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Introduction

Stroke remains a leading cause of death and disability worldwide,
with an estimated 15 million people affected annually. The timely
identification of stroke type ischemic or hemorrhagic and its underlying
causes is critical for initiating appropriate treatment and minimizing
neurological deficits. Ischemic stroke, which accounts for 87% of all
strokes, occurs when a blood clot obstructs blood flow to the brain.
Early and accurate imaging is essential for determining the location,
extent of ischemia, and potential treatment options, such as intravenous
thrombolysis (IVT) or mechanical thrombectomy. In this context, CT
angiography (CTA) has emerged as a key diagnostic tool. It is a rapid,
non-invasive imaging technique that allows for detailed visualization
of the cerebral vasculature and can identify conditions such as large
vessel occlusions (LVOs), stenosis, aneurysms, and arteriovenous
malformations (AVMs), which may cause ischemic stroke. Over the past
decade, advancements in CT technology, including faster acquisition
times and improved contrast agents, have made CTA an increasingly
valuable tool in the acute evaluation of stroke patients [1]. This article
reviews the role of CT angiography in the management of stroke,
emphasizing its clinical applications, advantages, and limitations. We
also explore its integration with other imaging modalities, such as CT
perfusion, and its role in guiding acute stroke interventions.

Advancements in CT Angiography Technology

Recentadvancementsin CTangiographyhavesignificantlyenhanced
its diagnostic capabilities. One of the most notable improvements has
been the development of multi-detector CT (MDCT) scanners, which
allow for faster acquisition of high-resolution images with minimal
motion artifacts. The increased number of detectors enables the capture
of more slices of the brain in a shorter period, which is particularly
beneficial in acute stroke scenarios where time is critical. Another key
advancement is the development of high-definition CT scanners that
offer superior spatial resolution. This enables more precise visualization
of vascular structures, such as intracranial arteries, venous drainage,
and small vessels that might otherwise be difficult to detect. These high-
resolution images also allow for better differentiation between different
types of stroke, such as ischemic and hemorrhagic strokes, which is
crucial for treatment decision-making. Additionally, advancements in
contrast agents have improved the sensitivity and specificity of CTA.
Newer, more efficient contrast agents have enhanced the visualization of
blood flow in the brain, allowing for clearer and more accurate images.
This is particularly useful in detecting subtle stenoses, aneurysms, or
arteriovenous malformations (AVMs) that may not be evident with
other imaging techniques [2].

Applications of CT Angiography in Stroke Management

CT angiography has become an essential tool in the acute
management of stroke, providing critical information about the
vascular status of the brain. One of the primary applications of CTA
in stroke is the detection of large vessel occlusions (LVOs), which are
the primary cause of severe ischemic strokes. LVOs can be identified
by the absence or reduction of blood flow in major cerebral arteries,

such as the middle cerebral artery (MCA), internal carotid artery
(ICA), or basilar artery. Identifying these occlusions early is crucial
for determining eligibility for mechanical thrombectomy, a procedure
that can significantly improve outcomes in patients with acute ischemic
stroke. CTA is also invaluable in assessing collateral circulation, which
refers to the alternative pathways that blood flow takes when a primary
vessel is occluded. The degree of collateral circulation has been shown
to predict patient outcomes, as robust collateral circulation can help
preserve brain tissue during an ischemic event. CTA allows for the
evaluation of collateral vessels, providing additional insight into the
severity of the ischemic event and guiding treatment decisions [3]. In
addition to ischemic strokes, CTA is also critical in the assessment of
hemorrhagic strokes. By providing detailed imaging of both arterial
and venous structures, CTA can help identify the source of bleeding,
such as an aneurysm, arteriovenous malformation (AVM), or vascular
malformation. It can also assess the extent of hemorrhage and aid in
decision-making for surgical intervention or endovascular treatment.
Moreover, CTA plays a crucial role in identifying conditions that may
predispose patients to stroke, such as stenosis or aneurysms. Detecting
these abnormalities early can help prevent future strokes, allowing for
timely intervention such as stenting or surgical resection [4].

Clinical Implications of CT Angiography in Stroke

The clinical implications of CT angiography in stroke management
are far-reaching, influencing diagnostic accuracy, treatment planning,
and patient outcomes. One of the most significant advantages of CTA is
its rapid acquisition time, which is critical in the acute setting of stroke.
The ability to quickly assess the presence of large vessel occlusions
or hemorrhage allows for immediate decision-making regarding
appropriate interventions. This speed is especially important in acute
ischemic stroke, where intravenous thrombolysis and mechanical
thrombectomy must be performed within specific time windows to be
effective. CTA has become an integral part of the acute stroke protocol
in many hospitals, providing critical information that helps guide
treatment strategies. For patients with ischemic stroke due to large
vessel occlusion, CTA can quickly identify candidates for mechanical
thrombectomy, a procedure that has been shown to significantly
improve outcomes when performed within six hours of symptom onset.
In the case of hemorrhagic stroke, CTA allows for prompt identification
of the hemorrhage’s location and potential causes, aiding in surgical
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planning or endovascular interventions to control bleeding [5].
Furthermore, CTA has improved the ability to evaluate patients who
may not be candidates for traditional treatments, such as thrombolysis or
thrombectomy, due to anatomical variations or complicating factors. By
offering detailed vascular imaging, CTA helps identify patients who may
benefit from alternative treatments, such as intra-arterial thrombolysis
or surgical resection. Beyond acute management, CTA also plays a role
in long-term stroke management [6]. It can be used to assess the status
of stents or coils used in the treatment of cerebrovascular diseases such
as aneurysms or arteriovenous malformations. Regular follow-up with
CTA can help identify any issues with these devices, such as restenosis
or complications, and guide further treatment decisions [7].

Limitations of CT Angiography

Despite its numerous advantages, CT angiography does have some
limitations. One of the primary drawbacks is its relatively high radiation
exposure compared to other imaging modalities, such as MRI. While
the radiation dose has decreased with advancements in CT technology,
it still remains a concern, particularly for young patients or those
requiring repeated imaging. Additionally, CTA may not be as effective
in imaging smaller vessels or in patients with severe motion artifacts
[8]. In cases where high-resolution imaging of small intracranial vessels
is required, other imaging modalities, such as magnetic resonance
angiography (MRA), may be preferred. Furthermore, CTA relies on
the use of contrast agents, which may not be suitable for patients with
allergies to contrast material or those with impaired renal function [9].

Conclusion

CT angiography has become an essential tool in the evaluation of
acute stroke, providing rapid, non-invasive, and high-resolution images

of the cerebral vasculature. Its ability to identify large vessel occlusions,
assess collateral circulation, and detect vascular abnormalities makes it
a crucial component of stroke management. As stroke care continues
to evolve, CTA will play an increasingly important role in guiding
treatment decisions, particularly with the integration of advanced
imaging techniques like CT perfusion. Despite its limitations, CTA
remains a cornerstone of acute stroke imaging and will continue to be
refined in the coming years to improve patient outcomes.
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