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Abstract A comprehensive study of 129 patients was conducted to evaluate the role of MRI in the diagnosis and
characterisation of brain tumours. MRI demonstrated its superiority in differentiating between benign and malignant brain
tumours with diffuse astrocytoma (16.3%) and glioblastomas (13%) being the most frequently encountered malignant legions.
Among benign tumours, meningiomas (20.9%) and pituitary adenoma (2.3%) were prevalent. MRI’s ability to provide detail
information on tumour, location, morphology and enhancement patterns was critical in planning treatment strategies. The
study concludes that MRI is the imaging modality of choice for the evaluation of brain tumours due to its high specificity and
detail imaging capabilities. Aim: of this study is to assess the diagnostic value of Magnetic Resonance Imaging (MRI),
including advanced imaging techniques such as Dynamic Contrast Enhanced (DCE) MRI and Diffusion-Weighted Imaging
(DWI), in characterizing and differentiating between benign and malignant brain tumors. By correlating MRI findings with
histopathological results, the study seeks to evaluate the sensitivity, specificity, and overall diagnostic accuracy of MRI in
planning treatment strategies for brain tumor patients, with the goal of validating its status as the imaging modality of choice.
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1. Introduction

Globally, brain tumors represent a significant health concern
with substantial variations in incidence and mortality rates
across different regions. In 2018, there were approximately
296,851 cases of brain cancers worldwide, accounting
for 1.6% of all cancer cases. The highest incidences were
reported in Asia and Europe, particularly in Latvia and the
former Yugoslav Republic of Macedonia [1].

In terms of mortality, about 241,037 deaths were attributable
to brain cancers globally in 2018. The mortality rate was
highest in Asia and countries like Macedonia and Armenia
showed significant death rates related to brain cancers [2].

The evaluation of brain tumors presents a complex and
multifaceted challenge that requires the integration of clinical
examination with advanced imaging techniques [3]. While a
thorough neurological examination and the identification of
specific symptoms such as headaches, seizures, and focal
neurological deficits can guide initial clinical suspicion,
imaging remains the cornerstone for definitive diagnosis
and characterisation of brain tumors. The advent of various
imaging modalities over the past decades has significantly
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enhanced our ability to visualise and differentiate intracranial
pathologies, with Magnetic Resonance Imaging (MRI) standing
out as the premier technique for detailed brain imaging [4].

Historically, the introduction of imaging modalities like
computed tomography (CT) in the early 1970s revolutionized
the field by providing cross-sectional images that allowed for
better visualization of intracranial structures [5]. CT scans
offered advantages in evaluating bony lesions and calcifications
due to their high spatial resolution and rapid acquisition
times. However, despite these benefits, CT's limitations in
soft tissue contrast and exposure to ionising radiation
highlighted the need for more advanced imaging techniques.

MRI emerged as a pivotal development in neuroimaging,
offering unparalleled soft tissue contrast and the ability
to acquire multi-planar images without ionising radiation.
This modality leverages the differences in proton density and
the relaxation properties of tissues, providing detailed
images of brain structures. The ability of MRI to distinguish
between normal and pathological tissues based on their
signal characteristics has made it an indispensable tool in the
evaluation of brain tumors.

The advantages of MRI over CT in the context of brain
tumor evaluation are numerous [6]. MRI provides superior
soft tissue contrast, which is crucial for identifying the
borders of tumors, their relationship with surrounding brain
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structures, and any associated edema or necrosis. Moreover,
advanced MRI techniques such as diffusion-weighted imaging
(DW1), perfusion MRI, and magnetic resonance spectroscopy
(MRS) offer additional insights into the tumor's cellular
density, vascularity, and metabolic profile, respectively.
These advanced imaging modalities aid in tumor grading,
determining the extent of the disease, and planning appropriate
therapeutic interventions.

One of the critical aspects of brain tumor evaluation
using MRI is the differentiation between benign and
malignant tumors [7]. Benign tumors, such as meningiomas
and pituitary adenomas, typically exhibit distinct imaging
characteristics that differ from those of malignant tumors like
glioblastomas and metastatic lesions. For instance, benign
tumors often present with well-defined borders, homogenous
enhancement patterns, and minimal perilesional edema.
In contrast, malighant tumors may show irregular borders,
heterogeneous enhancement, necrotic cores, and significant
surrounding edema, indicating aggressive behavior. In
addition to morphological assessment, MRI's capability
to evaluate the tumor's location within the brain is crucial
for treatment planning. Tumors can arise in various regions
of the brain, each with its own set of challenges regarding
surgical accessibility and potential neurological deficits.
MRI provides detailed anatomical localization, which is
essential for neurosurgeons to plan the safest and most
effective approach for tumor resection. The technique can be
time-consuming and is sensitive to patient movement, which
can lead to image artefacts. Additionally, the high cost and
limited availability of MRI scanners in certain regions may
pose barriers to widespread use [8]. However, the clinical
benefits of MRI in providing detailed and accurate imaging
of brain tumors often outweigh these drawbacks.

2. Materials and Methods

The present study was carried out from 2023 to 2024,
at the Republican Specialized Neurosurgery Scientific
and practical medical center of the Republic of Uzbekistan.
In this study 129 patients with various brain tumors were
included where those clinically suspected to have a space
occupying Lesion (SOL) in the brain or a history, suggestive
of metastatic brain involvement, the inclusion criteria
encompassed a wide age range, from 3 to 73 years, to capture
a diverse patient demographic. Patient confidentiality was
maintained throughout the study and all data were anonymised
for analysis.

MRI scans were performed using a high field strength
MRI scanner (1.5 Tesla) to ensure optimal image, quality and
resolution. The MRI protocol for brain tumour evaluation
included a combination of standard and advanced imaging
sequences such as T1 weighted imaging, T2 weighted imaging,
fluid attenuated, inversion recovery (FLAIR), diffusion,
weighted imaging (DWI) and post contrast T1 weighted
imaging. All MRI scans were reviewed by Vidar Dicom
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programme. The different characteristic for each lesion,
including location, size, and morphology, signal characteristics,
contrast enhancement, ema, necrosis, and involvement of
adjacent structures were assessed.

Statistical data analysis was conducted using the Excel
(2007) software application, where parameters such as mean
(M), mean standard error (m), standard deviation, and the
probability of result reliability according to the t-Student
criterion were determined.

The chosen threshold for statistical significance was
established at p > 0.005.

3. Results

In our study, where majority of the patients were females
accounting for 55.81% and male patients accounting for
44.19%.

Meningioma is the most common of the present study
constituting 20.15% of all cases. Tumours were classified as
benign or malignant based on their MRI characteristics and
histopathological confirmation when available [9]. The data
wherein statistically analysed to determine the prevalence
of different tumour types and the diagnostic accuracy of MRI
in differentiating between benign and malignant lesions. The
sensitivity specificity positive predictive value (PPV), and
negative predictive value (NPV) of MRI for calculator for
various tumour types [10].

A total of 129 patients (n=129) who made the inclusion
criteria were enrolled in the study. The age of the patient in
the study ranges from 3 to 73 years with a mean age (x)=36
years.

Age wise distribution: Among the patient’s youngest
patient was 3 years old and oldest patient was 73 years, 41 to
50 years was the single largest group followed by 11 to 20
years, 0 to 10 years and then 31 to 40 years and 51 to 60 years
and then 61 to 70 years and concluding by 71 to 80 years
(table 1).

Table 1. Age wise distribution

Gender
Age in years Male Female Total

0-10 yrs 10 8 18
11-20yrs 12 12 24
21-30yrs 4 7 11
31-40yrs 5 11 16
41-50yrs 9 20 29
51-60yrs 7 9 16
61-70yrs 9 5 14
71-80yrs 1 0 1

Total 57 72 129

Gender wise distribution: the gender wise distribution
of brain tumours in the study, underscores the importance
of considering gender as a factor in the diagnosis and
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management of brain tumours. The slightly higher prevalence
of brain tumours in female patients (57%) compared to male
patients (43%) see (table 2) suggests potential differences in
tumour biology, hormonal influence, and possibly even
genetic factor that requires further investigation.

Table 2. gender wise distribution

339

Gender Number of patients. Percentage
Female 73 57
Male 57 43
Total 129 100

Table 3. MRI characteristics with histopathology and location of categorised brain tumors

Histopathology Tl. welghted T2 weighted, imaging Post-Contrast Location
imaging enhancement
Benign
L . . Enhancing and .
Meningioma Hypointense Hyperintense Extra axial

homogeneous

Fibrous astrocytoma

Hypointense

Hyperintense
With well defined
borders,

Minimal to moderate

Hemangioblastoma

Hypointense

Hyperintense

Enhancing mural
nodule with cyst

Posterior fossa

Craniopharyngioma Mlxe_d_5|g_nal, Mixed signal, cystic Heterogeneous Suprasellar region
calcification components
- Hypointen .
Pituitary adenoma ypointense Iso/hyperintense Homogeneous Sellar/suprasellar

fisointense

Neurocytoma

Iso/hypointense

Hyperintense/
calcifications

Moderate to intense

Intraventricular

Ganglioblastoma

Iso/hypointense

Hyperintense/

Variable, often

Temporal lobe

Calcifications heterogeneous
DNET Hypointense Hyperintense/ bubbly No Cortical based
appearance
Hyperintense i idli i
Dermoid yp Varlabl_e, often No Midline, posterior
(Fat content) Hyperintense fossa
Atypical meningioma Iso/ Hypointense Iso / Hyperintense Heterogeneous Extra-axial, dural

Hyperintense (fat

Hyperintense

Anywhere, follows

Lipoma No enhancement
P content) (Fat content) fat
. . Heterogeneous Cranial/spinal
Schwannoma Iso/hypointense Hyperintense 9 P
enhancement nerves
Mixed signal Mixed signal m
Cavernoma ed signal, ed signal, popco No enhancement Cerebral cortex

hemosiderin rim

appearance

Commonly in

Choroid plexus Isointense to . Strong and . "
apilloma Hypointense Hyperintense homogeneous ventricles, often 4
pap yp 9 ventricle in children
Malignant
Hypointen . rong an mmonly in r
Medulloblastoma y'po' tense to Hyperintense, Strong and Commonly pos_te,
isointense heterogeneous force, often midline

Anaplastic
Astrocytoma

Hypointense to
isointense

Hyperintense with
irregular bodies

Heterogeneous with
necrosis and edema

Cerebral hemisphere

Diffuse Astrocytoma

Hypointense

Hyperintense,

Typically, minimal

Cerebral hemisphere

infiltrative to none
. Ofen in fourth
Isointense to . Strong and -
Ependymoma - Hyper intense ventricle can cause
hypointense heterogeneous
hydrocephalus
Hypointense with . . Heterogeneous with Often shows mass
. - Hyperintense with .
Glioblastoma Hyperintense ; rim enhancement effect and
- surrounding edema - S
necrosis and necrosis infiltration
Hyperintense, Cerebral

Oligodendroglioma

Hypointense

calcifications

Mixed enhancement

hemispheres
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Histopathology Tl. ng.hmd T2 weighted, imaging Post-Contrast Location
imaging enhancement
i . . Homogeneous, . .
Primary CNS Iso/hypointense Iso/hyperintense g Periventricular
lymphoma Intense enhancement
. . . Heterogeneous . .
Pineoblastoma Iso/hypointense Hyperintense Pineal region
e e Enhancement 4
. . Heterogeneous .
Neuroblastoma Hypol/isointense Hyperintense Anywhere in CNS
Enhancement
Non-hodekin’ Homogeneous
-hodgxin's Iso/hypointense Iso/hyperintense Enhancement, Periventricular
lymphoma . e
restricted diffusion
Chordoma Iso/hypointense Hyperintense Intense enhancement Clivus/sacrum
Intense,
Hemangiopericytoma Iso/hypointense Hyperintense homogeneous Extra-axial
enhancement
Metastatic carcinoma Varla_b Ie_, often Hyper!ntense, Ring e_nhance.ment, Grey- white junction
hypo/isointense surrounding edema multiple lesions

Table 4. Categorised brain tumor cases with histopathology

Tumor type Histopathology Number of cases BI-RADS Percentage (%)
Meningioma 25 2 20.15%
Hemangiblastoma 2 3 1.5%
Choroid plexus papilloma 1 1 0.77%
Craniopharyngioma 2 3 1.5%
Pituitary adenoma 3 2 2.3%
Benign Neurocytoma 2 3 1.5%
Ganglioglioma 2 3 1.5%
Schwannoma 2 2 1.5%
Dermoid 2 2 1.5%
Cavernoma 1 2 0.77%
Lipoma 1 2 0.77%
Medulloblastoma 8 4 6.2%
Diffuse Astrocytoma 21 3 16.3%
Anaplastic Astrocytoma 21 4 0.77%
Glioblastoma 17 5 13%
Oligodendroglioma 2 4 1.5%
Ependymoma 2 4 1.5%
Malignant Primary CNS lymphoma 4 5 3.1%
Pineoblastoma 1 5 0.77%
Neuroblastoma 1 5 0.77%
Non-Hodgkin’lymphoma 1 5 0.77%
Chordoma 1 4 0.77%
Hemangiopericytoma 1 5 0.77%
Metastatic carcinoma 6 5 4.6%
Mixed or uncertain None 0 - 0%
Table 5. Summary
Classification Number of cases Percentage
Benign 43 33.33
Malignant 86 66.67
Total mixed/uncertain 0 0
Total 129 100
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Histopathology and MRI characteristics: The study
encompassed a total of 129 patients with 129 cases of brain
tumours which were classified into benign and malignant
categories based on histopathological examinations (table 4, 5).
The MRI characteristics of each tumour type were documented
and are summarised (table 3). We examine the association
between histological findings and DCE MRI curve types
among various tumour types (table 6). The table presents
data on different different benign and malignant tumours,
their histopathological characteristics, and corresponding
DCE - MRI (Dynamic Contrast Enhanced Magnetic Resonance

Imaging) curves types. This study also evaluates the effectiveness
of Dynamic Contrast Enhanced MRI (DCE-MRI) and Diffusion
-Weighted Imaging (DWI) in differentiating between benign
and malignant brain tumors. The performance metrics for
each modality are summarised in (table 7).

Type 1: Persistent Enhancement- gradual and continuous
increase in enhancement over time.

Type 2: Plateau Enhancement - rapid initial enhancement
followed by a Plateau phase.

Type 3: Washout enhancement- rapid initial enhancement,
followed by a phase indicating possible malignancy.

Table 6. Association between histological findings and DCE-MRI curve types among the cases studied

Tumor Type | Histopathological findings | DCE-MRI Curve Type
Benign
Fibrous Meningioma Spindle cells with collagenous matrix Type 1
Hemangioblastoma Vascular endothelial and stromatolites cells Type 2
Choroid Plexus Papilloma Benign epithelial neoplasm Type 1
Craniopharyngioma Adamantinomatous or papillary elements Type 3
Pituitary adenoma Monomorphic pituitary cells Type 1
Neurocytoma Small, uniform neurocytes Type 2
Ganglioglioma Neuronal and glial components Type 3
Dermoid Dermal elements such as hair follicles and sebaceous glands Type 1
Atypical Meningioma Increased mitotic activity and atypia Type 2
Lipoma Mature adipose tissue Type 1
Schwannoma Schwann cells Type 1
Cavernoma Dilated vascular channels without intervening brain parenchyma Type 1
Malignant

Medulloblastoma Small round blue cell tumor Type3
Diffuse Astrocytoma Diffuse infiltration of Astrocytoma with mild atypia Type 1
Anaplastic Astrocytoma Increased cellularity and atypia Type 2
Glioblastoma Highly cellular with necrosis and microvascular proliferation Type 3
Oligodendroglioma Uniform cells with “fried egg” appearance Type 2
Ependymoma Perivascular pseudorosettes Type 2
Primary CNS lymphoma Dense lymphoid infiltrate Type 3
Pineoblastoma Small round blue cell tumor Type 3
Neuroblastoma Small round blue cell tumor Type 3
Non-Hodgkins’s lymphoma Dense lymphoid infiltrate Type 3
Chordoma Physaliphorous cells with a myxoid stroma Type 2
Hemangiopericytoma Highly vascular tumor with “stag horn” vascular pattern Type 2
Metastatic carcinoma Variable depending on primary site Type 3
Table 7. Diagnostic value of DCE MRI and DWI in the evaluation of benign and malignant brain masses
Modality Statistic Benign masses Malignant masses

Sensitivity 85% 92%

Specificity 88% 86%

DCE-MRI PPV 87% 90%

NPV 86% 89%

Accuracy 87% 90%

Sensitivity 80% 90%

Specificity 82% 85%

DWI PPV 81% 88%

NPV 81% 87%

Accuracy 81% 88%
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Figure 4. Glioblastoma- Female aged 41yrs

4. Discussion

Our study aimed to assess the role of MRI in the evaluation
and characterisation of brain tumors through a comprehensive
analysis of 129 cases. This research reinforces the established
understanding that MRI is an indispensable tool in neuroimaging,
providing high specificity and detailed imaging capabilities
crucial for diagnosing and planning treatment strategies
for brain tumors [12]. The age of patients in our study ranged

from 3 to 73 years, with a mean age of approximately 41 years.

This demographic distribution aligns with the findings of
other studies, such as those by Smith et al., which reported
a similar mean age of brain tumor patients. The broad age
range underscores the need for MRI as a versatile imaging
modality capable of catering to both pediatric and adult
populations [13]. Our study found a higher prevalence of
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Figure 5. Dermoid cyst- 18 years old female

brain tumors in female patients (57%) compared to males
(43%). This gender distribution is consistent with findings in
previous research, suggesting potential hormonal or genetic
factors influencing tumor development. Further investigation
into these gender-specific differences could inform more
targeted diagnostic and therapeutic approaches. In terms of
tumor characterisation, MRI demonstrated its superior ability
to differentiate between benign and malignant brain tumors
[14]. Diffuse astrocytoma (16.3%) and glioblastomas (13%)
were the most frequently encountered malignant lesions,
while meningioma (20.15%) and pituitary adenoma (2.3%)
were the prevalent benign tumors.

The MRI characteristics observed in our study, such as T1
and T2 weighted imaging, post-contrast enhancement patterns,
and advanced techniques like DWI were instrumental in
assessing the tumors' morphology and enhancement patterns.
For instance, glioblastomas typically exhibited heterogeneous
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enhancement with rim necrosis, while benign tumors like
meningiomas showed well-defined borders and homogeneous
enhancement [15]. These imaging features are well-documented
in neuroimaging literature and were pivotal in guiding
clinical decisions in our cohort. Comparatively, our study's
diagnostic accuracy metrics for MRI, including sensitivity
(92%) and specificity (86%) for malignant tumors, align
with those reported in other studies. The positive predictive
value (PPV) and negative predictive value (NPV) for MRl in
our study also mirrored those found in the literature, emphasizing
its efficacy in minimizing false positives and negatives [16].
The advanced MRI techniques, such as DCE-MRI and DWI,
further enhanced diagnostic accuracy. Moreover, our study
demonstrated that DCE-MRI had a sensitivity of 92% for
malignant masses and 85% for benign masses, with specificity
values of 86% and 88%, respectively.

5. Conclusions

The study highlights the indispensable role of MRI in the
evaluation of brain tumors. DCE-MRI, with its high sensitivity
and specificity, excels in providing detailed vascular information
that is critical for distinguishing between benign and
malignant tumors and for planning surgical interventions.
DWI complements this by offering insights into tumor
cellularity, helping to further refine the diagnosis and
understand the tumor's behavior.

Both modalities have their limitations—DCE-MRI can be
time-consuming and prone to motion artefacts, while DWI
may not always clearly differentiate between tumor types in
regions with complex anatomy[17]. Despite these limitations,
the combined use of DCE-MRI and DWI significantly
enhances the diagnostic process, providing a comprehensive
assessment that is crucial for effective treatment planning.

Abbreviations

PPV- Positive Predictive Value;
NPV- Negative Predictive Value.
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