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Introduction  

AI is transforming various medical fields, including 

pathology, radiology, cardiology, and surgery, by 

offering innovative therapeutic and interventional 

solutions 1-4. The rapid development of AI, driven by 

advancements in data sets, algorithms, and computing 

power, is revolutionizing medical research. By 

enhancing medical technology, AI enables healthcare 

professionals to provide superior patient care. Also, AI 

shows a vital part in the evolution of anesthesia, 

demonstrating its value in numerous applications and 

leading to safer and more efficient practices 2-5. 

The field of anesthesiology plays a crucial role in 

enhancing clinical care through effective pain 

management and precise medication distribution. The 

rapid expansion of AI in this discipline is set to 

revolutionize patient safety and care quality 6. 

Innovative applications, such as advanced airway 

management, intelligent drug infusion systems, and 

accurate intraoperative monitoring, will refine 

anesthesia practices and significantly improve patient 

outcomes. This evolution will challenge traditional 

medical frameworks, introducing new legal, social, and 

economic considerations. Therefore, it is crucial to 
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proactively address the challenges posed by AI and 

ensure ethical and secure development, unlocking 

remarkable potential for future patient care 7-10. 

AI in the operating room revolutionizes patient care 

through enhanced clinical decision support, precise 

anesthetic administration, and effective hemodynamic 

management. The precision of AI in anesthetic 

administration instills confidence and security in the 

surgical team. Intraoperative cognitive robots can 

intelligently analyze numerous parameters 

simultaneously, significantly reducing false alarms and 

ensuring that medical professionals can focus on what 

truly matters—providing optimal care 6, 8-10. 

Electroencephalogram (EEG) monitoring of the 

brain—the primary target organ of anesthesia—is 

becoming increasingly vital due to its ability to measure 

anesthetic agents' impact effectively. Given that various 

drugs produce distinct EEG changes, validating any 

new, processed EEG monitors through clinical trials 

tailored for each anesthetic is essential. However, 

emerging research in artificial intelligence, mainly 

through deep learning models, holds the promise of 

potentially eliminating the need for such clinical studies 

in monitors designed to assess hypnosis levels. This 

advancement could revolutionize how we monitor 

anesthesia, improving safety and efficiency in clinical 

practice 2-4. 

Integrating AI into anesthesia offers exciting 

opportunities, but it also presents significant 

challenges, such as matters with informations value, 

technological limitations, and ethical considerations. 

To address these obstacles, we need to establish clear 

strategies for the ethical usage of AI, progress the 

consistency of these systems, and ensure health data 

security. Early implementations in clinical 

anesthesiology have shown promising results, 

suggesting that further advancements are on the way 5. 

Future investigation and development must prioritize 

three key areas to unlock AI's full potential in 

anesthesia practices: expanding our understanding of 

AI systems, strengthening the security and reliability of 

health data, and exploring innovative applications. By 

engaging in these critical domains, we can transform 

anesthesia practices and deliver safer, more effective 

patient care 7-11. 

Many surgical procedures require the administration 

of anesthesia, which demands a high grade of precision 

and ability. The duties of an anesthesiologist include 

assessing patients before surgery, ensuring their safety 

during the process, and ensuring their comfort 

afterward. Anesthesiologists can benefit from AI's 

assistance with these tasks, which will enhance patient 

care, reduce costs, and increase productivity. AI can 

help with medication dosage customization, adverse 

event prediction and prevention, record-keeping 

automation, and patient vital sign monitoring. This 

allows anesthesiologists to focus more on patient care 

and less on menial tasks. AI is essential for anesthesia 

and has a plethora of future applications 5. 

AI has several exciting applications in anesthesia, and 

its growing presence is expected in the field. Its ability 

to create educational tools, enhance productivity, and 

improve patient care can significantly impact anesthetic 

practices. Viewing AI as a supportive tool, it can assist 

anesthesiologists and streamline decision-making for 

more informed choices 6-9. 

This review study assessed the role of artificial 

intelligence in the anesthesiology field. 

Methods 

 We search studies in the online databases such as 

PubMed, Scopus and google scholar. Related records 

were included in this review study. 

Results 

Background of AI in anesthesia 

The background of AI in anesthesia is not just 

fascinating; it represents a significant leap forward in 

patient care that is continuously evolving. Early 

pioneers dedicated themselves to creating expert 

algorithms designed to mirror the judgment of seasoned 

anesthesiologists 11-12. These innovative systems were 

developed to enhance drug administration and improve 

patient monitoring, making anesthesia safer and more 

efficient. A standout example is the "Diprifusor" 

system, introduced in the late 1990s. This 

groundbreaking propofol target-controlled infusion 

system leverages the pharmacokinetic properties of 

propofol to maintain optimal plasma concentration, 

demonstrating how AI can streamline anesthesia 

management. And this evolution continues, promising 

even more exciting advancements in the future 13. 

The closed-loop anesthesia drug administration 

(CLAD) system is a groundbreaking innovation that 

utilizes a fuzzy logic controller to precisely administer 

remifentanil and propofol. This advanced technology 

guarantees that patients remain at the optimal depth of 

anesthesia, enhancing safety and efficacy throughout 
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the procedure. The integration of AI in anesthesia not 

only enhances the precision of drug administration but 

also significantly elevates the standard of patient care, 

making these technological advancements a vital 

component of modern medical practice. Embracing AI 

in this field is not just beneficial, but essential for 

improving outcomes and safety in anesthesia 

management 11-15. 

As technology evolves, advanced AI programs that 

utilize deep learning and machine learning are 

becoming increasingly important. These systems learn 

from data and improve their reliability and efficiency, 

which enables them to perform complex tasks, such as 

predicting patient responses to anesthetic drugs and 

identifying risk factors for complications. For example, 

the Anesthesia Information Management System 

(AIMS) uses AI to analyze patient data, providing 

anesthesiologists with real-time insights that enhance 

decision-making and improve patient outcomes. 

Additionally, SAM collaborates with AIMS to offer 

personalized anesthetic management 

recommendations. These cutting-edge AI technologies 

enhance safety and effectiveness, paving the way for 

anesthesia practice innovation and benefiting both 

patients and practitioners 12-15. 

Robots and applications in Anesthesia 

A robot is a mechanical system designed to engage 

with its surroundings through targeted inputs, serving 

as a reliable and reassuring asset in the field of 

medicine. The precision and consistency of robotic 

interventions are transforming complex surgeries and 

anesthesia. Robots not only handle repetitive tasks, but 

also enhance patient care by providing valuable 

recommendations based on clinical context, paving the 

way for safer, more effective healthcare solutions 16. 

Integrating AI in anesthesia transforms patient care by 

enhancing safety and treatment quality. A primary 

benefit of AI is its ability to constantly screen 

symptoms, such as blood pressure, heart rate, and 

oxygen saturation, providing real-time alerts to 

anesthesiologists for any concerning changes. An 

example is the Philips "IntelliVue" patient monitor, 

which uses AI algorithms for immediate vital sign 

tracking, enabling anesthesiologists to respond to 

patient conditions quickly. The real-time nature of these 

alerts makes anesthesiologists feel more responsive and 

proactive, ultimately improving patient safety and care 

quality 17. 

AI is vital in enhancing patient safety during 

anesthesia by predicting and preventing adverse 

outcomes. Complications such as hemodynamic 

instability and respiratory issues can have serious 

consequences. By analyzing data from previous cases, 

AI systems effectively identify patterns that highlight 

increased risk, allowing for proactive measures to be 

taken. Embracing AI in anesthesia can significantly 

improve patient care and outcomes 18. 

AIMS utilizes AI algorithms to evaluate case 

informations and predict possible adversarial events. 

By identifying high-risk patients, these systems enable 

anesthesiologists to take proactive measures, such as 

adjusting anesthesia plans or increasing monitoring 

frequency. AIMS serve critical functions, including 

preoperative assessments, accurate intraoperative 

monitoring, drug calculations, and clinical assessment 

care. Additionally, they significantly enhance record 

keeping, making the audience feel more organized and 

efficient, facilitate data storage, ensure quality 

assurance, and reduce billing discrepancies. Notable 

AIMS examples include Innovian Anesthesia from 

Dräger, Centricity Anesthesia from GE Healthcare, and 

CompuRecord from Philips Medical Systems. 

Integrating AIMS can significantly improve patient 

safety and optimize anesthesia care 19. 

SAM is an innovative tool to enhance clinical 

decision-making and reduce billing disparities within 

AIMS systems. Utilizing the AIMS database provides 

real-time support through intuitive pop-up messages on 

monitors. SAM has significantly improved drug 

compliance, timely patient monitoring, and streamlined 

billing processes. Additionally, it has increased 

adherence to antibiotic dosing protocols and beta-

blocker guidelines and reduced gaps of over 15 minutes 

in blood pressure monitoring, leading to better patient 

outcomes and efficient healthcare delivery 24. 

Pharmacological robots and applications 

AI is revolutionizing how anesthetic dosages are 

tailored to individual patients by factoring in essential 

elements like medical history, BMI, weight, age, and 

overall health. This advanced technology can pinpoint 

the ideal dosage, significantly reducing the likelihood 

of underdoing or overdosing, which can have serious 

consequences. Take, for example, the CLAD 

arrangement, which utilizes a sophisticated fuzzy logic 

controller to precisely administer remifentanil and 
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propofol, ensuring patients receive the optimal level of 

anesthesia for their specific needs 26. 

Recent advancements in the CLAD system have 

transformed anesthesia management. The McSleepy 

system effectively administers analgesia, hypnosis, and 

neuromuscular blockade simultaneously using 

remifentanil, propofol, and rocuronium, guided by vital 

parameters similar the bispectral index and train-of-

four monitoring. In addition, the SEDASYS 

computerized sedation system allows non-anesthetic 

physicians to safely deliver propofol for enough calm, 

significantly improving patient comfort and procedural 

efficiency 27-28. 

CLAD is expertly designed for goal-directed fluid 

therapy, integrating key parameters like mean urine 

output, arterial pressure, stroke volume variation, and 

pulse pressure variation, either alone or in mixture. By 

leveraging CLAD, innovative models have been 

developed to effectively manage blood pressure 

through precise titration of vasopressors such as 

norepinephrine and phenylephrine, ensuring optimal 

patient care 29. 

Mechanical Robots and applications 

AI is revolutionizing medicine with advanced robotic 

systems for essential mechanical tasks like ventilation, 

intubation, and nerve blocks 30. While currently used 

mainly in mannequin studies, their future impact is 

significant. The Da Vinci system is the first anesthesia 

robot for fiberoptic endotracheal intubation. The Kepler 

Intubation System, a standout in this field, enhances 

precision with a video laryngoscope controlled by a 

joystick connected to a robotic arm. This emphasis on 

precision is a testament to the safety and reliability of 

these new technologies. Additionally, robotic 

endoscopes feature laryngeal imaging, enabling 

tracheal intubation devices to automatically visualize 

and position the tip toward the glottis. These 

innovations are paving the way for the future of 

anesthesia 31-32. 

A groundbreaking anesthesia airway administration 

robot has been advanced for noninvasive positive 

pressure ventilation during anesthesia. It features two 

arms—one lifts the individual’s jaw, and the other 

secures the mask. Further research is needed to validate 

its clinical effectiveness 33-34. 

Innovative robots have been established to 

revolutionize regional anesthesia, offering remarkable 

precision and dexterity. The Magellan robotic arm, 

controlled by a joystick, streamlines needle insertion 

and enhances training for ultrasound-guided regional 

anesthesia. Moreover, advanced injection systems can 

aspirate and automatically stop the flow if injection 

pressure surpasses a set threshold, promoting safer 

practices. Integrating AI-enabled technologies into 

these systems can significantly elevate patient safety 

and ensure superior outcomes in anesthesia care 31-34. 

AI-automated anesthetic record-keeping significantly 

enhances patient care by accurately tracking progress, 

fostering seamless communication among healthcare 

professionals, and generating vital data for research and 

quality improvement. Adopting this technology is 

essential for advancing our healthcare practices. 

Traditional manual record-keeping takes up valuable 

time and is often filled with errors. By utilizing AI 

devices to automatically track vital signs, medication 

dosages, and other essential data, anaesthesiologists can 

dedicate more attention to what truly matters: providing 

exceptional patient care. AIMS excels in providing a 

robust record of anesthetic administration by 

systematically collecting and analyzing patient data to 

create in-depth reports. By automating the record-

keeping process, we significantly enhance the accuracy 

and efficiency of documentation, ultimately leading to 

enhanced patient care and safety 34. 

 

Discussion  

AI in anesthesia holds tremendous potential, offering 

a glimpse into the future of our field. However, it also 

presents several challenges that we must address. AI 

systems, which are trained on high-quality data from 

sources like anesthesia patient monitors, machines, and 

electronic health registers, can significantly enhance 

our practice. Yet, ensuring the accuracy and 

completeness of this informations is complex, and 

flawed algorithms can compromise patient safety. The 

need for large quantities of data also increases 

distresses about security and privacy, but the potential 

of AI in anesthesia is a beacon of hope for our future 35. 

Technical constraints have critically restricted AI's 

potential in anesthesia. While these systems have 

become more advanced, they still have significant 

limitations. A key issue is their inability to provide 

empathy and human judgment—vital qualities in 

healthcare. For instance, although an AI system may 

propose a specific anesthetic approach based on patient 

data, it cannot address the patient's distresses 
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concerning the management. This gap highlights the 

importance of human involvement in anesthetic 

decision-making, ensuring patients feel understood and 

cared for throughout their experience 36. 

Addressing ethical and legal issues is a significant 

challenge in implementing AI in anesthesia. The use of 

AI in healthcare raises essential concerns that need 

careful consideration. Patients must understand the 

benefits and drawbacks of AI, and alternative choices 

should be provided if they choose not to use it. 

Communicating the complexities of AI can be 

challenging, and patient understanding is crucial. While 

there are fears that AI may displace healthcare jobs, the 

human touch remains irreplaceable. Thus, AI should 

primarily serve to maintenance and improve the effort 

of healthcare professionals rather than replace those 37. 

The future of AI in anesthesia is full of potential. With 

ongoing advancements in AI and machine learning, we 

can expect significant gains in accuracy and reliability. 

These enhancements will empower AI systems to 

predict patient outcomes more effectively and, 

importantly, identify potential complications, leading 

to safer and more personalized anesthesia care 38. 

Exciting advancements in AI are transforming 

anesthesia, particularly in pain management. 

Effectively addressing pain is challenging due to its 

subjective nature. However, AI's ability to analyze 

diverse data, including physiological signals and 

patient feedback, offers a promising solution. AI not 

only accurately assesses pain levels but also tailors 

treatment plans, providing reassurance about the 

personalized care patients will receive. Moreover, AI's 

potential in managing chronic conditions requiring 

anesthesia, such as chronic pain and palliative care, is a 

beacon of optimism. By evaluating long-term data, AI 

can enhance the effectiveness of various anesthesia 

strategies, enabling informed therapeutic decisions that 

improve patient outcomes 39. 

An exciting direction for the future is the influence of 

AI on anesthetic training and education. AI-driven 

lifelike simulations can provide students a safe 

environment to refine their skills. By replicating 

various patient responses, AI allows students to engage 

with diverse scenarios, sharpening their decision-

making abilities. Additionally, AI offers personalized 

feedback, identifying strengths and areas for 

improvement while providing targeted 

recommendations. This innovative approach enhances 

the educational experience and ensures students are 

well-prepared for real-world career challenges 40. 

The field of anesthesia is poised for transformation 

through the integration of AI. By exploring innovative 

applications, AI has the possible to enhance medical 

care, increase efficiency, and improve educational 

performs. It is important to view AI as a valuable tool 

that empowers anesthesiologists rather than replacing 

them. The human element and specialized knowledge 

in medicine are irreplaceable. By providing critical 

support in decision-making, AI can strengthen the skills 

of anesthesiologists and ultimately lead to better patient 

outcomes 41. 

Future research and development recommendations 

As AI and machine learning become increasingly 

crucial in anesthesia, we must prioritize key training and 

development recommendations while addressing 

emerging challenges and ethical concerns. One critical 

area for enhancement is training on the security and 

integrity of health data. Misusing these technologies can 

present significant challenges, particularly since current 

legal frameworks often need more adequate 

accountability measures. We urgently need to 

implement robust data security protocols and develop 

improved data collection, analysis, and regulation 

methods. This approach is vital to our mission of 

protecting patient safety and maintaining trust, and it is 

a responsibility we must take seriously. 

To advance anesthesiology, exploring AI's 

transformative potential in teaching and training is 

crucial. Developing AI-powered simulation programs 

and tailored feedback systems can significantly enhance 

learning outcomes. By incorporating AI, trainee 

anesthesiologists can engage in realistic simulations and 

receive personalized experiences, accelerating their 

knowledge acquisition. Additionally, AI's capability to 

analyze large datasets will improve pattern recognition 

and patient response predictions, refining their decision-

making skills. Embracing these innovations promises to 

cultivate a more competent generation of 

anesthesiologists. 

 

Conclusion 

AI has the potential to revolutionize healthcare and 

improve the future of anesthesia. Its applications include 

monitoring predicting adverse events, vital signs, 

personalizing medicine dosages, and streamlining 

record-keeping. The progression of AI in this ground—
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ranging from early expert systems to advanced 

technologies—demonstrates its ability to enhance 

patient outcomes. Embracing AI is essential for 

increasing the efficiency and effectiveness of medical 

practices. Integrating AI in anesthesia presents exciting 

opportunities, but it also faces significant challenges 

that require our unwavering attention and commitment. 

Data quality, technical limitations, and ethical and legal 

implications must be considered. Inaccurate data can 

introduce bias, compromising patient safety, while 

insufficient security measures pose risks for privacy 

breaches. High costs can limit the widespread adoption 

of AI technology, which is crucial for better patient care. 

Furthermore, the legal accountability for AI errors in 

patient management remains complex. To effectively 

utilize AI, systems must be user-friendly with intuitive 

interfaces. Addressing these challenges is not just 

important; it's crucial. By establishing ethical standards, 

improving reliability and usability, and ensuring data 

security, we can harness AI's potential to enhance 

patient outcomes in anesthesia. The future of AI in 

anesthesia is promising and transformative. With 

advances in artificial intelligence and machine learning, 

we can develop innovative applications significantly 

enhancing training and education in this field. We can 

revolutionize anesthesia education by using AI for 

chronic pain management and creating realistic training 

simulations with customized feedback. More 

importantly, these AI tools can be crucial in preparing 

the next generation of healthcare providers. 
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