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ARTICLE INFO ABSTRACT

Keywords: Objective: Gliomas are one of the most common brain tumors in adults with a poor prognosis in most patients.
Gliomas Magnetic Resonance Imaging (MRI) plays a critical role in the diagnosis, management, and follow-up of gliomas.
Glioblastoma o The aim of this study is to assess the sensitivity and specificity of MRI in the preoperative grading of supra-
M,a gnetic resonance imaging tentorial gliomas in comparison to histopathology.

Histopathology

Methods: A cross-sectional study included 39 patients, aged between 40 and 75 years with histologically diag-
nosed supratentorial gliomas who underwent conventional MR imaging, which included T1, T2, and FLAIR
sequences from November 2018-December 2019 in the Department of Neurosurgery, Tishreen University Hos-
pital, Lattakia. The histopathological typing and grading of the tumor were done by using 2016 WHO classifi-
cation. The sensitivity, specificity, predictive value, and accuracy of MRI in determining tumor grade were
calculated. The comparison was done between MRI findings and WHO histopathological grading.

Results: The overall sensitivity and specificity of MRI findings in the assessment of high-grade gliomas were 100%
and 91% respectively. The positive predictive value (PPV) was 66.6%, and the negative predictive value (NPV)
was 100%. The overall accuracy was 94.9%. The agreement between histopathological and MRI findings was
72%.

Conclusions: MRI plays an essential role in the initial diagnosis and grading of supratentorial gliomas with high
sensitivity and specificity. It is considered a non-invasive method and is useful in cases where the biopsy pro-
cedure is a contraindication or rejected by the patient.

1. Introduction

Gliomas are the most common primary malignant brain tumors that
are derived from glial cells [1]. Based on the histopathological analysis,
gliomas are divided into three main types: astrocytomas, oligoden-
drogliomas, and ependymomas [1,2]. The World Health Organization
(WHO) classifies gliomas based on histologic criteria, which are cyto-
logical atypia, mitotic activity, microvascular proliferation, and necro-
sis, into four grades: grade I (pilocytic astrocytoma), grade II (diffuse
astrocytoma), grade III (anaplastic astrocytoma), and grade IV

* Corresponding author.

(glioblastoma) [3]. Glioblastoma multiforme accounts for almost half of
the cases and it is the most aggressive form of these tumors with a poor
prognosis. The annual incidence of malignant gliomas is approximately
5 cases per 100,000 people [2]. Glioblastoma, in particular, has a sig-
nificant cost in the health care system because of both the severity of
neurologic dysfunction and the wide range of treatment options [4].
Studies have found that patients with lower socioeconomic status often
have more advanced diseases at the time of diagnosis [4]. The accurate
histological diagnosis of gliomas is of great importance for determining
a prognosis and guiding therapy. Histologic grading is based on findings
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of nuclear atypia, proliferative activity, microvascular proliferation, and
necrosis [1,2]. Although Histopathological diagnosis remains the gold
standard for gliomas diagnosis; however, diagnostic difficulty may arise
from tumor heterogeneity, overlapping morphologic features, and
tumor sampling [5]. Magnetic resonance imaging (MRI) in particular
has emerged as the imaging modality most frequently used to evaluate
gliomas, and it continues to have an ever-expanding multifaceted role in
the diagnosis, characterization, and management of gliomas. Improved
MRI techniques have shown many potentials in evaluating the key
pathological features of gliomas, including cellularity, invasiveness,
mitotic activity, angiogenesis, and necrosis, hence, further shedding
light on glioma grading before treatment [6]. MRI is the most sensitive
medical imaging procedure for all brain tumors. Low-grade gliomas
usually present as small lesions without contrast enhancement, while
high-grade gliomas have a different degree of enhancement and they
appear as irregular, unmarked masses with angioedema, and necrotic
core [7]. Although pathological contrast enhancement is generally
associated with more aggressive lesions, up to one-third of
non-enhancing gliomas are malignant, so contrast enhancement alone
is, therefore, a limited differentiator between high-grade and low-grade
gliomas in an individual patient [8]. There were very few studies that
attempted to correlate the histopathological grade of the tumor with the
findings of MRI. The aim of the current study is to assess the sensitivity
and specificity of MRI and to find if it can be used for a better assessment
of glioma grade.

2. Methods

A cross-sectional study was conducted at the department of neuro-
surgery, Tishreen University Hospital, Lattakia, Syria from November
2018-December 2019. This study was approved by the ethics review
committee of Tishreen University Hospital. All patients aged 40-75
years of either gender with histologically diagnosed supratentorial gli-
omas. Participants had previous brain surgery, children, recurrent cases,
diagnosed with glioma by MRI but histopathology showed meningioma,
and cases, where MRI and histopathological results were not available at
the same time, were excluded. The final sample size came to be 39 pa-
tients. All the patients were evaluated by a standard conventional
contrast-enhanced study on Siemens 1.5 T MRI. Brain MRI was per-
formed using the following protocols: pre-injection: Sagittal T1 (Tse),
Axial T1 (Tse), Coronal FLAIR, After injection: Axial T1 (Tse), and
Sagittal T1 (Tse). The MRI device of the Siemens model, MAGNETOM
ESSENZA ATIM + DOT SYSTEM, was made by Siemens, Germany. The
strength of the magnetic field is 1.5 T, the type of coil used is the Head
Matrix ATIM coil, and the number of channels is 16. After the MRI and
additional workup, a tumor biopsy was done to achieve a histopatho-
logical diagnosis. The histopathological grading of the tumor was done
according to the 2016 WHO classification [9]. The histopathological
examination was done by a pathologist who was blinded to the MRI
findings of the tumors. The sensitivity, specificity, predictive value, and
accuracy of MRI in determining glioma grade were calculated. A com-
parison between MRI findings and histopathological results was done.
The statistical analysis was performed using SPSS version 22. Range and
median were computed for quantitative variables. Frequency and per-
centages were calculated for qualitative variables. Sensitivity, Speci-
ficity, PPV (positive predictive value), negative predictive value (NPV),
and accuracy were calculated by taking histopathology findings as a
gold standard. The coefficient of concordance (kappa) to study the
compatibility between magnetic resonance and histopathology was also
calculated. To estimate the significant correlations, we calculated the
p-values using Fisher’s exact test. P < 0.05 was considered to indicate a
statistically significant difference.

This work has been reported in line with the STROCSS criteria [10].
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3. Results

39 patients with ages ranging from 40 to 60 years (mean 55 years).
Majority of the patients were males (n = 25, 64.10%) and 14 (35.90%)
were females. (Fig. 1). Twenty-four (61.5%) patients had glioblastoma
multiform and they had grade IV of the tumor. Fifteen patients had as-
trocytoma (38.5%). Three cases (7.7%) had a grade II and twelve cases
(30.8%) had a grade III. Table 1.

From the previous table, we noticed that there were no cases of grade
I tumors, which may be due to too-small samples or because of the delay
in health care which leads to late detection. High-grade tumors were
associated with the following results: T2 with a hyperintense, hyperin-
tense FLAIR, and T1 hypointense, with contrast enhancement occurring
in cases of grade IV complete, and all are heterogeneous except for one
case (homogeneous enhancement). As well as accompanying findings
(necrosis, hemorrhage, edema) were of high-grade tumors. Table 2
(Fig. 2).

The overall sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) were 100%, 94.4%, 60%, and 100%
respectively. The overall accuracy was 94.4%. The compatibility be-
tween the findings of magnetic resonance and pathological results was
also studied through the compatibility factor Kappa. The value of the
compatibility factor reached 72%, and it is considered a high-degree
compatibility factor. Table 3.

The relationship between the tumor type according to the histo-
pathological result and sex was studied by Fisher’s exact test. Table 4.

From the previous table, it was found that there was no statistical
relationship between them with a p-value = 0.8.

4. Discussion

Gliomas are the most common primary malignant brain tumors in
adults and include a variety of histologic typing and grading as follows:
Grade I (pilocytic astrocytoma), grade II (diffuse astrocytoma), grade III
(anaplastic astrocytoma), and grade IV (glioblastoma) [1,2]. Conven-
tional magnetic resonance imaging with T1, T2, FLAIR, and contrast
enhancement are basic tests for its diagnosis and determine its grade [6].
All gliomas were hyperintense in T2 and in FLAIR, while 92% of them
were hypointense in T1. High-grade tumors were heterogeneous
contrast enhancement with other medical imaging aspects of MRI such
as bleeding, necrosis, and edema [7,11]. Glioblastoma multiforme rep-
resented 61.5% of the supratentorial gliomas in our study and is similar
to their proportion in the Zena Study., Et al (2014) 56,25% [12], but it
was less than 39% in the study of Al-Najjar., Et al (2003) [13], and this
can be explained by the difference in the target age group where patients
younger than 40 years was used in the study of Al-Najjar where the
pilocytic astrocytoma is more common than GBM. In our study the
compatibility of the MRI findings and histopathological results was large

Sex

u Male

m Female

Fig. 1. Distribution of the study sample by gender: the number of males 25 and
females 14 with Sex Ratio (M: F) 1.8:1.
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Table 1
Distribution of a sample of 39 patients according to the type and grade of the
tumor.

Variables Number Percentage

Type of tumor

Glioblastoma multiform 24 61.5%

Astrocytoma 15 38.5%

Grade

Grade I 0 0.0%

Grade II 3 7.7%

Grade III 12 30.8%

Grade IV 24 61.5%
Table 2

Correlation between the histopathological grade of the gliomas and MRI
findings.

MRI findings Histopathological grade

Grade II Grade III Grade IV
T1:
Hypointense 3 12 22
Isointense 0 0 2
T2 (hyperintense) 3 12 24
FIAIR (hyperintense) 3 12 24
Enhancement:
homogeneous 2 0 0
heterogeneous 1 12 24
Hemorrhage 0 0 5
Necrosis 0 0 12
Meningitis 0 1 3
Edema 2 10 24
Hiccups 0 0 2

and in contrast to the study by K Abul-Kasim (2013); the compatibility
was moderate using conventional imaging and the rate of it was
increased to complete using multimodal MRI. While compatibility was
average in the Arian Lasocki (2018) study, this may be attributed to the
use of conventional MRI and the clinical experience of the examiner
radiologist. Table 5.

In our study, sensitivity and specificity were 100% and 91%
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respectively. The PPV and NPV were 66.6%% and 100% respectively.
The overall accuracy was 94.9% which was consistent with the study by
Zena., Et al (2014) — Erbil. Comparing our study results with the pre-
vious study suggests that radiological biology predicts the glioma his-
topathological grade better. But in the Dehghani F MD (2011) -Iran
study the quality was very low 25% and this indicates the presence of
many false-positive cases with MRI. Table 6.

Table 3
Distribution of a sample of 39 patients according to the histopathological and
MRI grade of the tumors.

No. of patients Histopathological grade MRI
High grade Low grade
5 2 3 Low grade
34 34 0 High grade
39 3 36 Total no. of patients

Table 4
The relationship between the tumor type according to the histopathological
result and sex.

Sex Tumor type

Females Males

9 15 Glioblastoma multiform

5 10 Astrocytoma

14 25 Total no. of patients
Table 5

Comparison between MRI findings and pathological results between studies.

Study MRI and pathological results

K Abul-Kasim., Et al (2013), Sweden K = 92% (MRI New Sequences)
K = 38% (traditional MRI)
72% (conventional MRI)

58% (traditional MRI)

Tishreen Hospital - Lattakia (2019)
Arian Lasocki (2018) — Melbourne [14].

Fig. 2. High-grade tumor: (A (MRI brain T1 imaging after injection showing the presence of heterogeneous enhancement with edema and hemorrhage. (B) His-

topathological features include necrosis and vascular infiltration (x 400).
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4.1. Limitations of the study

The study duration was short and MRI and histopathological results
were not available at the same time of some cases.

5. Conclusions

All supratentorial gliomas were hyperintense in T2, while the T1
signal was hypointense in 92% of them. In FLAIR it was observed that
tumors were hyperintense in 100% of cases. Contrast enhancement,
necrosis, hemorrhage, and edema were seen with high-grade gliomas.
Peritumoral edema was the most frequently associated feature of high-
grade gliomas. There was a strong agreement between the patholog-
ical results and MRI findings in determining the grade of gliomas (72%).
Traditional MRI has a high sensitivity with up to 96% accuracy in
diagnosing gliomas and determining their grade in comparison to his-
topathology. Histopathological diagnosis remains the gold standard for
diagnosing gliomas and determining their grade, but MRI imaging is
considered a non-invasive method and is useful in cases where the bi-
opsy procedure is a contraindication or rejected by the patient.
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