Chapter 6

Ischemic stroke lesion segmentation using
multiscale processing and knowledge
distillation through intra-domain teacher

Chintha Sri Pothu Raju’, and Rabul Hussain Laskar”
'Department of ECE, Aditya University, Surampalem, Andhra Pradesh, India, *Speech & Image Processing Lab, Department of ECE, National Institute
of Technology Silchar, Silchar, Assam, India

6.1 Introduction

Stroke has become a significant global health concern, posing a major threat to human life. According to the World Stroke
Organization (WSO), approximately 12 million individuals are affected by stroke annually, with 6.6 million stroke-related
fatalities each year (World Stroke Organization, 2022). It ranks as the fourth most common cause of mortality and the fifth
leading cause of disability. The statistics in a report state that ischemic stroke has a higher incidence than hemorrhagic
stroke (Jones et al., 2022). Our study primarily focuses on ischemic stroke lesions, which occur due to an obstruction in
cerebral blood flow leading to tissue infarction. When the stroke occurs in the brain, it transforms the affected area into the
core and penumbra. Penumbra will be converted into core if it is not treated in time. This conversion into irrecoverable
tissue is gradual. So, timely detection and quantification of stroke areas is necessary. Ischemic stroke lesions present
significant segmentation challenges due to their high variability in size, shape, and intensity across different patients and
imaging modalities.

Depending upon the onset time of stroke, it is categorized into the following stages: (1) hyperacute—the time window is
within 6-8 hours of onset time; (2) acute—within 24 hours of stroke onset; (3) subacute—from 24 hours to few weeks
(2-6); and (4) chronic—after a few weeks (Di Pino et al., 2014). These stages are very important for investigating stroke
lesions and their effects. Moreover, the appearance of the stroke-affected area in various modalities is different, and they
depend upon the stage. For example, the stroke lesions are hypointense in a few modalities, whereas the same alfected
area is hyperintense in a few modalities (Luo et al., 2024). Segmenting the stroke lesions requires brain imaging
modalities, a noninvasive technique to diagnose the abnormalities in the brain. The popular imaging techniques for brain
stroke diagnosis are Magnetic Resonance Imaging (MRI) and Computed Tomography (CT) (Merino and Warach, 2010).
These imaging techniques have their own advantages and disadvantages for stroke diagnosis.

In the MRI, different sequences are available for the detection of stroke lesions, such as diffusion-weighted imaging
(DWI), T1-weighted, T2-weighted, and fluid-attenuated inversion recovery (FLAIR). These MRI sequences show some
early indication upon the onset of stroke, whereas CT has a slightly delayed response compared to MRI (Perkins et al.,
2001). The MRI sequences have the advantage in terms of resolution and response to the early stroke symptoms.
However, it faces a setback in the form of acquiring time. In CT, various techniques such as CT perfusion, CT
angiography, and noncontrast CT (NCCT) are widely used for stroke lesion segmentation. Depending upon the time and
resources available, the brain imaging modality is considered for diagnosing stroke lesions. Currently, radiologists are
diagnosing stroke lesions using the above modalities manually, which is a gold standard method. It requires a lot of effort
and time from the clinicians. So, automatic segmentation methods are required to save time and ease the burden on
clinicians.

With that requirement, the researchers have developed several algorithms for stroke lesion segmentation. Moreover, it
has several challenges, such as wide variability in lesion appearance and artifacts (Karthik et al., 2020). The earlier studies
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