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Abstract  

Artificial Intelligence (AI) is rapidly transforming anesthesiology and reanimatology, offering 

powerful tools for enhancing patient safety, improving diagnostic accuracy, and optimizing clinical 

decision-making. This article provides a comprehensive analysis of current AI applications in 

anesthesia depth management, automated drug delivery (closed-loop systems), preoperative risk 

stratification, and early detection of life-threatening conditions in intensive care units. Special 

attention is given to AI-driven predictive analytics, personalized treatment protocols, and real-time 

monitoring systems that support rapid clinical interventions. The advantages and limitations of AI—

including accuracy, speed, personalization potential, integration barriers, and ethical 

considerations—are critically evaluated. Future perspectives highlight the development of fully 

automated anesthesia systems, multimodal AI platforms, and integration with telemedicine. AI is 

positioned not as a replacement for clinicians but as an essential assistant that enhances safety, 

efficiency, and patient-centered care. 
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Introduction  

Artificial Intelligence (AI) is transforming healthcare by providing advanced tools for patient 

monitoring, risk assessment, and decision support. In anesthesiology and reanimatology, where 

patient conditions can deteriorate within seconds, AI offers opportunities to enhance safety, optimize 

treatment, and improve outcomes [1,2,5]. By analyzing large volumes of patient data in real time, AI 

supports clinicians in making evidence-based decisions, reducing errors, and enabling personalized 

care. This review synthesizes recent developments in AI applications in perioperative and critical care 

settings, discusses their benefits and limitations, and explores future prospects and ethical 

considerations [4,12,20]. AI has increasingly been integrated into anesthetic practice to enhance 

patient safety and improve precision. One of the most significant applications is in monitoring the 

depth of anesthesia [3,8]. Machine learning and deep learning algorithms analyze 

electroencephalogram (EEG) data along with demographic and physiological parameters to predict 

optimal anesthetic depth. This approach helps prevent intraoperative awareness and avoids excessive 

sedation or anesthetic overdose. Closed-loop drug delivery systems, powered by AI, can 

automatically adjust infusion rates of anesthetic agents such as propofol and remifentanil, ensuring 

real-time adaptation to the patient’s condition and reducing the risk of human error [7,13]. 
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Preoperative risk assessment represents another key application. AI algorithms can integrate patient 

medical histories, laboratory results, and imaging findings to predict postoperative complications 

including myocardial infarction, pulmonary insufficiency, and renal failure. These predictive models 

allow anesthesiologists to plan tailored perioperative strategies for high-risk individuals, supporting 

safer surgical outcomes [5,11,19]. 

In intensive care units, AI serves as an essential adjunct for monitoring critically ill patients. 

Predictive analytics can continuously assess physiological parameters such as ECG, blood pressure, 

respiratory rate, and oxygen saturation and detect subtle deviations that may precede severe 

conditions like sepsis, cardiogenic shock, or acute respiratory distress syndrome [2,16]. By providing 

early warning alerts, AI enables timely intervention and reduces morbidity and mortality. AI also 

supports individualized treatment in the ICU. By analyzing large datasets of similar clinical cases, AI 

can suggest optimal ventilator settings, fluid management strategies, and pharmacologic regimens 

tailored to the unique needs of each patient. Additionally, automated image analysis allows rapid 

interpretation of chest X-rays and CT scans, facilitating early identification of conditions such as 

pneumothorax, pulmonary edema, or pleural effusion [6,8,16]. AI in anesthesiology and 

reanimatology offers several advantages. It enhances diagnostic and prognostic accuracy, reduces 

errors in drug dosing, and enables rapid detection of life-threatening conditions. Moreover, AI 

supports personalized care by recommending patient-specific interventions and reduces clinician 

workload by automating repetitive monitoring tasks [13,17]. 

However, limitations remain. AI systems rely on the quality and quantity of input data, and poor data 

can lead to errors. Integration with existing medical devices can be technically complex. The “black 

box” nature of AI algorithms often limits the clinician’s ability to explain the rationale behind specific 

recommendations. Ethical and legal considerations, including responsibility for AI-driven decisions, 

remain areas of ongoing discussion [8,19]. The future of AI in perioperative and critical care medicine 

is promising. Fully automated systems may eventually manage anesthesia with minimal human 

intervention under clinician supervision. Multimodal AI platforms capable of integrating genomic 

data, imaging results, and real-time physiological data could provide comprehensive clinical decision 

support. Tele-ICU and remote monitoring solutions will further enable clinicians to manage critically 

ill patients from a distance [4,14]. Despite these advances, human oversight remains essential, as AI 

should augment rather than replace the clinical judgment and compassionate care provided by medical 

professionals. 

Artificial intelligence (AI) is increasingly influencing the fields of anesthesiology and critical care, 

offering tools that help clinicians monitor patients more effectively, anticipate complications, and 

make personalized decisions. By analyzing large amounts of patient data quickly and continuously, 

AI can identify patterns that may not be immediately apparent to human observers [3,10]. In 

anesthesiology, AI applications include preoperative risk assessment, intraoperative monitoring, and 

postoperative management. Before surgery, AI can help identify patients at higher risk for adverse 

events such as drops in blood pressure, oxygen desaturation, or postoperative nausea. During surgery, 

AI-based systems can track vital signs and detect early warning signs of hemodynamic instability, 

giving anesthesiologists the chance to intervene promptly. AI can also assist in regulating the depth 

of anesthesia, adjusting drug administration based on patient-specific responses to reduce side effects 

and improve recovery [2,17]. 
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In critical care settings, AI is used to support patient management in intensive care units. It can detect 

early indicators of conditions like sepsis, shock, or organ failure by continuously analyzing vital signs, 

lab results, and other clinical information. AI tools can also provide guidance on mechanical 

ventilation, helping determine optimal settings and timing for weaning. Furthermore, AI can identify 

patients at risk of complications such as delirium or acute kidney injury, allowing clinicians to 

implement preventive measures sooner. Beyond direct patient care, AI can assist in organizing 

workflow, including estimating ICU length of stay, prioritizing care for high-risk patients, and 

supporting efficient allocation of medical resources [3,6]. The advantages of AI in these areas are 

significant. It can provide timely alerts, manage complex data efficiently, and contribute to more 

individualized patient care. However, challenges exist. AI systems require high-quality, well-

structured data to function reliably, and inconsistencies in medical records or monitoring systems can 

limit their accuracy [8]. Many AI models lack transparency, making it difficult to understand how 

they generate predictions, which can affect clinicians’ confidence in their recommendations. 

Successful integration also depends on training staff and adapting workflows to include AI insights 

without disrupting care [1,18]. Looking ahead, AI holds the potential to further improve perioperative 

and critical care. Future developments may combine multiple sources of patient information, 

including physiological data, laboratory results, imaging, and even genetic information, to create 

comprehensive risk profiles. AI may also enable remote monitoring, allowing specialists to provide 

guidance across hospitals in real time [3,9]. 

Current evidence indicates that AI can significantly improve patient safety and treatment outcomes 

in anesthesiology and reanimatology. Predictive analytics, automated dosing, and early warning 

systems reduce complications, shorten ICU stays, and allow for more personalized care. Successful 

implementation, however, requires investment in high-quality data collection, staff training, and 

integration with existing healthcare systems. In addition, ethical and legal frameworks must be 

established to guide AI usage, protect patient data, and delineate clinical responsibility. AI represents 

a transformative tool for anesthesiology and reanimatology, enhancing precision, safety, and 

efficiency in patient care. While technological capabilities are rapidly advancing, practical adoption 

must be accompanied by ethical guidelines, clinical oversight, and structured implementation 

strategies. The future of perioperative and intensive care medicine will involve collaborative decision-

making between AI systems and clinicians, combining computational power with human expertise 

and compassion. 
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