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ABSTRACT

Aim: To demonstrate their contribution to staging by adding Perfusion Magnetic Resonance Imaging (MRP) and
Magnetic Resonance Spectroscopy (MRS) to conventional Magnetic Resonance Imaging (MRI) sequences in ce-
rebral glial tumor cases.

Material and Methods: Twenty-six patients (F/M:12/14, mean age 45.6+17.3) with primary glial tumors on MRI
were included in the study prospectively. The lesions included in the study were single lesions, supratentorial and
inter-axial localization. All lesions were diagnosed histopathologically. Conventional MRI, MRP and MRS images
were taken sequentially in a single session to all patients. The parameters obtained from these images were
analyzed statistically.

Results: For low/high stage tumor differentiation, the sensitivity of conventional MRI staging was 100% with a
specificity of 57%. Separately assessing the sensitivity and specificity rates for conventional MRI, MRP and MRS,
the combined use of conventional MRI+MRP (rCBV), conventional MRI+MRS (Lipid Lactate [LL] peak) and con-
ventional MRI+MRP (rCBV)+MRS (LL peak) were observed to increase the specificity rates of conventional MRI.
Relative cerebral blood volume (rCBV) value and LL peak was found to be significant for the differentiation of
low-stage/high-stage brain tumors.

Conclusion: The conventional MRI has high sensitivity and low specificity for preoperative glioma staging. The
specificity of conventional MRI findings increases when MRP and MRS are added to it.
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Amag: Serebral glial timor olgularinda konvansiyonel Manyetik Rezonans Goérlintileme (MRG) sekanslarina Per-
flizyon MR (MRP) ve MR Spektroskopi (MRS) eklenerek evrelemeye katkilarini géstermek.

Gereg ve Yontemler: MRG'de primer gliyal timorlt 26 hasta (K/A: 12/14, ortalama yas 45.6+17.3) prospektif
olarak ¢alismaya alindi. Calismaya dahil edilen lezyonlar tek lezyonlar, supratentoryal ve intra-aksiyel lokalizasyon
idi. Tum lezyonlara histopatolojik olarak tani konuldu. Tiim hastalara tek bir seansta konvansiyonel MRG, MRP ve
MRS gorintileri alindi. Bu gorintilerden elde edilen parametreler istatistiksel olarak analiz edildi.

Bulgular: Dustik/yiksek evre timor evrelemesi icin konvansiyonel MRG evrelemesinin duyarliligi %100 ve 6zgiil-
lik ise %57 idi. Konvansiyonel MRG, MRP ve MRS igin duyarlilik ve 6zgilliik oranlarinin ayri ayri degerlendirilmesi,
konvansiyonel MRG+MRP (rCBV), konvansiyonel MRG+MRS (lipit laktat [LL] piki) ve konvansiyonel MRG+MRP
(rCBV)+MRS (LL piki) geleneksel MRG’nin 6zgillik oranlarini arttirdigi gézlendi. Relatif serebral kan volim (rCBV)
degeri ve LL piki diisiik evre/ylksek evre beyin timarlerinin farklilagsmasi igin anlamli oldugu bulunmustur.
Sonug: Konvansiyonel MRG’nin preoperatif glioma evrelemesi igin yiiksek duyarhhgi ve distik 6zgilligu vardir.
MRP ve MRS eklendiginde konvansiyonel MRG bulgularinin 6zgulligu artar.

Anahtar Kelimeler: Glial hiicreli tiimérler, perfiizyon manyetik rezonans gériintiileme, manyetik rezonans spekt-
roskopisi
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INTRODUCTION

Brain tumors are tumors with the lowest survival rates
among malignant tumors (1). The definition of the stage and
spread of tumors is significant for the selection of appropri-
ate treatment. As a result, accurate staging before surgery
significantly affects survival rates. The role of radiological
imaging in early diagnosis and accurate staging has begun
to change (2). The first chosen imaging method of Magnetic
Resonance Imaging (MRI) has increased sensitivity and spe-
cificity with the use of intravenous contrast material, while
tumors may have a similar appearance to inflammation, in-
fection, and infarcts (3). Additionally, for assessment of the
infiltration of non-contrast tumors, MRI may be insufficient
in the differentiation of postoperative residual tumor from
postoperative changes or necrosis linked to radiotherapy
(4-6). The development of advanced MRI techniques has
ensured the possibility of defining the stage and spread of
the tumor and planning treatment better (7).

Currently, the advanced MRI techniques that have begun to
be used for identification of stage and distribution of crani-
al tumors include magnetic resonance spectroscopy (MRS)
providing information about tissue biochemistry and meta-
bolism, magnetic resonance perfusion (MRP) providing in-
formation about tissue microperfusion and diffusion-weigh-
ted imaging (DWI) related to microscopic water movements
(7,8). MRP is a non-invasive diagnostic method providing
information about tissue perfusion at the microscopic le-
vel, in-vivo tumor angiogenesis and tumor microcirculation.
With this method, information about blood volume, blood
flow and tissue oxygen levels are obtained, which cannot be
found using conventional MRI (3). The "Epi T2*" sequence
is a dynamic imaging method obtained by administering a
rapid bolus of contrast material. As paramagnetic contrast
material can be administered rapidly, the reduction of T2*
effect in brain vascular structures and signal loss in white
matter can be imaged (first-pass perfusion). This signal loss
is used to calculate time/intensity curves for each voxel and
cerebral blood volume (CBV), relative cerebral blood flow
(rCBF), mean transit time (MTT) and time to peak (TTP)
maps are obtained. The most valuable parameter is the
relative cerebral blood volume (rCBV) ratio obtained from
CBV (8). On MREP, it is well-known that high-stage tumors
show relatively high cerebral blood flow (CBF) values com-
pared to low-stage tumors (9). The CBV values measured in
the peritumoral area can be used to differentiate between
metastasis-linked edema or high-stage tumors (9,10).

Similarly, recurrent tumor-radiation necrosis differentiation
can be performed with perfusion measurements (11). MRS
is a non-invasive technique ensuring in-vivo analysis of
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metabolites in particular tissue to identify the biochemical
structure of the underlying pathologies. Metabolites conta-
ining protons in tissues are measured with suppression of
water and fat signals (12).

Our aim in this study was to obtain information about the
tumor stage and distribution and to reveal their contributi-
on to diagnosis by adding MRP and MRS to the conventio-
nal MRI sequences of cases considered to have a cerebral
glial tumor as a result of MRl investigation.

MATERIAL AND METHODS

Patient Selection: This study was prospectively completed
from April 2010 to March 2011 in the radiology department
of a university hospital. Consent was obtained from the Et-
hics Committee of Erciyes University (Date:05.08.2010, De-
cision number:2010/79) and adhered to the Human Rights
Declaration of Helsinki throughout the study.

MRI investigation identified 58 patients with primary glial
tumors with a single lesion and supratentorial and intra-axi-
al localization. Of these patients, 26 (12 female, 14 males,
mean age 45.6+17.3 years, age interval: 18-73 years) with
histopathologic diagnosis of the glial tumor were included
in the study. Patients with emergency herniation, taken for
emergency surgery, who could not tolerate MRP and MRS
tests, with metastasis after pathology and without surgical
procedures performed, were excluded from the study.

MRI Imaging: The study used a 1.5 T MR device (Philips Me-
dical Systems, Best, The Netherlands), with all cases lying in
the supine position with heads in a standard head coil. Pa-
rameters for conventional MRI with T1 SE axial images were
slice thickness 5 mm, gap 1 mm, TE 15, TR 623, FOV 137-
320, FA 69, matrix 256x256. For T2 TSE axial images, slice
thickness was 5 mm, gap 1 mm, TE 110, TR 5068, FOV 137-
250, FA 90 and matrix 256x256. For FLAIR axial images, slice
thickness was 5 mm, gap 1 mm, TE 120, TR 6000, Tl 2000,
FOV 137-300, FA 90 and matrix 256x256. For T2 TSE coronal
images, slice thickness was 6 mm, gap 1 mm, TE 110, TR
4000, FOV 125-250, FA 90 and matrix 256x256. For T1 SE
sagittal images, slice thickness was 5 mm, gap 1 mm, TE 15,
TR 488, FOV 107-340, FA 69 and matrix 256x256. Conven-
tional MRI, MRP and MRS images were taken sequentially
in a single session. Before the procedure, an 18-20-gauge
catheter was inserted in the antecubital vein. The duration
of the process was determined as nearly 40 minutes.

Pre-contrast images included T1-Weighted images in axial
and sagittal planes, T2-weighted images in the axial and co-
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ronal plane and FLAIR images in the axial plane. Contrast
images were taken after the MRP investigation.
Conventional MRI investigations assessed findings related
to contrast involvement in lesions, presence of necrosis, fin-
dings of peritumoral vasogenic edema and mass effect, and
presence of internal hemorrhage in the mass.

For staging using conventional MRI, high-stage glioma was
differentiated from low-stage glioma by having necrosis/
cyst and hemorrhage areas within the tumor, clear edema
and mass effect surrounding the tumor and intense cont-
rast involvement in the tumoral area.

MRP Imaging: During imaging, the “Med-Rad Spectris” au-
tomatic MRl injection system was used to administer bolus
injection of gadopentetic acid dimeglumine (Magnevist-Sc-
hering, AG, Germany) contrast agent as 5 ml/s speed with
0.3 mmol/kg dose during a few sections and MRP was be-
gun.

Dynamic susceptibility contrast MRI investigation was per-
formed to obtain perfusion images. 3D scan mode, fast field
echo (FFE) technique was used with the EPI rapid imaging
method to investigate perfusion. The imaging parameters
were TR 17, TE 25, flip angle 7, EPI factor 17, FOV 200, slice
thickness 3.5 mm, slice interval 0, NEX 1.0, matrix 128x64,
acquisition time 1 min 17 s, and slice number 30.

Perfusion MR imaging duration was a total of 1 minute 17
seconds, with a total of 1200 raw images obtained with a
gradient-echo echoplanar imaging sequence. These raw
images were sent to a Philips View forum computer works-
tation for the processing of perfusion data, and rCBV, CBF
and MTT maps and quantitative values related to the region
were obtained.

The region of interest (ROI) was placed in tissue distant from
vascular structures, distant from necrotic and cystic areas,
at the boundary of the tumor, and in tissue with normal
appearance around the contrast tumors with abnormal MR
signals and around contrast tumors or non-contrast tumors.
According to the lesion size, ROIs of 30 mm? dimensions
were used. Three to five ROl were placed in lesions, and the
highest rCBV values were selected. The highest ROl as com-
pared with white matter from the opposite hemisphere.
rCBV ratio = max rCBV (tumor)/rCBV (normal)

MRS Imaging: After obtaining MRP images, the identified
lesions were assessed with two-dimensional (2D) multi-
voxel MRS. The spectroscopic investigation was performed
after IV contrast material was administered. In selecting the
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region for investigation, the T2-Weighted axial and cont-
rast T1-Weighted images were used. MRS investigations
used the PRESS technique with 1500/144 (TR/TE) values.
The device automatically selected water suppression and
shimming settings. In the axial or coronal plane, mean 2-8
cm? voxel dimensions based on lesion size were chosen
inappropriate slices. The voxel was placed to contain the
gross pathology, generally the solid or necrotic section of
the tumoral region. The procedure took nearly 20 minutes.
When determining the area to be investigated, to avoid the
negative effect of fat in the subcutaneous area and diploe
distance, attempts were made to stay away from calvarial
bone structures and also away from CSF and sinus cavities
due to negative effects on the spectrum.

The metabolite resonance localizations were determined as
follows Cho 3.22 ppm; Cr 3.02 ppm; NAA 2.02 ppm; lipid
0.50-1.50 ppm; lactate 1.33 ppm with TE 144.00msn defi-
ning a typical double inverse peak. Maximum Cho/Cr and
Cho/NAA ratios were calculated. The presence of lactate
and lipid peaks was researched.

Statistical analysis

The analysis of the data was done on the computer using the
SPSS 15.0 (IBM Corp., Armonk, NY, USA) statistical software.
Normal distribution of data was examined with the Shapi-
ro-Wilks test. A comparison of two groups with a normal
distribution of variables used the student t-test, with the
Mann-Whitney U test used for variables with non-normal
distribution. The chi-square test exact method was used to
compare two qualitative variables. The sensitivity and spe-
cificity values for differentiation of low- and high-stage tu-
mors were calculated. ROC analysis was performed for the
differentiation of two groups using rCBV values. All statisti-
cal analyses accepted p<0.05 as significant.

RESULTS

Of the 26 cases included in the study, 7 (27%) had low-sta-
ge (stage Il), and 19 (73%) had high-stage (stage Ill and IV)
CNS tumors. The mean age in the low-stage group was
30.28+8.63 years, while the mean age in the high-stage
group was 51.31+16.30 years. There was a statistically sig-
nificant difference found in terms of age for low-stage/hi-
gh-stage differentiation (p<0.05).

Conventional MRI Findings: The parameters assessed with
conventional MRI investigations identified 3 (43%) of the
seven low-stage tumors as high-stage tumors. Of the 19 hi-
gh-stage tumors, 19 (100%) were radiologically identified as
high-stage tumors. For low/high stage tumor differentiation,
the sensitivity of conventional MRI staging was 100%, with
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a specificity of 57%. After administering IV contrast materi-
al, contrast involvement was observed in 29% of low-stage
tumors and all high-stage tumors (100%) (p<0.05).

Mass effect was observed in 14% of low-stage tumors and
84% of high-stage tumors (p<0.05). Edema was observed in
14% of low-stage tumors and all high-stage tumors (100%)
(p<0.05). In terms of hemorrhage findings, there was no

4

statistically significant difference identified for low-stage/
high-stage differentiation (p>0.05). Necrosis was observed
in 14% of low-stage tumors and 90% of high-stage tumors
(p<0.05) (Table 1). Mass effect had 84% sensitivity and 86%
specificity. For edema, necrosis, and contrast involvement,
the sensitivities were 100%, 90%, and 100%, with specifici-
ties of 86%, 86%, and 71%, respectively (Table 2).

Table 1. Efficacy of conventional MRI findings for high-/low-stage differentiation of glial tumors

Low-stage High-stage
n (%) n (%) X2 P

Yes (17 1(%14 16 (%84

Mass Effect (17) (%14) (%84) 11051 0.02
No (9) 6 (%86) 3 (%16) (<0.05)

Edema Yes (20) 1(%14) 19 (%100) 1171 0,000
No (6) 6 (%86) 0 (%0) ' (<0.05)
Yes (4 1 (%14 3 (%16

Hemorrhage @ (%14) (3%16) 0.009 1,000
No (22) 6 (%86) 16 (%84) (>0.05)

Necrosis Yes (18) 1(%14) 17 (%90) 13.576 0,001
No (8) 6 (%86) 2 (%11) ' (<0.05)
Yes (21 2 (%29 19 (%100

Contrast Enhancement (21) (%29) (3100) 16.803 0,000
No (5) 5(%71) 0 (%0) (<0.05)

Table 2. Sensitivity and specificity percentages of MRI for low-stage/high-stage differentiation of tumors

Sensitivity (%) Specificity (%)
Mass Effect 84 86
Edema 100 86
Hemorrhage 16 86
Necrosis 90 86
Contrast Enhancement 100 71

MRP Findings: Low-stage tumors had rCBV values of 0.90-
2.16, rCBF values 0.52-4.08 and MTT values of 0.36-2.29,
while high-stage tumors had rCBV values 0.99-7.50, rCBF
values 0.56-8.33 and MTT values 0.31-3.60 (Table 3) (Figure
1a,b,c).

In our study, rCBV value was found to be significant for dif-
ferentiation of low-stage/high-stage brain tumors (p<0.05),
while rCBF and MTT values were not significant for differen-
tiation of low-stage/high-stage tumors (p>0.05) (Table 4).

ROC analysis of rCBV values for differentiation of low-stage/
high-stage tumors found the threshold value for rCBV was
2.16. For this value, sensitivity was 58%, while specificity
was 100% (Figure 2).

MRS Findings: For low-stage tumors, the Cho/Cr ratios
were 1.59 to 2.47, and Cho/NAA ratios were 0.37 to 4.94,
while high-stage tumors had Cho/Cr ratios 0.87 to 4.89 and
Cho/NAA ratios 0.24 to 10.20 (Table 5) (Figure 3a-d).

For low-stage/high-stage differentiation, Cho/Cr ratios and
Cho/NAA ratios were not found to be significant (p>0.05).
The LL peak was 29% for low-stage tumors and 90% for hi-
gh-stage tumors (p<0.05). The LL peak had a sensitivity of
90% and specificity of 71% for differentiation of low-stage/
high-stage tumors. After separately assessing the sensitivity
and specificity rates for conventional MRI, MRP, and MRS,
the combined use of conventional MRI+MRP (rCBV), con-
ventional MRI+MRS (LL peak) and conventional MRI+MRP
(rCBV)+MRS (LL peak) were observed to increase the speci-
ficity rates of conventional MRI (Table 6) (Figure 4a-d).
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Figure 1. 25-year-old male patient (patient no:5) a) T2 weighted image shows a hyperintense mass lesion in the right tem-
poral region. b) Tlweighted contrast image does not show significant contrast enhancement in the lesion. c) In the rCBV
map, there is no significant increase in blood flow in the lesion (rCBV: 1.12).

Table 3. MR perfusion rCBV, rCBF and MTT values for low (patient no: 1-7) and high-stage (patient no: 8-26) tumors

Patient Age Sex rCBV rCBF MTT Pathology

1 44 M 0.90 0.52 1.73 Fibrillary Astrocytoma, Stage Il

2 37 F 2.09 3.15 0.66 Oligoastrocytoma, Stage Il

3 25 M 2.08 4.08 0.55 Fibrillary Astrocytoma, Stage Il

4 33 M 2.10 1.42 1.47 Astrocytoma, Stage I

5 25 M 1.12 1.01 1.10 Astrocytoma, Stage Il

6 30 F 2.16 0.94 2.29 Oligodentroglioma, Stage Il

7 18 M 1.13 3.13 0.36 Epandimoma, Stage Il

8 73 F 5.40 8.33 0.64 Glioblastoma, Stage IV

9 45 F 2.86 1.84 1.55 Anaplastic Astrocytoma, Stage IlI

10 45 F 7.50 5.71 1.31 Primitive Neuroectodermal Tumor, Stage IV
11 66 F 3.72 3.97 0.93 Glioblastoma, Stage IV

12 64 M 2.06 0.80 2.57 Glioblastoma, Stage IV

13 72 M 3.28 419 0.78 Glioblastoma, Stage IV

14 18 F 4.07 4.67 0.87 Anaplastic Astrocytoma, Stage IlI

15 53 M 3.81 3.39 1.12 Glioblastoma, Stage IV

16 44 M 4.54 2.85 1.59 Glioblastoma, Stage IV

17 19 M 2.09 2.30 0.90 Primitive Neuroectodermal Tumor, Stage IV
18 35 F 1.68 2.76 0.60 Glioblastoma, Stage IV

19 66 F 1.92 1.88 1.02 Glioblastoma, Stage IV

20 56 M 2.02 0.56 3.60 Glioblastoma, Stage IV

21 45 F 3.94 2.50 1.57 Recurrence, Glioblastoma, Stage IV

22 61 M 4.83 2.38 2.02 Glioblastoma, Stage IV

23 41 F 3.93 2.78 1.41 Recurrence, Germiocytic Astrocytoma, Stage Ill
24 50 F 1.15 3.70 0.31 Glioblastoma, Stage IV

25 49 M 0.99 0.99 1.00 Glioblastoma, Stage IV

26 73 M 2.07 1.48 1.39 Glioblastoma, Stage IV
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Table 4. rCBV, rCBF and MTT values according to groups

rCBV rCBF (meanSD) MTT (mean%SD) p
(meantSD) P
Low Stage 1.65+0.57 (<0.05) 2.03+1.38 1.1610.70 p>0.05
<0.
High Stage 3.25+1.64 3.00+1.86 1.32+0.76 p>0.05

rCBV: Relative Cerebral Blood Volume, rCBF: Relative Cerebral Blood Flow, MTT: Mean Transit Time, SD: Standard Deviation

100
80
60
40
20

Sensitivity

RCBV

Figure 2. ROC curve for rCBV

0

40 80
100-Specificity

Table 5. MRS findings for low (patient no: 1-7) and high-stage (patient no: 8-26) tumors

Patient Age Sex Cho/NAA  Cho/Cr LL+/- Pathology
1 44 M 1,42 2,15 (-) Fibrillary Astrocytoma, Stage Il
2 37 F 0,37 2,28 (-) Oligoastrocytoma, Stage Il
3 25 M 1,76 2,47 (-) Fibrillary Astrocytoma, Stage |
4 33 M 1,34 1,59 (-) Astrocytoma, Stage Il
5 25 M 4,00 2,41 (+) Astrocytoma, Stage Il
6 30 F 4,94 2,32 (+) Oligodentroglioma, Stage Il
7 18 M 1,84 1,87 (-) Epandimoma, Stage |l
8 73 F 0,69 3,02 (+) Glioblastoma, Stage IV
9 45 F 0,24 3,65 (+) Anaplastic Astrocytoma, Stage IlI
10 45 F 3,82 2,76 (+) Primitive Neuroectodermal Tumor, Stage IV
11 66 F 4,28 3,66 (+) Glioblastoma, Stage IV
12 64 M 0,55 2,57 (+) Glioblastoma, Stage IV
13 72 M 1,51 2,17 (+) Glioblastoma, Stage IV
14 18 F 0,81 3,23 (+) Anaplastic Astrocytoma, Stage IlI
15 53 M 2,83 2,96 (+) Glioblastoma, Stage IV
16 44 M 0,40 3,10 (+) Glioblastoma, Stage IV
17 19 M 6,51 4,89 (+) Primitive Neuroectodermal Tumor, Stage IV
18 35 F 10,20 1,77 (-) Glioblastoma, Stage IV
19 66 F 4,26 2,58 (+) Glioblastoma, Stage IV
20 56 M 1,34 1,79 (+) Glioblastoma, Stage IV
21 45 F 2,75 1,66 (+) Recurrence, Glioblastoma, Stage IV
22 61 M 0,36 0, 87 (+) Glioblastoma, Stage IV
23 41 F 4,19 3,73 (+) Recurrence, Germiocytic Astrocytoma, Stage Il
24 50 F 0,92 1,08 (+) Glioblastoma, Stage IV
25 49 M 2,11 3,56 (-) Glioblastoma, Stage IV
26 73 M 1,41 1,97 (+) Glioblastoma, Stage IV

M: Male, F: Female, Cho: Choline, NAA: N-Acetyl Aspartate, Cr: Creatine, LL: Lipid Lactate.
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Figure 3. 50-year-old female patient (patient no:24) a,b) T2 weighted image shows a mass lesion in the right frontal region
that has a cystic feature and an anterior wall component and vasogenic edema around it. c) There was no increase in
perfusion in rCBV map (rCBV: 1.15). d) In the contrast-enhanced area of MRS (Histopathological diagnosis: GBM, stage IV)

Table 6. Sensitivity and specificity for conventional MRI, MRP, MRS, conventional MRI+MRP (rCBV), conventional MRI+MRS
(LL peak) and conventional MRI+MPR (rCBV)+MRS (LL peak) for differentiation of low-stage/high-stage tumors

Sensitivity (%) Specificity (%)
MRI 100 57
MRP (rCBV) 58 100
MRS (LL piki) 90 71
MRI+MRP (rCBV) 100 100
MRI+MRS (LL) 100 71
MRI+MRP (rCBV)+MRS (LL) 100 100

MRI: Magnetic Resonance Imaging, MRP: Perfusion Magnetic Imaging, MRS: Magnetic Resonance Spectroscopy, LL: Lipid Lactate, rCBV: Relative
Cerebral Blood Volume

Figure 4. A 45-year-old female patient (patient no:10) a,b) T2 weighted and contrast-enhancement image, a mass lesion
with the heterogeneous hyperintense feature in the left temporal region and vasogenic edema around it. c) The rCBV map
shows a marked perfusion increase in the lesion (rCBV: 7.50). d) In the contrast-enhanced regions of MRS, the presence of
LL peak is observed, Pathology: Primitive Neuroectodermal Tumor (PNET) stage IV.

DISCUSSION

The glioma staging accuracy rate for conventional MRI va-  contrasting and tumor stage (2). Of high-stage tumors with
ries from 55-83% in studies (13). High-stage glioma is dif- contrast expected, 40% do not have contrast involvement,
ferentiated from low-stage glioma due to intense contrast while some low-stage tumors may involve contrast and
involvement, peritumoral edema, necrosis/cyst, and he- even have peritumoral edema leading to mistaken assess-
morrhage areas within the tumor and showing mass effects ment as high-stage tumors (15-17). Peritumoral edema is a
(14). Staging frequently uses samples taken from parts of good marker for high-stage tumors. However, some studies
the tumor with contrast. There is a rough link between have identified that the peritumoral areas may be malig-
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nant. The tumor is not limited to the areas with contrast
involvement but may extend into the edema area (18). As a
result, the appearance of vasogenic edema areas may be a
combination of intracerebral edema and infiltrative tumor
(19-21). In our study, MRI staging had a 100% accuracy rate
for high-stage tumors, with contrasting and peritumoral
edema in all 19 high-stage tumors. There was no high-sta-
ge tumor without contrast involvement in our study. Of the
seven low-stage tumors, two had contrasting, one case had
an intratumoral hemorrhage, one case had necrosis, and
one case had the mass effect, which lowered the sensitivity
(57%). In the literature, intratumoral hemorrhage is empha-
sized as a trait of high-stage tumors but is said to be present
in some low-stage tumors (2). In our study, the low number
of cases and unequal numbers in the two groups may have
caused this result.

Increasing vascularity in brain tumors may be measured
concretely with rCBV (2). High-stage tumors show higher
vascularity (18). Studies have shown that rCBV values may
be beneficial for preoperative glioma staging. In the litera-
ture, there are very different results related to rCBV valu-
es, with the threshold value of 1.5 used by Lev et al. for
non-contrast high-stage tumors having 100% sensitivity and
69% specificity (6). Law et al. concluded the rCBV and rCBF
measurements were well-correlated with histopathologic
staging, while MTT was not useful to distinguish glioma
stage (4). Zonari et al. reported rCBV was the most valuab-
le parameter. In our study, we found a threshold value of
2.16, and the rCBV of low-stage tumors was 1.65+0.57 and
3.25%1.64 for high-stage tumors (p<0.05). The sensitivity of
this threshold value was 58%, with a specificity of 100%.
The rCBF and MTT values were not found to be significant
for low-stage/high-stage differentiation (p>0.05). There are
very limited studies where rCBF was found to be significant.
As most cases included in the study had high-stage tumors,
the rCBV values were found to be high. However, though
8 cases had a high-stage tumor, they were below the rCBV
threshold value, which lowered the sensitivity. In the litera-
ture, the reason technical sensitivity of MRP investigation
is significant is due to situations like blood products disrup-
ting homogeneity of the magnetic area, presence of calci-
um, melanin and metals, difficulties accurately assessing
lesions with localization close to brain-bone and bone-air
interfaces and intravenous contrast leak in pathologies that
severely disrupt the blood-brain barrier (GBM, etc.) causing
erroneous assessment (15). Variations in heart functions
and variations in vascular or collateral circulation may make
it difficult to interpret perfusion maps, with major arterial
occlusion causing the widening of the time-concentration
curve due to collateral circulation. In these situations, it
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is reported that parameters will be calculated below their
true values (22).

The most important parameters for histologic assessment
of tumor stage are mitotic activity, necrosis, and vascular
proliferation (23). Glial tumors generally have high Cho/Cr
ratios; however, there is glial neoplasia reported without
elevated Cho/Cr ratios. The results of much research, surp-
risingly, show that the Cr levels are the same in both low
and high-stage glioma. Additionally, previous studies have
shown that low Cr levels may be observed in brain tumors.
Additionally, the Cr amount may show variations in diffe-
rent regions of the same tumor. Hypometabolic areas of the
same tumor may have high Cr, while hypermetabolic areas
may show reduced Cr (23). Kinoshita et al. showed that hi-
gh-stage tumors have higher Cho, lower NAA and Cr ratios
compared to low-stage tumors (24). One cause of the vari-
able results is that gliomas have heterogeneous histologic
and metabolic structure. Additionally, the Cho value shows
tumor cellularity, and tumor cellularity may not directly
reflect tumor stage (23). A broad-series study of 120 cases
compared high-stage and low-stage tumors and concluded
that the combination of Cho/NAA, Cho/CR ratios, and LL pe-
aks was reliable for the staging of glioma (25). Studies have
shown that the presence of lactate peak in low-stage tu-
mors may indicate malignant transformation (24), reporting
that the lactate peak may be observed after RT and after
the operation (26). Additionally, as lactate may be identi-
fied in all cystic areas, it should not be forgotten that lac-
tate peaks may be observed in some low-stage neoplasms
containing cystic areas. MRS investigation identifying lipid
peak in solid tumoral lesions caused the consideration that
these tumors should be accepted as malignant until proven
otherwise (27,28). In our study, Cho/Cr and Cho/NAA ratios
were similarly not found to be significant for low-stage/hi-
gh-stage differentiation (p>0.05). The LL peak had 90% sen-
sitivity and 71% specificity for differentiation of low/high
stage glial tumors. Most of the cases included in the study
had high-stage tumors, containing intense necrotic areas
with reduced Cho/Cr ratios in necrotic lesions and cont-
rary to this, we believe increased LL peak. The observation
of LL peaks in 2 of the seven low-stage tumors leads us to
think that this may be linked to cystic contents in low-sta-
ge tumors. Additionally, the two tumor groups may not be
homogeneous and contain different histopathologic tumor
types. Though in the same stage, tumors with different his-
topathology, different appearance and different values may
have affected statistical parameters.

Studies adding MRP and MRS to conventional sequences
have different results in terms of superiority for tumor sta-
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ging. Fayed et al. stated MRS was better than MRP (29).
Spampinato et al., contrarily, stated MRP was more valu-
able than MRS (30). Costanzo et al. found the combination
of LL peak and rCBV values had 100% accuracy for tumors
and 90% accuracy for tumor boundaries (31). Chawla et al.
identified that MRS and MRP were complementary to each
other (32). In our study, conventional MRI had 100% sen-
sitivity and 57% specificity for tumor stage differentiation,
while sensitivity was 100% and specificity was 100% when
used with MRP. When conventional MRI and MRS are used
together, sensitivity was 100%, with the specificity of 71%.
When MRP and MRS are used with conventional MR, spe-
cificity increased (100%). The MRP parameter of rCBV and
the MRS parameter of the LL peak was found to be valuab-
le, with the use of these two parameters with conventional
MRI shown to be complementary. The addition of MRP and
MRS to conventional sequences lengthens the procedure
duration and lowers patient tolerance, which led to low
case numbers, an important limitation of our study.

CONCLUSION

Conventional MRI has high sensitivity and low specificity for
preoperative glioma staging. The specificity of conventional
MRI findings increases when MRP and MRS are added to it.
While for conventional sequences, contrasting, perilesional
edema, necrosis and mass effect are important, rCBV on
MRP and LL peak on MRS are important parameters.
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