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ABSTRACT

The integration of Al in neuroimaging offers unprecedented opportunities to en-
hance our understanding of the brain, improve diagnostic accuracy, and personalize
treatment strategies for neurological disorders. This capability is particularly signif-
icant given the increasing volume and complexity of neuroimaging data generated
by modalities such as MRI, CT, PET, and EEG. As Al algorithms evolve, they are
not only enhancing image quality and acquisition processes but also aiding in the
development of biomarkers for various neurological conditions. This capability can
lead to earlier diagnosis and intervention, which is crucial in managing progressive
conditions. Moreover, Al-driven approaches can streamline workflow processes
in clinical settings, reducing the burden on radiologists and enabling more effi-
cient patient management. Despite these opportunities, the incorporation of Al in
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neuroimaging also presents significant challenges. Data privacy and security are
paramount concerns, especially when dealing with sensitive patient information.

INTRODUCTION TO Al IN NEUROIMAGING:
OPPORTUNITIES AND CHALLENGES

The integration of Al in neuroimaging offers unprecedented opportunities to
enhance our understanding of the brain, improve diagnostic accuracy, and person-
alize treatment strategies for neurological disorders. This capability is particularly
significant given the increasing volume and complexity of neuroimaging data gen-
erated by modalities such as MRI, CT, PET, and EEG. As Al algorithms evolve,
they are not only enhancing image quality and acquisition processes but also aiding
in the development of biomarkers for various neurological conditions. This capa-
bility can lead to earlier diagnosis and intervention, which is crucial in managing
progressive conditions. Moreover, Al-driven approaches can streamline workflow
processes in clinical settings, reducing the burden on radiologists and enabling more
efficient patient management. Despite these opportunities, the incorporation of Al
in neuroimaging also presents significant challenges. Data privacy and security are
paramount concerns, especially when dealing with sensitive patient information.
The risk of data breaches or misuse must be carefully managed through robust
ethical frameworks and compliance with regulations like HIPAA. Furthermore,
the use of Al models often requires large, well-curated datasets for training, which
can be difficult to obtain. Variability in imaging protocols, patient demographics,
and clinical contexts can lead to biases in Al algorithms, potentially affecting their
generalizability and clinical utility. Another critical challenge is the interpretability
of Al models. While algorithms may excel in classification tasks, understanding
the underlying decision-making process can be complex. Clinicians need to trust
and comprehend Al outputs to integrate them effectively into their practice. This
demand for transparency necessitates the development of explainable Al techniques
that elucidate how models derive their predictions. Without this transparency, the
adoption of Al in clinical settings may be hindered, as healthcare professionals may
be reluctant to rely on “black box” models that do not provide insight into their
reasoning.

Furthermore, the interdisciplinary nature of neuroimaging and Al necessitates
collaboration between neurologists, radiologists, computer scientists, and ethicists.
Effective collaboration is essential for translating Al research into clinical practice,
ensuring that models are not only technically sound butalso clinically relevant. As we
look toward the future, the potential for Al in neuroimaging is immense. Emerging
technologies, such as federated learning, promise to enhance model training while
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