AN OVERVIEW OF THE ADVANCED MRI TECHNIQUES USED FOR THE EARLY
DETECTION OF STROKE AND OTHER CEREBROVASCULAR DISEASES IN

EMERGENCY SITUATIONS

ABSTRACT

Stroke or cerebrovascular accidents pose a great threat to the health and mortality of individuals.
Although strokes are now seen to be reversible, if they are not caught and intervened with, then
they could lead to deadly consequences in the long term. In the modern world today, there are
several interventions, therapeutic measures, and diagnostic facilities that help detect early
changes within the brain in no time. Similarly, several advanced MRI techniques play a great
role in the early detection of stroke and other cerebrovascular diseases in emergencies. These
techniques include diffusion-weighted imaging (DWI), which allows for the visualization of
acute ischemic lesions within minutes of symptom onset, aiding in rapid diagnosis. Perfusion-
weighted imaging (PWI) provides valuable insights into tissue perfusion and viability, helping to
identify areas of ischemia and guide treatment decisions. Susceptibility-weighted imaging (SWI)
enhances the detection of hemorrhagic strokes and microvascular abnormalities, which is highly
important for prompt intervention. Additionally, magnetic resonance angiography (MRA) offers
detailed visualization of the cerebrovascular anatomy, aiding in identifying occlusions or stenosis
contributing to cerebrovascular diseases. By integrating these advanced MRI techniques into
emergency protocols, clinicians can swiftly and accurately diagnose cerebrovascular

emergencies, enabling timely interventions and improving patient outcomes. This article will



discuss advanced MRI techniques utilized in emergency scenarios for early detection of stroke
and other cerebrovascular diseases. Rapid and accurate diagnosis is crucial for timely
intervention and improved patient outcomes in such critical scenarios. Conventional MRI
protocols often face limitations in providing timely information due to lengthy acquisition times
and limited sensitivity to acute pathologies. Furthermore, ongoing advancements in MRI
technology, including ultrafast sequences and artificial intelligence-based image analysis, hold
promise for further improving the efficiency and accuracy of emergency cerebrovascular
imaging.
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INTRODUCTION

Stroke stands as the second leading cause of death globally and a significant driver of disability,
imposing substantial economic strains. It manifests in two primary forms: ischemic strokes,
triggered by blood vessel blockages limiting brain blood supply, and hemorrhagic strokes,
resulting from vessel ruptures and intracranial bleeding.(1)

Defined comprehensively by the American Heart Association/The American Stroke Association
(AHA/ASA), stroke is essentially defined as, “an acute episode of focal neurological dysfunction
persisting for over 24 hours”.(2)

Recognizing the urgency in stroke management is vital, as the potential for complete
neurological recovery diminishes with every untreated minute. This underscores the critical
“time is brain” principle, emphasizing the importance of prompt evaluation and intervention.(3)
Early intervention, tailored treatments, rehabilitative programs, and sustained lifestyle

adjustments significantly improve outcomes for acute stroke patients.(4) Maximizing clinical



recovery for each individual not only enhances patient well-being but also mitigates the global
impact of stroke. Through timely and targeted approaches, physicians should strive to minimize

stroke’s devastating effects and foster a healthier society.(5)

DIFFERENT TYPES OF CEREBROVASCULAR ACCIDENTS IN THE ELDERLY

POPULATION

To understand how managing and detecting each type of cerebrovascular accident is important
for saving the life of the patient, it is equally important that the physicians and clinicians know
well and in detail regarding each sub-type:

LARGE VESSEL DISEASE:

Large-vessel disease covers conditions such as atherosclerosis, dissection of arteries, and artery-
to-artery embolism, that eventually result in occlusion by thrombus or embolus in major arteries.
(6)

Certain syndromes are linked to blood flow deficiency in particular brain areas found on the test
records.(7)Among these large vascular structures are intracranial arteries, for example, the circle
of Willis and its main tributaries, and extracranial arteries which include common carotid,
internal carotid, and vertebral arteries.(8)

LACUNAR STROKE:

Lexical strokes, frequently coming from small vessel diseases, are often found alongside
lipohyalinosis and atherosclerosis. Lipohyalinosis consists of concentric hyaline narrowing of
cerebral small arteries, leading to the occlusion of penetrating arteries.(9)

The atherosclerotic plaques of the parent arteries, which are particularly present in the ostium of
branchal orifices, can also cause occlusion. Additionally, microatheromas precipitate occlusions

in small penetrating arteries.(10)



CARDIOEMBOLISM:

Stroke may also have cardiogenic embolism as its cause, which can originate from diverse
sources including arrhythmias, valvular heart disease, bioprosthetic and mechanical heart valves,
as well as cardiomyopathy.(11)

Ischemic stroke displays certain links with several main risk factors, namely, advanced age,
hypertension, diabetes, hyperlipidemia, cigarette smoking, arrhythmia, and cardiac disease.(12)

INTRACEREBRAL HEMORRHAGE:

It is the second most common type of stroke after the ICH. The ICH is commonly (usually)
caused by the rupture of small arteries that happens as a consequence of hypertensive
vasculopathy; CAA; coagulopathies; and other vasculopathies.(13)

Most of the VH is found in the non-lobar type of ICH, whereas CAA is usually associated with
lobar

The cause of intracerebral hemorrhage (ICH) is attributed to a combination of various risk
factors, including age, hypertension, cerebral amyloid angiopathy (CAA), smoking, excessive
alcohol consumption, sympathomimetic drugs, anticoagulants, and antiplatelet medications.(14)

SUBARACHNOID HEMORRHAGE:

Subarachnoid hemorrhage (SAH) makes up about 5% of all stroke cases, with 85% of which is
caused by aneurysm rupture. (15)

Occurrence of SAH without intervention can also be induced by the use of drugs; amphetamines
and cocaine are examples; dural sinus thrombosis; ruptured AVM; rupture due to dural venous

sinus thrombosis.(16)



Risk factors for subarachnoid hemorrhage (SAH) encompass smoking, hypertension, excessive
alcohol consumption, advanced age, a history of another type of aneurysm or SAH, and a family

history of intracranial aneurysms.(17)

THE USAGE OF ADVANCED MRI AND OTHER TECHNIQUES FOR THE EARLY

DETECTION AND TREATMENT OF CEREBROVASCULAR ACCIDENTS

The process of clinical diagnosis, management, and treatment of stroke are greatly facilitated by
neuroimaging, as well as prognostication. Visual diagnostics in the past decades mostly
depended on electroencephalography (EEG), thermography and radioisotope techniques. (18)
Though CT and MRI were a major advance, they made it possible to obtain detailed images of
the human brain.(19)

The key aim of these neuroimaging techniques is to pinpoint the affected vascular region of the
brain of a stroke patient, namely, the infarct core and the penumbra. The accurate determination
of the exact location of the stroke is important in minimizing the extent of a stroke through the
selection of the most efficacious treatment approach.(20)

Neuroimaging techniques are broadly categorized into two types: structural and functional.
Structural imaging is designed to visualize the anatomic structures of the brain so that any
underlying abnormalities like tumors, clots, or bleeding can be detected.(21)

CT and MRI are two exemplars of the structural neuroimaging approach. However, functional

imaging methods, such as fMRI and PET, are used to evaluate brain activity in different regions.



A COMPARISON BETWEEN CT SCANS AND MRI FOR THE DETECTION OF

CEREBROVASCULAR ACCIDENTS

CT and MRI are both valuable imaging modalities for evaluating patients with acute stroke
symptoms, but they have distinct strengths and limitations. (22)

CT is commonly utilized as the initial imaging modality within 24 hours of stroke onset due to
its widespread availability and rapid acquisition time.(23) In CT images, blood products appear
as distinct hyperintense lesions, making it effective for identifying acute hemorrhagic strokes in
the hyperacute phase (between O and 6 hours). However, detecting hypointense lesions,
indicative of ischemic stroke, in the first few hours of a stroke can be challenging with CT.(24)
In contrast, MRI generates high-resolution images that provide detailed information about the
presence, size, and location of hyperacute cerebral ischemic strokes. (19)

MRI is particularly advantageous for visualizing ischemic lesions early in the stroke process.
Additionally, MRI is superior to CT in detecting chronic hemorrhages and cerebral microbleeds,
making it valuable for assessing the long-term effects of stroke and potential risk factors for
recurrent events.(25)

Despite its advantages, MRI is susceptible to artifacts caused by body movements due to its
longer scanning time compared to CT. This limitation can affect image quality and may require
additional measures to minimize motion artifacts during MRI scanning.(26)

In summary, while CT is often used for the initial evaluation of acute stroke patients due to its
speed and ability to detect acute hemorrhages, MRI offers superior sensitivity for detecting
ischemic strokes and provides detailed information about chronic hemorrhages and microbleeds.
The choice between CT and MRI depends on various factors, including the time since symptom

onset, the specific clinical scenario, and the availability of imaging resources.(27)



ADVANCED AND NEW TECHNIQUES FOR THE EARLY DETECTION OF

CEREBROVASCULAR ACCIDENTS

Discussed below are some of the recently introduced techniques for the early detection and then,
treatment of cerebrovascular accidents, mainly in the elderly populations. It is expected that by
utilizing these MRI sequences, clinicians can obtain comprehensive information about stroke
pathology, including the type, location, extent, and underlying vascular involvement. (28)

This enables accurate diagnosis, risk stratification, and personalized treatment planning for
stroke patients, ultimately improving clinical outcomes and prognosis.

DIFFUSION-WEIGHTED IMAGING (DWI1):

DWI harnesses the remarkable sensitivity of MRI to the movement of water molecules within
tissues, making it an indispensable tool for detecting acute ischemic stroke. (29)

Ischemic strokes induce cytotoxic edema, restricting the diffusion of water molecules in affected
brain tissue. This restriction manifests as hyperintense signals on DWI images, providing clear
evidence of ischemic injury. DWTI’s exceptional sensitivity and specificity make it invaluable for
the early identification of ischemic strokes, enabling clinicians to swiftly initiate appropriate
treatment strategies aimed at salvaging at-risk brain tissue and mitigating neurological
deficits.(30)

FLUID-ATTENUATED INVERSION RECOVERY (FLAIR):

FLAIR represents a key advancement in MRI technology, offering enhanced visualization of
brain tissue abnormalities, particularly in the context of stroke.
By selectively suppressing signals from cerebrospinal fluid (CSF), FLAIR imaging highlights

pathological changes within the brain parenchyma with remarkable clarity. (31)



In the setting of stroke, FLAIR is adept at detecting hyperintense lesions indicative of subacute
and chronic infarctions, as well as delineating regions of edema and gliosis surrounding infarcted
tissue. This capability allows for precise characterization of stroke-related pathology, aiding in
both diagnosis and treatment planning.(32)

GRADIENT-ECHO (GRE) OR SUSCEPTIBILITY-WEIGHTED IMAGING (SWI1):

GRE or SWI sequences represent a significant advancement in MRI technology, offering
unparalleled sensitivity to magnetic susceptibility variations associated with hemorrhagic stroke
pathology. (33)

Hemorrhagic strokes, including intracerebral hemorrhage (ICH) and subarachnoid hemorrhage
(SAH), manifest as hypointense signals on GRE or SWI images due to the presence of blood
products. This distinctive appearance enables accurate and precise localization of hemorrhagic
lesions within the brain, facilitating rapid diagnosis and appropriate intervention. (34)
Additionally, GRE or SWI sequences are invaluable for detecting other pathological features,
such as calcifications or paramagnetic substances, further enhancing their utility in stroke
imaging.

PERFUSION-WEIGHTED IMAGING (PWI1):

PWI represents a cutting-edge MRI technique that provides crucial insights into cerebral
perfusion dynamics, offering valuable information for the assessment and management of acute
stroke patients. (35)

By measuring the passage of contrast agents through brain tissue, PWI enables the identification
of areas exhibiting hypoperfusion, ischemia, and penumbra - regions of salvageable but at-risk

tissue. (36)



This information is invaluable for guiding treatment decisions, such as thrombolytic therapy or
endovascular intervention, by identifying viable tissue targets and optimizing patient outcomes.

MAGNETIC RESONANCE ANGIOGRAPHY (MRA):

MRA stands at the forefront of stroke imaging technology, offering unparalleled visualization of
the cerebral vasculature and aiding in the identification of vascular pathologies contributing to
stroke etiology. (37)

By generating detailed images of arterial stenosis, occlusions, and collateral circulation, MRA
enables clinicians to pinpoint underlying vascular abnormalities, such as carotid artery stenosis
or intracranial vessel pathology. (38)

This comprehensive assessment of the cerebrovascular system facilitates accurate diagnosis, risk
stratification, and treatment planning, ultimately improving patient care and outcomes in the

management of stroke.

CONCLUSION

Neuroimaging stands as an indispensable tool in stroke diagnosis, facilitating the swift
identification of patients who may benefit from specific interventions like thrombolytic agents or
surgery. Despite the continued preference for CT due to its wider accessibility and quicker scans
in acute stroke assessment, recent advancements in MRI technology have bolstered its role in
routine clinical stroke protocols. As MRI continues to evolve, its potential to become the primary
imaging platform in stroke diagnosis and management is increasingly promising. In conclusion,
MRI plays a pivotal role in both diagnosing and treating stroke, offering various techniques such
as SWI, PWI, and DWI to identify and assess different aspects of the condition. Furthermore,
ongoing advancements in MRI technology, including ultra-high magnetic fields, MRF, and

neural network mapping, are enhancing its capabilities in predicting and managing strokes.



These innovations not only aid in deciphering the wealth of data collected but also pave the way

for novel MR contrast agents, which promise to revolutionize diagnostic precision. With ongoing

research, the future holds promising prospects for further refining MRI's role in stroke

management and improving patient outcomes.
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