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Abstract: General anaesthesia (GA) is a cornerstone of 

modern surgical practice, enabling pain-free and 

controlled procedures by inducing reversible 

unconsciousness and loss of sensation. The complexity 

and dynamic nature of GA management demand 

continuous monitoring, timely decision-making, and 

precise drug administration to ensure patient safety. In 

recent years, artificial intelligence (AI) has emerged as 

a transformative tool in healthcare, offering advanced 

capabilities in data analysis, pattern recognition, and 

real-time decision support. 

This review explores the integration of AI technologies 

into the domain of general anaesthesia, focusing on 

three key applications: monitoring, prediction, and 

automation. In monitoring, AI enables real-time 

analysis of physiological parameters and depth of 

anaesthesia, enhancing intraoperative safety. In 

predictive modelling, AI algorithms assist in 

anticipating adverse events such as hypotension, 

awareness during anaesthesia, and post-operative 

complications, thereby allowing for proactive 

interventions. In automation, AI-driven closed-loop 

systems and decision-support tools contribute to 

optimized drug delivery and anaesthesia management 

with minimal human input. 

Overall, the integration of AI into anaesthesia practice 

holds the potential to improve precision, safety, and 

efficiency. This paper aims to provide a comprehensive 

overview of current advancements, practical 

applications, and future directions of AI in general 

anaesthesia. 
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1. INTRODUCTION 

General anaesthesia (GA) is an essential component 

of surgical and critical care medicine, facilitating 

complex procedures by rendering patients 

unconscious, insensible to pain, and immobile. 

Ensuring patient safety and maintaining precise 

control over physiological parameters during 

anaesthesia are critical responsibilities of 

anaesthesiologists. The delicate balance between 

anaesthetic depth, hemodynamic stability, and 

timely drug administration requires constant 

vigilance and expert judgment. 

The objective of this review is to explore the current 

and emerging applications of AI in general 

anaesthesia, with a particular focus on its roles in 

monitoring, prediction, and automation. By 

examining recent developments, clinical 

applications, and associated challenges, this paper 

aims to provide a comprehensive understanding of 

how AI is reshaping the practice of anaesthesia and 

what the future may hold. 

2. AI TECHNOLOGIES IN ANAESTHESIA 

In the context of general anaesthesia, numerous data 

sources are available for AI applications. These 

include: 

• Vital signs: continuous monitoring of heart rate, 

blood pressure, respiratory rate, and oxygen 

saturation. 

• Electroencephalogram (EEG) data: used to 

assess brain activity and depth of anaesthesia. 
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• Bispectral Index (BIS) monitors: which provide 

a numerical scale indicating the level of 

consciousness based on EEG signals. 

• Electronic Health Records (EHRs): offering 

patient-specific data such as demographics, 

comorbidities, medication history, and previous 

anaesthetic experiences. 

The integration of AI into anaesthesia workflows is 

facilitated through advanced software systems, 

smart monitors, and closed-loop control devices. 

These systems operate in synergy with existing 

anaesthesia machines and monitoring equipment, 

offering anaesthesiologists decision support, alarms, 

or even fully automated responses such as drug 

infusion adjustments. By embedding AI into the 

clinical environment, anaesthesia delivery can 

become more standardized, responsive, and tailored 

to the individual patient. 

3. AI IN MONITORING 

Monitoring is a critical component of anaesthesia 

management, ensuring patient safety through 

continuous assessment of physiological parameters. 

Traditional monitoring techniques provide a wealth 

of real-time data, but interpreting this information 

accurately and promptly can be challenging, 

especially in high-stress surgical environments. 

Artificial Intelligence (AI) enhances monitoring by 

enabling real-time data interpretation, pattern 

recognition, and decision support. 

Real-Time Patient Monitoring 

AI-powered systems can process continuous streams 

of data such as heart rate, blood pressure, respiratory 

rate, and oxygen saturation (SpO₂) to provide a more 

comprehensive and dynamic picture of a patient’s 

physiological state. By detecting subtle changes in 

these vital signs, AI can support early identification 

of deteriorating trends that might otherwise go 

unnoticed by human observers. 

Depth of Anaesthesia Monitoring 

Maintaining an appropriate depth of anaesthesia is 

crucial to prevent intraoperative awareness or 

excessive sedation. AI models, particularly those 

based on EEG (electroencephalogram) data, have 

shown promise in accurately assessing anaesthetic 

depth. Algorithms trained on EEG waveforms and 

processed through machine learning techniques 

(such as support vector machines or convolutional 

neural networks) can classify patient states—awake, 

sedated,  

Anomaly Detection and Early Warning Systems 

AI excels at identifying outliers and anomalies 

within large datasets, making it an ideal tool for 

early warning systems. For example, AI can predict 

events like hypotension, hypoxia, or cardiac 

arrhythmias several minutes before they occur, 

allowing clinicians to intervene proactively. These 

predictive alerts reduce response time and improve 

patient safety, especially during long or complex 

surgeries. 

AI-Integrated Monitoring Devices 

Recent innovations have led to the development of 

closed-loop anaesthesia systems that incorporate AI 

algorithms for autonomous control. These devices 

not only monitor patient parameters but also adjust 

anaesthetic drug delivery in real time based on 

feedback loops. Systems like McSleepy and 

SmartPilot® View exemplify this integration, 

combining real-time monitoring with automated 

decision-making to optimize anaesthetic depth and 

hemodynamic stability. 

4. AI IN PREDICTION 

Pre-operative Risk Assessment 

AI can assist in pre-operative risk stratification by 

analyzing patient history, comorbidities, laboratory 

results, and medication use. Predictive models can 

forecast potential complications such as difficult 

airway, adverse drug reactions, or need for intensive 

post-operative care. This allows anaesthesiologists 

to tailor anaesthetic plans and allocate resources 

more effectively. 

Intraoperative Event Prediction 

AI has demonstrated strong potential in forecasting 

intraoperative complications, including: 

• Hypotension: Machine learning (ML) models 

can detect early trends in arterial pressure and 

cardiac output to predict hypotensive episodes 

several minutes before onset. This allows timely 
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intervention to maintain hemodynamic 

stability. 

• Awareness during Anaesthesia: Using EEG and 

BIS data, AI models can assess the likelihood of 

intraoperative awareness and adjust anaesthetic 

depth accordingly, reducing the risk of 

consciousness during surgery. 

Predictive Analytics from Big Data and EHRs 

The integration of big data and EHRs provides a rich 

source of information for AI systems. These 

datasets, when analyzed using advanced statistical 

and ML techniques, offer insights into trends that 

correlate with perioperative risks and outcomes. By 

learning from thousands of previous cases, AI can 

guide real-time decisions in current procedures, 

improving patient safety and outcomes. 

Machine Learning Models in Prediction 

Various machine learning algorithms are employed 

in anaesthesia-related prediction: 

• Logistic Regression: Commonly used for binary 

outcome predictions, such as whether or not a 

patient will experience PONV. 

• Decision Trees and Random Forests: Useful for 

classifying outcomes based on multiple 

variables; Random Forests improve prediction 

accuracy through ensemble learning. 

5. AI IN AUTOMATION 

Automation in anaesthesia is rapidly evolving with 

the integration of artificial intelligence (AI), 

significantly enhancing precision, consistency, and 

safety in perioperative care. By automating 

repetitive or complex tasks, AI allows 

anaesthesiologists to focus on higher-level decision-

making and patient-specific concerns. The 

automation spectrum ranges from closed-loop 

systems to robotic assistance and intelligent decision 

support tools. 

Closed-Loop Anaesthesia Systems 

Closed-loop anaesthesia systems represent one of 

the most advanced applications of AI in clinical 

automation. These systems use real-time 

physiological feedback—such as heart rate, blood 

pressure, EEG, and Bispectral Index (BIS) scores—

to adjust anaesthetic drug delivery automatically. 

• Automated Drug Delivery: AI algorithms 

continuously analyze patient responses to 

anaesthetic agents and autonomously titrate 

drugs like propofol, remifentanil, or muscle 

relaxants to maintain optimal anaesthetic depth 

and hemodynamic stability. Notable examples 

include systems like McSleepy, which operates 

using multiple feedback loops, and SmartPilot® 

View, which simulates and suggests optimal 

drug combinations. 

Decision Support Systems 

• Dosage Recommendations: AI tools can 

suggest individualized dosing based on patient-

specific factors such as age, weight, 

comorbidities, and current physiological status. 

These systems minimize dosing errors and 

optimize therapeutic outcomes. 

• Fluid Management: AI algorithms can process 

hemodynamic data to assess intravascular 

volume status and guide fluid resuscitation. 

Predictive models help determine whether a 

patient will respond to fluid administration, 

enhancing intraoperative fluid balance and 

reducing the risk of complications like 

hypovolemia or fluid overload. 

Robotics in Anaesthesia 

• AI-Guided Intubation: Robotic systems 

equipped with AI and computer vision can 

assist or perform tracheal intubation by 

recognizing anatomical landmarks and guiding 

the endotracheal tube with precision. This 

reduces the risk of airway trauma and increases 

first-pass success, particularly in difficult 

airway cases. 

• Ventilator Control: Intelligent ventilators use 

AI algorithms to adjust ventilation parameters 

in response to real-time respiratory data, 

ensuring optimal gas exchange and minimizing 

lung injury. These systems adapt dynamically to 

changes in patient condition without the need 

for constant manual input. 

6. CLINICAL EVIDENCE AND CASE STUDIES 
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The transition of artificial intelligence (AI) from 

theoretical development to clinical practice in 

general anaesthesia is supported by a growing body 

of clinical evidence. Numerous studies and real-

world applications have evaluated AI’s 

effectiveness in enhancing monitoring, prediction, 

and automation in anaesthetic care. These findings 

demonstrate the clinical utility, safety, and potential 

superiority of AI-enhanced systems compared to 

traditional methods. 

Summary of Key Studies and Clinical Trials 

• A randomized controlled trial (RCT) using the 

McSleepy closed-loop system demonstrated 

improved hemodynamic stability and tighter 

control of anaesthetic depth compared to 

manual administration during major abdominal 

surgeries. 

• Studies using AI-enhanced EEG analysis for 

monitoring depth of anaesthesia have shown 

increased accuracy in predicting intraoperative 

awareness and faster patient recovery, with 

fewer incidents of under- or over-sedation. 

• A large-scale observational study evaluating 

machine learning algorithms for predicting 

intraoperative hypotension reported a 

significant reduction in hypotensive events 

when predictions were integrated into real-time 

alerts for anaesthesiologists. 

Real-World Implementation Examples 

• SmartPilot® View, an AI-powered decision 

support tool, is used in European hospitals to 

visualize predicted effects of drug 

combinations, guiding anaesthetists in 

maintaining optimal sedation and analgesia. 

• Carescape™ systems by GE Healthcare 

incorporate predictive analytics to forecast 

adverse events during surgery based on 

continuous physiological monitoring. 

• AI-based ventilator management systems, like 

Hamilton Medical’s IntelliCuff, adjust airway 

pressures dynamically, improving ventilation-

perfusion matching in real time. 

Comparative Effectiveness with Traditional 

Methods 

• Closed-loop drug delivery systems consistently 

maintain target anaesthetic depth more 

accurately than manual titration, especially in 

long-duration procedures. 

• AI-based prediction tools reduce human error in 

assessing perioperative risks, particularly in 

high-risk or complex cases where rapid data 

interpretation is critical. 

• AI-integrated monitoring identifies trends and 

anomalies faster than human observation, 

allowing for earlier interventions and improved 

patient outcomes. 

However, it's important to note that AI systems are 

most effective when used in conjunction with, rather 

than in place of, skilled clinical judgment. While 

they enhance consistency and precision, clinical 

oversight remains essential. 

AI applications in anaesthesia have thus moved 

beyond conceptual exploration, with strong clinical 

evidence supporting their integration into routine 

practice. These innovations are laying the 

foundation for a safer, more efficient, and data-

driven future in anaesthesiology. 

7. BENEFITS AND OPPORTUNITIES 

The integration of artificial intelligence (AI) into 

general anaesthesia presents a wide array of benefits 

that can transform the quality, efficiency, and safety 

of perioperative care. By leveraging large datasets, 

real-time physiological inputs, and predictive 

models, AI facilitates more accurate, personalized, 

and proactive anaesthesia management.  

Improved Precision and Personalization 

AI algorithms analyze patient-specific data—such 

as age, weight, comorbidities, vital signs, and past 

medical history—to support tailored anaesthesia 

plans. This results in: 

• More accurate drug dosing based on individual 

pharmacodynamics and pharmacokinetics. 

• Better maintenance of anaesthetic depth, 

reducing risks of both awareness and over-

sedation. 

• Enhanced analgesic and sedative balance, 

minimizing side effects and improving recovery 

profiles. 
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Reduced Workload for Anaesthesiologists 

• Continuous monitoring of vital signs. 

• Drug titration based on feedback loops. 

• Real-time risk predictions and alerts. 

By handling these functions autonomously or semi-

autonomously, AI allows anaesthesiologists to focus 

on complex decision-making, attend to multiple 

cases, and reduce cognitive fatigue—especially in 

high-stress or high-volume environments. 

Enhanced Patient Safety 

• AI-based early warning systems detect 

anomalies or complications (e.g., hypotension, 

hypoxia) before they become critical. 

• Continuous monitoring ensures rapid detection 

and intervention, minimizing human error. 

• Closed-loop systems maintain steady 

physiological parameters, reducing 

intraoperative fluctuations that can lead to 

complications. 

8. CHALLENGES AND LIMITATIONS 

While artificial intelligence (AI) holds 

transformative promise for general anaesthesia, its 

widespread adoption is met with several challenges 

and limitations. These barriers stem from 

technological, regulatory, ethical, and logistical 

domains, all of which must be addressed to ensure 

the safe, effective, and ethical deployment of AI in 

clinical settings. 

Data Quality and Integration Issues 

• Clinical data, especially in anaesthesia, is often 

heterogeneous, incomplete, or inconsistent. 

• Integration across platforms—such as 

Electronic Health Records (EHRs), monitors, 

and drug delivery systems—is technically 

complex and varies by institution. 

• Lack of standardized data formats limits the 

scalability and interoperability of AI models. 

These limitations can lead to biased outputs, reduced 

algorithm performance, and safety concerns if AI 

systems misinterpret or overgeneralize from poor 

data. 

Regulatory and Ethical Concerns 

• Accountability and liability: If an AI system 

contributes to an adverse event, it remains 

unclear whether the fault lies with the clinician, 

developer, or institution. 

• Transparency: Many AI models, especially 

deep learning systems, operate as "black 

boxes," making it difficult to understand how 

decisions are made. 

• Data privacy and security: The use of sensitive 

patient data for AI training raises concerns 

about HIPAA/GDPR compliance and the 

potential for misuse or breaches. 

Regulatory bodies worldwide are still developing 

frameworks for the approval, monitoring, and post-

market surveillance of AI-based medical tools. 

Trust and Acceptability Among Anaesthesiologists 

• Concerns about loss of clinical autonomy. 

• Fear of technological failure during critical 

moments. 

• Lack of training and familiarity with AI systems 

and outputs. 

To overcome this, robust user education, validation 

studies, and clinician-in-the-loop models are 

essential for building confidence and promoting 

collaboration between AI and medical professionals. 

Cost and Infrastructure Barriers 

• Advanced computational infrastructure and 

real-time data processing capabilities. 

• Integration with existing clinical systems and 

maintenance of interoperability. 

• Ongoing technical support and system updates. 

For many hospitals, particularly in low- and middle-

income regions, these requirements pose significant 

financial and logistical challenges. 

9. FUTURE PERSPECTIVES 

Artificial intelligence (AI) in general anaesthesia is 

poised for rapid advancement, driven by ongoing 

innovations in computational methods, data 

acquisition, and integration technologies. The future 

landscape promises to further enhance anaesthetic 
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care through more sophisticated, adaptive, and 

patient-centric AI systems. 

Next-Generation AI Systems in Anaesthesia 

• Explainable AI (XAI) techniques that improve 

transparency and allow anaesthesiologists to 

understand and trust AI-driven 

recommendations. 

• Multimodal data integration, combining 

physiological signals, imaging, genomics, and 

pharmacogenomics to enable truly personalized 

anaesthesia management. 

• Reinforcement learning algorithms that 

dynamically optimize drug delivery and patient 

management based on continuous feedback 

during surgery. 

Such systems will move towards autonomous, self-

improving frameworks capable of anticipating and 

adapting to complex intraoperative changes. 

Role of Federated Learning and AI with Wearable 

Technology 

To address data privacy and security, federated 

learning—a decentralized AI training approach—

enables algorithms to learn from data across 

multiple institutions without centralizing sensitive 

information. This will facilitate: 

• Building robust, diverse AI models trained on 

wider patient populations while maintaining 

confidentiality. 

• Accelerated development of AI tools adaptable 

to varied clinical settings and populations. 

Simultaneously, the integration of wearable 

technology and remote monitoring devices will 

allow continuous patient data capture pre- and post-

operatively, enabling: 

• Real-time assessment of patient readiness for 

surgery. 

• Improved postoperative monitoring to detect 

complications early. 

• Enhanced perioperative risk stratification using 

longitudinal health data. 

Global Trends and Research Directions 

• Standardizing datasets and benchmarks to 

enable more reliable AI validation and 

comparison. 

• Hybrid human-AI workflows that balance 

automation with expert oversight. 

• Exploring AI applications in pain management, 

sedation outside the operating room, and 

emergency anaesthesia. 

• Promoting equitable access to AI innovations 

through cost-effective, scalable solutions 

tailored for resource-limited settings. 

10. CONCLUSION 

Artificial intelligence (AI) is rapidly reshaping the 

landscape of general anaesthesia by enhancing 

monitoring accuracy, improving risk prediction, and 

enabling automation of critical tasks. Its applications 

contribute to greater precision, personalized patient 

care, and improved safety outcomes, addressing 

many limitations inherent in traditional anaesthesia 

practices. 

However, the integration of AI should not be viewed 

as a replacement for the expert clinical judgment of 

anaesthesiologists. Instead, AI must serve as a 

powerful adjunct, augmenting human decision-

making with data-driven insights and real-time 

responsiveness. Achieving an optimal balance 

between AI automation and clinician oversight is 

essential to harness the full potential of these 

technologies while ensuring ethical, safe, and 

patient-centered care. 

As AI technologies continue to evolve, ongoing 

collaboration among clinicians, researchers, and 

regulators will be key to overcoming existing 

challenges and advancing the future of anaesthesia 

towards smarter, safer, and more efficient 

perioperative management. 
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