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Abstract: Advances in artificial intelligence (AI) and machine learning are rapidly 

transforming neuro-intensive care units (Neuro-ICUs), enhancing patient monitoring, diagnostics and 

prognostication. This review explores the integration and application of AI-driven technologies within 

Neuro-ICUs, highlighting their role in real-time multimodal monitoring, early detection of 

neurological complications and accurate outcome prediction. AI-based algorithms utilizing continuous 

EEG, intracranial pressure, cerebral oxygenation and neuroimaging data offer significant 

improvements in detecting vasospasm, seizures and cerebral edema, facilitating timely interventions. 

Predictive modeling through deep learning and neural networks has shown promise in forecasting 

long-term outcomes, such as Glasgow Outcome Scale–Extended (GOS-E) and modified Rankin Scale 

(mRS) scores, thereby aiding clinical decision-making and family counseling. Despite these advances, 

significant challenges remain, including data privacy concerns, interpretability of algorithms, and 

clinical integration. This article synthesizes recent literature (2018–2025) to evaluate the potential, 

limitations, and ethical implications of AI applications in Neuro-ICUs and provides insights into future 

research directions aimed at optimizing patient care and outcomes. 
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Introduction 

Neuro-intensive care units (Neuro-ICUs) are specialized facilities dedicated to managing critically ill 

neurological and neurosurgical patients, characterized by dynamic and rapidly evolving 

pathophysiological processes. Conditions such as severe traumatic brain injury, ischemic and 

hemorrhagic stroke, status epilepticus, and other acute neurological disorders demand continuous, 

sophisticated monitoring and timely clinical interventions to optimize patient outcomes. Despite 

significant advancements in intensive care management, mortality rates remain high, and many 

survivors face severe long-term neurological disabilities. 

Conventional patient monitoring in Neuro-ICUs involves continuous assessment of vital signs, 

intracranial pressure (ICP), cerebral perfusion pressure (CPP), electroencephalography (EEG), cerebral 

oxygenation, and periodic neuroimaging. However, clinicians often face challenges in effectively 

synthesizing large volumes of real-time data, recognizing subtle clinical deteriorations early, and 

accurately predicting long-term neurological outcomes. These limitations underscore the urgent need 

for improved tools that can enhance clinical decision-making, facilitate proactive interventions, and 

deliver personalized patient care. 

Recent advancements in artificial intelligence (AI), particularly machine learning (ML) and deep 

learning (DL), have demonstrated substantial potential in addressing these clinical challenges. AI-

based technologies can rapidly process complex datasets, identify hidden patterns, predict clinical 

trajectories, and alert healthcare providers to impending neurological complications, offering 

promising avenues for transforming neurocritical care practice. Predictive models utilizing 

sophisticated neural networks and advanced data analytics have already shown improved accuracy in 

early diagnosis and prognostication compared to traditional clinical assessment methods. 

IJCNP, Volume 3, Issue 6, 2025               ISSN: 2995-536X 
https://medicaljournals.eu/index.php/IJCNP 



International Journal of Cognitive Neuroscience and Psychology  

 
Copyright © 2025 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License 

(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium                                           2 
provided the original work is properly cited.  

However, integrating AI into clinical workflows is not without challenges. Concerns regarding data 

privacy, algorithm interpretability, potential biases, and acceptance among clinicians require careful 

consideration. This review synthesizes current literature (2018–2025) to evaluate the role of AI in 

Neuro-ICUs comprehensively, focusing on three critical domains: patient monitoring, diagnostics and 

early detection, and prognosis. Additionally, ethical implications, limitations, and future directions are 

discussed to provide a roadmap for successfully translating AI technologies into routine clinical 

practice within Neuro-ICUs. 

Materials and Methods 

Study Design 

This article is structured as a comprehensive narrative review aimed at critically evaluating current 

literature on the application of artificial intelligence (AI) technologies in neuro-intensive care units 

(Neuro-ICUs). The review emphasizes the roles of AI in patient monitoring, diagnostics, early 

complication detection, and outcome prognostication in critically ill neurological patients. 

Search Strategy 

A systematic literature search was conducted from February 1 to April 30, 2025, using major electronic 

databases: PubMed, Scopus, Web of Science, Google Scholar, and ScienceDirect. The search was 

restricted to peer-reviewed studies published in English between January 2018 and April 2025. 

Search Terms 

The search strategy involved a combination of the following terms and keywords: 

 "Artificial intelligence" 

 "Machine learning" 

 "Deep learning" 

 "Neurocritical care" 

 "Neuro-ICU" 

 "Patient monitoring" 

 "Neuroimaging" 

 "Intracranial pressure" 

 "Electroencephalography (EEG)" 

 "Cerebral oxygenation" 

 "Prognosis" 

 "Outcome prediction" 

 "Neurological disorders" 

 "Traumatic brain injury" 

 "Stroke" 

 "Clinical decision support" 

Boolean operators (AND, OR, NOT) were used strategically to optimize the literature search and 

retrieve the most relevant articles. 

Inclusion and Exclusion Criteria 

Articles were selected based on the following inclusion criteria: 
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 Studies focused specifically on AI applications in Neuro-ICU settings. 

 Research involving clinical, observational, or retrospective cohort studies, randomized controlled 

trials, and systematic or narrative reviews. 

 Studies clearly describing the use of AI for monitoring, diagnostics, complication detection, or 

prognosis. 

Exclusion criteria were: 

 Non-peer-reviewed literature, editorials, letters, and commentary. 

 Articles published before 2018. 

 Studies focused exclusively on non-neurological intensive care settings or general hospital AI 

applications. 

Data Extraction and Synthesis 

Two independent reviewers screened article titles and abstracts for initial selection (T.A. and V.S.). 

Disagreements were resolved by consensus after discussion. Full texts of shortlisted studies were 

evaluated to confirm eligibility. Relevant data were systematically extracted, including study design, 

type of AI algorithms, clinical parameters monitored, patient population, clinical outcomes assessed, 

and algorithm performance metrics. 

Analysis 

Extracted data were analyzed qualitatively and summarized according to major themes: monitoring 

methods, diagnostic and predictive capabilities, outcomes, limitations, and clinical relevance. Data 

integration aimed to provide a clear perspective on current capabilities, limitations, and future 

directions of AI within Neuro-ICUs. 

Literature Review 

Artificial Intelligence in Neurocritical Care: An Overview 

Artificial intelligence (AI) and machine learning (ML) have revolutionized healthcare delivery by 

enabling rapid analysis of complex datasets, enhancing clinical decision-making, and improving 

patient outcomes. In neurocritical care settings, AI has shown promising applications in patient 

monitoring, diagnostic accuracy, and outcome prediction. Recent systematic reviews have highlighted 

the expanding use of deep learning and advanced neural network models in critical neurological 

environments, underscoring the potential of AI-driven decision support systems to augment clinician 

capabilities [1,2]. 

AI-Based Patient Monitoring in Neuro-ICUs 

Continuous multimodal monitoring is essential in Neuro-ICUs for the early detection of secondary 

injuries and complications such as vasospasm, seizures, and cerebral ischemia. AI-driven monitoring 

platforms integrate real-time physiological data—including intracranial pressure (ICP), 

electroencephalography (EEG), cerebral oxygenation, and cerebral blood flow—and rapidly identify 

subtle changes indicative of neurological deterioration [11,12]. For instance, automated analysis of 

continuous EEG data using deep convolutional neural networks has demonstrated high sensitivity and 

specificity (>90%) in identifying non-convulsive seizures and status epilepticus earlier than traditional 

visual analysis by neurophysiologists [3,4]. 

Similarly, AI-enabled intracranial pressure monitoring systems can predict episodes of critical 

intracranial hypertension (ICP >20 mmHg) several hours in advance, allowing for preemptive 

therapeutic interventions. Algorithms combining patient-specific physiological trends and predictive 

analytics have reduced the incidence of uncontrolled intracranial hypertension by up to 30% in recent 

observational studies [5,6]. 
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AI in Diagnostics and Early Detection of Complications 

Rapid and accurate diagnosis is crucial in neurocritical care, and AI has significantly enhanced the 

diagnostic accuracy of neuroimaging techniques. Machine learning algorithms applied to computed 

tomography (CT) and magnetic resonance imaging (MRI) scans have demonstrated superior 

performance in identifying subtle radiological changes associated with vasospasm, cerebral edema, 

hemorrhagic progression, and ischemia compared to traditional radiologist evaluations [7,8]. For 

example, a recent study using deep learning-based image recognition models achieved an accuracy rate 

exceeding 95% in predicting delayed cerebral ischemia after aneurysmal subarachnoid hemorrhage [9]. 

Transcranial Doppler ultrasonography enhanced with AI algorithms has similarly improved sensitivity 

and specificity in detecting early vasospasm, thereby allowing timely initiation of therapeutic measures 

such as hemodynamic augmentation or angioplasty [10,11]. 

AI for Prognosis and Outcome Prediction 

Accurate prognostication remains a critical challenge in neurocritical care, influencing both clinical 

decision-making and patient-family communication. Machine learning algorithms utilizing patient 

demographic data, clinical variables, biomarker panels, and neurophysiological parameters have 

significantly improved prognostic accuracy. Models incorporating deep learning and random forest 

algorithms have reliably predicted long-term functional outcomes using standard assessment tools such 

as the Glasgow Outcome Scale–Extended (GOS-E) and modified Rankin Scale (mRS) with area under 

the receiver operating characteristic (AUROC) curves exceeding 0.85 [12,13].  

Recent developments have further combined multimodal monitoring data (ICP, EEG, cerebral 

metabolism) with machine learning frameworks, enabling precise, individualized prognostication. 

Studies indicate these predictive models outperform traditional statistical methods, providing valuable 

clinical insights for tailored patient management strategies [14,15]. 

Ethical Considerations and Limitations 

Despite promising advancements, the integration of AI technologies into clinical practice faces 

multiple ethical and practical challenges. Data privacy, algorithm transparency, and the potential for 

algorithmic bias remain significant concerns. AI-driven models rely heavily on high-quality datasets, 

and limitations such as incomplete, biased, or non-representative data may compromise 

generalizability and clinical applicability [16,17]. 

Moreover, clinical acceptance depends on interpretability and transparency of AI algorithms. “Black-

box” models pose barriers to clinician trust, underscoring the need for explainable AI (XAI) solutions 

that clearly communicate decision logic and predictive rationale [18,19]. Additionally, practical 

hurdles such as integration with existing healthcare systems, staff training, and workflow 

modifications must be addressed before widespread adoption in Neuro-ICUs. 

Future Directions 

Future research must prioritize refining algorithmic accuracy, enhancing model interpretability, and 

validating clinical effectiveness through rigorous prospective studies. AI applications should evolve 

towards integrated, real-time decision-support platforms capable of synthesizing diverse patient data 

streams and guiding individualized management in neurocritical care scenarios. Additionally, large-

scale collaborative research efforts, standardization of data collection, and ethical AI governance 

frameworks will be crucial in translating promising experimental results into routine clinical practice 

[20,21]. 

Results 

Analysis of the literature revealed extensive utilization of AI in patient monitoring within Neuro-ICUs. 

Studies utilizing AI-driven continuous EEG monitoring demonstrated superior sensitivity (>90%) in 

the early detection of subtle seizure activities, such as non-convulsive status epilepticus, compared to 

standard manual interpretations [22,23]. Similarly, advanced predictive algorithms integrating 
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intracranial pressure (ICP), cerebral oxygenation, and hemodynamic parameters achieved up to 85% 

accuracy in forecasting episodes of critical intracranial hypertension several hours in advance, thus 

facilitating timely intervention and reducing complication rates by approximately 30% [24,25]. 

In diagnostic imaging, AI-based deep learning models significantly enhanced the accuracy and speed 

of detecting neurological complications. Convolutional neural networks applied to CT and MRI scans 

demonstrated high accuracy (>95%) in identifying vasospasm, ischemic regions, and early cerebral 

edema in aneurysmal subarachnoid hemorrhage and traumatic brain injury (TBI) patients [26,27]. AI-

enhanced transcranial Doppler sonography improved the sensitivity and specificity (both >90%) of 

early vasospasm detection, leading to earlier therapeutic interventions and improved patient outcomes 

[28]. 

Prognostication emerged as one of the most promising areas for AI application, with predictive models 

significantly outperforming traditional methods. Machine learning models integrating clinical 

variables, demographic data, biomarkers, and multimodal monitoring data demonstrated high 

predictive accuracy for long-term outcomes. Models predicting Glasgow Outcome Scale–Extended 

(GOS-E) and modified Rankin Scale (mRS) scores achieved areas under the receiver operating 

characteristic (AUROC) curves ranging from 0.85 to 0.92, indicating strong predictive validity 

[29,30]. Particularly, AI algorithms integrating multimodal data (ICP, EEG patterns, biomarkers) were 

capable of accurately forecasting patient outcomes within 72 hours of ICU admission, enhancing 

clinical decision-making and patient counseling [31,32]. 

Comparative studies consistently indicated that AI models provided higher accuracy, sensitivity, and 

specificity in monitoring, diagnostics, and prognostication than traditional clinical assessments. A 

recent comparative analysis of predictive methods in TBI patients indicated that AI-driven multimodal 

algorithms were significantly more accurate in outcome prediction compared to standard statistical 

models (accuracy: 89% vs. 74%, p < 0.001), highlighting the potential of AI integration for clinical 

utility [33]. 

Despite substantial progress, several barriers remain for widespread AI implementation in clinical 

practice. Key challenges identified included limited algorithm interpretability, insufficient clinician 

familiarity with AI technology, data privacy and ethical concerns, and the need for robust external 

validation in larger multicenter studies. Studies indicated that while clinicians acknowledged the 

potential of AI, they expressed concerns regarding transparency of decision logic (60% of respondents) 

and data security (52% of respondents) [34,35] 

Summary of Key Findings (Enhanced with Graphics) 

 Patient Monitoring: 

 Seizure detection sensitivity increased from 75% (manual analysis) to >90% (AI-based EEG 

analysis). 

 ICP predictive accuracy improved, reducing severe episodes by approximately 30%. 
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 Diagnostics and Early Detection: 

 Neuroimaging diagnostic accuracy improved from approximately 80% (traditional assessment) to 

over 95% using AI algorithms. 

 Transcranial Doppler sensitivity/specificity for vasospasm detection rose above 90%. 

 Prognosis and Outcome Prediction: 

 Prognostic accuracy improved significantly with AI (AUROC ~0.85–0.92), outperforming 

traditional statistical methods (AUROC ~0.70–0.80). 
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