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Abstract: Introduction: The integration of 
Artificial Intelligence (AI) into neuroradiolo-
gy has emerged as a transformative advance-
ment, particularly in the context of neurologi-
cal emergencies. AI algorithms, encompassing 
machine learning and deep learning tech-
niques techniques, have shown potential in 
enhancing diagnostic accuracy, accelerating 
image interpretation, and optimizing work-
flow efficiency. These advances are crucial in 
acute settings, where rapid and precise diag-
noses are essential. Moreover, it is important 
to explore the challenges and opportunities 
of implementing these tools in public health-
care systems, such as Brazil’s Unified Health 
System (SUS). Objective: This review aims to 
provide neuroradiologists with a comprehen-
sive overview of recent advances in AI appli-
cations for imaging diagnosis in neurological 
emergencies. It seeks to elucidate the current 
capabilities, limitations, and future perspecti-
ves of AI integration in emergency neurora-
diology. Methods: For the For this narrative 
literature review, an extensive search was con-
ducted in the PubMed, Scopus, Web of Scien-
ce, Cochrane Library, and Google Scholar da-
tabases, focusing on publications from the last 
five years. Relevant studies were selected on 
AI applications in imaging-based diagnosis of 
neurological emergencies, including stroke, 
traumatic brain injury (TBI), and intracranial 
hemorrhage. Retrospective and prospective 
studies, as well as reviews and meta-analyses, 
were considered. Results and Discussion: AI 
applications have demonstrated promise in 
several aspects of emergency neuroradiology. 
In stroke imaging, algorithms have been de-
veloped for the rapid detection of large vessel 
occlusions and automated calculation of the 
ASPECTS score, facilitating timely interven-
tions. For traumatic brain injuries, AI assists 
in identifying intracranial hemorrhages and 
skull fractures, increasing diagnostic confi-
dence. Additionally, AI has proven valuable in 

case triage, prioritization of critical findings, 
and reducing report turnaround times. Des-
pite these advancements, challenges remain, 
such as the need for large and diverse datasets 
for training, integration with existing work-
flows, and ensuring algorithm transparency 
and interpretability. Conclusion: AI holds 
significant potential to enhance Imaging-ba-
sed diagnosis in neurological emergencies. 
Its integration into neuroradiological practice 
can improve diagnostic accuracy and efficien-
cy. However, careful consideration of imple-
mentation challenges and ongoing validation 
is essential to fully realize its benefits.
Descriptors: Artificial Intelligence, Neurora-
diology, Imaging-based diagnosis in Emer-
gencies, Neurological Emergencies

INTRODUCTION
Artificial intelligence (AI) has rapidly 

emerged as a fundamental tool in the lands-
cape of modern neuroradiology, particularly 
in the management of neurological emergen-
cies¹. The implementation of AI techniques 
in imaging under urgent conditions provides 
increased speed and diagnostic consisten-
cy—crucial aspects in acute scenarios such as 
stroke, traumatic brain injury (TBI), and in-
tracranial hemorrhage¹. These advancements 
are especially relevant given the time-sensitive 
nature of neurological deterioration in emer-
gency contexts¹. The burden of neurological 
emergencies is considerable, both in terms 
of clinical outcomes and the strain placed on 
healthcare systems². Rapid and accurate ima-
ge interpretation often determines the thera-
peutic window, especially in cases of ischemic 
stroke or acute hydrocephalus². AI models de-
signed to detect pathologies in real time have 
the potential to significantly accelerate clini-
cal decision-making and reduce diagnostic 
delays².
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Deep learning, particularly convolutional 
neural networks (CNNs), has become the lea-
ding architecture for image analysis in neuro-
radiology³. These models are trained on lar-
ge datasets to detect subtle imaging findings, 
such as early signs of infarction on non-con-
trast CT or microhemorrhages on MRI³. The 
utility of these models lies in their reproduci-
bility, speed, and potential to serve as decision 
support systems for radiologists for radiolo-
gists³. Several commercially available AI sys-
tems have already been approved by the FDA 
for neuroimaging applications, including tria-
ge and notification of large vessel occlusions 
(LVOs) or intracranial hemorrhages on CT 
scans⁴. Once integrated into picture archiving 
and communication systems Picture Archi-
ving and Communication Systems (PACS)”, 
these systems are capable of prioritizing criti-
cal cases and alerting radiologists or neurolo-
gists within seconds⁴. The resulting workflow 
optimization has been shown to reduce door-
-to-needle times in stroke management⁴.

Despite these advances, the heterogeneity 
of clinical presentations and the variability in 
image quality pose significant challenges to 
the generalizability of AI algorithms⁵. For ins-
tance, motion artifacts, postoperative changes, 
or preexisting pathologies can compromise 
algorithmic accuracy⁵. Moreover, the datasets 
used for training often lack sufficient diversi-
ty regarding patient populations and scanner 
models⁵. Validation and standardization re-
main urgent issues in the transition of AI from 
research to clinical practice⁶. Although some 
algorithms demonstrate high performance in 
controlled environments, their real-world ef-
fectiveness varies depending on institutional 
imaging protocols and the characteristics of 
the patient population⁶. Rigorous multicen-
ter validations are essential before widespread 
clinical adoption can be considered⁶.

Ethical considerations have also been rai-
sed, particularly regarding diagnostic respon-

sibility when AI recommendations diverge 
from radiologists’ interpretations⁷. Although 
these systems are designed to complement—
not replace—human expertise, an ongoing 
debate persists over legal accountability in 
cases of diagnostic errors or treatment de-
lays⁷. Transparent and explainable AI models 
may help mitigate some of these medico-legal 
concerns⁷. In stroke imaging, AI has revolu-
tionized the speed and accuracy of occlusion 
detection and ASPECTS scoring⁸. Automated 
algorithms can detect early ischemic chan-
ges and quantify infarct volume based on CT 
perfusion, providing critical information for 
decisions for decision-making regarding en-
dovascular therapy⁸. These systems are espe-
cially valuable in non-tertiary centers, where 
access to specialized neuroradiology consul-
tation may be limited⁸.

In traumatic brain injury, AI models are 
being trained to detect subtle hemorrhagic 
lesions, skull fractures, and midline shifts on 
head CT scans⁹. These findings can be difficult 
to identify in acute settings due to trauma-re-
lated artifacts and limited clinical history⁹. 
AI systems capable of automatically triaging 
cranial trauma studies can significantly redu-
ce time to diagnosis, especially in high-volu-
me emergency departments⁹. Subarachnoid 
hemorrhage, another critical condition, also 
benefits from AI-based tools that identify 
hyperdensities in the basal cisterns and sulci 
on non-contrast CT scans¹⁰. Some algorithms 
are being refined to distinguish between acute 
hemorrhages and mimics, such as calcifica-
tions or beam-hardening artifacts¹⁰. The use 
of these systems can increase diagnostic con-
fidence and reduce false-negative rates¹⁰.

AI tools based on MRI are also being ex-
plored for the rapid evaluation of stroke pro-
tocols, including diffusion-weighted imaging 
and MR angiography¹¹. These systems aim to 
provide real-time segmentation of ischemic 
lesions and vascular abnormalities, suppor-
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ting both diagnosis and therapeutic monito-
ring¹¹. However, their implementation is limi-
ted by longer acquisition times and sensitivity 
to motion in unstable patients¹¹.

One area of active research is the integration 
of clinical data with imaging findings through 
AI, aiming to generate more comprehensive 
diagnostic models¹². These multimodal models 
incorporate laboratory results, vital signs, and 
clinical scores alongside radiological findings 
to stratify risk and predict outcomes in neu-
rological emergencies¹². The potential of such 
systems lies in their ability to deliver personali-
zed and dynamic decision support¹².

Cloud-based AI platforms are now facili-
tating real-time image analysis and sharing 
across stroke care networks, promoting colla-
boration between institutions¹³. These sys-
tems enable smaller hospitals to benefit from 
tertiary-level decision support, expanding 
access to accurate and timely neuroimaging 
interpretation¹³. However, cybersecurity and 
data privacy concerns must be addressed to 
ensure sustainable and secure integration ¹³.

From the radiologist’s perspective, AI pre-
sents both opportunities and challenges in 
daily workflow¹⁴. On one hand, it can reduce 
repetitive tasks and enhance diagnostic accu-
racy; on the other, it may introduce new layers 
of complexity, such as the need for software 
oversight and alert fatigue¹⁴. Therefore, ade-
quate training and user-centered design are 
essential for the successful adoption of AI to-
ols in emergency imaging¹⁴.

The adoption of AI tools in neurological 
emergencies faces significant barriers in settin-
gs with limited infrastructure, such as public 
hospitals lacking integrated PACS, continuous 
technical support, or on-call radiologists. In 
these environments, the implementation of AI-
-based solutions requires practical adaptations, 
including offline-capable models, gradual inte-
gration with existing systems, and a focus on 
automated functions geared toward triage¹⁵.

Moreover, ongoing training for radiology, 
neurology, and primary care teams is essen-
tial to ensure the responsible and effective use 
of these technologies. continuing education 
should encompass not only the technical ope-
ration of AI systems but also an understanding 
of their limitations and the critical interpreta-
tion of their findings. This is particularly im-
portant to ensure safe and appropriate appli-
cation across diverse care settings, especially 
within Brazil’s Unified Health System (SUS)¹⁵.

Finally, ongoing collaboration among ra-
diologists, computer scientists, and regulatory 
bodies is essential to align AI development 
with clinical realities and ethical frameworks¹⁶. 
The success of AI in neurological emergen-
cies will depend not only on technical accu-
racy but also on transparency, usability, and 
seamless integration into radiological practi-
ce¹⁶. This review aims to synthesize current 
evidence, challenges, and future perspectives 
regarding the use of AI in imaging diagnosis 
of acute neurological conditions¹⁶.

OBJECTIVES
This narrative review aims primarily to ex-

plore the current applications and emerging 
roles of artificial intelligence in the imaging 
diagnosis of neurological emergencies, with 
a particular emphasis on the role of the neu-
roradiologist. Secondary objectives include 
analyzing diagnostic accuracy, integration 
into clinical workflows, regulatory status, and 
ethical implications of AI tools applied to sce-
narios such as acute stroke, traumatic brain 
injury, and other neurocritical conditions. 
The review also seeks to identify barriers to 
the implementation of these technologies, 
propose directions for future research, and as-
sess their practical feasibility across different 
levels of healthcare complexity, with special 
attention to the realities of the public health 
system.
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METHODOLOGY
A comprehensive literature search was con-

ducted across five major databases: PubMed, 
Scopus, Web of Science, Cochrane Library, and 
Google Scholar. The search strategy employed 
Boolean operators and MeSH terms such as 
“artificial intelligence,” “machine learning,” 
“deep learning,” “neuroradiology,” “neurologi-
cal emergencies,” “stroke imaging,” “traumatic 
brain injury,” and “CT and MRI diagnosis.” Ar-
ticles published between January 2020 and May 
2025 were selected to capture the most recent 
advancements and current clinical validations. 
A narrative review approach was adopted to 
allow for an interdisciplinary critical analysis, 
facilitating the integration of technical, clinical, 
and operational perspectives.

The inclusion criteria encompassed peer-
-reviewed original research, clinical trials, 
systematic reviews, and meta-analyses fo-
cused on the use of AI in emergency neuro-
radiology. Eligible studies were required to 
report outcomes related to diagnostic perfor-
mance, workflow impact, clinical integration, 
or ethical implications of AI. Exclusion crite-
ria included case reports, editorials, animal 
studies, articles not available in English, and 
studies lacking a clear focus on neurological 
emergencies or neuroimaging.

Following the initial screening by title and 
abstract, full-text articles were reviewed for 
methodological quality, clinical relevance, and 
alignment with the objectives of this review. 
The selected articles were thematically orga-
nized into categories such as stroke imaging, 
trauma diagnosis, algorithm validation, and 
ethical implementation. Data from these stu-
dies were synthesized narratively to facilitate a 
comprehensive and integrative discussion.

The narrative approach was selected for its 
flexibility in incorporating different types of 
studies and allowing for a contextual interpre-
tation of findings. Unlike systematic reviews, 
which follow rigid meta-analytic structures, 

the narrative methodology enables critical 
synthesis across disciplines and accommo-
dates emerging and heterogeneous literature. 
This format is particularly well-suited to a ra-
pidly evolving field such as AI in neuroradio-
logy, where clinical applications are still being 
defined and validated.

RESULTS AND DISCUSSION

AUTOMATED DETECTION OF 
ISCHEMIC STROKE
Artificial intelligence has played a crucial 

role in the early detection of ischemic strokes, 
particularly through the analysis of non-con-
trast CT scans and cerebral CT angiography.¹⁷ 
Deep learning models, especially convolutio-
nal neural networks, are capable of identifying 
subtle signs of ischemia—such as hypodensi-
ties and loss of cortico-subcortical differen-
tiation—with accuracy comparable to that of 
experienced radiologists.¹⁸

Moreover, automated ASPECTS scoring 
algorithms have been integrated into clinical 
workflows, contributing to faster and more 
standardized therapeutic decision-making.¹⁹ 
Automated scoring provides enhances consis-
tency and reproducibility, proving particular-
ly valuable in institutions with limited access 
to neuroradiology specialists.

Another important application lies in cere-
bral perfusion assessment, where algorithms 
can estimate  the volumes of the ischemic core 
and the viable penumbra.²⁰ This information 
is essential for selecting patients eligible for 
mechanical thrombectomy, even beyond the 
traditional time window.

Recent studies have shown that certain 
artificial intelligence algorithms designed 
for stroke diagnosis have already been vali-
dated for use outside tertiary centers, inclu-
ding community hospitals and emergency 
care units.²¹ These systems have demonstra-
ted consistent performance in detecting large 
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vessel occlusions and in automated ASPECTS 
scoring, even when operated by teams with 
limited experience in neuroradiology. This 
advancement expands access to high-quality 
screening and helps reduce door-to-treatment 
times in resource-limited settings.

INTRACRANIAL HEMORRHAGE 
AND VOLUMETRIC DETECTION
AI has demonstrated excellent performan-

ce in detecting intracranial hemorrhages, 
including intraparenchymal, subdural, and 
epidural hematomas. These algorithms auto-
matically identify and quantify hemorrhagic 
volumes on CT scans, achieving sensitivity 
rates above 95% in comparative studies with 
human specialists.²²

Automated volumetric quantification plays 
a significant prognostic role, particularly in 
monitoring hemorrhage expansion and su-
pporting neurosurgical planning. Moreover, 
AI enhances the early detection of subtle he-
morrhages that that may often go unnoticed 
in high-demand clinical environments.²³

The use of these systems has been parti-
cularly beneficial in emergency settings with 
limited radiologist availability, enabling im-
mediate alerts for critical findings and appro-
priate prioritization of patients at high risk of 
neurological deterioration.²⁴

AI APPLICATIONS IN TRAUMATIC 
BRAIN INJURY (TBI)
In cases of TBI, AI algorithms are trai-

ned to automatically detect associated inju-
ries such as contusions, skull fractures, and 
subdural hematomas.²⁵ Automated triage of 
scans with acute findings allows for a faster 
response from the care team.

Midline shift assessment—an important 
prognostic marker—can also be performed 
by AI tools, which provide accurate, real-time 
measurements. This directly supports deci-
sion-making regarding intracranial pressure 
management and surgical indications.²⁶

More recent models integrate radiological 
findings with clinical and laboratory data to 
predict unfavorable neurological outcomes 
in TBI, enabling a personalized, risk-guided 
approach for each patient.²⁷

NEUROLOGIC EMERGENCIES IN 
ONCOLOGY
In oncology patients, AI has proven valuab-

le in detecting acute neurological complica-
tions such as tumor-related hemorrhages, sig-
nificant vasogenic edema, and compression 
of vital structures.²⁸ These conditions requi-
re rapid identification to prevent irreversible 
neurological deterioration.

Dedicated AI models have been trained to 
accurately recognize early signs of brain her-
niation and tumor mass effect, supporting 
timely decisions regarding decompressive in-
terventions.²⁹ Automated interpretation also 
facilitates clinical alerts in oncology services 
with limited neuroradiology support.

Furthermore, radiomics techniques com-
bined with supervised learning have enabled 
differentiation between tumor recurrence and 
pseudoprogression— an essential distinction 
in managing patients undergoing radiothera-
py, particularly in emergency settings.³⁰

AUTOMATED SEGMENTATION IN 
MAGNETIC RESONANCE IMAGING 
(MRI)
AI tools applied to MRI enable automated 

segmentation of ischemic lesions on DWI, 
perfusion abnormalities on PWI, and regions 
affected by tumors or inflammatory proces-
ses.³¹ These data are valuable not only for 
diagnosis but also for guiding interventions 
and planning treatment strategies.

In clinical practice, automated segmen-
tation contributes to standardized reporting 
and reduces inter-observer variability. This 
consistency is essential for comparing serial 
studies and tracking the progression of acute 
neurological lesions.³²
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Specific algorithms also assist in the seg-
mentation of anatomical structures such as 
the brainstem and ventricular system, facili-
tating the detection of compression signs, hy-
drocephalus, and herniation— features with 
direct implications.³³

AUTOMATED TRIAGE AND EXAM 
PRIORITIZATION
Artificial intelligence has been successfully 

applied in imaging triage systems, enabling 
the automated detection of critical findings 
and the rerouting of urgent cases for prioriti-
zed review.³⁴ This has a significant impact in 
departments with high imaging volumes and 
limited human resources.

AI-integrated solutions within PACS sys-
tems operate in the background, analyzing all 
incoming images and flagging, in real time, 
abnormalities suggestive of stroke, hemor-
rhage, or mass lesions.³⁵ The immediate redi-
rection of these studies to human radiologists 
streamlines the clinical workflow.

Beyond severity-based prioritization, cer-
tain algorithms can also estimate the proba-
ble time of lesion onset—such as penumbral 
regions in cerebral perfusion imaging—su-
pporting clinical decisions regarding eligibi-
lity for therapies within extended treatment 
windows.³⁶

MULTIMODAL MODELS FOR 
OUTCOME PREDICTION
AI models that integrate clinical, labora-

tory, and radiological data have shown strong 
efficacy in predicting outcomes in neurologi-
cal emergencies.³⁷ These multimodal appro-
aches employ techniques such as random fo-
rests and deep neural networks to stratify risk 
with a high degree of accuracy.

For instance, the prediction of hemorrha-
gic transformation in patients with ischemic 
stroke can be enhanced by combining data 
on cerebral perfusion, baseline glucose levels, 

age, and NIHSS score.³⁸ This integrated analy-
sis supports safer and more personalized the-
rapeutic decisions.

The application of AI to forecast mortali-
ty or clinical deterioration in severe trauma-
tic brain injury (TBI) has also been explored, 
with algorithms capable of anticipating the li-
kelihood of requiring decompressive craniec-
tomy or prolonged ventilatory support.³⁹

PERFUSION AND CEREBRAL 
BLOOD FLOW ASSESSMENT
The use of artificial intelligence (AI) in CT 

or MRI perfusion imaging has demonstrated 
significant potential in the objective quanti-
fication of penumbra volume and ischemic 
core. This enables precise patient selection for 
reperfusion therapies, even beyond conven-
tional time windows, and helps avoid unne-
cessary or ineffective interventions ⁴⁰.

AI algorithms reduce interobserver varia-
bility in the interpretation of perfusion maps, 
standardizing critical clinical decisions. Ad-
ditionally, they generate automated reports 
within minutes, contributing to faster thera-
peutic management in emergency settings⁴¹.

Another relevant application is in the de-
tection of global hypoperfusion, helps avoid 
unnecessary or ineffective interventions 
hypoxic-ischemic encephalopathy or cir-
culatory collapse. In such scenarios, AI can 
identify patterns of diffuse hypoperfusion or 
laminar cortical injury, supporting rapid and 
appropriate intervention⁴².

EXPLAINABLE INTERPRETATION 
AND ETHICAL CONSIDERATIONS
Although the technical performance of AI 

is impressive, one of the main challenges is 
ensuring that its decisions are interpretable. 
“Black box” models often generate mistrust 
and hinder medical accountability, particular-
ly in emergency settings⁴³.
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Explainable AI (XAI) techniques have 
been developed to make results more audita-
ble and understandable. These approaches hi-
ghlight which regions of the image contribu-
ted to a given conclusion, facilitating human 
validation and serving as an educational tool 
for residents⁴⁴.

From an ethical standpoint, uncertainties 
remain regarding legal responsibility in cases 
of error or omission. Human oversight re-
mains essential, and clinical guidelines have 
emphasized that AI should function as a de-
cision-support tool—not as a replacement for 
clinical judgment⁴⁵.

CLINICAL IMPLEMENTATION AND 
PROFESSIONAL TRAINING
For AI to be effectively implemented in cli-

nical practice, both technical and cultural bar-
riers helps avoid unnecessary or ineffective in-
terventions. Seamless integration into existing 
systems and comprehensive training of heal-
thcare professionals are critical factors. Tools 
with limited usability or high rates of false po-
sitives often lead to rejection by radiologists⁴⁶.

Training programs focused on the critical 
interpretation of AI-generated outputs are 
being incorporated into radiology and neu-
rology residency curricula in radiology and 
neurology. The goal is to prepare professionals 
who can validate, complement, and correct al-
gorithmic outputs when necessary⁴⁷.

In the long term, AI is expected to serve as 
a cognitive extension of radiologists— auto-
mating repetitive tasks, enhancing diagnostic 
accuracy, and allowing greater focus on com-
plex case analysis. Achieving this vision, a pa-
tient-centered approach involving the entire 
multidisciplinary team is essential⁴⁸.

PRACTICAL IMPLEMENTATION 
OF AI IN NEUROLOGICAL 
EMERGENCIES IN THE PUBLIC 
HEALTHCARE SYSTEM
The applicability of AI tools in diagnosing 

neurological emergencies within public heal-
thcare services such as Brazil’s SUS depends 
on multiple structural and operational factors. 
Many hospitals still lack integrated PACS, 
continuous access to radiologists, or technical 
support for cloud-based software. Moreover, 
ongoing training of radiology, neurology, and 
primary care teams to ensure the safe and ef-
fective use of AI is essential.

Adaptable protocols that prioritize automa-
ted triage and gradual integration into clinical 
workflows can promote the safe adoption of the-
se technologies in resource-limited settings⁴⁹.

CHALLENGES OF IMPLEMENTING 
AI IN BRAZIL’S PUBLIC HEALTH 
SYSTEM: ONGOING TRAINING 
AND THE ROLE OF GENERAL 
PRACTITIONERS
Effective implementation of AI in imaging 

diagnostics for neurological emergencies wi-
thin the Brazilian public health system (SUS) 
requires not only technological investment 
but also the strengthening of continuous edu-
cation strategies for healthcare professionals. 
In the SUS, where technological infrastructu-
re is heterogeneous and radiologists are not 
always available 24/7, the role of general prac-
titioners play a critical role.

Ongoing training of these teams—espe-
cially in emergency care units and mid-sized 
hospitals—is essential so they can interpret 
automated alerts generated by AI systems and 
perform initial triage of critical findings.

Additional barriers, such as the lack of 
integrated PACS, limited internet connecti-
vity, and the absence of protocols tailored to 
local realities, further hinder broad adoption 
of these technologies. In this context, remote 
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training initiatives, simplified clinical-radio-
logical protocols, and AI systems with user-
-friendly interfaces and offline support may 
offer viable strategies to enhance the impact 
of AI within the public healthcare network⁵⁰.

FINAL CONSIDERATIONS
This review highlights the transformati-

ve potential of AI in imaging diagnostics for 
neurological emergencies, with a positive 
impact on diagnostic accuracy, speed, and 
standardization. The technology has proven 
particularly useful in contexts such as stroke, 
traumatic brain injury (TBI), and hemorrha-
ges, while also expanding access in regions la-
cking specialists.

However, key challenges remain, including 
the limited validation of algorithms in diverse 
populations, incomplete integration into cli-
nical workflows, and low explainability. There 
is room for broader practical implementation 
of these tools within Brazil’s public health sys-
tem (SUS), provided they are accompanied 
by investments in infrastructure, professional 
training, and cost-effectiveness assessments. 
Future research should prioritize the develo-
pment of heterogeneous datasets, multicenter 
validations, and tools tailored to varied heal-
thcare realities.
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