgical therapy positive effects can be observed in these
areas. Necrotic changes and a small number of vital cells
were observed in tumor central areas, and therefore re-
ceived treatment did not affect the biochemistry in this
area. Other MRS parameters and FA values in any of the
areas measured showed no statistically significant dif-
ference in patients before and after combined therapy,
which in turn might suggest the less importance of these
parameters in determining the effect of treatment. It
should be noted that probably these results were also
affected by the imbalance in the number of patients in
both groups.

Several limitations of our study have to be mentioned:
First, relative heterogeneous tumor histopathology [5],
which may affect the MRS and DTI quantitative meas-
urements, as they may vary within the same tumor. Sec-
ond, lack of morphological conformation of glioma cells
invasion in perifocal edema and distant normal appearing
white matter. Previous study of autopsy material indi-
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cates that invasive tumor cells were identified several
centimeters of malignant glioma lodges, where the small
anaplastic cells and fibrillar cells were found [29]. Third,
although Cr is considered to be the most stable metabo-
lite used in the calculation of the ratio of metabolites,
there are indications in the literature that tumors may
also experience reduced levels of Cr, its level can vary in
different areas of the same tumor, increased Cr levels
may be observed in hypometabolic areas and decreased
in hypermetabolic areas of the same tumor [30]. Fourth,
the limit could be considered regarding a relatively small
number of patients before radiation/chemotherapy.

5. CONCLUSIONS

1) MRS and DTI quantitative measurements in glioma
peritumoral area reveal pathological changes, despite the
normal signal intensity on structural MRI;

2) MRS and DTI in combination with structural MRI
examination sequences enhance vital glial tumor cells
areas and possible infiltration border;

3) Increased LL/Cr ratios and decreased FA values
have superior implications in detecting glial tumors ex-
tent along the white matter tracts. NAA/Cr reduction and
Cho/Cr increase may provide additional diagnostic value;

4) LL/Cr ratio in distal normal signal intensity area
could be used as radiation/chemotherapy effectiveness
criteria, as this will reduce after the received treatment
and in remission stage.
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