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ABSTRACT

Stroke is one of the leading causes of high mortality rates and long-term neurological damage worldwide. There
is a need for an accurate, automated, and interpretable neuroimaging framework to support rapid clinical decision-
making at the earliest stages. Magnetic Resonance Imaging (MRI) is one of the imaging techniques used to analyze
stroke and its effects on brain tissue. MRI modalities such as Fluid-Attenuated Inversion Recovery (FLAIR),
Diffusion-Weighted Imaging (DWI), and Apparent Diffusion Coefficient (ADC) provide complementary
diagnostic information that enables detailed assessment of ischemic lesions. The current research proposes a deep
learning—based multimodal MRI-based stroke segmentation and classification framework - M3Stroke-Net. The
novelty of the proposed framework lies in the unified integration of various phases for multimodal data, including
adaptive registration and preprocessing, deep learning-based segmentation, feature extraction, and classification
for stroke lesions. To achieve multimodal consistency and improve data quality, two dedicated preprocessing
algorithms were developed. Select suitable Image Registration Technique (SUIRT), an algorithm that computes
optimal alignment of multimodal data with the help of various transformations, and Select Suitable Preprocessing
from Bias field correction, Intensity Normalization, and Filtering Technique (MRI-SPBi2), an algorithm for
adaptive normalization, noise reduction, and bias field correction based on quantitative image quality evaluation.
The preprocessed MRI modalities are used as the inputs to a 3D Fully Convolutional Network, which is designed
to extract local and global anatomical features from MRI through encoder—decoder convolutional layers with
instance normalization and skip connections. The segmentation model is trained and validated on multimodal
stroke MRI data that was part of the Ischemic Stroke Lesion Segmentation challenge. The segmentation model in
the current framework M3Stroke-Net have dice similarity coefficient of 0.7823, Jaccard index value of 0.6423,
and Harsdorf distance of 13.90. The results from segmentation confirm that the model can segment stroke lesions
with high boundary accuracy. Post- segmentation, a feature extraction and lesion profiling algorithm extracts and
quantifies clinically relevant parameters, which include lesion volume, vascular territory involvement, laterality,
cortical-subcortical distribution, and extent of lesion spread, and provides lesion-based classification to support
clinical assessment and prognosis. The experimental results obtained using the current framework - M3Stroke-Net
significantly improves multimodal lesion segmentation and provides clinical interpretability through feature
extraction and lesion-based stroke assessment and classification.
- Keywords: Stroke, Multimodal MRI, Diffusion Weighted Imaging, Apparent Diffusion Coefficient, Fluid-
Attenuated Inversion Recovery, MRI Preprocessing Pipeline, 3D U-Net, Lesion Segmentation, Deep Learning,
Stroke Prognosis, ISLES.
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