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Artificial Intelligence (Al) is revolutionizing the field of neurology by significantly
enhancing disease detection, therapeutic strategies, and patient management. Neurological
disorders such as Alzheimer’s disease, Parkinson’s disease, epilepsy, and multiple sclerosis have
traditionally been challenging to diagnose and treat due to their complex and heterogeneous
nature. Recent advancements in Al, particularly in machine learning and deep learning, enable
the analysis of neuroimaging, electroencephalogram (EEG) signals, and genomic data with high
precision, facilitating early and more accurate diagnoses. Beyond diagnostics, Al contributes to
the development of personalized treatment plans by integrating a patient’s genetic information,
medical history, and lifestyle factors. This personalized approach improves therapeutic outcomes
and minimizes adverse effects. Wearable AI-powered devices further enhance care by allowing
continuous, real-time monitoring of cognitive and motor functions, enabling timely clinical
interventions and adjustments in treatment protocols. Moreover, Al is transforming the drug
discovery landscape. It assists in identifying novel therapeutic targets, predicting drug responses,
repurposing existing drugs, and optimizing clinical trial design, thus reducing the time and cost
involved in bringing new treatments to market. Despite its enormous promise, the widespread
clinical integration of Al faces challenges such as data privacy concerns, the need for transparent
decision-making algorithms, and the establishment of standardized regulatory frameworks. This
review explores the evolving applications of Al in neurogenetics and neurology, emphasizing
its role in early diagnosis, precision medicine, long-term monitoring, and drug development.
Continued interdisciplinary collaboration is essential to harness AT’s full potential in improving
neurological healthcare outcomes.
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In recent years, the integration of
artificial intelligence (AI) into neurological
sciences has significantly advanced the field of
precision medicine for neurological diseases.
These disorders—including Alzheimer’s disease,
Parkinson’s disease, epilepsy, multiple sclerosis,
and various neurogenetic conditions—continue

to pose complex challenges in diagnosis,
management, and long-term care, as illustrated in
Figure 1. Traditional diagnostic approaches, such as
neuroimaging, electrophysiological recordings, and
clinical assessments, although effective, are often
limited by subjectivity, time constraints, and inter-
observer variability.' Al offers a transformative
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solution to these limitations by leveraging
machine learning (ML), deep learning (DL), and
other computational techniques to analyze large
volumes of neurological data with unprecedented
accuracy and speed.? These technologies enable
nuanced pattern recognition across multimodal
datasets, thereby augmenting clinician capabilities.
Real-world applications underscore the growing
utility of Al in neurology. For instance, in a
study conducted by Titano et al., a deep learning
algorithm was employed to detect acute neurologic
events in head CT scans with an accuracy rivaling
expert radiologists, thus facilitating faster triage
in emergency settings.> Similarly, Al-based
electroencephalography (EEG) models have
been utilized to predict epileptic seizures with
high precision, enabling timely intervention and
improved quality of life for epilepsy patients.t
In the domain of neurogenetics, Al has been
used to analyze whole-genome sequences and
identify rare mutations associated with hereditary
conditions like Huntington’s disease and familial
ALS, offering targeted diagnostic and therapeutic
strategies.u Al’s contribution also extends to
disease monitoring and therapeutic management.
Wearable technologies embedded with Al, such as
smartwatches and motion sensors, continuously
track motor symptoms in Parkinson’s disease
patients. For example, the Parkinson’s Kineti
Graph (PKG) has shown clinical utility in assessing
bradykinesia and dyskinesia, allowing neurologists
to fine-tune dopaminergic therapies in real time.v
Additionally, Al-driven mobile applications
like “Rejoyn” have demonstrated the ability to
deliver personalized cognitive-behavioral therapy
for depression through adaptive neurofeedback,
showing clinical improvements without adjunct
psychotherapy or medications. w Moreover,
Al-based predictive modeling is reshaping how
neurological diseases are managed longitudinally.
Studies employing convolutional neural networks
(CNNs) on MRI data have successfully predicted
the progression of multiple sclerosis and brain
atrophy patterns in early Alzheimer’s disease,
paving the way for preemptive care.x This paper
aims to explore the transformative role of Al in
neurogenetics and its practical impact on driving
personalized treatment strategies in neurology.
By examining the theoretical frameworks,
methodologies, and validated clinical applications

of Al, we provide a comprehensive overview of
how this technology is revolutionizing diagnostics,
therapeutics, and research in neurological sciences.
As Al continues to evolve, it holds immense
promise in redefining early intervention strategies,
improving patient outcomes, and facilitating the
development of novel therapeutic pathways for
complex neurological disorders.
Novelty and Contribution of the Study

This manuscript provides a comprehensive
and up-to-date overview of the latest advancements
in the application of artificial intelligence (AI) within
neurology. Unlike prior studies that broadly cover
Al applications, this work focuses on emerging
and innovative areas such as Al-driven real-time
adjustment of deep brain stimulation (DBS) to
improve symptom management in Parkinson’s
disease, and the development of Brain-Computer
Interfaces (BCls) that enable communication for
patients with severe neurological impairments.
Additionally, the manuscript highlights the
integration of genetic, clinical, and imaging data
through machine learning models to predict the
onset of neurological disorders, allowing for earlier
and more proactive intervention. It also explores
Al-based speech pattern analysis as a non-invasive
method for early diagnosis of Alzheimer’s disease.
By synthesizing these cutting-edge developments,
the manuscript offers a novel perspective on the
shift toward personalized, efficient, and data-driven
neurological care, thus providing valuable insights
that distinguish this work from existing literature.
Artificial Intelligence in Diagnosing Neurological
Disorders

Machine learning (ML), Deep Learning
(DL), and advanced computational approaches,
Artificial Intelligence (Al) are deeply involved
in the diagnosis and management of neurological
disease. Here is an overview of artificial intelligence
that diagnoses neurological disorders:
Initial diagnosis and identity
a) Al techniques can image the brain similar
to MRI, CT scan, and PET scans to detect
neurological disorders like multiple sclerosis,
Parkinson’s disease, Alzheimer’s disease, and brain
tumours. Early diagnosis is superior in detecting
the minute details of these techniques, which will
prevent the human eye.
b) The computer can be used to interpret
electroencephalogram (EEG) readings to determine
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epilepsy’s wave pattern and enable predicting
diseases like epilepsy, towards healing, speedy
cure. ’

The machine learning pattern may even
diagnose minor symptoms of epilepsy even before
the onset of symptoms, sometimes.

Personal medical program

Al can also be employed in tailoring the
treatment plan for each patient through individual
medical information such as genetics, history, and
lifestyle. For instance, Al can assist in monitoring
Parkinson’s disease through motor function
tracking and recommended modifications in
prescription or physical therapy. °
Steer to the disease future model

Physicians can make more informed
decisions regarding treatment pathways and
therapy for degenerative neurological conditions
like Parkinson’s disease and Alzheimer’s disease
to forecast the rate of progression based on patient
information. These models forecast using data from
several sources of data, like genetic screening,
medical history, and imaging. "

Al employs neurogenetics

Al can search large genomic sets in an
attempt to discover neurological disease genetic
variants. We may learn more about disease
susceptibility due to heredity with Huntington’s
Disease, ALS, or inherited Parkinson’s disease. '2
Speech and language disorders

Aphasia (stroke or loss of speech following
brain injury) and other speech disorders are some
of the diseases for which Artificial Intelligence
(AI) solutions are in the process of being created
to diagnose and monitor. In an attempt to identify
early signs of neurological diseases impacting
cognition and speech, such Al tools monitor the
language use and patterns of voice.

Evaluation of motor and cognitive work

Artificial intelligence (AI)-driven
technology can assess motor abilities by analyzing
patient movement patterns in neurological disorders
such as Parkinson’s disease. For instance, machine
learning algorithms can monitor gait patterns,
postural stability, and tremors to determine the
severity of the condition and provide objective
data for tracking disease progression over time. Al
also supports cognitive assessments, particularly
for conditions like Alzheimer’s disease. Memory
impairments, attention deficits, and executive

dysfunction can be detected using Al-based
cognitive evaluation tools, often even before overt
clinical symptoms manifest.'t
Disabled Technologies

Al can offer enabling techniques to assist
patients with neurological loss in daily functioning.
For instance, Al-controlled devices, brain-
computer interfaces (BClIs), or Eye tracking can
facilitate patients with limitations of movement. '*
Electronic Health Record (EHR) Integration

The Al is being implemented in the EHR
to support clinical decision making, auto-data
extraction, and detect discrepancy patterns. It
enables quick diagnosis and monitoring, which is
especially useful in neurological diseases where
early detection and treatment are crucial. '°
Research and development of medicine

By analysing patient data and estimates,
who are likely to gain from new treatments, Al
can identify eligible participants for clinical trials.
AIDS in the formulation of AI medicine that can
specifically attack neurological disorders and
forecast their efficacy in medical Advancements'”.

The neurological disorders, like epilepsy,
can be detected in an early stage with the help of
Al-aided devices, as shown in Figure 2.
Al for neurological disease monitoring

Neurological illness is transforming
patient monitoring with the provision of precise,
individual, and real-time information regarding
the progression of Al disease, the effectiveness of
treatment, and overall well-being. Specifically,
Al is utilized in the following ways to monitor
neurological patients:
Real-time monitoring using wear balls and
sensors
‘Wearable technology

Wearable technology powered by Al
can monitor people suffering from neurological
diseases such as epilepsy, multiple sclerosis, and
Parkinson’s disease, and wearers, i.e., wrist and
smartwatches. Such devices can monitor numerous
parameters, i.e., '
Movement and GAT

Wearable techniques can track motor
functions, including shocks, stiffness, and gait
abnormalities in Parkinson’s patients.

Al system confirms this information
to offer insight into the disease and help adjust
treatment or a drug program. "
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Detection of seizure

Al algorithm can analyse sensor data (eg,
accelerometer and electrodermal activity sensor)
for epilepsy patients to identify the beginning of
the seizure.
Sleep and heart rhythms

The observation of vital signs such as
heart rate and quality of sleep may give insight
into patients’ overall wellness, as well as identify
issues in patients with neurological disorders. '
Analysis of neuroimaging to track the
development of the disease
Brain imaging

More and more, they are used to interpret
brain scans (CT, MRI, and PET) to monitor the
development of diseases such as Alzheimer’s,
Parkinson’s, or stroke. Artificial intelligence
(AI) approaches are being utilized as well. The
physician can determine whether the disease is or
isn’t advancing and change treatment in response
via an Al program capable of detecting differences
in brain anatomy over a timeline, i.e., atrophy or
trauma. '
Disease Indicator Monitoring

Al can be used to automate the monitoring
of biomarker changes from imaging examinations,
potentially important in tracking diseases such as
multiple sclerosis or brain tumours, and detecting
new tumor formation or inflammation. #*
Cognitive Ability and Speech Voice Analysis
Monitoring of Cognitive Decline

Al applications can monitor speech
patterns and diagnose early indicators of motor
speech degeneration or cognitive decline in
neurologic diseases of speech, such as stroke
or ALS. Monitoring the patient’s speech over
a while can be possible with this assistance,
and corresponding treatment programs may be
modified accordingly. %
Cognitive Testing Tools

Through examination of answers to
questions or tasks, Al-driven programs and tools
can conduct cognitive tests. To track disorders like
Alzheimer’s, dementia, or other neurodegenerative
diseases, such technologies can measure changes
in cognitive functions such as memory, attention,
and executive function. *°
Al-Powered Predictive Models for Early
Warning Systems: Epilepsy Seizure Prediction

From data gathered through the use of

wearables, EEG, and other sensors, Al-powered
models can predict the chances of a seizure in
epilepsy patients. Based on patterns detected within
the data, machine learning models can predict when
a seizure is likely to happen, so medical staff or
caregivers can take preventive measures.
Foreseeing Disease exacerbation

Machine learning models can observe
and evaluate patient data (such as laboratory
tests, movement, and MRI tests) in conditions
such as multiple sclerosis (MS) to predict when
an escalation of flares or flare-up of signs and
symptoms would occur. It can be permitted to
intervene early, and it even has the potential to
decrease hospitalization. *!
Remote communication and monitoring of
patients and physicians
Integration of Telemedicine

Al systems allow patients and healthcare
professionals to communicate with one another at
their convenience. Wearable devices, for instance,
that track motor function and vital signs can
directly send data to a physician or specialist for
analysis in real-time. Even where the patient cannot
physically visit the clinic, this allows them to be
monitored more frequently and their treatment
plans reviewed more quickly.
Virtual Patient Assistants

Virtual assistants with AI powers can
help patients with neurological diseases monitor
symptoms, remember medication, and adhere to
their treatment regimen. By allowing frequent
monitoring and intervention, if needed, these
assistants can even act as an interface between the
patient and physician. *
Al-based Patient Monitoring

Healthcare is revolutionized through
Al-based patient monitoring, allowing real-time
observation, early detection of health change,
personalized therapy, and improved outcomes.
It makes use of technology such as wearables,
sensors, machine learning algorithms, and
predictive models for continuous observation
of patients and monitoring their health status. A
description of the implementation of Al for patient
monitoring is provided below:
Continuous Observation by Wearable
Technology
Wristwatches and physical activity monitors

Vectors of all sorts, from heart rates,
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oxygen in blood, sleeping habits, levels of exercise,
etc., are tracked by devices like the Fitbit, Apple
Watch, or physician-approved medical wearables
(e.g., Biofourmis or Fitbit Health models). Al
systems continuously monitor such data to look
for anomalies and provide prompt alerts when
a patient’s health starts degrading. For instance,
a smartwatch tracking abnormal heart rhythms
(arrhythmias) can alert the patient as well as the
doctor to intervene early *
Body Sensors

Ongoing health information may be
accessed through wearable sensors tracking a series
of physiological measurements, such as blood
pressure, body temperature, respiratory rate, and
blood glucose. Remote monitoring is facilitated
through Al algorithms converting these signals
into actionable information to alert healthcare
professionals when a patient’s condition crosses
beyond normal thresholds. *
Remote Patient Monitoring (RPM)
Integration of Telemedicine

Since patients do not need to be visited
physically every time, doctors can check patients’
vital signs and symptoms remotely through
Al-aided real-time monitoring. This would be
especially helpful for patients who have chronic
conditions such as diabetes, cardiovascular illness,
or neurologic disorders. ** Example: Telehealth
platforms use Al to aggregate data from monitoring
devices and wearable sensors to give clinicians
information about the patient’s status. If abnormal
data is found (for example, an unexplained rise in
blood pressure), the system will immediately signal
the care provider to take action. *
Chronic Disease Management

Al is extensively employed to remotely
monitor patients with chronic diseases such as
diabetes, heart failure, high blood pressure, and
COPD. Artificial intelligence (AI) controls disease
more effectively by continuously tracking such
aspects as lung function or blood sugar. Example
for illustration: Al can track the patient’s blood
sugar and give real-time insulin suggestions
depending on their lifestyle, diet, and sleeping
patterns. ¥’
Early Detection and Predictive Health
Monitoring
Predicting Health Events

Artificial intelligence-powered predictive

algorithms sift through past and present data to
predict clinical events such as seizures, heart
attacks, and strokes. By tracking trends in a
patient’s vital signs and medical history, predictive
algorithms can alert doctors to upcoming dangers
before they strike. *®* Example: In epilepsy, Al
can anticipate when a seizure will take place by
analysing patterns in EEG recordings or other body
signals such as heart rate and movement. *
Early Warning Systems

Through the identification of variations in
vital signs, Al software can act as an early warning
system for critical illnesses. Al, for instance, can
monitor vital signs such as blood pressure, heart
rate, and oxygen saturation in intensive care units
(ICUs) to predict the risk of complications or
deterioration. ** For instance, via unusual patterns
of vital signs, Al technology on intensive care unit
monitors can alert caregivers to a patient’s infection
or cardiac arrest risk.
Artificial Intelligence in Mental Health
Emotion Recognition and Behavioural
Monitoring

Al is employed to monitor patients’
mental health through facial expression analysis,
speech patterns, and even social media posts to
detect tell-tale signs of depression, anxiety, and
other mental disorders. These monitors warn
doctors and nurses of any sign of deterioration
and give real-time feedback on patients’ emotional
condition. *!
Cognitive and Mood Screening

Software with artificial intelligence can
regularly screen cognitive functions (such as
memory, attention, and mood) and detect early
warning signs of mental health crises or dementia.
This is especially useful in monitoring the elderly
patient or the patient afflicted with diseases like
bipolar disorder or Alzheimer’s. +*
Artificial Intelligence for Post-Surgery
Monitoring

Artificial intelligence surveillance can be
used to monitor a patient’s recovery after surgery.
This might be monitoring vital signs such as heart
rate and blood pressure, monitoring for infection
signs, or ensuring that the patient is following
prescribed recovery protocols. For instance, Al
programs can monitor improvement, monitor
exercises in physical therapy, and alert healthcare
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professionals when patients achieve recovery
milestones.
Al in neurosurgery

Al is mainly contributing to neurosurgery,
and it can render the accuracy and results of
procedures more specific. Al is changing the
practice in numerous significant respects through:
Preoperative Planning

Al algorithms can examine patient
information, such as MRI, CT scans, and other
imaging, to aid surgeons in preparing for intricate
neurosurgical operations. Using Al-enhanced
imaging technology, surgeons can produce more
precise 3D models of the brain, determine critical
regions such as tumors, blood vessels, and other
anatomy, and outline the safest route of surgery. *
Intraoperative Assistance

Al is employed in real-time during
operations to aid the surgeons. Technologies like
robotic surgery systems make use of Al to achieve
more accurate movement and aid surgeons to
remain on the right course and orientation. For
instance, robots can be used, controlled by Al, to
assist in minimally invasive surgery, so it becomes
achievable to have fewer incisions, less damage
to tissues, and quicker healing. Al is transforming
intraoperative neurosurgery by enhancing precision
and safety. Technologies like augmented reality and
real-time 3D mapping assist surgeons in navigating
complex brain structures. Al-driven systems, such
as Zeta Surgical, provide submillimetre accuracy
without rigid head fixation, improving outcomes in
procedures like brain biopsies and trauma surgery.
45
Surgical Navigation

Surgical navigation systems based on
artificial intelligence are becoming more prevalent
for tracking instruments and guiding the surgeon
more precisely through the brain. Such systems can
provide an overlay of important information over
real-time images or the field of surgery, providing
more information on instrument location and
surrounding anatomy to surgeons. ¢
Postoperative Monitoring

Al can also enhance postoperative care
through patient monitoring for complications. Al
can apply machine learning algorithms that take
in patterns of patient data, such as vital signs, lab
values, or neurological exams, to identify early

warning signs of complications like infection or
haemorrhage, which then can be treated earlier. *’
Outcome Prediction and Risk Stratification

Al can be trained to predict the likelihood
of a successful operation, complications, and patient
recovery to support neurosurgeons with more
informed decision-making. Al, by analysing vast
amounts of data from prior operations, is capable
of detecting risk factors not easily identifiable to
human clinicians and providing individualized care
plans through predictive models. *
Surgeon Assistive Technologies

Artificial intelligence technologies are
also being used to aid neurosurgeons in certain
procedures like surgical planning, decision-
making, and follow-up care. For example, Al can
process patient data more efficiently than a human
being and enable the surgeon to concentrate on
clinical decision-making and minimize mental
load. ¥
Robotic Assistance

Robotic systems that incorporate Al
capabilities can be used to improve surgical
precision and aid in precise procedures, like tumour
excision or deep brain stimulation. The robots can
work together with the surgeon in a manner that
enables them to perform intricate movements with
accuracy. An example of such a robot is the Da
Vinci surgery system, which has been utilized in
neurosurgery among other surgeries. *
Al in Neurosurgical Education

Artificial intelligence technologies are
being utilized in training new neurosurgeons. With
Al-driven virtual or augmented reality platforms,
students can carry out mock operations, practice
complicated techniques, and get immediate
feedback, creating an error-free experience to hone
their expertise. !
Al in Detection and Analysis of Brain Tumours

One of the most compelling applications
of Al in neurosurgery is its ability to use to detect
and identify brain tumours on scan pictures (i.e.,
MRIs and CTs). Al software can detect tumours
earlier and with greater precision, even if they
are small or not detectable by the human eye.
Al models can assist in diagnosing the type
and grade of the tumours and assist surgeons in
deciding on treatments. Artificial Intelligence
(Al) is revolutionizing brain tumour detection by
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enhancing diagnostic accuracy and interpretability.
Deep learning models achieve high accuracy in
classifying tumours from MRI scans. Integrating
Gradient-weighted Class Activation Mapping
(Grad-CAM) provides visual explanations,
aiding clinicians in understanding Al decisions.
This combination ensures both precision and
transparency in medical diagnostics. *
Al in neuroimaging

Al neuroimaging means applying artificial
intelligence programs, like machine learning and
deep learning, to scan brain images more precisely
and effectively. Neuroimaging is fundamental for
the diagnosis of neurological illness, planning
intervention, and surgical targeting. With Al, we
can enhance image interpretation quality, speed
up diagnosis, and achieve personalized neurology
and neurosurgery. The following are some of the
ways Al is revolutionizing neuroimaging:
Computerized Image Analysis

Artificial intelligence, or deep learning,
is increasingly used to computerize the analysis of
neuroimaging data like MRI (Magnetic Resonance
Imaging), CT scans, and PET (Positron Emission
Tomography) scans. Human image interpretation
may be cumbersome and subject to human error.
Al can instantly identify regions of interest (ROIs),
pathologies, and quantify certain brain structures
with good accuracy. Tumor Detection: Al programs
are capable of detecting brain tumors and their
nature (e.g., gliomas, meningiomas) with greater
accuracy. The system also detects minute variations
in tumor size or shape, resulting in earlier detection.
Lesion Detection: Al systems become trained in
recognizing lesions due to stroke, multiple sclerosis
(MS), or other conditions and tend to recognize
patterns not readily apparent to human vision.
White Matter Lesions: Al models can detect and
examine white matter lesions that are linked with
aging, neurological disease, and cognitive decline.
53
Segmentation of Brain Structures

Segmentation is a major process in
neuroimaging where different areas of the brain
(e.g., grey matter, white matter, ventricles) are
delineated and annotated for comparison. Manual
segmentation is labour-intensive and prone to
inconsistency. Al, especially convolutional neural
networks (CNNs), has tremendous potential to
be used to automatically perform segmentation

processes and enhance precision. Grey Matter
and White Matter: Al can be utilized to accurately
segment these regions and measure brain volume
changes, which is beneficial in monitoring the
progression of disease in the case of Alzheimer’s
disease, multiple sclerosis, and schizophrenia.
Subcortical Structures: Al can assist in segmenting
subcortical structures (i.e., the hippocampus,
thalamus, and basal ganglia), which play an
important role in evaluating neurological disorders
such as Parkinson’s and Huntington’s. **
Disease Diagnosis and Classification

Al algorithms are trained on vast
collections of neuroimaging scans to identify
various brain disorders. The models examine
patterns in the images and recognize correlations
that may be challenging for human experts to
recognize. Neurodegenerative Diseases: Al models
can diagnose conditions like Alzheimer’s disease,
Parkinson’s disease, and Huntington’s disease by
identifying early brain structural and functional
changes. Epilepsy: Al can help pinpoint areas in
the brain vulnerable to epileptic seizures, enabling
more effective surgical planning for individuals
with medication-resistant epilepsy. Multiple
Sclerosis (MS): Al can sort MRI scans to identify
and measure MS lesions, monitor disease progress,
and predict treatment outcomes. 3
Prediction of Disease Progression

Al is also increasingly utilized to forecast
the course of the disease over time. Machine
learning models can model disease progression
using longitudinal imaging data, and this is
especially useful in chronic and neurodegenerative
conditions. Alzheimer’s Disease: Cognitive decline
can be predicted using Al to examine MRI or PET
scans and correlate these with biomarkers that
are characteristic of disease progression. Stroke
Recovery: Al can assess brain damage caused by
a stroke and predict the recovery process, enabling
clinicians to tailor rehabilitation to individual
patients. 3
Functional Neuroimaging and Brain Mapping

Al is being utilized for functional
neuroimaging (e.g., fMRI (functional
MRI), EEG (electroencephalogram), MEG
(magnetoencephalography)) to study brain
activity. Functional neuroimaging allows one to
learn how different brain regions communicate
and coordinate with one another during various
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tasks. Brain Network Analysis: Al can be utilized
in the brain network mapping of cognition,
sensory perception, and motor control. The maps
can be utilized in the comprehension of how
neurological disease impacts brain connectivity.
Brain-Computer Interfaces (BCIs): Al-based BCIs
enable better control of prosthetics or devices
by decoding patterns of brain activity. This is
especially beneficial in paralysis or other motor
disorders. ¥’
Measurement of Brain Aging and Cognitive
Impairment

Machine learning methods are being
applied to measure how the brain ages. Machine
learning, for instance, can be applied to measure
atrophy in individual brain regions (e.g.,
hippocampus) and relate it to deteriorating
cognition, helpful for research on Alzheimer’s and
other dementias. 3
Personalized Medicine

Al can handle immense volumes of
neuroimaging scans and patient-related data
(genomics, medical history, etc.) to aid in
customized planning of treatment. This is mostly
relevant for cases such as brain tumours or epilepsy,
where individualized treatment depending on the
patient’s status and response to therapy is needed.
59
Improved Image Quality

Al is also being used to enhance the
quality of the imaging itself. For instance,
denoising algorithms based on Al can decrease
noise in MRI images, producing cleaner images and
more visualization of minute details in brain tissue.
This is especially useful in high-field MRI, where
image quality is affected by noise. Super-resolution
Imaging: Al algorithms can create high-resolution
images from low-resolution scans, which can be
especially helpful in patients who cannot have
high-quality imaging because of movement or other
issues. @
Al for Imaging Biomarkers

Al also improves the identification of
imaging biomarkers, or quantifiable indicators
of disease or health state. In Alzheimer’s disease,
for instance, Al can monitor the accumulation of
amyloid plaques or tau tangles in the brain, critical
biomarkers of the disease. This can translate to
earlier diagnosis and improved tracking of disease
progression. ®!

Al in Neuroimaging Research

Artificial intelligence (AI) has proved
particularly beneficial in neuroimaging studies
where Al is utilized to analyse enormous data sets
coming from diverse groups to gain information
about the anatomy and physiology of the brain.
Al algorithms can detect patterns through multiple
imaging modes (e.g., integration of MRI and gene
information) for researching the genes causing
neurological diseases or cognitive dysfunctions.
Prevention of neurological disases

Al is also contributing greatly to the
prevention and early diagnosis of neurological
ailments. Essentially, Al leverages the power of
sophisticated algorithms and machine learning
methods to process the intricate datasets, which
facilitates detection of early biomarkers and risk
factors underlying different neurological disorders
such as alzheimer’s disease, Parkinson’s disease,
epileptic seizure, dementia, etc.®
Early Diagnosis of Alzheimer’s Disease

By interpreting the neuroimaging data,
Al has played a crucial role in the early diagnosis
of Alzheimer’s Disease (AD). Deep learning
models, using MRI scan patterns of brain atrophy
and cerebrospinal fluid levels of tau and a-amyloid
proteins, have been highly accurate in diagnosing
AD(Alzheimer’s disease).® The models have
achieved diagnostic accuracies of more than 95%,
which shows AI’s capability to detect people at
risk before clinical symptoms manifest. Mild
Cognitive Impairment (MCI) is usually regarded
as a prodromal stage to Alzheimer’s Disease
(AD). By analysing a range of neuroimaging data,
biomarkers, genetic profiles, and cognitive tests,
machine learning models have been highly accurate
in determining which MCI patients are most likely
to develop AD.
Parkinson’s Disease Diagnosis

Motor and non-motor symptoms are the
most important parameters to diagnose Parkinson’s
disease for an Al system. For early detection and
to target rehabilitation, the “Shoupa” Al system
uses information from intelligent mobile devices to
measure PD symptoms. Computer vision methods
examine the facial expression, eye movement, and
macro expressions(PD indicators) for detecting the
disease. Al models are also trained to examine the
handwriting pattern for disease prediction.
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Epileptic Seizure Prediction

Since we are aware that in epileptic seizure,
there is an interruption of the brain’s electrical
activity, using the electroencephalogram(EEG)
data, it can be simply identified. The ‘EpilNet’
Al system uses a one-dimensional convolutional
neural network to process electroencephalogram
(EEG) data, which predicts epileptic seizure
and has attained a testing accuracy of 79.13%
for five classes. This advance makes it possible
to anticipate by patients and care professionals
to anticipate seizure activity, raising treatment
methods and data.
Retinal Imaging for the prediction of risk in
dementia

The ability of Al to screen retinal images
to assess dementia risk has been explored in recent
studies. Early diagnosis is offered by an AI model
that scans for patterns in retinal vessel patterns to
detect changes associated with cognitive decline.
This technique underpins strategies aimed at
preserving cognitive function and allows for timely
interventions. Even with these developments,
there are still some difficulties present that need
to be solved. Issues such as data quality, ethical
considerations, and the interpretability of Al
models need to be addressed. Various ongoing
research projects aim to overcome these obstacles,

Telemedicine and
Remote Monitoring by
wearable devices
early diagno
basis of genet S
and lifestyle

Patient Monitoring,

Personalized treatment and
Neurosurgery

to fully harness AI’s potential to transform
neurology and improve patient outcomes. ¢’
Al-Driven Personalized Neurology: From
Tailored Treatment to Smartwatch-Based
Patient Monitoring

Artificial Intelligence (AI) and Machine
Learning (ML) are reshaping neurology by enabling
personalized treatment plans and continuous patient
monitoring. These technologies analyze complex
datasets—such as genetic profiles, neuroimaging,
biomarkers, and clinical histories—to identify
patterns, predict disease progression, and tailor
interventions. From optimizing therapies like Deep
Brain Stimulation (DBS) to integrating wearable
devices for real-time tracking, Al is transforming
neurological care across multiple dimensions.®®
Personalized Treatment and AI-Guided
Therapies

Al enables precision in diagnosing and
treating neurological conditions like epilepsy,
Parkinson’s disease, Alzheimer’s, and multiple
sclerosis. It customizes treatment plans by selecting
optimal medications and dosages, reducing side
effects, and improving outcomes. For instance, in
DBS for Parkinson’s disease, Al helps determine
ideal electrode placements (e.g., subthalamic
nucleus) and fine-tunes stimulation parameters
based on the patient’s neurological profile.

Early Intervention of
Neuro degenerative
dise: and Drug
Discovery

Fig. 1. Shows applications of Al in Neurology'
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Al also powers neurorehabilitation
systems, adjusting robotic resistance and support
in real time to enhance post-stroke motor recovery.
In stroke, spinal cord injury, and traumatic brain
injury (TBI), Al leverages imaging (e.g., MRI, CT,
EEQG) and clinical data to support early diagnosis
and intervention ¢
Long-Term Monitoring and Real-World
Applications

Al-integrated wearables—such as
smartwatches, fitness bands, and smartphones—
facilitate continuous monitoring of neurological
conditions. These devices can detect tremors,
gait irregularities, and cognitive decline. Apps
like Rejoyn offer Al-based cognitive training
to reduce depressive symptoms by tapping into
neuroplasticity.

Innovative brain-computer interface
(BCI) systems, such as the Synchron Switch,
allow paralyzed patients to communicate through

Healthy Brain

neural signals. Al models adapt to brain activity,
improving over time, and enhancing independence
for individuals with ALS, spinal injuries, and
stroke-related paralysis ™
Smartwatch Applications in Neurological and
Mental Health

Smartwatches now serve as critical tools
in health monitoring beyond fitness:
* Cardiovascular Monitoring: Devices equipped
with PPG sensors detect arrhythmias (like AFib)
with high sensitivity and specificity. Some
also track SpO, , aiding in early detection of
neurodegenerative diseases linked to cardiovascular
dysfunctions.
* Sleep Apnea Detection: Apple’s smartwatches,
with integrated sensors and ML algorithms, identify
respiratory pauses indicative of sleep apnea,
validated by partnerships with medical companies
like ResMed.

=

S, %

Brain with

neurologic disease

1 !

= =
= =
— =
» | 7
o

=

EEG test

Seizure EEG data

Healthy brain EEG
data

AT detects the pre-seizure brain
condition and as well as diagnose
the seizure

Al training with EEG
dataset for prediction and
diagnosis of seizure as
compare to the healthy

EEG data

Fig. 2. Shows the detection of neurological disorders by Artificial Intelligence
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« Stress and Mental Health: By analyzing heart rate
variability and respiratory patterns, smartwatches
estimate stress levels and mental health states
in real time. However, caution is advised due to
variability in detection accuracy '
* Integration into Healthcare Systems: While
smartwatches offer continuous, real-time data,
effective clinical use demands trained professionals,
robust data privacy frameworks, and integration
into electronic health records. Collaboration
between tech developers and healthcare systems
is essential to address these challenges.
Al in Neurology -Neurologic MRI Data
Artificial intelligence (AI) and machine
learning (ML) have greatly helped in the
examination of neurological magnetic resonance
imaging (MRI) data and improved diagnosis
accuracy and outcomes for patients. These

technologies have been used to benefit numerous
applications in neurology, ranging from image
acquisition and processing to classifying diseases.
Al-Augmented MRI Acquisition and Processing

The MRI acquisition process has been
optimized using Al algorithms to enhance the
efficiency and image quality. They aid in planning,
sequence design, and artifact correction for
acquisition, resulting in more accurate imaging
results. The technique of conducting MRI scans
has been entirely revolutionized by Al-driven
MRI acquisition and processing methods that
significantly enhance workflow efficiency and
image quality. Radiologists can enhance each
stage of the MRI procedure, ranging from initial
planning through sequence design and artefact
correction, using sophisticated Al algorithms.
Through consideration of the individual patient

AT in Neurological Disease

Prevention

Early Detection and
Diagnosis.

Al-powered MRI and CT
Scans.

Intervention through
medications and therapies

Slower progression of
neurological diseases

Risk Assessment and
Predictive Analysis

Al analyzes genetic and
lifestyle factors

Personalized prevention
strategy

Prevention of high-risk
conditions before onset

Fig. 3. Shows the use of Artificial Intelligence in Neurological disease Prevention



BISWAS et al., Biomed. & Pharmacol. J, Vol. 19(Spl.), 959-981 (2026) 971

anatomy and clinical indications, these algorithms
facilitate better planning by ensuring that optimal
imaging protocols are chosen to acquire the most
relevant information. Al can automatically adjust
imaging parameters, like echo and repeat times, in
sequence construction, tailoring them to enhance
contrast and resolution based on each patient’s
specific characteristics. Due to early detection
of neurological disorders, early treatment can be
started by altering the lifestyle of the patient, as
shown in Fig. 3.

Deep Learning Applications in
Neuroradiology Deep learning (DL) is a subset
of artificial intelligence (AI) and has emerged as a
powerful tool in neuroradiology due to its ability
to process vast amounts of complex imaging data
with high accuracy.

In contrast to conventional machine
learning models that involve manual feature
extraction, DL algorithms, particularly CNNs, learn
and detect patterns in MRI scans automatically
and are thus very effective in neuroimaging
applications. One of the most important benefits
of DL in neuroradiology is its ability to deal with
multimodal datasets. This implies that Al models
can consolidate data from multiple imaging
modalities, including structural MRI (sMRI),
functional MRI (fMRI), diffusion-weighted
imaging (DWI), and even clinical information,
to give a more holistic picture of neurological
disease. Al in Disease Classification, Especially
in Neurology and Psychiatry 7

One of its most prominent uses is the
analysis of MRI data to identify and classify several
conditions. One such example is Alzheimer’s
disease (AD), where Al algorithms are being
applied to detect the minute structural modifications
in the brain that might be difficult to see with
traditional means. These models facilitate early
diagnosis of AD so that interventions can be
undertaken in time, and further help in monitoring
the progression of the disease over time. Some
review paper emphasizes the developments in
deep learning, machine learning, and other Al-
based methods, which improve the accuracy
and efficiency in the diagnosis of Alzheimer’s.
These techniques examine brain scan patterns,
differentiating between healthy individuals, those
with mild cognitive impairment (a precursor to
AD), and Alzheimer’s patients with the full-blown

disease. By integrating Al into MRI analysis,
researchers and clinicians can improve diagnostic
precision, reduce human error, and offer better
patient outcomes. As Al continues to develop,
its role in disease classification is expected to
expand, potentially aiding in the detection of other
neurological and psychiatric conditions, such as
Parkinson’s disease, schizophrenia, and depression.
73

Al in drug discovery and research

Artificial Intelligence (AI) is
revolutionizing the pharmaceutical industry,
enabling faster, more effective, and very accurate
drug research and discovery. It has historically
taken years, sometimes more than a decade, to
develop a new drug at an expense of billions of
dollars. Al is rewriting this script by automating
lengthy processes, sifting through vast data
sets at record speed, and even modeling how
candidate drugs will react inside the human body
before starting clinical trials. One of the greatest
contributions of Al is in the identification of
lead drug candidates. Rather than depending on
conventional trial-and-error, Al algorithms can
look through millions of chemical compounds,
forecast their characteristics, and identify which
ones are most likely to succeed. This not only
accelerates the discovery process but also cuts
costs drastically. Another way Al is contributing
is through drug repurposing—identifying new
uses for already approved medications. This
strategy gained worldwide attention during the
COVID-19 pandemic when scientists utilized Al to
scan available drugs for possible antiviral activity,
resulting in more rapid treatments.

Al also improves clinical trials by
choosing the proper patients using genetic markers,
habits, and health history. This precision approach
enhances trial success chances and reduces risks.
In addition, Al-based models assist in forecasting
possible side effects so that scientists can adjust
drug formulations before human trials.

Nevertheless, as much as Al provides
revolutionary benefits, challenges still exist.
Guaranteeing data quality, handling ethical
issues, and acquiring regulatory approvals
for Al-based drug development are constant
challenges. Cooperation among Al researchers,
drug companies, and regulatory agencies is
necessary to achieve the optimal potential of Al
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while ensuring patient safety and efficacy of drugs.
For interested readers who want to dig deeper into
this subject, several research studies offer greater
insights into how Al is affecting drug discovery.
These resources touch on real-world examples,
success stories, and how Al is changing the face
of medicine and its future ™.
Increasing Target Identification and Validation
Identifying and validating biological
targets is one of the most crucial steps in drug
development. Before a new drug can be designed,
scientists need to find the right “target”—a gene,
protein, or molecular pathway that plays a key
role in a disease. This is where Al is making a
huge impact. Traditionally, researchers had to
spend years analyzing biomedical data, conducting
experiments, and testing hypotheses to identify
potential drug targets. Now, Al can speed up this
process by going through enormous amounts of
genomic, proteomic, and clinical data to discover
latent correlations between genes, proteins,
and diseases. By identifying patterns that may
not immediately present themselves to human
scientists, Al facilitates the identification of new
therapeutic targets faster and more accurately.
One interesting application of this kind of
methodology is the Drugs from Dirt project. Al
plays a role here to screen the soil samples for
novel antibiotics. Because soil has billions of
microbes, many of which are producers of natural
compounds with antibiotic potential, researchers
rely on Al algorithms to comb through the
genetic information of soil microbes for potential
candidates of antibiotics. This strategy has the
promise of revealing new antibiotics to fight
off antibiotic-resistant bacteria, an escalating
worldwide health issue. After antibiotics, Al-
assisted target discovery is also applied to diseases
such as cancer, neurodegenerative disease, and
orphan genetic disorders. By integrating Al with
large-scale biomedical databases, researchers can
identify targets more accurately, minimizing the
time and expense required to get new treatments
into clinical trials. Nevertheless, although Al has
greatly enhanced the process, challenges persist.
Extensive laboratory tests and clinical studies
are needed to validate Al-identified targets.
Furthermore, ensuring that the training data is of
good quality and diverse is essential to preventing
biases in Al predictions. As Al keeps on advancing,

so will its capability to open new targets for drugs,
bringing about quicker, more accurate, and more
targeted treatment for many diseases.
Optimizing Lead Identification and Optimization
Artificial intelligence is transforming
the process of drug discovery by speeding up the
Design-Make-Test-Analyze (DMTA) loop—a
foundational system that researchers apply to
formulate new medicines. Conventionally, this
cycle typically takes several cycles of designing
new molecules for drug possibilities, crafting
them in a laboratory setting, subjecting them to
efficacy trials, and measuring outcomes to enhance
the subsequent compound batches. All of this is
a lengthy procedure requiring massive resource
investments. Al, though, is changing how rapidly
and effectively scientists can move through each
step. One of the biggest advances of Al is in the
ability to predict molecular properties before a
substance is even synthesized. Rather than creating
and testing thousands of molecules in the physical
world, AT models can take enormous amounts
of data and predict which forms are likely to
produce the desired biological effects. This spares
researchers from futile trial-and-error and lets them
deal only with the most promising contenders,
also facilitating the design of virtual compound
libraries—Ilarge collections of putative drug
molecules produced by computer-based methods.
These computer-generated molecules can be
tested in silico (computer simulations) to estimate
their interaction with biological targets. This step
drastically reduces the number of compounds
that need to be physically synthesized and tested,
speeding up the entire process. In addition, Al
helps optimize synthesis routes by identifying the
most efficient and cost-effective ways to create
drug compounds. Traditional chemical synthesis
can be complex, requiring multiple steps with
varying success rates. Al-based methods read
through enormous datasets of chemical reaction
information to provide the optimal synthesis routes,
minimizing time, expenditure, and materials lost.
Each step of the DMTA process is
streamlined by Al to allow scientists to find and
develop lead compounds quicker, eventually fewer
iterations before reaching a drug ready for clinical
tests. This not only accelerates drug development
but also increases the chances of discovering
breakthrough treatments faster than ever before. 76
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Predicting Drug Efficacy and Safety

Machine learning (ML) is transforming
drug discovery by helping researchers predict both
the effectiveness and potential risks of new drug
candidates before they even reach clinical trials.
Conventionally, the process of drug development
involves intensive laboratory and animal testing
to ascertain if a compound will be effective in
humans and if it will cause harmful side effects.
Nevertheless, numerous drugs showing significant
promise during initial trials fail later on, resulting
in time lost, money wasted, and losses amounting
to billions of dollars. ML is revolutionizing that
by providing a more efficient and data-oriented
method.

Through the analysis of enormous
amounts of biological and chemical data, ML
models can identify subtle patterns that reveal
how a drug candidate will act within the human
body. The models take into account various factors,
including the molecular structure of a compound,
how it interacts with proteins, and how it acts
on various biological pathways. By comparing
new substances to known drugs with established
properties, ML can make very accurate predictions
of their likely efficacy.

Perhaps the most useful application of
ML here is that it can predict possible side effects
early in the drug development cycle. Most drugs
fail late-stage clinical trials because of unexpected
toxicities or adverse effects. ML models that have
been trained on past drug information can alert to
potential safety issues before a compound reaches
human testing. It enables researchers to adjust
the chemical composition of a drug at an early
stage, avoiding costly and time-intensive clinical
trials. Furthermore, ML improves the choice of
compounds with better success rates by favoring
those that are more likely to clear regulatory
approval. Rather than screening thousands
of compounds blindly, scientists can target a
smaller number of highly promising candidates,
dramatically reducing costs and development time.

Although ML-based predictions are
not infallible and still need to be confirmed by
laboratory and clinical trials, they offer a valuable
tool for enhancing efficiency and success rates in
drug development. As these models further develop
with enhanced access to quality data and improved
algorithms, they will increasingly take on a key role

in enabling safer and more effective drugs to reach
the marketplace sooner than ever before. 7’
Personalizing Medicine

Al is transforming medicine by making
personalized medicine a possibility. Rather than
adhering to a one-size-fits-all treatment paradigm,
Al enables physicians to create highly tailored
treatment plans using an individual’s specific
genetic profile, medical record, lifestyle, and even
real-time health information. This transition to
precision medicine makes treatments more likely
to succeed while minimizing the chance of side
effects.

One of the greatest strengths of Al in
this field is that it can examine genetic data. Each
individual’s DNA has certain variations that
determine how they react to medicines. Some
metabolize drugs rapidly, and others experience
serious side effects because of genetic variation.
Al can sort through enormous genetic databases
to find patterns and make forecasts about which
medication will be most effective for an individual.
This is especially useful in areas such as oncology,
where genetic analysis through Al identifies cancer
patients and recommends the most appropriate
targeted therapy likely to be effective based on
their tumor’s genetic makeup. Above genetics, Al
also considers a patient’s entire medical history,
including previous illnesses, medications, and even
lifestyle components such as diet and exercise.
By combining all this information, Al can suggest
treatment regimens that not only work but are
also tailored to an individual’s unique needs and
risks. For example, in the management of chronic
diseases, Al can look at long-term patterns of
health to recommend adjustments in drug dosing
or lifestyle modifications to avoid complications
before they develop. Another promising use is Al-
enabled wearable devices that monitor a patient’s
health continuously in real time. These devices
monitor vital signs, sense early warning signs,
and give doctors real-time patient information
so they can intervene in an instant if necessary.
Such personalized care prevents hospitalization,
enhances quality of life, and provides patients
with the right care at the right time. Although
there are these advances, challenges do exist.
Ensuring privacy of data, incorporating Al into
current healthcare systems, and reducing biases
in Al models are all significant components in
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maximizing the potential of personalized medicine.
Yet with technology’s constant progression and
Al getting smarter, the healthcare future is going
to be more and more customized to every patient,
ensuring that treatments are more effective and,
generally, better outcomes are achieved. 7*7
Enabling Drug Repurposing

Al is revolutionizing how we come up
with new treatments by finding novel therapeutic
applications for already-approved medicines—a
process called drug repurposing. Conventionally,
the process of creating a new drug from the ground
up takes years in the making and billions of dollars.
But Al makes it possible to significantly accelerate
the process by scouring enormous amounts of
medical information to discover previously
unknown relationships between drugs and diseases,
providing new hope to patients who require faster
and more efficient treatments.*

One of AI’s greatest strengths in drug
repurposing is its ability to analyze different
types of biomedical data simultaneously. By
examining clinical trial records, patient medical
histories, genetic databases, and biochemical
interactions, Al can detect patterns that humans
might overlook. For example, a drug originally
developed for treating high blood pressure may
unexpectedly show promise in reducing symptoms
of neurodegenerative diseases like Parkinson’s.
Without Al, such associations might take years,
or never be found at all.

One notable instance of Al-driven
repurposing of drugs was in the context of the
COVID-19 pandemic. Scientists employed Al to
browse through lists of FDA-approved compounds
to find drugs that had the potential to combat the
virus. This method assisted in speeding up clinical
trials of drugs already available for antiviral and
anti-inflammatory purposes, quickening the roll-
out of drugs for treatment amidst a global crisis.

Aside from infectious diseases, Al is
also taking a pivotal role in drug repurposing for
chronic diseases such as cancer, Alzheimer’s, and
autoimmune diseases. Most drugs that are already
available have established safety profiles, so when
Al finds a new indication for them, they can usually
bypass the initial phases of drug development. Not
only does this save time and money, but it also
raises the likelihood of success in subsequent-stage
clinical trials.

But although Al represents a potent new
weapon for drug repurposing, there are challenges.
Precise prediction of drug-disease interactions
is achieved only with high-quality data, and
regulatory clearance for repurposed drugs takes
time. Furthermore, pharmaceutical companies
might be slow to invest in repurposing established
drugs because there are few financial incentives.

Despite those challenges, Al-based
drug repurposing is a significant advancement
in contemporary medicine. Through identifying
novel uses for approved drugs, Al is enabling
life-saving medicines to reach patients sooner,
more effectively, and at lower costs than ever.
As Al technology advances, its contribution to
expanding treatment opportunities will only
increase, providing new hope in confronting some
of the world’s most debilitating diseases *'.
Challenges and Ethical Issues

Al is transforming drug discovery,
but its adoption in the pharma industry is not
without challenges. While Al can accelerate drug
development, enhance precision, and lower costs,
its success is contingent upon resolving major
challenges—data quality, model interpretability,
and ethical issues—before it can gain traction in
real-world clinical applications.

Ensuring high-quality data is one of the
greatest challenges. Al models require colossal sets
of data to accurately predict, but not all biomedical
data is consistent, complete, and standardized.
Heterogeneous data from various sources—e.g.,
clinical trials, electronic health records, and
genomic studies—will result in biased or inaccurate
Al predictions. If the data that an Al system receives
is faulty, the output will also be faulty, which can
result in improper drug suggestions or missed
treatment chances. To counter this, improved data
gathering, harmonization, and thorough validation
processes are needed.

The interpretability of AI models is
another big problem. Most Al-based drug discovery
techniques, particularly deep learning algorithms,
are “black boxes” since they give answers
without properly detailing how they made their
prediction. Interpretability is very important in
drug discovery since researchers, physicians,
and regulatory officials must know why a drug
candidate is expected to be effective or safe. If
recommendations generated by Al cannot be
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explained or justified, they would not be trusted by
regulatory agencies or pharmaceutical companies.
There are ongoing efforts to create explainable
Al models that provide transparent justification
for their predictions, so they can be used more
effectively in medical decision-making.

Ethical issues, most critically around
data privacy, also present a major hurdle. Drug
discovery based on Al relies on large-scale
availability of patient data, such as genetic data,
medical history, and treatment outcomes. Although
this information is precious when constructing
personalized medicine, it challenges concerns
regarding consent, security, and misuse. The
patients must have faith in having their delicate
medical data preserved and stringent control
being exercised to hinder unauthorized leaks of
the information and wrongful uses of the Al. An
accurate balance needs to be made between data
usability and privacy, such that Al both delivers
and exercises the rightness necessary in medical
construction.

To overcome such obstacles, sustained
interaction between AI researchers, drug
development scientists, clinicians, and regulatory
agencies is imperative. Researchers can improve Al
algorithms, clinicians can offer clinical knowledge
to make sure Al follows real-world patient needs,
and regulatory agencies can implement guidelines
for the safe and ethical use of Al. Together, these
stakeholders can overcome the shortcomings of Al
in drug discovery while leveraging its potential to
create life-saving therapies in record time and with
optimal efficiency.

As Al evolves further, its contribution
to the pharmaceutical industry will grow in
significance—but only if it can surmount these
challenges through equitable, open, and collective
innovation.

The integration of Al in drug research
and discovery is full of promise to revolutionize
the world of pharmaceuticals, as it provides better
treatments and enhances patient outcomes.
Challenges and Future Directions

While Al has made spectacular strides
in disease classification, the integration of Al in
actual clinical practice is full of challenges. A key
challenge lies in dataset variability—MRI scans
can vary widely based on equipment, imaging

protocols, and even patient demographics. Al
models optimized on one set of data do not
necessarily translate as well on another, with
resulting variability in diagnosis. Another problem
is that there is too much validation on a large
scale. Although several Al models have highly
encouraging results within research environments,
they must be validated on widely varying, actual
patient populations so that they reliably operate in
any given healthcare environment. Without strict
validation, there is potential for misdiagnosis or
bias, which may ultimately impact patient care.
Interpretability is a second important issue. Most
Al 'models, especially deep learning-based models,
are “black boxes,” in that they offer a diagnosis
or prediction without explaining clearly how
they came to that conclusion. This transparency
deficiency causes it to be hard for physicians to have
total confidence or respond to Al-provided insights
because medical decisions have to be quite certain
and responsible. To transcend these challenges,
continuous research and increased cooperation
among Al researchers and clinicians are paramount.
Al engineers can make the models more transparent
and responsive, while physicians can offer insights
that will help make the technology accommodate
actual clinical necessities. Together, we can bring
us closer to the complete integration of Al into
neurological MRI analysis, ensuring early and
precise disease detection for more patients across
the globe.

DISCUSSION

The integration of artificial intelligence
(A into neurological healthcare systems represents
a transformative shift toward personalized,
efficient, and minimally invasive approaches. Our
findings highlight the growing role of Al in various
domains—ranging from diagnosis and monitoring
to surgical intervention and treatment optimization.
Al in Clinical Decision Support and Early
Diagnosis

Al-powered algorithms are increasingly
embedded in electronic health records (EHRSs)
to enhance clinical decision-making. Through
auto-data extraction and anomaly detection,
these systems can identify critical patterns that
may otherwise be missed by clinicians. This is
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particularly vital in neurological disorders, where
early detection significantly improves patient
outcomes.
Comparison with Traditional Approaches

Unlike traditional Deep Brain Stimulation
(DBS), which delivers continuous electrical pulses,
Al-based DBS monitors real-time brain activity and
dynamically adjusts stimulation accordingly. This
adaptive capability not only reduces symptoms
more effectively but also minimizes side effects
such as speech and gait disturbances associated with
conventional DBS. Additionally, Al algorithms
analyze medical imaging and patient data to
detect neurological conditions like Alzheimer’s,
Parkinson’s, and multiple sclerosis at earlier
stages. This enables timely interventions that can
slow disease progression and improve patient
outcomes, representing a significant advancement
over traditional diagnostic and treatment methods.
Wearables and Remote Monitoring Technologies

Our study also underscores the role of Al-
enabled wearable devices in continuous monitoring
of neurological conditions such as epilepsy,
multiple sclerosis, and Parkinson’s disease. Data
from wearables, EEG, and biosensors can be
processed by machine learning models to predict
seizure risk, monitor tremor progression, or track
treatment efficacy.
Al in Telehealth and Real-Time Alerts

Al’s integration into telehealth platforms
enhances patient surveillance. The system’s ability
to flag abnormal patterns—such as a sudden rise
in intracranial pressure or fluctuations in blood
pressure—supports proactive care. This feature
is particularly useful for managing chronic
neurological conditions remotely and reducing the
need for emergency interventions.
Al in Neurosurgery and Tumor Diagnostics

Our findings further indicate that Al
applications in neurosurgery are advancing
precision medicine. Al tools can assist in detecting
brain tumors at earlier stages, classifying tumor
types, and suggesting optimal surgical strategies.
Additionally, AT aids in intraoperative navigation,
reducing human error and improving patient safety.
Implications for Personalized Treatment

Al contributes to the personalization of
treatment regimens by analyzing patient-specific
variables to recommend suitable drugs, dosages,
and interventions. Such customization reduces

adverse effects and enhances therapeutic efficacy
across a range of neurological conditions.
Limitations and Future Directions

While the potential is vast, the
implementation of Al in neurology also presents
challenges, including data privacy concerns,
model interpretability, and the need for large,
diverse datasets. Future research should focus
on developing explainable Al models, ensuring
equitable access to Al tools, and conducting clinical
validation studies to translate algorithmic success
into real-world benefits.

CONCLUSION

Neurological diseases remain a significant
global health issue, impacting millions of lives and
necessitating a multidisciplinary, collaborative
strategy for diagnosis, treatment, and research.
This review has emphasized the intricacies of
these conditions, ranging from their underlying
mechanisms to the most current innovations
in diagnostic tools, treatment strategies, and
new research directions. With advancements
in neuroimaging technologies, biomarker
identifications, and personalized medicine,
healthcare workers are now able to diagnose
and treat these disorders more effectively and
provide patients with better and more customized
treatments. Al algorithms analyse neuroimaging
data to detect early signs of neurological disorders
like Alzheimer’s and Parkinson’s diseases, helping
in timely interventions. These predictive models
assess genetic and lifestyle factors to estimate
the risk of developing disorders. Al helps in
personalized treatment strategies that are more
effective with fewer side effects, and continuous
monitoring can be possible for better management
of neurological disorders. Yet, while such promising
breakthroughs exist, they are also subject to
challenge. The prohibitive expense of therapy,
shortages in specialized treatment availability, and
deficiencies in the existing knowledge base for
neurodegenerative disease persist as substantial
roadblocks. Overcoming them, however, will
require that researchers continue to innovate
through avenues like gene therapy, regenerative
medicine, and Al-based diagnostics. In addition,
raising public knowledge, enhancing programs
for early detection, and bringing more access to
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advanced healthcare technology will be crucial to
achieving genuine progress. In short, although we
have achieved incredible progress in neurology,
there is much more to be done. Progress in our
knowledge of neurological disorders depends on
continued cooperation among scientists, clinicians,
and policymakers. By promoting innovation and
providing fair access to new therapies, we are
closer to a future where neurological disorders
can be managed more effectively and eventually
prevented, enhancing the lives of millions of people
worldwide.
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