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ABSTRACT

Acute ischemic stroke (AIS) is a neurological emergency that accounts for the majority of
stroke cases worldwide and continues to be one of the leading causes of long-term disability
and mortality. The ability to rapidly and accurately diagnose AIS has a direct impact on clinical
outcomes, as timely administration of thrombolytic therapy and mechanical thrombectomy
significantly improves survival and functional recovery. Magnetic Resonance Imaging (MRI)
has emerged as an indispensable diagnostic tool in the evaluation of AIS, providing greater
sensitivity and specificity than conventional computed tomography (CT). Unlike CT, MRI is
capable of detecting ischemic changes within minutes of onset, enabling clinicians to
differentiate between infarcted tissue and salvageable penumbra. Techniques such as diffusion-
weighted imaging (DWI), perfusion-weighted imaging (PWI), magnetic resonance
angiography (MRA), and functional MRI (fMRI) provide comprehensive insights into stroke
pathology and treatment planning. This paper explores the theoretical basis and clinical
implications of MRI as a critical tool in AIS assessment, emphasizing its diagnostic superiority,

prognostic value, limitations, and future directions in clinical practice.
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I. INTRODUCTION
Stroke remains one of the foremost health concerns globally, affecting millions of individuals
each year and imposing a significant socioeconomic burden. Among its subtypes, ischemic

stroke represents nearly 85% of all cases, arising from the obstruction of cerebral blood vessels
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by a thrombus or embolus. This disruption of blood supply leads to a cascade of ischemic
injury, causing irreversible brain damage if not promptly treated. The window for effective
therapeutic intervention is narrow, with reperfusion therapies such as intravenous thrombolysis
and mechanical thrombectomy demonstrating optimal efficacy when administered within
hours of stroke onset. Consequently, accurate and timely neuroimaging is indispensable in
distinguishing ischemic stroke from hemorrhagic stroke and other stroke mimics, as well as in
determining the extent and severity of ischemic damage.

Traditionally, computed tomography (CT) has been the first-line imaging modality in
suspected stroke cases due to its speed and widespread availability. However, CT has
limitations in detecting early ischemic changes, particularly within the hyperacute phase.
Magnetic Resonance Imaging (MRI), on the other hand, offers superior resolution and tissue
contrast, allowing clinicians to visualize ischemic injury much earlier and with greater
accuracy. The theoretical advantage of MRI lies not only in its capacity to detect ischemia at
the earliest stages but also in its ability to provide a detailed physiological and anatomical
assessment of cerebral structures. This comprehensive evaluation aids clinicians in
differentiating between infarct core and penumbral tissue, determining patient eligibility for
reperfusion therapies, and predicting long-term outcomes. Moreover, the versatility of MRI
extends beyond initial diagnosis, serving as a valuable tool in research and rehabilitation
planning.

MRI encompasses several advanced techniques that collectively enhance stroke assessment.
Diffusion-weighted imaging (DWI) identifies cytotoxic edema within minutes, making it the
gold standard for confirming ischemia in the acute phase. Perfusion-weighted imaging (PWI)
complements DWI by assessing cerebral blood flow, enabling the identification of the ischemic
penumbra — tissue that is at risk but potentially salvageable with timely intervention. Magnetic
resonance angiography (MRA) provides non-invasive visualization of cerebral vasculature,
which is essential in detecting large vessel occlusions and guiding decisions regarding
mechanical thrombectomy. Additionally, functional MRI (fMRI), though not commonly used
in acute diagnosis, offers insights into brain reorganization following stroke, contributing to
long-term recovery strategies.

The clinical significance of MRI in AIS assessment extends beyond diagnosis. By

distinguishing true ischemic strokes from stroke mimics such as seizures, migraines, or
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metabolic disturbances, MRI reduces the risk of misdiagnosis and inappropriate treatment.
Furthermore, its ability to delineate infarcted tissue from at-risk regions enhances therapeutic
precision, ensuring that patients receive interventions tailored to their individual pathology.
This precision has become increasingly important as treatment windows for thrombolysis and
thrombectomy expand, necessitating more accurate imaging to identify patients who may still
benefit from intervention beyond conventional time limits. In addition, MRI’s prognostic value
supports clinicians in counseling patients and families about likely recovery trajectories, thus
contributing to holistic care.

Despite its clear advantages, MRI is not without challenges. Limited accessibility, high costs,
and relatively long acquisition times constrain its universal application, particularly in
emergency settings where time is critical. Contraindications such as implanted pacemakers or
metallic devices further limit its utility in some patients. Consequently, CT continues to be the
most widely used modality in acute stroke care, especially in resource-limited healthcare
systems. Nevertheless, ongoing technological innovations, including portable MRI systems
and artificial intelligence-assisted image interpretation, hold promise for overcoming these

barriers and expanding the role of MRI in acute stroke management.

II. MRITECHNIQUES IN ACUTE ISCHEMIC STROKE

Magnetic Resonance Imaging (MRI) plays a vital role in the early diagnosis and management
of acute ischemic stroke. Compared to CT, MRI provides superior sensitivity in detecting early
ischemic changes, especially within the first few hours of symptom onset. The combination of
various MRI sequences allows clinicians to not only confirm the presence of stroke but also to
assess tissue viability, vascular status, and potential treatment strategies.

Diffusion-weighted imaging (DWI) is the most sensitive sequence for identifying acute
ischemic stroke. It detects cytotoxic edema within minutes of arterial occlusion, appearing as
areas of high signal intensity with corresponding low apparent diffusion coefficient (ADC)
values. DWI is considered the gold standard for early stroke detection because it can reveal
lesions missed on conventional MRI or CT scans.

Perfusion-weighted imaging (PWI) provides valuable information about cerebral blood flow,
cerebral blood volume, and mean transit time. When combined with DWI, the mismatch

between perfusion and diffusion abnormalities can indicate the ischemic penumbra—tissue that
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is hypoperfused but still viable and potentially salvageable with reperfusion therapy.
Identifying this mismatch is crucial for guiding thrombolysis and mechanical thrombectomy
decisions beyond the standard therapeutic window.

Magnetic resonance angiography (MRA) is another key technique used in stroke imaging. It
provides non-invasive visualization of the intracranial and extracranial vasculature, allowing
detection of arterial occlusions, stenosis, or vascular anomalies. Time-of-flight (TOF) MRA
and contrast-enhanced MRA are the most commonly applied techniques. This vascular
assessment helps clinicians determine the site of occlusion and plan for endovascular
interventions.

Additional MRI sequences also contribute to stroke evaluation. Fluid-attenuated inversion
recovery (FLAIR) imaging helps differentiate acute from chronic lesions, as hyperintensity on
FLAIR indicates stroke onset beyond 4.5 hours. Susceptibility-weighted imaging (SWI) detects
microbleeds and intravascular thrombus, which are important considerations in treatment
planning. Conventional T1- and T2-weighted sequences also aid in ruling out stroke mimics
such as tumors or demyelinating disease.

MRI in acute ischemic stroke offers a comprehensive evaluation through multimodal
sequences. DWI confirms early ischemia, PWI identifies the penumbra, MRA reveals vascular
pathology, and complementary sequences provide further diagnostic and prognostic insights.
Together, these techniques make MRI an indispensable tool in guiding timely and effective

stroke management.

III. CLINICAL UTILITY OF MRI IN ACUTE ISCHEMIC STROKE

Magnetic Resonance Imaging (MRI) has become an essential tool in the clinical management
of acute ischemic stroke due to its high sensitivity and specificity in detecting early brain
ischemia. One of its major advantages is the ability to confirm the diagnosis within minutes of
stroke onset, even when clinical symptoms are subtle or when CT scans appear normal. This is
particularly useful in patients presenting with transient or fluctuating neurological deficits,
where early detection can significantly influence therapeutic decisions.

A key clinical utility of MRI lies in its capacity to distinguish between irreversibly damaged
tissue and the ischemic penumbra. Diffusion-weighted imaging (DWI) identifies the infarct

core, while perfusion-weighted imaging (PWI) highlights hypoperfused but still viable tissue.

935|Page




International Journal of Advance Research in Science and Engineering Q
Volume No.07, Issue No.04, April 2018 IJARSE

www.ijarse.com ISSN: 2319-8354

The mismatch between these two regions guides physicians in selecting candidates for
reperfusion therapies such as intravenous thrombolysis or mechanical thrombectomy,
especially in patients who present beyond the conventional treatment window. This makes MRI
a powerful tool in extending therapeutic opportunities for stroke patients.

MRI also plays a crucial role in patient stratification and treatment planning. Magnetic
resonance angiography (MRA) helps identify the site and severity of arterial occlusion, which
is essential for deciding on endovascular interventions. Susceptibility-weighted imaging (SWI)
can detect microbleeds or large-vessel thrombus, influencing decisions regarding
anticoagulation or thrombolysis. In addition, fluid-attenuated inversion recovery (FLAIR)
imaging provides an estimate of stroke onset time, which is particularly useful for patients with
“wake-up strokes” where the exact onset is unknown.

Beyond acute management, MRI provides prognostic information that aids in long-term care
planning. The extent of infarcted tissue on DWI correlates with functional outcomes, while the
presence of silent microbleeds or chronic white matter changes may influence rehabilitation
strategies and secondary prevention measures. Moreover, MRI can exclude stroke mimics such
as tumors, seizures, or demyelinating diseases, ensuring that patients receive appropriate and
timely treatment.

In summary, the clinical utility of MRI in acute ischemic stroke extends beyond early
diagnosis. It provides critical information on tissue viability, vascular status, treatment
eligibility, and prognosis. By offering a comprehensive evaluation, MRI not only guides acute
therapeutic decisions but also contributes to personalized patient management, making it a

cornerstone in modern stroke care.

IV. LIMITATIONS AND CHALLENGES

Despite its significant advantages, the use of MRI in acute ischemic stroke is associated with
several limitations and challenges. One of the main barriers is limited accessibility, as MRI
scanners are not always available in emergency settings, particularly in smaller hospitals or
rural areas. Even when available, MRI may not be as rapidly deployable as CT due to longer
acquisition times, patient preparation requirements, and the need for specialized staff, which

can delay urgent treatment decisions.
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Another challenge is patient-related factors that may restrict the use of MRI. Patients with
metallic implants, pacemakers, or severe claustrophobia often cannot undergo MRI safely.
Critically ill or unstable patients may also struggle to tolerate the longer scanning time, and
monitoring equipment compatible with the MRI environment is not always readily available.
These issues can limit MRI’s practicality in the hyperacute setting where time is critical.
Technical limitations also play a role. Motion artifacts from restlessness, tremors, or inability
to remain still can reduce image quality and diagnostic accuracy. Furthermore, while diffusion-
weighted imaging is highly sensitive, false positives may occur in conditions such as seizures
or infections, and very early ischemia in the posterior fossa can sometimes be missed. The
interpretation of perfusion-weighted imaging can also be complex and may vary between
institutions depending on post-processing methods.

Cost and resource intensity add to the challenges of MRI in stroke care. MRI is more expensive
than CT and requires significant infrastructure, maintenance, and trained personnel. In many
healthcare systems, this makes it less feasible as a first-line imaging modality for all suspected
stroke patients. Consequently, CT remains the standard initial investigation in many settings,
with MRI reserved for selected cases where additional detail is needed.

While MRI provides unparalleled diagnostic and prognostic information in acute ischemic
stroke, its routine use is limited by issues of accessibility, patient compatibility, scan duration,
technical challenges, and cost. Overcoming these barriers requires improved access to rapid
MRI protocols, technological advancements, and streamlined workflows to make MRI a more

practical tool in time-sensitive stroke management.

V. CONCLUSION
Magnetic Resonance Imaging has established itself as a critical tool in the assessment of acute
ischemic stroke, providing unmatched diagnostic accuracy and prognostic insights. Through
advanced modalities such as DWI, PWI, MRA, and fMRI, MRI enables clinicians to detect
ischemic injury at its earliest stages, evaluate cerebral perfusion, and visualize vascular
occlusions, all of which contribute to timely and precise therapeutic decisions. While
limitations related to cost, accessibility, and contraindications remain, the continued evolution
of imaging technologies and integration with artificial intelligence are poised to enhance the

clinical utility of MRI in stroke care. As the field advances, MRI is likely to play an
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increasingly central role not only in acute management but also in shaping personalized
treatment pathways and rehabilitation strategies. Ultimately, the adoption of MRI as a frontline
imaging modality has the potential to transform outcomes for patients with acute ischemic

stroke, reducing disability and improving quality of life on a global scale.
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