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Abstract

Stroke is one of the most common yet lethal condition, in the present day which requires proper management. There were lot of
cases reported where patient suffered death because of improper diagnosis. The management of stroke refers to the assessment
of severity of ischemia. Hence it plays a vital role in patients’ chance of survival. The handling of the stroke starts from the
emergency department which relies on modalities like Computed Tomography (CT) for quick diagnosis, decision making and
treatment. CT with the ability to visualize the cross-sectional anatomy assist to figure out the gravity of the condition by measuring
the degree of attenuation by X-rays. The attenuation level is then expressed using a scale called Hounsfield unit (HU) value. The
HU value reflects the visual density of the tissue which supports in Interpretation and diagnosis between Ischemic and
Hemorrhagic stroke. The article reviews about the usefulness of CT and HU value by Emergency Department management for
the purpose of acute stroke.
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Introduction

Acute stroke, a severe medical emergency that involves a sudden interruption of blood supply to the brain, is difficult to treat
because of the high morbidity and mortality. Stroke is the second leading cause of global death and a primary source of long-
term disability; projections suggest that the incidence of stroke will rise more than double in the next 30 years [1,2]. Ischemic
and hemorrhagic types are the main condition types, and ischemic strokes are far more prevalent [3]. Management depends on
rapid intervention; time is brain is the principle that must be invoked by rapid restoration of cerebral blood flow to prevent
neurological damage [4]. Despite these advances, treatment Modalities have only recently benefited from recent advancements
in clinical treatments such as mechanical thrombectomy and thrombolysis, however disparities in access to care persist, especially
in low- and middle-income countries [2,5]. Studying and looking for prevention of stroke is an ongoing necessity, because the
substantial health-care costs of stroke reinforce its huge impact on public health [2].

The crucial need for identification of acute stroke in the emergency department (ED) within short time to be diagnosed accurately
within the ED underscores the importance of early intervention in affecting patient outcome. Treating illness as soon as possible,
within the first 4.5 to 6 hours of symptom onset, is especially important because it allows effective intravenous thrombolysis and
endovascular thrombectomy treatments that can save approximately 1.9 million neurons per minute of delay [6,7]. Second,
implementation of such standardized assessment instruments as the National Institutes of Health Stroke Scale (NIHSS) has been
promising for improving prehospital diagnosis and expediting treatment decisions [8]. Additionally, in light of the shortage of
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neurologists, innovative strokes care models, like emergency physician led stroke care, are needed [9]. On the whole, rapid
diagnosis and treatment reduce the risk of permanent disability or death associated with acute strokes [7,10].

Noncontrast Computed Tomography (NCCT) plays an important role in the diagnosis and patient management of acute stroke in
particular the distinction between hemorrhagic and ischemic stroke, which is essential for the timely thrombolysis and improved
patient outcomes [11]. Relatively, the Hounsfield Unit (HU) values which measure tissue density on Computed Tomography
(CT) scans through assessment of stroke severity and prognosis are important. For example, anthropomorphic virtual brain lesions
of acute ischemic stroke (AlS) have specific HU values, namely, mean values of 18.90 + 6.40 HU, that can be distinguished from
old cerebral infarction (OCI) and leukoaraiosis (LA) [12]. HU values can also be used to distinguish tandem occlusions from
isolated occlusions with a significant difference in thrombus attenuation of tandem vs isolated occlusions [13]. Additionally, HU
metrics are associated with clinical outcome in patients treated with intravenous thrombolysis, and suggest they may serve as
prognostic indicators [14]. Consequently, the integration of HU values in CT imaging of acute stroke improves diagnostic
accuracy and treatment strategy in acute stroke management [15].

This systematic review aims to determine the role of CT imaging in the treatment of both contemporary and acute stroke in the
emergency department. The purpose of this review is to evaluate clinical implications of CT Modalities in differential diagnosis
and treatment decisions in acute ischemic stroke emphasizing between Ischemic and hemorrhagic strokes. Additionally, it will
evaluate the diagnostic accuracy of these imaging techniques and how they may affect the outcome of the patient. This review
synthesizes current literature in order to highlight the critical role CT imaging has on optimizing acute stroke management.

Overview of Acute Stroke

A stroke, or cerebrovascular accident (CVA), is a medical emergency that is caused when blood flow to part of the brain becomes
blocked, cutting off oxygen and nutrients to the brain. In minutes the attention goes to probably one of the most important
biological institutions in the world - the brain cells start to die. The two basic types, ischemic and hemorrhagic, are distinguished
as stroke. About 84% of cases is ischemic stroke due to the sudden stoppage of the blood supply mainly by embolism or
thrombosis leading to the insufficiency of continuous oxygen supply to the brain tissue [16,17]. Embolic strokes and thrombotic
strokes, where a clot travels from another part of the body, and the cohort of clots forming in situ because of vascular stenosis or
occlusion [17,18]. On the other hand, hemorrhagic stroke occurs due to the rupture of blood vessels, and as a result bleeding
inflicts in the brain and there are subtypes like intracerebral hemorrhage and subarachnoid hemorrhage, which are usually due to
trauma or aneurysm rupture [16, 19]. Diagnosis and management require a knowledge of these classifications, since each type
requires a different therapeutic approach [20].

Acute stroke management is clinically important with the urgent need to detect and treat stroke early to prevent permanent brain
damage and disability, and in the critical ‘golden hour' following symptom onset. Acute ischemic stroke (AIS) is a time dependent
condition which treatment with intravenous thrombolysis and/or mechanical thrombectomy has a significant impact on outcome.
Earlier treatment with thrombolysis has been shown to impact probability of good and excellent outcomes 90 days post TIA:
Odds ratios 1.40 for excellent and 1.38 for good in patients receiving thrombolysis within 1 hour compared to later windows of
treatment [21]. Additionally, early management strategies based on stabilization hemodynamics, observations vitals, and
rehabilitation schemes for preventing further complications and for faster recovery are [22,23]. Even mobile stroke unit
integration has been shown to facilitate faster initiation of treatment after acute stroke, highlighting the value of rapid response
in acute care of stroke [24].

Role of CT Imaging in Acute Stroke

Noncontrast computed tomography (NCCT) is essential to initial screening for hemorrhagic stroke, the efficacious way to see
blood in the brain thereby facilitating rapid differentiation from ischemic strokes and administration of thrombolytic therapy [11,
25]. Specific signs on CT such as the 'insular ribbon' suggest potential infarction; early ischemic changes, including hypodensity,
loss of cortical sulci, and hyperdense arteries, can be identified on CT [26]. CT imaging, however, is limited in detecting ischemic
strokes within first few hours post onset when early signs may be subtle and not always present, resulting in false negatives
[26,27]. As well, CT perfusion and CT angiography provide additional sensitivity for early ischemic detection, but noncontrast
CT may miss important changes in acute stroke evaluation [27,28].

Comparison with MRI in acute stroke diagnosis

Whilst each technique (i.e. Computed Tomography (CT) and Magnetic Resonance Imaging (MRI) each has unique strengths and
weaknesses that limit its application in clinical settings. Because of its fast acquisition time, CT is especially useful in emergency
situations like cranio-cerebral trauma or acute stroke owing to the need for a timely diagnosis [29]. Moreover, CT is more widely
available and less expensive than MRI, which often necessitates having it done in specialized facilities and takes longer to scan
[29,30]. Unfortunately, CT has been shown to use ionizing radiation, a risk that naturally occurs in an environment but may be
greater in vulnerable populations, such as pregnant women [29]. Similar to MRI, CT excels at hard tissue contrast in contrast to
MRI which does particularly well in soft tissue and brain pathologies due to length of the scan and contraindications to use in
patients with certain implants [29,31]. Therefore, clinical context and identified diagnostic need dictate which modality, CT or
MRI, should be chosen [32].
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Hounsfield Unit (HU) Values in CT Imaging

Computed tomography (CT) has a critical metric in terms of Hounsfield Unit (HU) scale which quantifies the tissue density by
the linear attenuation coefficients of different tissues and can differentiate normal and pathological condition. Normally, HU
values for gray and white matter are around 34.54 for gray matter and 28.25 for white matter [33]. Acute infarcts HU values are
larger than 19 [34] and subacute and chronic infarcts are from 9.5 to 19 or less than 9.5, respectively [34]. HU values of
hemorrhagic tissue are generally significantly higher than those of normal brain tissue [33,34], typically well above those of
normal brain tissue. In acute stroke scenarios clinical conditions and HU values correlate, and serve as guidance for interventions
[35,36], so it is important to be familiar with typical HU values.

Application of HU Values in Acute Stroke

In the assessment of acute stroke, HU values are of great importance since low HU values reflect infarction [12, 37] areas at risk
due to low blood flow are also indicated by low HU values. It helps differentiate between hemorrhagic and ischemic strokes if
one knows that hemorrhagic lesions are areas of high HU whereas ischemic strokes less commonly show lower HU [38,39]. In
addition, the hypoperfusion intensity ratio (HIR) is a predictive tool of tissue viability, which differentiates the penumbra that
can salvage from the core that is irreversibly damaged infarct, with lower HIR values being associated with improved clinical
outcome and reduced infarct growth in animal models [12,39]. This system does lead to better decisions made in acute stroke
management, including selection of mechanical thrombectomy and improvements in patient care [12,39].

Uses of HU value in Decision-Making

In ischemic stroke patients, prognosis and state of brain tissue is important information in clinical decision making for
thrombolysis and thrombectomy and HU values play a key role in this. The higher HU ratios given here have been associated
with better clinical outcome post intravenous thrombolysis (IVT), and lower HU differences with larger infarct volumes,
suggesting that HU values are potentially prognostic to the efficacies of treatment [14]. also imaging techniques determining the
probability or ‘penumbra’ of the brain tissue which may benefit from reperfusion are required to determine which patients might
benefit from reperfusion therapy. Diffusion and perfusion weighted Magnetic Imaging Resonance (MRI) modalities provide
quantitation of both the infarct core and penumbral regions, and have allowed assessment of risk and benefit of treatment [40,41].
Additionally, selection of these patients for mechanical thrombectomy is aided by use of the Alberta Stroke Program Early CT
Score (ASPECTS) and penumbral image [42].

Technological Advances in CT Imaging

CT perfusion (CTP) and CT angiography (CTA) are advanced CT techniques that have tremendous value in evaluating and
treating illnesses such as acute ischemic stroke, coronary artery disease, as well as planning for surgery. Critical functional data
on cerebral blood flow from CTP allows infarct volumes and ischemic penumbra to be precisely delineated, which is an essential
feature of tailored treatment strategies in stroke patients [15]. In coronary interventions, CTA is crucial for assessing vascular
calcification, a powerful determinant of (PCI) procedural outcomes [43]. Additionally, CTA enables more precise performance
of surgical procedures such as deep inferior epigastric perforator (DIEP) flap breast reconstruction, without increasing the risk of
complications [44]. These advanced imaging modalities are overall useful for comprehensive evaluations, improved treatment
planning, and improved patient outcomes in broad clinical applications [45,46].

Artificial intelligence (Al) tools created to automate stroke diagnosis from CT scans based on Hounsfield Unit (HU) values
greatly improve stroke diagnosis accuracy. Where class imbalance is a concern, and where Random Forest classifiers are used,
Al systems have shown very high accuracy rates (as high as 94.6%) in predicting stroke cases by leveraging imaging data and
overcoming class imbalances using Random Over Sampling [47]. Al-based interpretation of non-contrast CT scans in resource
limited settings significantly accelerated treatment of acute stroke patients from a median time to intervention of 80 minutes to
58.5 minutes [48]. Additionally, Explainable Al (XAl) integration promotes transparency for the transparency into Al models
thus supporting towards increase trust on the part of healthcare providers and patients that is critical for clinical decision making
[49]. Overall, Al-based scientific advances have been used to enhance diagnostic accuracy whilst determining optimal treatment
strategies and thereby optimize stroke care outcomes [50].

Potential for Improving Stroke Outcomes

The addition of other biomarkers and technologies to CT imaging significantly increases the potential for improving clinical
outcomes in stroke management. Integration of radiomic features from intra thrombus and peri thrombus regions in CT scans
augmented prognostic accuracy post endovascular thrombectomy (AUC = 0.87) outperforming single region models [51].
Further, deep learning models coupled with CTP and clinical metadata can accurately predict outcomes with accuracy exceeding
0.77 for functional outcomes [52] Additionally, machine learning methods based on clinical and neuroimaging data have
demonstrated superior prediction performance, particularly with integrated models exceeding the performance of conventional
risk scoring systems [53]. Furthermore, by adding an interdisciplinary approach, diagnostic precision is improved as we enhance
therapeutic interventions in a timely manner, which improves patient outcomes [54,55].
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Conclusion

Computed Tomography is considered to be a trailblazer modality for the assessment of stroke by the emergency department for
its Invision ability, availability and quick action. This first line imaging tools uses HU value in order to solve interpretation
problems with respect to acute stroke and aid precise decision making associated with diagnosis and therapy. It’s safe to say there
is a always a lot of room for advancements such as Ai which can ultimately make the process of overall stroke management much
easy, reliable, accurate and rapid.
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