CIRUGIA Y CIRUJANOS ‘ M) Check for updates

ORIGINAL ARTICLE

The correlation histopathological and conventional/advanced
MRI techniques in glial tumors

La correlacion histopatologica y la resonancia magnética convencionales/avanzadas en
tumores gliales

Selim Seker'®, Tamer Altay?®, Ece UysaF®, Hidayet S. Cine**®, Ahmed Y. Yavuz?®, and Idris Avci*

'Department of Neurosurgery, Istinye University, Liv Hospital; 2Department of Neurosurgery, University of Health Sciences, Prof. Dr. Cemil Tascioglu
City Hospital; Department of Neurosurgery, Istanbul Medeniyet University, Prof. Dr. Suleyman Yalcin City Hospital; *Department of Neurosurgery,
Spinal Health Center, Memorial Hospital. Istanbul, Turkey

Abstract

Objective: We aimed to elucidate the histopathological pre-diagnosis of cranial gliomas with magnetic resonance imaging (MRI)
techniques in gliomas. Method: A fotal of 82 glioma patients were enrolled to our study. Pre-operative conventional MRI images
(non-contrast T1/T2/flair/contrast-enhanced T1) and advanced MRI images (DAG and ADC mapping, MRI spectroscopy and
perfusion MRI [PMRI]) were analyzed. Results: Conventional MRI alone is useful in radiological pre-evaluation in low-grade
glioma in 54.8% and 86.3% in high-grade glioma. Additional advanced MRI techniques were beneficial in comparing low-grade
gliomas in 98% and 83.9% in high-grade glioma. On ROC analysis, ADC cutoff value 0.905 mm?/s (p = 0.001), rCBV cutoff
value 1.77 (p = 0.001), Cho/NAA cut-off value 2.20 (p = 0.001), and Cho/Cr cutoff value 2.01 (p = 0.001) were achieved. Sig-
nificant results were obtained when ADC, Cho/NAA, and Cho/Cr were analyzed into four histopathologically grade groups besides
(p = 0.001). NAA/Cr values were not significant in pathological grading. rCBV measurements were statistically significant between
Grades | and IV and between Il and IV. Conclusion: Using additional advanced MRI techniques such as PMRI, magnetic reso-
nance spectroscopy, and DWI with conventional MRI could enhance the accuracy of histopathological grading in cranial glioma.
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Resumen

Objetivo: Nos propusimos dilucidar el pre-diagndstico histopatoldgico de los gliomas craneales con técnicas de resonancia
magneética en gliomas. Método: Un total de 82 pacientes con glioma fueron incluidos en nuestro estudio. Se analizaron ima-
genes pre-operatorias de RM convencional (T1/T2/flair/contraste realzado T1) e imdgenes de RM avanzada (mapeo DAG y
ADC, espectroscopia de RM y RM de perfusion). Resultados: Las técnicas avanzadas adicionales de RM fueron beneficiosas
en la comparacion de los gliomas de bajo grado en el 98% y en el 83,9% en el glioma de alto grado. En el andlisis ROC se
alcanzo un valor de corte ADC de 0,905 mm?/s (p = 0,001), un valor de corte rCBV de 1,77 (p = 0,001), un valor de corte
Cho/NAA de 2,20 (p = 0,001) y un valor de corte Cho/Cr de 2,01 (p = 0,001). Se obtuvieron resultados significativos cuando
se analizaron ADC, Cho/NAA y Cho/Cr en cuatro grupos de grado histopatoldgico ademds (p = 0,001). Los valores de NAA/
Cr no fueron significativos en la gradacion patoldgica. Las mediciones de rCBYV fueron estadisticamente significativas entre
los grados 'y IV y entre Il y IV. Conclusién: El uso de técnicas avanzadas adicionales de RM como la RMMP, la ERM y la
DWI junto con la RM convencional podria mejorar la precision de la gradacion histopatoldgica en el glioma craneal.

Palabras clave: Glioma. Espectroscopia de RM. RM de perfusion. RM ponderada en difusion. Graduacion histopatoldgica.
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|ntroduction

Imaging methods in gliomas are aimed at
pre-operative diagnosis, determining tumor grade and
prognosis, radiotherapy and surgical planning, and
guiding treatment. The most commonly used imaging
method is contrast-enhanced magnetic resonance im-
aging (MRI). Conventional MRI plays a primary role in
evaluating tumor localization, heterogeneity, vascular-
ization, contrast enhancement, peri-tumoral edema,
and proximity to important anatomical-functional cen-
ters. Secondary tumor findings such as cystic forma-
tions, calcification (oligodendroglioma), necrosis
(glioblastoma), and hemorrhage (high-grade glioma)
are guiding in the differential diagnosis'2. The World
Health Organization (WHO) classification is inade-
quate in important issues such as the anatomical lo-
calization of the tumor, its size, degree of surgical
accessibility or resectability, biological behavior, and
prediction of response to treatment. Similarly, conven-
tional MRI is limited in predicting these criteria. For
this reason, the use of various functional MRI meth-
ods is preferred to determine the tumor degree®.

Magnetic resonance spectroscopy (MRS) is a non-
invasive functional MRI method that provides bio-
chemical and metabolic information about the tissue.
The most important differential diagnosis in this neu-
roimaging is the distinction between neoplastic-non-
neoplastic or low-high-grade tumors*. Perfusion MRI
(PMRI) is a non-invasive functional MRI method that
provides information about tissue blood flow, in vivo
tumor angiogenesis, and tumor microcirculation at the
microscopic level. Increased vascularity corresponds
to increased tumor stage and maximum cerebral
blood volume (CBV)3.

Gliomas are the most common brain neoplasm in
adults and a major cause of mortality and morbidity.
According to the revised WHO classification, central
nervous system tumors are grouped based on micro-
scopic imaging. In this classification, neuroepithelial
tumors are divided into astrocytic neoplasms, oligo-
dendroglial, oligoastrocytic, ependymal, and choroid
plexus tumors. The tumor stage indicates the degree
of malignancy and is closely related to survival and
prognosis. Staging of gliomas is performed by taking
into account histopathologically the presence of mi-
totic activity, necrosis, and infiltration, which indicate
uncontrolled growth and the vascularity of the tumor.
The tumor is graded from Grade | to Grade IV: |-l is
considered low grade, and IlI-IV is regarded as high

grade. Increased cellularity, atypic cells, and an in-
crease in mitotic activity, endothelial hyperplasia, ne-
crosis, and angiogenesis are additionally observed in
Grade IV glioblastomas®.

In recent years, MRl has changed from the mor-
phological imaging of the tissue to the functional,
metabolic, cellular characterization, and secondary bio-
logical behavior of the tumor, and to predict the diag-
nosis, grade, response to treatment, and prognosis
with advanced imaging methods. The MRI sequences,
including non-contrast T1, T2, FLAIR, contrast-en-
hanced T1, MRS, PMRI, and diffusion MRI, were per-
formed. Choline (Cho)/N-acetyl aspartate (NAA), NAA/
Creatine (Cr), and Cho/Cr ratios, as well as lipid and
lactate levels, are utilized as markers, especially useful
in the diagnosis of tumoral lesions but provide limited
insight into the malignancy level of the tumor”.

Within the scope of this research, we aimed to elu-
cidate the histopathological pre-diagnosis of cranial
gliomas with conventional and advanced MRI tech-
niques (DWI, PMRI, MRS, and ADC values) and in-
vestigate the integration of these visual tools in high
and low-grade gliomas.

Method

In this research, patients who underwent MRI with the
preliminary diagnosis of an intracranial mass were
scanned backward from the picture archiving and com-
munication system, and 82 cases with glial tumors be-
tween the ages of 15-94 were retrospectively analyzed.
Conventional MRI findings, contrast enhancement fea-
tures, DWI, MRS, PMRI findings, and ADC values were
compared with pathology results. All procedures fol-
lowed were in accordance with the ethical standards of
the responsible committee on human experimentation
(institutional and national) and with the Helsinki Decla-
ration of 1975, as revised in 2008. Ethics committee
approval was granted from our institution on 27/08/2019
with protocol number 48670771-514.10, and informed
consent has been obtained from all participants.

MRI, MRS, PMRI, and ADC measurements

Conventional brain MRI, diffusion, MRS, and PMRI
examinations were performed using a 1.5 Tesla MR
device (Magnetom Aera, Siemens, Erlangen, Germany)
and a brain coil. The standard brain MRI protocol in-
cludes T1-weightedimagingwith TR=426 ms, TE=99ms,
and slice thickness of 5 mm; T2-weighted imaging with
TR = 4350 ms, TE = 102 ms, and slice thickness of



5 mm. In FLAIR sequences, TR = 9000 ms, TE = 86
ms, and slice thickness of 5 mm. For SWI imaging,
TR = 49 ms and TE = 40 ms. Contrast-enhanced ex-
aminations were performed using 0.5 mmol/ml gado-
teric acid. In contrast-enhanced T1-weighted imaging,
TR is 402 ms and TE is 5.6 ms.

DWI was taken as TR = 4500 msec, TE = 98 msec,
and section thickness as 5 mm. The diffusion-weighted
sequence in the axial plane with single-shot echo-pla-
nar imaging by applying diffusion-sensitive gradients
at three different b values (b = 50, b = 400, and
b = 800 mm?/s) in all three directions (x, y, and z-axis).
The device automatically creates ADC maps of isotropic
images, and the average ADC values of all lesions were
measured manually on these maps. Measurements of
the lesions were made as follows: three circular ROIls
(Region of Interest) were placed on the ADC map in the
axial plane and measurements were made, and the
arithmetic average of these measurements was taken.
The ROI volume was kept at approximately 15-20 mm?.

MRS was used for spectroscopic examination using
the PRESS (point-resolved spectroscopy) technique. De-
pending on the size and nature of the mass, a single-
voxel or multi-voxel area of 8 cm®(2 x 2 x 2 cm) was
placed on the intracranial mass. To determine the volume
to be selected for examination (volume of interest), axial,
coronal, and sagittal images of the mass were obtained
using the T2A sequence in the patient’s cranial MRI. The
spectroscopic voxels taken for examination were made
so that the mass remained as far away from the vascular
structures and edges of the mass as possible to prevent
contamination of the surrounding tissues, and the voxel
areas were checked in all three planes. For single-voxel
MRS, TE = 135 msec, TR = 2000 msec; For multivoxel
MRS, signals from NAA, choline, and creatinine protons
were collected within the mass using the parame-
ters TE = 135 msec, TR = 1700 msec. After the spectral
data were obtained, the Cho/NAA, Cho/Cr, and NAA/Cr
ratios of the masses were obtained using the major peak
amplitudes of NAA, Cho, and Cr molecules.

rCBV values were obtained from PMRI as follows:
0.2 mmol/kg Gadoteric acid was administered through
an automatic injector, followed immediately by 100 mL
isotonic NaCl at a rate of 5 mL/s. Six times in an aver-
age of 90 s, consecutive images, each consisting of 20
images, were taken. Spin-echo echo-planar imaging
sequences were used in the images taken. The result-
ing images were transferred to the workstation for post-
processing. rCBV maps were obtained with ready-made
software programs in the MRI system. When placing
the ROI, cystic and non-necrotic areas of the mass and
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adjacent vascular structures were avoided. The ROI
volume was kept at approximately 5-8 mm3. 3 ROls
were placed on the lesions, and the arithmetic mean
of the highest rCBV value was selected. The highest
ROI obtained was compared with the white matter in
the opposite hemisphere. Relative CBV ratio = rCBV
(tumor)/rCBV (normal) was obtained.

Evaluation

While evaluating intracranial masses, radiological
findings were reviewed by an experienced radiologist
in the following order: lesions were assessed as low
and high grade by looking at the features of edema,
cyst, hemorrhage, necrosis, and contrast enhance-
ment among conventional MRI findings. Then, consid-
ering the predictive values obtained from studies that
added diffusion, MRS, and perfusion examination
findings from advanced MR imaging methods to con-
ventional MRI were evaluated as low and high grades.
Measurements were performed using diffusion, spec-
troscopy, and perfusion examination, which are ad-
vanced MRI examination methods. In the data obtained
from the measurements, the importance of ADC,
Cho/Cr, Cho/NAA, and rCBV ratios in both low and
high-grade discrimination and pathological grading of
the lesions was evaluated. All radiological ratings ob-
tained were compared with the pathological results.

Statistical analysis

Patient data collected within the scope of the study
were analyzed with the IBM Statistical Package for the
Social Sciences (SPSS) for Windows 26.0 (IBM Corp.,
Armonk, NY) package program. Frequency and percent-
age for categorical data and mean and standard devia-
tion for continuous data were given as descriptive
values. For comparisons between groups, the “Indepen-
dent Sample T-test” was used for two groups, and the
“Pearson Chi-square test” was used to compare cate-
gorical variables. The results were considered statisti-
cally significant when the p-value was less than 0.05.
ROC analysis for ADC measurements and rCBV ratios
in distinguishing low- and high-grade glial tumors.

Results
The presence of edema, hemorrhage, necro-

sis, cystic focus content, and contrast enhancement
characteristics in the lesions were assessed through
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conventional MRI (Table 1). The results were as fol-
lows: edema was detected in 76.8%. When the lesions
were examined to determine whether they contained a
cystic component, cysts were observed in 50%, hemor-
rhagic focus and necrosis were detected in 54.9%, and
hemorrhage in 45.1%. Additionally, 53.7% of the lesions
had no necrosis. A majority of the lesions (84.1%) were
contrasted to varying degrees. When the lesions were
grouped as low and high grade according to conven-
tional MRI findings, it was seen that 40.2% of the cases
were low grade and 59.8% were high grade. The ra-
diological grading based on conventional MRI findings
was compatible with the pathological grading. However,
the success rate of conventional MRI in detecting low-
grade tumors was 54.8%, but high-grade tumors were
higher at 86.3% (Fig. 1).

Radiological grading was performed by adding DWI
and ADC maps, spectroscopy examination, and PMRI
findings. In advanced MRI, the following was taken
into consideration: the cutoff point in terms of ADC
measurements in distinguishing low and high-grade
lesions was 1.1 x 10*mm?/s based on studies on the
subject, NAA 2.0-2.02 ppm, Cho 3.22 ppm from spec-
troscopic measurements. The cutoff point for the
rCBV ratio was 1.75 from perfusion

MRI findings, with a range of 3.0-3.02 ppm, Cho/NAA
ratio between 2-2.5, and Cho/Cr ratio between 2-2.5.
The radiological grading was compatible with the patho-
logical results. However, the success of the combination
of conventional and advanced MRI in detecting low-
grade tumors (83.9%) was better than the grading per-
formed with conventional MRI alone. The detection rate
for high-grade tumors was higher (98%) (Table 2).

On ROC analysis, the ADC cutoff value was
0.905 mm?/s (p = 0.001), rCBV cutoff value 1.77
(p = 0.001), Cho/NAA cutoff value 2.20 (p = 0.001),
and Cho/Cr cutoff value 2.01 (p = 0.001) with statisti-
cal significance. Significant results were obtained
when ADC, Cho/NAA, and Cho/Cr were analyzed into
four histopathologically grade groups besides Grade Il
and IV (p = 0.001). NAA/Cr values were insignificant
in pathological grading (p > 0.05).

ROC analysis was performed with rCBV ratios mea-
sured in discriminating low and high-grade lesions. The
size of the area under the curve was 0.920, and this
was statistically significant (p = 0.001). The cutoff value
for rCBV ratios was 1.77. The sensitivity value was
94.1%, and the specificity value was 64.5% (Fig. 2).

The rCBV ratios were added to the PMRI findings
and the conventional MRI, and the cutoff point for the
rCBV ratio was taken as 1.77. The radiological grading

Table 1. Results of conventional radiological characteristics

Demographics Low-grade  High-grade p-value
n (%)

Gender 16 (51%) 33 (64%)
Male 15 (48%) 18 (35%)
Female

Tumor grade
Pathological 31 51 0.189
Conventional MRI 33 49 0.020*
Contrast enhancement 67.70% 94.10% 0.001*
Necrosis 12.90% 66.70% 0.001*
Hemorrhage 12.90% 64.70% 0.325
Cyst 45.20% 52.90% 0.001*
Edema 45.20% 96.10% 0.289
con + adv MRI 83.90% 98%

*p < 0.05: statistical significance.
con: conventional; adv: advanced; MRI: magnetic resonance imaging
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Figure 1. Comparison of grading according to conventional magnetic
resource imaging and ADC association findings with pathological
grading.

was compatible with the pathological results. How-
ever, the success rate of the combination of conven-
tional MRI and rCBV findings in detecting low-grade
tumors was 74.2%, and the rate of detecting high-
grade tumors was higher at 92.2%.

Diffusion MRI and ADC maps were added to con-
ventional MRI findings, and the cutoff point for ADC
was taken as 0.905 x 10°* mm?s. The radiological
grading was compatible with the pathological results.
However, while the success rate of combining conven-
tional MRI and ADC findings in detecting low-grade
tumors was 64.5%, the rate of detecting high-grade
tumors was 73.2%.



Table 2. Comparison of ADC, Cho/NAA, Cho/Cr, NAA/Cr, and
NAA/Cr values in distinguishing low- and high-grade lesions

MRI Grade of n (%) Median = SD p-value
tumor (minimum-maximum)

ADC Low 31(37%) 1.12+0.24(0.87-1.95) 0.001*
High 51(62%) 0.83 +0.16 (0.52-1.95)

Cho/NAA Low 31(37%) 3.51+270(0.59-9.60) 0.004*
High 51(62%) 5.73 +4.06 (0.29-19.53)

Cho/Cr  Low 31(37%) 1.97 +1.10(0.52-4.60) 0.001*
High 51(62%) 3.99 +4.13(0.63-19.70)

NAA/Cr  Low 31(37%) 0.77 £ 0.45(0.00-1.58) 525
High 51(62%) 0.83 +0.86 (0.15-4.90)

rCBV ratio Low 31(37%) 1.64+0.72(0.95-3.58) 0.001*
High 51(62%) 3.76 + 1.66 (1.04-11.22)

*p < 0.05: statistical significance.

SD: standard deviation; MRI: magnetic resonance imaging; ADC: apparent diffusion
coefficient; Cho/NAA: Cholin/N-Asetilaspartat; Cho/Cr: Cholin/Creatin;

NAA/Cr: N-asetilaspartat/creatin; rCBV: regional cerebral blood volume.

Radiological grading was performed again by add-
ing the cutoff points obtained from advanced MRI
examinations such as DWI and ADC maps, spec-
troscopy examination, and PMRI examination to the
conventional MRI findings. When the new rating
made using the cutoff points, we obtained was com-
pared with the pathological rating, it was seen that
the radiological rating was compatible with the path-
ological rating. However, the success rate of the
combination of conventional and advanced MRI in
detecting low-grade tumors was 77.4%. The detec-
tion rate for high-grade tumors was higher, 98%
(Table 3 and Fig. 3).

On ROC analysis, ADC cutoff value 0,905 mm?/s
(p = 0.001), rCBV cutoff value 1.77 (p = 0.001),
Cho/NAA cutoff value 2.20 (p = 0,001), and Cho/Cr
cut-off value 2.01 (p = 0.001) were achieved. Signifi-
cant results were obtained when ADC, Cho/NAA, and
Cho/Cr were analyzed into four histopathologically
grade groups besides (p = 0.001). NAA/Cr values
were not significant in pathological grading. rCBV
measurements were statistically significant between
Grades | and IV and between Il and IV.

Discussion

In recent years, MRI sequences have been devel-
oped that allow us to obtain accurate information
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Figure 2. ROC analysis for ADC measurements in distinguishing low-
and high-grade glial tumors.
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Figure 3. ROC analysis for rCBV ratios in differentiating low- and high-
grade glial tumors.

about tumor physiology and anatomical informa-
tion about brain tumors, and these are called “Ad-
vanced MR Imaging Methods.” Advanced MR imaging
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Table 3. Comparison of ADC, Cho/NAA, Cho/Cr, NAA/Cr, and
NAA/Cr values in distinguishing low and high-grade lesions in
advanced MRI

MRI Grade n Median + SD p-value
(minimum-maximum)

ADC 1 4 155 +0.33(1.19-1.95) KW = 48.41
2 27 1.15+0.18(0.87-1.86) 0.001*
3 17 0.88 £0.16 (0.62-1.13)
4 34 0.80+0.15(0.52-1.09)

Cho/NAA 1 4 1.68 £ 1.91(0.59-4.55) KW =11.54
2 27 3.78 +2.72(0.80-9.60) 0.009*
3 17 6.31 + 3.80 (1.86-13.00)
4 34  6.45+4.21(0.29-19.53)

Cho/Cr 1 4 122 +£0.46 (0.62-1.74) KW =14.39
2 27 2.08 + 1.13 (0.52-4.60) 0.002*
3 17 3.56 + 1.46 (1.10-6.00)
4 34  4.21+4.96(0.63-19.70)

NAA/Cr 1 4 1.14 +£0.56 (0.38-1.58) KW =262
2 27 0.71 +£0.42(0.00-1.57) 0.453
3 17 0.74 + 0.57 (0.20-2.03)
4 34 0.88+0.98(0.15-4.90)

rCBV ratio 1 4 1.88+0.78 (1.15-2.97) KW =40.61
2 27 1.61+0.71(0.95-3.58) 0.001*
3 17 3.61 £ 1.53(1.04-7.44)
4 34  3.83=+1.74(1.64-11.22)

*p < 0.05: statistical significance.

SD: standard deviation; MRI: magnetic resonance imaging; ADC: apparent diffusion
coefficient; Cho/NAA: Cholin/N-Asetilaspartat; Cho/Cr: Cholin/Creatin; NAA/Cr:
N-Asetilaspartat/Creatin; rCBV: regional cerebral blood volume; KW: Kruskal-Wallis

methods allow numerically measuring dynamic physi-
ological processes in the brain and providing qualita-
tive information about tissue physiology. Using this
qualitative data, the biological behavior of the tumor,
the patient’s life expectancy, and treatment processes
can be predicted before the operation®®, According to
the results of our study, MRI techniques have been
shown to be useful in grading glial tumors with proper
and accurate use of MRI techniques to make patho-
logical diagnoses in advance.

While conventional MRI plays a vital role in deter-
mining the localization of intracranial masses, their
relationship with critical anatomical structures, and
especially the treatment approaches, it can also give
us insight into the grading of gliomas®’.

Law et al. reported the rate of determining the de-
gree of high-grade gliomas with conventional MRI was
72.5%°, whereas Arvinda et al. stated 72.7%.'°. In our
study, the conventional MRI findings in detecting low-
grade glial tumors were 54.8%; the success rate in
detecting high-grade glial tumors was 86.3%, and
these results were compatible with the literature.

However, determining the degree of gliomas using
conventional MRI has been limited. Moller-Hartmann
et al. published that their reliability was between
55.1% and 83.3%'. Gene Kondziolka et al. demon-
strated a 50% false-positive rate in evaluating supra-
tentorial gliomas'. In another study, Lee et al. found
that 50% of patients with low-grade astrocytoma de-
tected on conventional MR imaging had high-grade
astrocytoma on histopathological examination®.

In our study, conventional MRI findings such as
edema, hemorrhage, necrosis, and contrast enhance-
ment significantly distinguished low and high-grade
lesions according to pathological outcomes. A cyst in
the lesion was observed in 45.2% of the low-grade
lesions and 52.9% of the high-grade lesions.

The contrast enhancement in conventional MRI has
an important place in tumor grading in glial tumors,
but it is not significant alone in tumor grading. Barker
et al. investigated the histopathology results of 31 pa-
tients without contrast enhancement, and they found
that 32% were Grade lll and 4% were Grade IV, In
another study, Fan et al. stated that 14% of non-en-
hancing supratentorial gliomas were high-grade®.
Dean et al. indicated that the mass effect and necrosis
were two crucial determinants of tumor grade. How-
ever, they also noted that a high-grade glioma may be
confused with a low-grade glioma when it does not
have sufficient edema, contrast medium enhance-
ment, necrosis, and mass effect'®. Considering all
these studies and the results of our study, due to the
heterogeneous internal structure of tumors and the
inability of conventional MRI to provide detailed infor-
mation about tumor physiology and metabolites, the
correlation of traditional MRI with tumor histopathol-
ogy remains limited.

Conventional MR imaging with gadolinium-based
contrast agents is an accepted tool for characterizing
brain tumors. However, DWI, perfusion-weighted im-
aging, and MRS are relatively newer techniques that
provide additional microstructural, microvascular, and
biochemical information. These techniques are used
to determine the histopathology of glial tumors".

DWI and ADC maps, among these advanced MRI
techniques, show tumor cellularity. The ADC values



obtained are inversely proportional to the tumor grade.
Several studies have shown that ADC correlates well
with tumor cellularity on histological examination. Cal-
culation of ADC has been demonstrated that it can
assist conventional MRI in characterizing glial tu-
mors'®. In our study, the detection rate of radiological
grading with ADC values in addition to conventional
MRI, mainly low-grade glial tumors, was higher than
the radiological grading by conventional MRI.

Sugahara et al. published that the minimum ADC
value correlated well with histological cellularity and
was helpful in grading gliomas'™. However, no signifi-
cant difference between high-grade and low-grade
glial tumors was observed in the studies of Rollin et al.
and Lam et al.?>?". Lee et al. elaborated that the aver-
age ADC values were 1.19 mm2/s and 1.035 mm?/s in
high- and low-grade gliomas, respectively. Again, in
this study, when the cutoff points were examined us-
ing the ROC analysis, the result was 1.055 mm?/s.
Contrary to our findings, in significant ADC results
between tumor grades could be due to the calculation
made on a single section™. In our study, significant
results were found only by taking diffusion-restricted
regions from the tumor area.

Yamasaki et al. conducted measurements in astro-
cytic tumors and achieved a statistical accuracy of
91.3% between Grade Il and high-grade (lll and IV)
tumors?. Server et al. also found a statistical differ-
ence between Grade Il, Grade lll, and Grade IV ac-
cording to ADC values from tumor areas®. In our
study, considering the WHO grades in terms of ADC
measurements, the difference between the groups
was statistically significant. When the measurements
were compared in pairs, the difference between
Grades | and II, I and 1ll, and | and IV. The difference
between Grades Il and Il and Il and IV was signifi-
cant. Still, no significance was observed between
Grades Il and IV.

Advanced imaging techniques, such as MRS and
PMRI, have been proposed in addition to ADC mea-
surement to predict the grading of pre-operative brain
gliomas®. PMRI, which allows measurement of re-
gional CBV (rCBV), shows a close correlation with the
histopathological grade in gliomas?®. Schmainda et al.
conducted a study on 73 patients with brain glioma
and determined the rate of high- and low-grade glial
tumors as 96% and 69%, respectively?. In our study,
when conventional and PMRI were evaluated, the de-
tection rate of high- and low-grade glial tumors was
92.2% and 74.2%, respectively.
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Studies conducted with PMRI in brain gliomas have
shown that the rCBV cutoff point for distinguishing
between high and low-grade glial tumors has not yet
been determined?’. Yoon et al. reported the rCBV cut-
off value as 2.44 in a study of 60 patients (12 low
grade, 48 high grade), whereas Caulo et al. deter-
mined the cutoff value as 2.45 in 118 patients®. In our
study, the cutoff point was 1.77 (94% sensitivity and
64.5% specificity), similar to the results of Law et al.
(1.75 in 120 high- and 40 low-grade glioma patients)®.
Caulo et al. divided oligodendrogliomas and astrocy-
tomas into degrees and found statistically significant
differences between Grade Ill and Grade IV and
Grade Il and Grade Il oligodendrogliomas. They also
found a statistically significant difference between
Grade Il oligodendroglioma and Grade Ill astrocyto-
maZ®. In our study, a significant difference was found
only between Grade | and Grade IV and between
Grades Il and Grade 1V, but no difference was found
between other grades.

Studies on MRS elaborated that it is a powerful tool
in brain tumor grading. Specifically, choline elevation
with NAA depression is a reliable indicator in deter-
mining the character and metabolic status of the tu-
mor®. MRS provided additional information besides
conventional MRI in the studies. In our study, when
we compared the radiological grading through analyz-
ing the metabolites in MRS in addition to conventional
MRI with the pathological results, we recognized that
the radiological grading was compatible with the path-
ological grading.

Law et al. found that Cho/Cr and Cho/NAA metabo-
lite ratios were useful in determining tumor grade
(97.5% and 96.7%, respectively)®. However, while high
specificity was observed in identifying high-grade glio-
mas, lower specificity was observed in low-grade glio-
mas due to the smaller number of samples. In our
study, in addition to conventional MRI, radiological
grading was performed using Cho/NAA and Cho/Cr
ratios one by one, and their superiority over each
other was investigated. However, no significance was
achieved.

Wang et al. conducted a meta-analysis conducted
on 1228 patients and found that MRS was moderately
successful in differentiating high-grade from low-
grade gliomas. They also stated that the Cho/NAA
ratio was superior to the NAA/Cr and Cho/Cr ratios in
distinguishing high-grade gliomas from low-grade gli-
omas®’. Naveed et al. conducted a study with Grade
and Grade Il oligodendrogliomas. They found that the
Cho/NAA and Cho/Cr ratios were not statistically
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different between the two groups®'. In our study, we
have also found that Cho/NAA and Cho/Cr were sta-
tistically significant.

Al-Okaili et al. performed a study with conventional
MRI and advanced MRI techniques (DWI and ADC
maps, MRS, and PMRI) on 111 patients through an
algorithm with specific cutoff points. They distin-
guished high-grade glial tumors from low-grade ones
with 90% accuracy and 88% sensitivity®?. The results
of glial tumor grading using the same algorithm in our
study were that the detection rate of low-grade glial
tumors was 83.9% and high-grade glial tumors 98%.

The limitation of our study is that glial tumors are
rare tumors, so larger studies are needed. Further-
more, imaging methods are still insufficient to provide
information about the molecular nature of the pathol-
ogy. Therefore, imaging methods need to be improved.
Furthermore, a comparison of this method with
the normal population may give more support to the
literature.

Conclusion

Using additional advanced MRI techniques such as
PMRI, MRS, and DWI, with conventional MRI, could
enhance the accuracy of histopathological grading in
cranial glioma. A more consistent pre-operative WHO
grading is possible when advanced MRI and cutoff
points are considered in addition to conventional MRI
findings.
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