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Abstract

Brain tumors represent one of the most serious and life-threatening conditions in the field of
neuro-oncology. Early and accurate detection plays a crucial role in improving treatment
outcomes and survival rates. Magnetic Resonance Imaging (MRI) is widely used for brain
tumor diagnosis due to its superior soft-tissue contrast and non-invasive nature. However,
manual interpretation of MRI scans is time-consuming, subject to human error, and varies
between radiologists. To overcome these challenges, recent research has focused on integrating
deep learning methods for automated and accurate tumor detection. This review explores
advancements in deep learning, particularly the use of Convolutional Neural Networks (CNNs)
and Long Short-Term Memory (LSTM) networks, in enhancing the accuracy of brain tumor
detection in MRI images. CNNs are effective in spatial feature extraction, while LSTMs
provide temporal understanding, making hybrid CNN-LSTM models particularly valuable for
volumetric or sequential imaging data. The study discusses various model architectures,
performance metrics, data preprocessing techniques, and challenges such as overfitting,
interpretability, and dataset imbalance. By comparing current methodologies, the review
provides insights into how deep learning techniques are revolutionizing brain tumor
diagnostics and highlights directions for future research to improve clinical applications.
Keywords: Brain Tumor Detection, MRI Imaging, Deep Learning, CNN-LSTM, Medical
Image Analysis

Introduction

Brain tumors continue to be one of the most important health issues globally, due to their
multitude, their great morphological complexity and the aggressive progression of malignant
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forms. Early and accurate detection of brain tumors greatly increases the probability of a
successful treatment and increased survival of the patient and increased quality of life. Since
MRI does not involve invasive procedures and has superior soft-tissue contrast, which can well
visualized tumor structures with great clarity, this is the preferred diagnostic tool. Manual
interpretation of MRI scans for brain metastases is however often difficult, time consuming,
prone to errors, and subject to inter-observer variability, especially in those cases where subtle
brain metastases are present or in large scale screening. This however, triggers researchers into
Al—especially deep learning model —to automate and optimize the diagnostic process.
Surprisingly, they do this relatively well. Convolutional Neural Networks (CNNs) are a
cornerstone of deep learning and have shown impressive capabilities in image classification
and segmentation tasks, and in identifying and delineating brain tumors in MRI scans with high
accuracy.

Although CNNs are already superior in extracting spatial features, they are less capable of
doing temporal or sequential data analysis, which is one disadvantage of the CNNs when MRI
datasets consist of several slices or time series information. In order to tackle this, hybrid
models that comprise the CNNs as well as the Long Short-Term Memory (LSTM) networks
are proven to be extremely powerful. A specialized type of Recurrent Neural Networks
(RNNSs), LSTM networks are very good at modelling sequential dependencies, keeping a long
long range context, and so a natural fit for volumetric, or even multi-modal, MRI data. In this
review, recent works of CNN and LSTM based architecture in the detection accuracy of brain
tumor are reviewed. Further, it investigates the spatial and temporal analysis techniques,
employing techniques such as dataset preprocessing, performance evaluation metrics, and
prospects with regards to overfitting, data imbalance, and model interpretability. This review
investigates synergy between CNNs and LSTMs for better automated brain tumor diagnosis
and explore how these methods combined can extend the limits of the clinical use of this
technique through a process that provides more reliable and real time results.

Purpose and scope of the research

The main objective of this literature review is to investigate and assess how deep learning
methods, such as Convolutional Neural Network (CNN) and Long Short Term Memory
(LSTM) network can increase the accuracy of brain tumor detection from MRI images. Early
and accurate detection of brain tumors and is important for improved treatment outcomes and
patient survival rates. While valuable, traditional diagnostic approaches have limitations based
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on human subjectivity, time constrains, and variability in interpretation. The aim of this review
is to show how the combined power of advanced Al techniques allows for overcoming these
limitations and provides consistent, automated and very accurate diagnostic support.

The scope of this research encompasses an in-depth analysis of recent developments in the
application of deep learning models, with a focus on hybrid CNN-LSTM architectures. A
comparative discussion on the models of design, training method and performance metrics used
by the different studies are presented in the review. It also tackles problems like data
preprocessing, class imbalance, overfitting and model generalization over cohorts of
heterogeneous datasets. The review also tries to uncover the current limitations in the domain
and propose possible future research directions. In synthesis of findings across many studies
compiled are the briefings concerning the use of Al in revolutionizing brain tumor detection,
helping radiologists and clinicians in making decisions faster and more accurately.
Importance of Brain Tumor Detection

Among the most complex and life threatening of medical conditions, brain tumors are
characteristically produced through the uncontrolled growth of abnormal cells that are part of
the brain. An early and accurate detection of brain tumors is crucial in planning effective
treatment and improving the patient's survival rates. Prognosis and the choice of therapeutic
interventions (e.g. surgery, radiotherapy, or chemotherapy), depend on the type, size, location
and rate of growth of the tumor. The potential consequence from the delayed or wrong
diagnosis is rapid tumor progression, increase of neurological deficits and the remarkable drop
of the quality of life.

Earlier detection also permits clinicians to view the growth patterns of tumor, adjudicate the
results of treatment, and directive further interventions. Distinguishing between benign and
malignant tumors is also needed, because the management differs. Detection becomes even
more critical because symptoms may be subtle or confused with other conditions in this
population, especially in the pediatric and elderly populations.

Traditionally, diagnostic procedures are dependent on subjective, error prone interpretation of
the scans by radiologists. Diagnostic errors are caused by human fatigue, variability of
expertise and slight tumor characteristics. There is, hence, a pressing need for an automated,
precise and reproducible detection systems that could help medical professionals in identifying
brain tumors more reliably. However, in this day and age of technological advancement,
particularly in artificial intelligence (Al) and medical imaging, there is great potential to
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overcome these obstacles, and also increase diagnostic accuracy and thereby beneficially affect
the quality of patient care and clinical outcomes.

Role of MRI in Diagnosis

A key role is played in detection, diagnosis, and monitoring of brain tumors by Magnetic
Resonance Imaging (MRI) because it is a noninvasive imaging technique with high resolution.
Since MRI does not use ionizing radiation as other imaging methods, such as CT scans and X
rays, it is safer for repeat use, particularly in sensitive populations like children and patients
who need long term monitoring. MRI provides excellent contrast between various soft tissues
that are needed to differentiate between normal brain structures and growth of abnormal tumor.
MRI scans give multiplanar images and can record different tissue contrasts with different
imaging sequences such as T1 weighted, T2 weighted, FLAIR or contrasted. The other
radiologist’s diverse views help the radiologists and the clinicians assess the tumor location,
size, structure and information about how the tumor impacts the surrounding brain tissue.
Additionally, functional MRI (fMRI) and diffusion tensor imaging (DTI) provide additional
detail by showing how the tumor affects brain activity and white matter tracts, which can also
assist planning of treatment.

Although these strengths are present, manual interpretation of MRI scans is both time
consuming and requires much expertise. Diagnosis is difficult due to the variability of tumor
appearance, overlapping tissue textures and small, or hidden lesions. This is particularly the
case in its early stages before intervention would likely be most helpful. Therefore, including
computer aided diagnostic tools such as Al and deep learning models with the MRI scans will
help radiologists to arrive at faster and consistent decision. When merged with intelligent
automation, MRI is an even more powerful tool not only for detection, but also for monitoring
response to treatment and longer-term patient care.

Emergence of Al in Medical Imaging

In a nutshell, medical imaging with the help of Artificial Intelligence (Al) is a revolutionary
advancement that is changing the way diagnosis is done. Deep learning and machine learning
are two of the Al technologies that are quickly being integrated into healthcare systems to
enhance accuracy, decrease time it takes to make a diagnosis and aid clinicians in making
decisions. In medical imaging, Al is very good at finding complex patterns and delicate features

from large volumes of imaging data, often unable for human observers to see consistently.
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In recent years, deep learning models, especially Convolutional Neural Networks (CNNSs),
have been notable for achieving superb results in image classification, image segmentation,
and anomaly detection over a variety of medical imagery techniques such as MRI, CT, and
ultrasound. In the case of brain tumor detection, Al algorithms can analyze the MRI images
and find irregular regions of tissues, segment the tumor through the identification of its type,
and make predictions with high accuracy. Such automation can significantly decrease
radiologists’ burden, increase diagnostic consistency and support faster clinical workflows.
Recurrent Neural Networks (RNNs) and LSTM networks form an integral part of the growth
for Al, as they enable systems to work with temporal sequences and dependencies depending
on the data that needs to be analyzed. For example, for analyzing multi slice MRI data or
longitudinal scans. Furthermore, imaging tools driven by Al are now not only to detect the
problem but also to keep the disease in check and even predict patient outcomes.

However, the clinical uptake of Al is still hampered by challenges in the quality of data,
interpretability and the need for regulatory approval, but its introduction in medical imaging is
undoubtedly leading to a revolution in the way diagnostic practices are carried out. Despite
advances, however, Al’s application in healthcare is still in its infancy and offers strong
prospects for refinement—particularly in areas involving complications, such as neuro-
oncology—to become more exact, available, and expedient.

Literature review

A B Malarvizhi, et al (2022) One of the important areas of research is the brain tumor
classification using machine learning algorithms in medical imaging and diagnostic
automation. The study makes use of machine learning techniques, especially supervised
learning to classify brain tumors from their features in medical images such as MRI and CT
scans. Support vector machines (SVM), deep learning algorithms like convolutional neural
networks (CNNSs) and decision trees to examine the image features which are, for example,
texture, shape and intensity patterns. The intent is to differentiate among gliomas,
meningiomas, and atypical pituitary adenomas as well as determine the grade of malignancy.
By utilizing machine learning, there is a potential to diagnose faster and more accurately,
reducing the human error and increasing the chance of early detection. A medical image
algorithm will get better at categorising new cases by being trained on large datasets of labelled
medical images. It helps radiologists in their decision making and patient’s personalized
treatment plans are made accordingly based on tumor type and severity.
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Munagalapalli Thanuj et al (2023) Deep learning techniques have significantly improved
the detection of brain tumor using medical image and diagnosis. One of the subsets of machine
learning known as deep learning, utilizes neural networks to automatically analyse and
categorize brain tumors in medical images including MRI and CT scans. The most commonly
used deep learning model for this task is the convolutional neural networks (CNNSs), due to
their ability to learn complex patterns and features of texture, shape and intensity variations
in images. Deep learning models can in turn learn to tell apart different types of tumors (benign
vs. malignant) and to search for even the slightest abnormalities by being trained on large
datasets of labeled brain scan images. However, these techniques have proven to be extremely
accurate and efficient and enabled radiologists to detect tumors at an earlier stage when
planning treatment is crucial. Additionally, deep learning automates the diagnosis and lessens
the work done by healthcare professionals while presenting the possibility of real time and
scalability in the clinical settings.
S. Karpakam et al (2022) In medical image processing, deep learning approaches are new to
the investigation of brain tumor recognition and classification. The automatic extraction of
complex features from medical images such as MRI and CT scans can be carried out quite
effectively using deep learning, and especially through convolutional neural networks (CNNS).
These are trained on large data sets, which leads them to detect and classify different brain
tumor types, including gliomas, meningiomas, and metastatic tumors with very high precision.
Analyses images into intricate image patterns where the machine algorithms are far better at
then us humans so that it can detect early tumors and plan the proper treatment. Moreover, this
technology helps reduce human error potential that would normally slow radiologists down in
making accurate diagnoses faster. In addition, the promise of deep learning in medical image
processing for such real-time, scalable, and cost effective solutions in clinical practice makes
it promising in changing the way of brain tumor diagnosis and management.
N. N P. Patil S. et al (2021) In order to improve the segmentation accuracy of MRI brain
image for autism diagnosis with the help of CNTNAP2 gene, we present an innovative
modification of a Trumpet network, generally known as UNet, called "Alpha Beta Pruned
UNet". This approach provides the optimization of UNet for medical image segmentation
based on encoder-decoder architecture by using the Alpha Beta pruning techniques. This
pruning method does fine-grained network parameter pruning to improve the computational
Volume-2, Issue-2, April-June 2025 299


https://ijarmt.com/

} International Journal of Advanced Research and
\—- — Multidisciplinary Trends (IJARMT)

An International Open Access, Peer-Reviewed Refereed Journal

JARMT Impact Factor: 6.4  Website: https://ijarmt.com ISSN No.: 3048-9458

efficiency and mitigate over fitting. The main difference between Alpha Beta Pruned UNet
and previous UNets is that they focused especially on training for segmenting of important
brain structures, like regions of the brain related to CNTNAP2 gene which is strongly related
to autism spectrum disorders. The model is able to accurately identify these regions and thus
offers insight into the genetic factors that affect the development of the brain and the
development of autism. The modified framework provides a tool effective for neuroimaging
studies that make it possible to analyze more precisely and reliably effects of genetic influence
on brain morphology and autism detection and use these data for personal medicine.

Fatih Ozyurta Eser Sertb and Derya Avci (2020) The proposed method is an expert system
combining Fuzzy CMeans (FCM) with super resolution and Convolutional Neural Networks
(CNN) and Extreme Learning Machines (ELM), for robust enhancement of accuracy and
resolution of medical image analysis. Segment of the brain MRI images is done using first
fuzzy C-Means clustering to localize the tumor areas as accurately as possible in response of
the presence of noise and variability. Then, super resolution techniques are used to enhance
the image quality so as to make possible the detection of finer details that may not be resolved
in lower resolution images. Subsequently, CNNs uses the refined image to automatically learn
spatial feature and hierarchies on medical images, which are effective in extracting relevant
tumor characteristics. Finally, Extreme Learning Machines, a machine learning technique
called for its fast training and high generalization ability are used for the classification of brain
tumors. By integrating this system, tumor detection and classification capabilities are
improved to be a powerful tool for early diagnosis and treatment plan.

M. Hasan, HA. Jalab et al (2019) Deep and handcrafted image features are combined for
MRI brain scan classification, and this approach takes advantage of deep features, handcrafted
features, and traditional feature extraction, and this protects pattern robustness from noise and
other artifacts. Convolutional neural networks (CNNs), and other deep learning models in
particular are highly effective at learning complex patterns and spatial hierarchies from raw
MRI data, and come to properly identify subtle tumor characteristics through automatic
learning. Still, the handcrafted features such as texture, shape, or intensity may well miss
something detailed not learned by a deep model. The system leverages this complementary
advantage by controlling the deep learning approaches with the handcrafted features.

Handcrafted features not only capture fine grained details, they also allow considerably small
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objects of interest to be detected within a wider image without incurring deviations from the
distribution of the background.

A. Gumaei et al (2019) Regularized extreme learning machine (RELM) is a hybrid feature
extraction method with more accurate and efficient tumor detection that has combined the
strength of advanced feature extraction techniques with machine learning. The resulting
hybrid feature extraction pipeline combines handcrafted as well as deep learning based
features to capture tumor characteristics from MRI scans as comprehensively as possible.
While they arrived at hand crafted features such as texture, shape etc. to provide high level of
tumor morphology insights, deep learning always allows to automatic feature extraction from
CNNs to extract high level features and identifying complex patterns. The Regularized
Extreme Learning Machine (RELM) is used to classify the features and reduces overfitting
via regularization, achieving high efficiency and reliability at the cost of a little decrease in
performance. The large data it can use and the fact it can use it and get results quickly, make
it a good device to use for medical applications.

B. HT. Zaw et al (2019) Naive Bayes classification of brain tumors based on probabilistic
modeling with the purpose to classify brain tumors from medical imaging data like MRI scans.
Naive Bayes is a simple effective machine learning algorithm that makes the naive assumption
of feature independence, and is used for processing large datasets. For the brain tumor
detection, the algorithm is trained by features from the brain images, which are obtained by the
texture, shape and intensity of the tumor region. Finally, Naive Bayes predicts most likely
diagnosis by computing probabilities of different tumor types (benign, malignant, or any other
classification). Despite its simplicity, Naive Bayes has been proven to work quite well in
medical applications and offers fast and accurate results. It is useful because it can deal well
with uncertainty and with small data sets, and therefore can be a practical tool for brain tumor
detection in clinical environment to help radiologists make reliable diagnoses timely and start
treatment.

T K Keert hana,S. Xavier (2018) A method that uses advanced machine learning and image
processing techniques to make an intelligent system capable of early evaluation and
classification of brain tumors with more accuracy and early detection. Usually, medical
imaging modalities such as MRI or CT scans are used to capture detailed brain images for the
system. It extracts relevant features such as shape, texture and intensity, automatically from
images, that are critical to detect whether tumor is present, and if so what is type of tumor.
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Using these features, machine learning algorithms such as deep learning models including
Convolution Neural Networks (CNNs) and other classification techniques are employed to
analyze these features and classify brain tumors into different groups such as benign or
malignant. It enhances the ability of the system to diagnose the tumors at an early stage, helping
the medical professionals to have knowledge of providing timely intervention. Beyond that,
such intelligent systems can be incorporated in the clinical workflow, helping radiologists to
make quicker and more objective decisions in order to improve patient outcomes and treatment
planning.

M. Ganesan and Dr. N. Sivakumar (2019) The loT based heart disease prediction and
diagnosis model uses the power of machine learning to monitor patient’s health in real time
and to diagnose the cardiovascular diseases using machine learning technique. The system
integrates 10T devices like wearable sensors, heart rate monitors, and blood pressure trackers
to collect the continuous data of the vital signs of an individual. However, this data is then sent
to a central server for analysis where machine learning models (for example, decision trees,
support vector machines (SVM), and neural networks) are used to analyze it and predict the
likelihood of having heart disease. These models study the data as patterns to discover risk
factors like irregular heart rhythms, high blood pressure, and abnormal cholesterol levels. This
predictive capability gives the system the ability to give early warnings to alert healthcare
professionals before the condition deteriorates to critical. Moreover, personalized treatment
plans, continuous monitoring, and ultimately improved patient outcomes along with reducing

the whole burden on healthcare systems are supported by it.

Methodology

Therefore, this review adopts a qualitative and analytical approach to examine the recent
improved research in brain tumor detection by using deep learning methods, i.e., Convolutional
Neural Network (CNN) and Long Short-Term Memory (LSTM) networks. A literature survey
of peer reviewed journals, conference proceedings, and credible web based repositories () IEEE
Xplore, PubMed, ScienceDirect (), SpringerLink etc. was conducted in the first step. Only
articles published mostly between 2018 and 2024 were selected to include new and
contemporary developments. Included studies were those that applied CNN, LSTM or hybrid
CNN-LSTM architectures for brain tumor detection in MRI with metrics of performance
including accuracy, sensitivity, specificity and F1 score. All of the selected studies were
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systematically categorized by the model type, dataset (BraTS,Figshare, or private clinical),
preprocessing approach, and any evaluation protocol.

In second phase, a comparative analysis was done in order to analyze the strength, limitation
and effectiveness of each model. The main focus was on how CNNs tackle the spatial feature
extraction from MRI slices and how LSTMs help in generating temporal or sequential
relationships in multi slice or 3D MRI data. Utilizing this methodological approach, best
practices like data augmentation, transfer learning, ensemble techniques were identified for
improving model generalization. Also, the review went to the extent of investigating how
hybrid models handle overfitting and complexity computational. The methodology consists of
synthesizing and contrasting the findings above and in the literature, providing a structured
framework for assessing deep learning's place in boosting brain tumor diagnostics.

Research problem

Due to the complex morphology of brain tumors, which are often diverse, medical diagnostics
in this area presents a great challenge. Early detection is a pre requisite for effective treatment
planning and improving patient outcomes. Magnetic Resonance Imaging (MRI) is the most
popular imaging modality for diagnosis of brain tumor, as it provides high resolution with
detailed visualization of soft tissues; however, interpretation of MRI scans is based on
radiologists. However, this time consuming and prone to human error analysis may be prone
to inconsistencies during early stage or small sized tumors. As a result, automated, reliable and
efficient diagnostic systems with the ability to help clinicians accurately and reliably detect
brain tumors are urgently needed.

The main research problem solved in this review relates to the challenge of improving the brain
tumor detection accuracy from MRI images through the application of advanced artificial
intelligence techniques that are specifically deep learning. Spatial feature extraction has been
highly successful with CNNs for medical imaging, but temporal or sequential patterns in
volumetric MRI data cannot be learned from CNNs. At the same time, modeling long term
dependencies is possible with LSTM Networks, but they are not designed for spatial data. As
a result, there is increasing interest in using a combination of CNN and LSTM architectures to
benefit from their complementary strengths. This review examines the core problem of

achieving inclusive diagnostic performance by these hybrid models over existing limitations.
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Conclusion
In recent years, the application of deep learning, particularly LSTM-based models, has

significantly advanced the field of brain tumor detection in MRI images. This review has
examined various deep learning architectures, highlighting their potential in improving
diagnostic accuracy, reducing human error, and enabling early detection of tumors. CNNs have
proven highly effective in extracting spatial features from MRI scans, while LSTM networks
add the capability to learn from sequential imaging data, capturing temporal dependencies and
improving model robustness. The integration of these techniques has led to hybrid models
capable of handling both the visual and contextual complexities inherent in medical imaging.
Furthermore, this review has addressed crucial factors influencing detection performance,
including dataset quality, image preprocessing, model depth, and hyperparameter tuning.
Despite notable achievements, several challenges remain. Issues such as limited availability of
labeled medical data, high computational costs, and the black-box nature of deep learning
models pose barriers to clinical adoption. Moreover, ensuring generalization across diverse
patient populations and imaging devices is essential for real-world application. Future research
must focus on explainable Al approaches, transfer learning, and lightweight model designs that
support deployment in clinical environments. Overall, deep learning combined with LSTM
techniques offers a powerful framework for enhancing brain tumor detection, promising
improved diagnostic workflows and better patient outcomes through accurate and automated
analysis of MRI scans.
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