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The field of anesthesia has always been at the forefront of innovation and technology, and the integration of

Artificial Intelligence (AI) represents the next frontier in anesthesia care. The use of AI and its subtypes, such as

machine learning, has the potential to improve efficiency, reduce costs, and ameliorate patient outcomes. AI can

assist with decision making, but its primary advantage lies in empowering anesthesiologists to adopt a proactive

approach to address clinical issues. The potential uses of AI in anesthesia can be schematically grouped into

clinical decision support and pharmacologic and mechanical robotic applications.
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1. Introduction

The field of anesthesia has always been at the forefront of innovation and technology . From the introduction of

ether in the mid-19th century to the development of modern anesthetic agents, anesthesia care has continuously

evolved to improve patient outcomes . As a result of technological progress, anesthesia has become increasingly

safe, precise, and tailored to individual patient needs.

Artificial intelligence (AI) is an emerging technology that has the potential to revolutionize healthcare delivery . AI

refers to the development of computer systems that can perform tasks that would usually require human

intelligence, such as learning, reasoning, problem solving, decision making, and perception. On the other hand,

Machine Learning (ML) is a subset of AI that focuses on enabling machines to learn from data without being

explicitly programmed. ML algorithms can analyze data, learn from it, and make predictions or decisions based on

that learning. Deep learning is a subset of ML that involves training artificial neural networks with multiple layers to

recognize patterns in data. It is used in image and speech recognition, natural language processing, and other

applications. Other AI subsets are robotics, computer vision, and expert systems that are designed to mimic the

decision-making abilities of a human expert in a particular domain .

The integration of AI and ML represents the next frontier in anesthesia care, with the potential to further improve

efficiency, reduce costs, and enhance patient safety . This technology is being increasingly used in various

aspects of anesthesia care, including preoperative evaluation, intraoperative monitoring, and postoperative

management. For example, predictive algorithms can be used to forecast patient responses to anesthesia, allowing

clinicians to optimize dosing and minimize the risk of adverse events . Automated systems can also monitor vital

signs during surgery and alert clinicians when intervention is required . Additionally, AI can be used to identify
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patient-specific risk factors for postoperative complications, enabling clinicians to take proactive steps to reduce

complications .

Interestingly, in the field of anesthesiology, AI can also offer virtual simulations and training programs for enhancing

the skills and knowledge of anesthesiologists. Multiple studies have demonstrated the efficacy of AI in assisting in

the evaluation of trainee performance in anesthesia. For instance, interesting perspectives regard the application of

AI techniques to increase learning efficiency in the field of ultrasound-guided regional anesthesia .

2. AI in Anesthesia

AI involves the development of algorithms that can learn and improve from data, for helping clinicians in the

decision-making process. In anesthesia, AI algorithms can assist anesthesiologists in making clinical decisions in

different contexts. However, the primary advantage of AI lies in empowering anesthesiologists to adopt a proactive

approach to address clinical issues. For example, AI has been used for presurgical evaluation , to predict

patient responses to anesthesia , to automate drug dosing , to monitor patients during surgery , and other

purposes  (Table 1).

Table 1. Potential applications of AI in anesthesia.
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Application Strategy [Refs.]

Presurgical
Evaluation

Preoperative management and planning.

Anesthetic Dosage
Optimization

AI algorithms can analyze a patient’s medical history, physiological data, and
other factors to determine the most appropriate anesthetic dose, which can

improve patient safety and minimize complications.

Preventing Drug
Errors

AI-powered systems can help prevent drug administration errors by verifying
medication orders, drug interactions, and dosages.

Early Detection of
Complications

AI can be used to analyze various data streams in real time to detect patterns
or anomalies that may indicate a potential complication, such as hypoxia and

hypotension.

Predicting Patient
Outcomes

Machine learning algorithms can be used to predict the likelihood of
complications or adverse outcomes during surgery, allowing anesthesiologists

to make more informed decisions about patient care.

Predicting
Postsurgical ICU

Admission

Various machine learning algorithms can be employed to develop predictive
models from data, such as patient demographics, medical history, surgical

procedures, vital signs, laboratory values, and other clinical factors.

Automated
Monitoring

AI-powered monitoring systems can continuously track a patient’s vital signs,
such as heart rate, blood pressure, and oxygen saturation, and alert the

anesthesiologist to any potential problems.

[12]

[26]

[6][13]

[14]

[15]

[4][16]

[10]

[11]

[16]



Applications of Artificial Intelligence in Anesthesia | Encyclopedia.pub

https://encyclopedia.pub/entry/45740 3/6

Although with limitations due to classification difficulties, the applications of AI in anesthesia can be schematically

summarized into Clinical Decision Support System (CDSS) applications and pharmacological and mechanical

robotic systems. Furthermore, tele-anesthesia includes strategies of telemedicine (preoperative assessment and

post-operative monitoring), as well as device networking for improving logistics in the operating room and

augmented reality approaches for training and assistance (Figure 1). AI can also be used to reduce costs by

automating tasks that are currently performed by anesthesiologists.
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Application Strategy [Refs.]

Automated
Anesthesia Dosing

AI can help tailor anesthesia delivery and optimize closed-loop systems based
on patient data.

Pain Management
AI can help adjust the dosage and administering of drugs to achieve optimal

postoperative pain control.

Real-Time Decision
Support

AI algorithms can provide real-time decision support to anesthesiologists
during surgery, such as recommending alternative drug options if a patient is

not responding to the initial anesthetic.

Postoperative
Monitoring

AI can help monitor patients postoperatively, predicting and detecting any
adverse events that might occur, and giving alerts and recommendations to

physicians.

Resource Allocation
AI algorithms can help optimize the use of anesthesia resources by identifying

the best candidates for specific procedures and reducing unnecessary
anesthesia use.

Training and
Education

AI can be used to simulate scenarios and train anesthesiologists to handle
challenging situations, such as unexpected complications during surgery.

Image Recognition
AI algorithms can analyze medical images to identify anatomical structures

and guide the placement of regional anesthesia techniques.

Research and
Analysis

AI can help analyze vast amounts of data from anesthesia records, patient
charts, and other sources to identify patterns, trends, and insights that could

help improve patient outcomes and safety.
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Figure 1. Infographic of potential modalities for AI-based applications in anesthesia. AI-powered Clinical Decision

Support Systems can help anesthesiologists in decision-making processes by analyzing patient data and providing

real-time recommendations. Pharmacological robotic methods (closed-loop anesthesia delivery systems) can be

used to deliver anesthesia, monitor vital signs, and adjust the dosage of medication as needed (tailored anesthesia

delivery). Attempts with mechanical robots have been performed for intubation and nerve blocks. Tele-anesthesia

includes strategies of telemedicine, such as preoperative assessment, postoperative monitoring, and remote

consultations. This approach can help expand access to anesthesia services and improve patient outcomes,

particularly in underserved areas. Created with BioRender.com (accessed on 18 April 2023).

Specifically, CDSS in anesthesia is a computer-based tool that assists anesthesia providers in making clinical

decisions by providing real-time patient-specific recommendations and alerts based on patient data and medical

knowledge. It can aid in the optimization of anesthesia care by offering automated recommendations on the dosing

of anesthetic agents, fluid management, and other aspects of perioperative care. These systems can also help to

identify potential drug interactions, allergies, and patient comorbidities that may impact the provision of anesthesia

. Predictive algorithms of CDSS can also be implemented to detect early signs of deterioration in different post-

anesthesia scenarios . Furthermore, artificial neural network systems have been employed to develop a

predictive model for the duration of surgery and anesthesia emergence. This process aims to optimize anesthesia

care and streamline the utilization of operating rooms .

Robotics represents an additional area where AI finds application within the field of anesthesia. A robot refers to a

mechanical system that has the ability to engage with the environment through deliberate actions and

interventions. Robotic systems in anesthesia can be grouped into pharmacological robots and mechanical robots.

Pharmacological robots are devices that process continuously collected multiple clinical and biosignal data from

hypnosis, analgesia, muscle relaxation, and other vital signs to ultimately predict the appropriate anesthesia
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dosage based on the patient’s individual needs . This complex input–output process structures the so-called
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developed to automatically administer propofol, analgesics, and muscle relaxants .

Clinical experience with mechanical robots in anesthesia is limited. Some authors have proposed an intubation

system using the Da Vinci surgical system or other approaches . Interesting scenarios concern regional

anesthesia, such as the Magellan robot used to perform peripheral nerve block . Nevertheless, it seems that

currently, robots lack the dexterity to perform these challenging anesthesia tasks.

AI-powered device networking can be used to improve logistics in the operating room by enabling seamless

communication between anesthesia machines, patient monitors, and other medical devices. This can help

streamline workflow, reduce errors, and improve patient safety. Augmented reality technology can be used for

training and assistance in anesthesia. For example, it can provide real-time feedback during procedures, help train

new anesthesiologists, and improve the accuracy of nerve blocks.
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