
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=trra20

Journal of Radiation Research and Applied Sciences

ISSN: (Print) 1687-8507 (Online) Journal homepage: https://www.tandfonline.com/loi/trra20

Radiological characteristics of glioblastoma
multiforme using CT and MRI examination

Amr A. Abd-Elghany, Abdu Ahmed Naji, Batil Alonazi, Hassan Aldosary,
Mohammed Abdluaziz Alsufayan, Mohammed Alnasser, Ebtsam A.
Mohammad & Mustafa Z. Mahmoud

To cite this article: Amr A. Abd-Elghany, Abdu Ahmed Naji, Batil Alonazi, Hassan Aldosary,
Mohammed Abdluaziz Alsufayan, Mohammed Alnasser, Ebtsam A. Mohammad & Mustafa
Z. Mahmoud (2019) Radiological characteristics of glioblastoma multiforme using CT and
MRI examination, Journal of Radiation Research and Applied Sciences, 12:1, 289-293, DOI:
10.1080/16878507.2019.1655864

To link to this article:  https://doi.org/10.1080/16878507.2019.1655864

© 2019 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 28 Aug 2019.

Submit your article to this journal 

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=trra20
https://www.tandfonline.com/loi/trra20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/16878507.2019.1655864
https://doi.org/10.1080/16878507.2019.1655864
https://www.tandfonline.com/action/authorSubmission?journalCode=trra20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=trra20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/16878507.2019.1655864
https://www.tandfonline.com/doi/mlt/10.1080/16878507.2019.1655864
http://crossmark.crossref.org/dialog/?doi=10.1080/16878507.2019.1655864&domain=pdf&date_stamp=2019-08-28
http://crossmark.crossref.org/dialog/?doi=10.1080/16878507.2019.1655864&domain=pdf&date_stamp=2019-08-28


Radiological characteristics of glioblastoma multiforme using CT and MRI
examination
Amr A. Abd-Elghanya,b, AbduAhmedNajic, Batil Alonazi a, Hassan Aldosaryc, MohammedAbdluaziz Alsufayanc,
Mohammed Alnasserc, Ebtsam A. Mohammadb and Mustafa Z. Mahmoud a

aRadiology and Medical Imaging Department, College of Applied Medical Sciences, Prince Sattam bin Abdulaziz University, Al-Kharj,
Saudi Arabia; bBiophysics Department, Faculty of Science, Cairo University, Giza, Egypt; cRadiology and Medical Imaging Department,
King Fahad Medical City, Al-Riyadh, Saudi Arabia

ABSTRACT
The purpose of this study was to describe, analyze and characterize computed tomo-
graphy (CT) and magnetic resonance imaging (MRI) scan of glioblastoma multiforme
(GBM) patients. One hundred and three clinically definite GBM patient information, CT
and MRI images along with clinical records and demographic data were retrospectively
collected from the radiology information system (RIS) database of the Radiology and
Medical Imaging Department of King Fahd Medical City between January 2012 to March
2019. Based on our analysis, 70.9% and 29.1% were males and females patients with a
mean age of 49.05 ± 14.77 years. The majority of patients (98.1%) were diagnosed with
GBM by MRI T2-weighted fluid attenuation inversion recovery (FLAIR) hyperintense
scanning protocols, 97.1% diagnosed by MRI T2-weighted hyperintense and 93.2%
were diagnosed by an MRI T1-weighted hypointense. About 98.1% of patients had MRI
contrast enhancement while 88.1% and 6.8% had a CT hypodense and heterogeneous
appearance, respectively. GBM shape in 100% of patients was irregular and the majority
(41.8%) of GBM were located in the frontal lobe. In conclusion, this study manages to
describe, analyze and characterize the radiological features of GBM in CT and MRI
examination.
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1. Introduction

Glioblastoma multiforme (GBM) is a tumor that arises
from astrocytes cells in the brain and is the most
common intracranial tumor of all primary central ner-
vous system that are generally highly malignant
(Altwairgi et al., 2016; Khanna et al., 2013). It is usually
found in the cerebral hemispheres of the brain, or at
times anywhere in the brain or spinal cord. There are
two main types of glioblastomas, primary and second-
ary (Khanna et al., 2013). GBM prognosis scans tre-
mendously poorly with a documented survival rate of
roughly 5 years (Altwairgi et al., 2016). Computed
tomography (CT) (Figure 1) and Magnetic resonance
imaging (MRI) (Figures 2 and 3) play a central role in
the diagnosis, characterization, surveillance and ther-
apeutic monitoring of GBM tumors (Gaurav et al.,
2017; Walid, 2008).

MRI provides high resolution multi-planar struc-
tural information and substantially improved tissue
characterization compared to a CT scan. GBM is
hypo- or isotones on CT scan, and on the MRI hyper-
intense on T2-weighted images and hypo- or isoin-
tense on T1-weighted images. Nevertheless, edema
and mass are variable in appearances. Furthermore,

CT and MRI scan (with and without contrast) are very
helpful in the management, grading, and staging of
tumors (Ginat & Meyers, 2012).

Increasing life expectancy is the major goal for
each country. Increased knowledge of disease etiol-
ogy and continued development of imaging modal-
ities in combination with screening could have
positive results in that direction. The database in
the developing countries still in progress. It could
be of great importance to monitor disease trends
for specific pathologies from the radiological point
of view in order to decline the mortality rate for
a given disease. In the USA solely, around 60% of
primary brain tumors were diagnosed as glioblasto-
mas (Walid, 2008).

In Saudi Arabia, there is no clear image and lack
number of published articles about the percentage of
GBM. It is in view of this that the current study cate-
gorizes the radiological features of GBM according to
the signs and symptoms from Saudi patients’ different
ages and compared between two modalities, CT and
MRI to know the best modality to detect GBM. Thus,
the purpose of this study was to describe, analyze and
characterize CT and MRI scan of GBM patients.
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2. Material and methods

One hundred and three clinically definite GBM data
found in the database record of the Radiology and
Medical Imaging Department at King Fahd Medical
City between January 2012 to March 2019 were retro-
spectively collected. RIS was used to obtain CT and MRI
image records along with patient data and clinical
diagnosis. The Institutional Review Board (IRB) (no.
18–118) and Ethical Committee for Research Involving
Human Subject approved this study. All patients were
Saudi adults and their ages were >18 years old. The
exclusion criteria were: i) non-Saudi patients; ii)
patients present with other brain lesions beside GBM;
and iii) Saudi and non-Saudi patients <18 years old.

All CT studies were performed before and after con-
trast enhancement with 100 mL Iohexol 300
(Omnipaque) on a Siemens 128 slice data acquisition
Somaton CT scanner. MRI was performed on a Siemens
MRI 1.5 Tesla scanner. T1-weighted, T2-weighted, T2-
weighted fluid attenuation inversion recovery (FLAIR)
and diffusion-weighted imaging (DWI) were obtained.
The slice thicknesswas 8mm in both CT andMRI images.

Data collected were analyzed using Statistical
Package for Social Science (IBM Corporation, Armonk,
NY, USA) version 23 for windows. All measurable data
were initially summarized as a mean±standard devia-
tion (SD) in a form of comparison tables. Categorical
data, such as the patient’s gender, disease symptoms,

Figure 1. The axial CT image at the level of basal ganglia
demonstrates a large heterogeneous mass (GBM) in the right
frontal lobe with mass effect on the right lateral ventricle and
leftward shift of midline (Gaurav et al., 2017).

Figure 2. Axial MRI FLAIR weighted image at the level of
basal ganglia demonstrates a heterogeneous mass (GBM)
centered in the right frontal lobe and basal ganglia with
surrounding infiltrating signal abnormality – FLAIR envel-
ope – which extends medially across the corpus callosum
and posteriorly in the insular region. The FLAIR envelope is
typically a manifestation of a combination of tumor infiltra-
tion and edema. There is an associated mass effect on the
right lateral ventricle and leftward midline shift (Gaurav
et al., 2017).

Figure 3. Post gadolinium-based contrast administration T1-
weighted axial image. There is a heterogeneous irregular
peripheral enhancement associated with the right frontal
lobe mass (GBM) with central non-enhancing area, consistent
with necrosis (Gaurav et al., 2017).
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T1, T2, T2 FLAIR and DWI MRI appearance, MRI contrast
enhancement, CT appearance, CT contrast enhance-
ment, necrosis, lobe size, and hemispheric site were
presented as frequencies and relative percentages.
Continuous variable such as patients’ age and GBM
size was expressed as mean±SD. The Chi-square test
(x2testÞ was applied to determine the relationship
between categorical variables mentioned above. The
Mann–Whitney U test, which is a nonparametric test of
the null hypothesis, was used to whether there were
differences between male and female patients in terms
of their GBM size. Spearman’s rank correlation coeffi-
cient (Spearman’s Rho correlation coefficient) which is
a nonparametric version of the Pearson correlation
coefficient was used to decipher the relationship
between patient’s age and GBM size. A p-value <0.05
was considered as statistically significant.

3. Results

In this study, 103 definite GBM patients’ data (73
males, 70.9%, and 30 females, 29.1%) were retrospec-
tively collected and analyzed based on the available
clinical record from King Fahd Medical City, Riyadh,
Saudi Arabia. Patient’s age range was between 18 and
78 years with a mean age of 49.05 ± 14.77 years. The
GBM mean size was 19.17 ± 14.29 cm3 with relative
symptoms of headache (30.1%), seizure (14.6%), head-
ache and seizure (1.19%) and other complication
(53.4%), respectively (Table 1).

In MRI T1-weighted sequence, 93.2% of GBM were
found to be hypointense and 4.9% were found to
have a classical isointense appearance, while in MRI
T2-weighted they having hyperintense (97.1%) and
heterogeneous (1.9%) appearance. However, in
sequences of MRI T2-weighted FLAIR, majority of
GBM (98.1%) were of the hyperintense appearance
and only (1.9%) presented with a heterogeneous
appearance. In MRI DWI, 98.1% of GBM were pre-
sented with a restricted water diffusion and 1.9% of
them were with no water-restricted diffusion. All GBM
patients in MRI perfusion test were characterized with
an increase of their relative cerebral blood volume
(rCBV). In terms of contrast enhancement, 98.1% of
GBM patients had an MRI contrast enhanced while
only 1.9% of them were not presented with contrast
enhanced (Table 1).

For CT appearance, 88.4% of GBM were of the
hypodense appearance while only 6.8% of these
mass was heterogeneous in appearance. In addi-
tion, 95.1% of the patients diagnosed with GBM
were not on the need for CT contrast enhance-
ment, while only 4.9% of GBM were enhanced.
Besides the majority of the patients (89.3%) pre-
sents with necrotic GBM, GBM shape was irregular
in all diagnosed cases. CT examination presented
that the location of GBM was 41.8% located in the

frontal lobe, 31.1% located in the temporal lobe,
while the rest (27.2%) was located in occipital lobe,
parietal lobe, and posterior fossa and thalamic
region. GBM lesions were also detected in the
right and left-brain hemispheres by a percentage
of 48.5% and 51.5%, respectively (Table 1).

The authors test the relationship between
enhanced and non-enhanced MRI examination in the
diagnosed GBM patients. Where ½x1 ¼ 9, p ¼ 0:03�,
implying a significant relationship (Table 2).

A non-significant relationship was noted between
male and female patients in term of GBM appearance
in CT and T1-weighted MRI examination, where
x3 ¼ 3:231; p ¼ 0:357½ �, x9 ¼ 0:99; p ¼ 0:999½ �, respec-
tively. In addition, another non-significant relationship

Table 1. Basic demographics and clinical characteristics of
GBM patients.
Characteristics Descriptions n (%)

Gender Male 73 (70.9%)
Female 30 (29.1%)

Age (years) Mean±SD 49.05 ± 14.77
Median 52
Age range 18–78

GBM size (cm3) Mean 19.17 ± 14.29
Signs and symptoms Headache 31 (30.1%)

Seizure 15 (14.6%)
Headache and seizure 2 (1.9%)
Other complications 55 (53.4%)

MRI T1-weighted Hypointense 96 (93.2%)
Isointense 5 (4.9%)
Hyperintense 1 (1%)
Heterogeneous 1 (1%)

MRI T2-weighted Hyperintense 100 (97.1%)
Isointense 1 (1.0%)
Heterogeneous 2 (1.9%)

MRI T2-weighted FLAIR Hyperintense 101 (98.1%)
Heterogeneous 2 (1.9%)

MRI DWI Restricted water diffusion 101 (98.1%)
No water restricted diffusion 2 (1.9%)

MRI perfusion Increase of rCBV 103 (100%)
MRI contrast
enhancement

Enhanced 101 (98.1%)
Non-enhanced 2 (1.9%)

CT appearance Hypodense 91 (88.4%)
Isodense 3 (2.9%)
Heterogeneous 7 (6.8%)
None 2 (1.9)

CT contrast
enhancement

Enhanced 5 (4.9%)
No contrast given to the
patient

98 (95.1%)

Necrosis Yes 92 (89.3%)
No 9 (8.7%)
Resection 2 (1.9%)

Shape Irregular 103 (100%)
GBM location Frontal lobe 43 (41.8%)

Occipital lobe 4 (3.9%)
Parietal lobe 19 (18.5%)
Posterior fossa 3 (2.9%)
Temporal lobe 32 (31.1%)
Thalamus 2 (1.9%)

Hemispheric location Right brain hemisphere 50 (48.5%)
Left brain hemisphere 53 (51.5%)

Table 2. The relationship between enhanced and non-
enhanced MRI examination in the diagnosed GBM patients.
MRI contrast
enhancement

Enhanced
(n = 4)

Non-enhanced
(n = 99) x2 dfð Þ p-value*

Enhanced 4 (3.88%) 99 (96.12%) 9.00 0.03
Non-enhanced 1 (0.97%) 1 (1.0%)

*Chi-square test
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x6 ¼ 0:407; p ¼ 0:999½ �, x3 ¼ 0:269; p ¼ 0:996½ � was
noted between CT and T2-weighted MRI appearance
for GBM (Table 3).

In our analysis, male patients presented with the high-
est GBM necrotic changes (62.1%) compared to females
(27.2%). It should be noted that there was no observable
relationship between them in terms of necrosis. The Chi-
square test demonstrated a significant relationship
between the hemispheric location of GBM and the necro-
tic changes [x6 ¼ 14:776; p ¼ 0:022� (Table 4). To deter-
mine whether there is a difference between male and
female patients in terms of GBM size, we applied aMann–
Whitney U test to find this difference; however, there was
no statistical significant difference between the gender
(U = 859, p= 0.87) regarding GBM size (Table 5).

4. Discussion

GBM occurs mostly in the subcortical region of the white
matter of the brain (Jayachandran, Jonathan, Patel, &
Prabhu, 2018). CT and MRI scans with or without contrast
are helpful in grading and management of this deadly
disease (Helseth & Mork, 1989). CT and MRI were gener-
ally the methods of choice for proper diagnosis of this
brain tumor and CT was chosen only when MRI was
found to be contradictory. The GBM patients’ records
were retrospectively obtained and analyze to explore
any clinical or scientific insight from the data. The

incidence of GBM discovered in this study was predomi-
nantly higher in males 70.9% than in females, supporting
the previous findings by Ostrom et al. (2015). The mean
age of 49.05 years was found among patients studied
with a mean average of GBM tumor size of 19.17 cm3,
whichwas in contrast to the findings reported by Jeswani
et al. (2013). The frequent GBM sites in this studywere the
frontal lobe, followed by temporal and parietal lobes. This
was similar to many reports that found frontal lobe as the
most common site for GBM (Ferreira, Barbosa, Amaral,
Mendonça, & Lima, 2004; Lacroix et al., 2001). Although
a study conducted in Zurich demonstrated that the most
common sites of this tumor were temporal, parietal,
frontal and occipital lobes, respectively (Barnard &
Geddes, 1987).

Patients’ symptoms were mostly headache and sei-
zure. This was in line with the previous findings of Sizoo
et al. (2010). Most of the patients were diagnosed by an
MRI T1-weighted hypointense, MRI T2-weighted hyperin-
tense, and MRI T2-weighted FLAIR hyperintense.
Timmons et al. (2018) reported similar findings in
a review. In addition, the authors discovered that 98.1%
of GBM patients characterized by MRI contrast enhance-
ment while 88.1% had a CT hypodense appearance with
only 6.8% had a heterogeneous CT appearance. Barker,
Davis, Chang, and Prados (1996) and Liu et al. (2017)
reported the same findings. About 48.6% of GBM lesions
located in a single brainhemispherewhile the rest located

Table 3. CT and MRI appearance among GBM patients.
CT appearance

MRI appearance Isodense Hypodense Heterogeneous None x2 dfð Þ p-value*

MRI T1 Hypointense 3 (2.91%) 84 (81.6%) 7 (6.8%) 2 (1.94%) 0.990 0.999
Isointense 0 (0.00%) 5 (4.85%) 0 (0.00%) 0 (0.00%)
Heterogeneous 0 (0.00%) 1 (0.97%) 0 (0.00%) 0 (0.00%)

MRI T2 Hyperintense 0 (0.00%) 1 (0.97%) 0 (0.00%) 0 (0.00%) 0.407 0.999
Isointense 0 (0.0%) 1 (0.97%) 0 (0.00%) 0 (0.00%)
Heterogeneous 0 (0.0%) 2 (1.94%) 0 (0.00%) 0 (0.00%)

MRI T2 FLAIR Hyperintense 3 (2.9%) 89 (74.7%) 7 (100.0%) 2 (1.94%) 0.269 0.966
Heterogeneous 0 (0.0%) 2 (1.94%) 0 (0.00%) 0 (0.00%)

*Chi-square test

Table 4. The relationship between gender, MRI contrast enhancement, brain lobes and hemispheric location with necrotic
changes of GBM in the diagnosed patients.

Necrosis

Variables Yes No Resection x2 dfð Þ p-value*

Gender Male 64 (62.1%) 7 (6.8%) 2 (1.9%) 1.106 0.575
Female 28 (27.2%) 2 (1.9%) 0 (0.0%)

MRI contrast enhancement Enhanced 91(100.0%) 10 (9.7%) 2 (1.9%) 4.367 0.113
Non-enhanced 0 (0.0%) 8 (9.1%) 0 (0.0%)

Brain lobes Frontal lobe 37 (35.9%) 5 (4.9%) 1 (0.9%) 4.608 0.912
Occipital lobe 4 (3.9%) 0 (0.0%) 0 (0.0%)
Parietal lobe 19 (18.4%) 0 (0.0%) 0 (0.0%)
Temporal lobe 27 (26.1%) 4 (36.4%) 1 (0.9%)
Posterior fossa 3 (2.9%) 0 (0.0%) 0 (0.0%)
Thalamus 2 (1.9%) 0 (0.0%) 0 (0.0%)

Hemispheric location Right hemisphere 47 (45.6%) 6 (5.8%) 0 (0.0%) 14.786 *0.022
Left hemisphere 41 (39.8%) 2 (1.9%) 2 (1.9%)
Middle 0 (0.0%) 1 (0.9%) 0 (0.0%)
Bilateral 4 (3.9%) 0 (0.0%) 0 (0.0%)

*Chi-square test
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bilaterally. A significant relationship (p < 0.03) was pre-
sented between cases of GBM with contrast enhance-
ment and cases without contrast enhancement,
whereas no significant association observed among all
MRI appearances (p> 0.05) of GBM.Mann–Whitney U test
revealed no difference between males and females
patients in terms of GBM size (p > 0.05).

To our knowledge, this was the first study conducted
to describe, analyze and characterize CT and MRI scan of
GBM in Saudi adults. This study was limited to only one
hospital in Saudi Arabia and the samples were not cover-
ing the completely Saudi population; hence, further study
needs to be embarked in order to fully draw a conclusive
study in Saudi Arabia as a country. Other limitations
include a relatively small sample size that diagnosed in
a single center origin, which unfortunately might affect
the accuracy of current findings and in fact, significantly
reduces the power of current conclusions.

5. Conclusion

In conclusion, this study manages to describe, analyze
and characterize the radiological features of GBM in CT
and MRI examination. GBM is more prevalent in adult
Saudi males rather than females and there was no sig-
nificant differencebetween them in termsofGBMsize. An
association between brain hemispheres and necrosis of
GBM was observed and a link between MRI contrast and
non-contrast enhancement was revealed. In agreement
with several studies, the most common location of glio-
mas in our study was the frontal lobe. However, further
studies need to be carried out to explore other descriptive
findings that were limited in this study.
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