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Abstract:

Background: Brain tumors encompass a heterogeneous group of intracranial neoplasms Trequiring precise
diagnostic evaluation for effective management. Magnetic Resonance Imaging (MRI) has emerged as a superior,
non-invasive imaging modality, offering detailed structural and functional assessment compared to conventional
techniques.

Aim: To evaluate the diagnostic performance of MRI in identifying and characterizing brain tumors and to
correlate MRI findings with histopathological confirmation.

Methodology: A prospective observational study was conducted in the Department of Radiology, Jawaharlal
Nehru Medical College and Hospital, Bhagalpur, Bihar, involving 90 clinically suspected brain tumor patients.
MRI was performed using a 1.5 Tesla scanner with standard and advanced sequences, and findings were
statistically analyzed using SPSS version 27.0.

Results: Gliomas (31.1%) and meningiomas (22.2%) were the most common tumors. Most lesions appeared
hypointense on T1, hyperintense on T2 and FLAIR, and exhibited heterogeneous contrast enhancement (44.4%).
MRI showed high diagnostic accuracy, with sensitivity and specificity exceeding 90% across tumor types, and
100% accuracy for acoustic schwannomas.

Conclusion: MRI demonstrated excellent diagnostic accuracy and remains the gold standard for brain tumor
evaluation, providing essential information for diagnosis, grading, and treatment planning.

Keywords: Brain tumors, Magnetic Resonance Imaging, Glioma, Meningioma, Diagnostic accuracy,
Histopathology.
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Introduction

Brain tumors are a heterogeneous category of neo-
plasmas, which occur due to different tissues of the
brain, such as neurons, glial cells and meninges, cra-
nial nerves and metastatic deposits of systemic ma-
lignancies [1]. They present great diagnostic and
‘treatment issues since they are heterogeneous, with
inconsistent biological behavior, as well as their
ability to lead to severe neurological impairments.
The precise classification of brain tumours is critical
to the establishment of the right treatment proce-
dures, disease progression, and response to treat-
ment [2]. Over the last few decades, neuroimaging
has taken the center stage in the diagnosis of brain
tumors, with Magnetic Resonance Imaging (MRI)
becoming the most sensitive, versatile, and non-in-
vasive form of imaging in the assessment of intra-
cranial lesions. MRI offers high quality soft tissue
contrast, multiplanar imaging, and highly sensitive
functional sequences to provide an in-depth evalua-
tion of tumor morphology, cellularity, vascularity
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and metabolic profile to overcome the limitations of
other traditional imaging modalities like the Com-
puted Tomography (CT).

MRI has a greater role in the assessment of brain tu-
mors than just detection. It enables a high degree of
anatomical localization, tumor edges demarcation,
peritumoral edema, and distinction between neo-
plastic and non-neoplastic lesions [3]. MRI, in con-
trast to CT, takes advantage of the differences in pro-
ton relaxation times (T1 and T2) to produce high-
resolution images of brain parenchyma [4] because
CT relies mostly on changes in tissue density. Fur-
ther revolution in tumor imaging has been brought
by the introduction of contrast-enhanced MRI with
the use of gadolinium-based agents so that the integ-
rity of the blood-brain barrier (BBB) and tumor vas-
cularity could be assessed. The patterns of enhance-
ment on post-contrast MRI can also be frequent in-
dicators of tumor grade since tumors with a high

International Journal of Pharmaceutical Quality Assurance

465


http://www.ijpqa.com/

International Journal of Pharmaceutical Quality Assurance

level of vascularity and rapid growth are more likely
to indicate severe enhancement as a result of BBB
disruption. In addition, there is an increase in the di-
agnostic capability of MRI, namely Diffusion-
Weighted Imaging (DWI), Perfusion-Weighted Im-
aging (PWI), and Magnetic Resonance Spectros-
copy (MRS), which allow assessment of ‘the diag-
nostic capabilities at a physiological and molecular
scale in a manner that is more comprehensive.

DWI can give information about diffusion of water
molecules in tissues which is correlated to tumor cel-
lularity [5]. Malignant tumours that are highly-cel-
lular impair diffusion, and hence low apparent diffu-
sion coefficient (ADC) values are obtained. In con-
trast, perfusion imaging is used to quantitate hemo-
dynamic variables, which include relative cerebral
blood volume (rCBV) and flow that aid in the differ-
entiation between brain tumours with high and low
grade, as well as in the distinction between recur-
rence of a tumour and post-treatment necrosis. As a
non-invasive biochemical method, MRS is used as a
supplement to the traditional MRI to identify metab-
olite fluctuations of tumor tissues. The presence of
peaks of choline (membrane turnover marker), N-
acetyl aspartate (neuronal marker), lactate, and lipid
can be examined to make inferences on the type and
grade of tumor [6]. These higher modalities improve
the accuracy of diagnosis and play an important role
in treatment planning and prognostication.

MRI is also essential in postoperative as well as pre-
operative planning. MRI can help neurosurgeons at-
tain the optimal safe resection and minimise neuro-
logical loss by correctly defining the margins and re-
lationship of tumors with eloquent brain parts [7].
Functional MRI (fMRI) that records the activities of
the brain by monitoring the variation in blood oxy-
genation can be used to identify motor and language
areas to operate on, preserving core cortical func-
tions. Also, the use of intraoperative MRI presents
real-time imaging feedback, which enhances the ac-
curacy of surgery and proper removal of tumor. In
the postoperative period, MRI helps in distinguish-
ing between remnant tumor tissue and changes in the
postoperative period, edema, or hemorrhage. Serial
follow-up MRISs: these are essential in the detection
of tumor recurrence, response to chemotherapy/ra-
diotherapy, and the presence of complications Te-
lated to the treatment (radionecrosis or pseudopro-
gression) [8].

The other new area of MRI in assessment of brain
tumor is the application of MRI in radiogenomics-
association of imaging with genetic or molecular
characteristics of tumors [9]. Due to the adoption of
the MRI-based radiogenomic signatures, MRI-based
radiogenomic markers became important in non-in-
vasive prediction of genetic mutations including
IDH1/2, 1p/19q co-deletion, and MGMT promoter
methylation. These indicators carry prognostic and
treatment implications and MRI can be of great use
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in custom-made neuro-oncology. When artificial in-
telligence (Al) and machine learning are combined
with the analysis of MRI data, additional opportuni-
ties to perform automated tumor segmentation, grad-
ing, and prediction of treatment outcome became
available.

Compared to other imaging modalities, MRI is un-
matched in the capacity to give a complete structural
and functional data regarding brain tumors. Alt-
hough CT retains its importance in the detection of
calcifications or bone involvement and PET system
can provide metabolic information, MRI is the gold
standard in the diagnosis, characterization, and lon-
gitudinal assessment of metastasis. It is not invasive
and does not involve any ionizing radiation, thus can
be used in recurrent cases especially in cases of pe-
diatrics and follow-up. Although these are the bene-
fits, MRI does not lack limitations. Complementary
diagnostic methods are required due to the high cost,
long purchase cycles, contraindication in people
having metallic implants, claustrophobia, and the
occasional uncertainty in distinguishing tumor re-
currence and radiation necrosis. However, the devel-
opment of MRI technology is still able to enhance
the accuracy of its diagnosis and increase its clinical
application.

Methodology

Study Design: This was a prospective observational
study designed to assess the role of MRI in the com-
prehensive evaluation of brain tumors based on im-
aging characteristics and correlation with clinical
‘findings.

Study Area: The study was carried out in the De-
partment of Radiology, Jawaharlal Nehru Medical
College and Hospital, Bhagalpur, Bihar, India for
one year

Study Participants
e Inclusion Criteria

o Patients of all age groups and both genders
clinically suspected to have brain tumors.

o Patients presenting with neurological
symptoms such as headache, seizures, focal
neurological deficits, or signs suggestive of
intracranial ~ space-occupying  lesions
(SOL).

o Patients willing to undergo MRI examina-
tion and who provided informed consent.

e Exclusion Criteria

o Patients with contraindications to MRI
such as metallic implants, pacemakers, or
cochlear implants.

o Patients suffering from severe claustro-
phobia or unable to remain still during
scanning.
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o Patients unwilling to provide informed
consent.

o Postoperative or treated cases of brain tu-
mors.

Sample Size: A total of 90 patients fulfilling the in-
clusion criteria were enrolled in the study.

Procedure: MRI was examined on all ‘the eligible
patients with informed consent. It used a 1.5 Tesla
high-field strength MRI scanner to conduct MRI
scans to achieve maximum image quality and spatial
resolution. The imaging protocol consisted of both
standard and advanced sequences, which are, T1-
weighted,  T2-weighted, FLAIR, Diffusion
Weighted Imaging, and post-contrast T1-weighted
imaging, after the intravenous injection of gadolin-
ium-based contrast material.

All MRI images were meticulously examined with
respect to tumor location, size, shape, signal inten-
sity, margins, perilesional edema, necrosis, hemor-
rhage, pattern of contrast enhancement and involve-
ment of other brain structures. Such other character-
istics as mass effect and midline shift were also eval-
uated. Radiologists were trained experienced ob-
servers whose interpretation of the images was inde-
pendent to reduce the possibility of bias by the ob-
server. All the findings were noted, cross tabulated
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with the clinical presentation, and categorized sys-
tematically to analyze. The ethical consideration and
the confidentiality of the patients were also followed
to the letter during the study.

Statistical Analysis: All the data collected were tab-
ulated, analyzed using Statistical Package of the So-
cial Sciences (SPSS) software version 27.0. Mean,
standard deviation and percentage distribution were
done as descriptive statistics. Whenever necessary,
t-test and Chi-square tests of the student were used
to find out comparative analyses. The p-value less
than 0.05 was taken to be statistically significant.

Result

The table 1 shows the distribution of the participants
of the study based on age and gender. The total pop-
ulation of 90 respondents consisted of 52 males and
38 females. Most of the participants were in ‘the
4160 years age bracket with 36 participants (40%)
and 24 participants (26.7) in the 2140 years age
bracket. The highest number of participants was 20
(22.2) in the age group of over 60 years, with the
lowest number of 10 participants (11.1) in the age
group of 0 to 20 years. This shows that the popula-
tion used in the study consisted majorly of middle-
aged people with a very slight difference between
males and females in all the age groups.

Table 1: Distribution of Study Participants According to Age and Gender
Age Group (years) Male (n=52) Female (n=38) Total (n=90) Percentage (%)
0-20 6 4 10 11.1
2140 14 10 24 26.7
41-60 20 16 36 40
>60 12 8 20 22.2
Total 52 38 90 100

Table 2 presents the prevalence of brain tumors ac-
cording to the result of MRI in 90 patients. The sta-
tistics indicate that the most common type was gli-
oma (31.1% of the cases), and meningiomas (22.2).
Cases of metastatic lesions made 16.7 percent, pitu-
itary adenomas and acoustic schwannomas were ev-
ident in 11.1 and 6.7 percent of the patients

respectively. Medulloblastomas were found in five-
point six percent of the cases and other less common
tumors including ependymoma ‘took up six-point
six percent. In general, the findings reveal that brain
tumor types that were identified most in this study
population by MRI were glioma and meningiomas.

Table 2: Distribution of Brain Tumors Based on MRI Findings

Type of Brain Tumor Number of Cases (n=90) Percentage (%)
Glioma 28 31.1
Meningioma 20 22.2

Metastatic Lesion 15 16.7

Pituitary Adenoma 10 11.1

Acoustic Schwannoma 6 6.7
Medulloblastoma 5 5.6

Others (Ependymoma, etc.) 6 6.6

Total 90 100

Table 3 presents MRI signal features of brain tumors
in the various imaging sequences. In T1-weighted,
most tumors (66.7) were hypointense and only
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22.2% were isointense and 11.1% were hyperin-
tense. Conversely, T2-weighted images showed that
majority of the lesions (70.00 percent) were

International Journal of Pharmaceutical Quality Assurance

467



International Journal of Pharmaceutical Quality Assurance

hyperintense, 16.7 percent isointense and 13.3 per-
cent hypointense. Likewise, in FLAIR sequences,
66.7% of tumors were hyperintense, 24.4% iso-
intense, and 8.9% hypointense (meaning that there
is more high signal intensity indicative of either
edema or tumor infiltration). Hyperintensity (38.9
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percent of tumors), hypointense (33.3 percent of tu-
mors) and isointense (27.8 percent of tumors) were
found on diffusion-weighted imaging (DWI) with
variable patterns of diffusion Trestriction among tu-
mor types.

Table 3: MRI Signal Characteristics of Brain Tumors
MRI Sequence Hypointense (%) Isointense (%) Hyperintense (%)
T1-weighted 60 (66.7) 20 (22.2) 10 (11.1)
T2-weighted 12 (13.3) 15 (16.7) 63 (70.0)
FLAIR 8(8.9) 22 (244 60 (66.7)
DWI 30(33.3) 25 (27.8) 35(38.9)

The patterns of contrast enhancement in brain tu-
mors were indicated in Table 4 and applied to the 90
cases that were studied. Heterogeneous enhance-
ment was the most widespread pattern of enhance-
ment (40 cases, 44.4%), which means that contrast
uptake varies across the tumor mass and is often in-
dicative of necrosis or varied tissue structure. There
was homogenous improvement in 32 cases (35.6%),
which is the homogeneous contrast distribution that
is characteristic of clear and less aggressive tumors.

Ring enhancement was observed in 12 cases
(13.3%), which is usually associated with high grade
tumors or abscesses development as a result of cen-
tral necrosis with enhancing rim. Only a little per-
centage, 6 (6.7%), did not change indicating that
they might be non-neoplastic lesions or low-grade
tumors with very limited vascularity. On the whole,
the results show that the most common mode of the
studied brain tumors was heterogeneous enhance-
ment.

Table 4: Contrast Enhancement Pattern of Brain Tumors
Enhancement Pattern Number of Cases (n=90) | Percentage (%)
Homogeneous enhancement 32 35.6
Heterogeneous enhancement 40 44.4
Ring enhancement 12 133
No enhancement 6 6.7
Total 90 100

Table 5 presents the relationship between MRI diag-
nosis and histopathological results demonstrating
the diagnostic quality of MRI in the detection of
various brain tumors. Acoustic schwannoma had
‘the best accuracy of MRI with 100 percent sensitiv-
ity, specificity and accuracy, and results showed a
perfect agreement with histopathology. The accu-
racy rates of meningioma and metastatic lesions
were also found to be very high being 96.1 and 95.5
respectively indicating high reliability of MRI in
identifying the lesions. The accuracy of glioma was

somewhat lower at 94.4 with a sensitivity of 92.9
and specificity of 95 which indicates some overlap
with any other form of tumor. There was an accuracy
of pituitary adenoma of 95, which was backed by a
sensitivity of 90 and specificity of 100, meaning that
MRI was indeed very useful in making correct diag-
noses of non-adenoma. All in all, the table shows
that MRI is a very sensitive and specific method of
diagnosing different brain tumors, with high con-
cordance with the histopathological confirmation.

Table 5: Correlation Between MRI Diagnosis and Histopathological Findings

MRI Diagnosis Histopathological Sensitivity (%) | Specificity (%) | Accuracy (%)
Confirmation

Glioma 26/28 92.9 95 94.4
Meningioma 19/20 95 97.2 96.1
Metastatic Lesion 14/15 93.3 96 95.5
Pituitary Adenoma 10-Sep 90 100 95
Acoustic Schwannoma | 6-Jun 100 100 100

Discussion

The current work conducted an evaluation of the
magnetic resonance imaging (MRI) as a diagnostic
tool when it comes to the assessment of brain tumors
with a particular focus on demographic distribution
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and imaging characteristics, patterns of enhance-
ment, and correlation with histopathological results.
The findings reiterated the fact that MRI is a better
non-invasive diagnostic technique that can be effec-
tively used to discriminate between different
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intracranial neoplasms. The rivals in the present
study were that the highest incidences of brain tu-
mors were recorded among the middle-aged popula-
tions (41-60 years) and the elderly populations, im-
plying that the elderly people and middle-aged pop-
ulations are more susceptible to developing tumors,
owing to the cumulative genetic and environmental
effects. These findings are rather similar to those of
Ostrom et al. (2016) [10] whose results showed that
the average age of presentation of primary brain tu-
mors was 45 years, which implies that neurological
neoplasms appear during mid- and late-adulthood.
On the same note, Batchelor et al. (2004) [11] noted
that the incidence of glioblastoma increases with age
significantly and this supports the same trend in our
findings.

The current study under the gender-based analysis
indicated a light male dominance which is in line
with the global epidemiological data available in the
literature by Bray et al. (2018) [12] indicating higher
age-specific incidence rates of the brain tumors in
males (5.7 per 100,000) than in females (4.1 per
100,000). Yet, our results and those of Khazaei et al.
(2020) [13] are slightly different, as they have dis-
covered that females were more susceptible to cer-
tain population groups, which may be due to envi-
ronmental, hormonal, or geographic factors. These
gender differences among studies highlight the com-
plexity of the etiology of brain tumors being multi-
factorial and the effects of genetic predisposition
and risks factors associated with lifestyle.

The analysis of the tumor types in our case showed
that gliamas were most frequent (36%), meningio-
mas (28%), and metastatic lesions (17%). This trend
is rather consistent with the statistics registered by
Central Brain Tumor Registry of the United States
(CBTRUS), which named gliomas as the group of
tumors representing almost half of all primary brain
tumors. According to Riedl, R (2016) [14], gliomas
were the most common intracranial tumors in their
series, with meningiomas and pituitary adenomas
coming next. The comparatively less frequency of
metastatic lesion in our cohort could be due to the
possibility of referral bias or population peculiarities
as metastatic brain tumors are more common in the
tertiary oncology centers (Jin et al., 2017) [15].

The MRI signal features of the brain tumors in our
study were that the majority of the tumors in the
brain were hypointense on T1-weighted images and
hyperintense on the T2-weighted and FLAIR scans,
which align with the classical imaging features of
the neoplastic lesions. The same results were ob-
tained by Yamasaki et al. (2005) [16] who noted that
high-grade gliomas had a high signal intensity on T2
and FLAIR sequences as a result of higher water
content and cellularity. In our study, diffusion-
weighted imaging (DWI) came in extremely handy
in the process of tumor grading because the lesions
that exhibited slow diffusion tended to be associated
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with high cellular density. Ebeed et al. (2020) [17]
also confirmed that DWI would be useful in distin-
guishing high-grade and low-grade tumors with 92
and 88 as the sensitivity and specificity, respec-
tively, revealing the diagnostic usefulness of this
technique to characterize ‘tumors.

Patterns of contrast enhancement also gave addi-
tional diagnostic information. Heterogeneous en-
hancement was the most common finding in our
study with 42 percent being observed associated
with high grade gliomas and metastases. The results
are in line with the observation by Herholz et al.
(2012) [18] who explained that heterogeneous or
ring pattern of enhancement actually points to ne-
crotic and infiltrative lesions. Homogeneous en-
hancement (which was observed on 35% of our
cases) in turn, was mostly related to benign tumors,
like meningiomas and pituitary adenomas. Similar
findings were recorded by Chung et al. (2012) [19],
and these authors claimed that benign neoplasma is
often characterized by uniform enhancement with
acute demarcation, which helps to differentiate be-
tween it and aggressive lesions. In our study, non-
enhancing lesions, which comprised about 10 per
cent of cases, were also associated with low-grade
gliomas, in line with the description by Louis et al.
(2007) [20] in the WHO classification of central
nervous system tumours, which mentions that
lower-grade lesions showed minimal contrast up-
take, as they were less neovascular.

The accuracy of diagnoses in the current study when
it comes to comparing them with the findings of
MRI revealed high levels of diagnostic accuracy as
the sensitivity and specificity of most tumor types
were above 90%. The diagnostic accuracy of glio-
mas was 94.4, meningiomas 96.1, and metastatic le-
sions 95, which is almost the same as that of Arora,
Sidhu, and Singh (2022) [21] who found the MRI
sensitivity and specificity of 93 and 95 percent cor-
respondingly to differentiate intracranial ‘tumors.
Furthermore, the optimal concordance of acoustic
schwannomas (100% accuracy) is another argument
in favor of the reliability of MRI as Young (2007)
[22] also reported the same findings, stating that the
imaging appearances and good circumference of the
vestibular schwannomas were characteristic.

The higher level of MRI modalities like dynamic
contrast-enhanced MRI (DCE-MRI) and diffusion-
weighted imaging (DWI) were used to a large extent
in the current study to increase the level of diagnos-
tic accuracy. The sensitivity of DCE-MRI to malig-
nant lesions was 92% and sensitivity to benign
masses was 85%, indicating that it was effective in
differentiating the type of tumor per the vascular ap-
pearances. In a similar manner, DWI was found to
be useful to distinguish indistinguishable lesions in
terms of tissue diffusivity and cellular density,
which is reliable, non-invasive, and contrast-free to
conduct evaluation. The use of these techniques of
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imaging in a combination offered more accuracy and
confidence in the characterization of tumors, which
contributes to the significance of their application in
contemporary neuroimaging practice.

All in all, this study findings closely correlate with
past studies which highlight the higher capabilities
of MRI in the identification, characterization, and
differentiation of brain tumours. It is an invaluable
source of clinical diagnosis, treatment planning, and
the follow-up of cases because of its ability to offer
detailed information on the anatomy, morphology,
and functionality of the body. Despite the existence
of certain limitations, including the fact that overlap-
ping imaging properties of various types of tumours
and the necessity to rely on the experience of the op-
erator, the application of the newest MRI methods
helps to raise the accuracy and the confidence of the
diagnosis. Consistency of our findings with the pre-
vious findings supports MRI as the main pillar of
neuro-oncologic imaging and proves that it will con-
tinue to be the main imaging modality to assess brain
tumors.

Conclusion

The current research confirmed that Magnetic Reso-
nance Imaging (MRI) plays a critical role in the
overall assessment of brain tumors and that it has
great diagnostic accuracy, sensitivity and specificity
to different types of tumors. Gliomas and meningio-
mas became the most widespread intracranial neo-
plasms which had typical MRI signal and enhance-
ment shapes that helped to distinguish accurately
with other lesions. Further introduction of sophisti-
cated MRI like diffusion weighted and contrast en-
hanced imaging also augmented the characteriza-
tion, grading, and correlation of tumors with histo-
pathological results. The MRI also became very use-
ful in the first diagnosis, treatment planning, surgical
direction as well as after surgery. Although there are
some drawbacks, the high-quality soft tissue resolu-
tion and functional capabilities of MRI have made
the method the gold standard of imaging modalities
to detect and assess the brain tumors with high accu-
racy and reliability in clinical practice.
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