
The Growing Role of 
AI in Anesthesiology: 
Applications, Innovations, 
and Challenges

The vital role of anesthesia in patient care and its extensive 

reliance on data collection, such as vital signs, medical 

history, and response to anesthesia, make anesthesia 

suitable for AI applications. AI excels in analyzing large 

datasets, allowing real-time monitoring, increasing precision 

in decision-making, and personalizing anesthesia care by 

evaluating individual data. The prediction of drug doses and 

assessment of risks by AI models leads to optimal patient 

care.2

AI enhance patient safety through its capabilities to predict 

potential complications and outcomes, enabling early 

interventions. Automation models, including closed-loop 

drug delivery systems which automate drug delivery and 

monitoring, reducing the workload on anesthesia providers.2

Machine learning (ML) and deep learning (DL) are examples 

of AI subsets used in anesthesia practice. ML focuses on 

training machines to learn from datasets without being 

precisely programmed. DL is a subset of ML, and it is used 

in speech and image recognition and natural language 

processing.3 Other subsets of AI include expert systems 

designed to imitate the decision-making abilities of 

experts in a specific field, robotics, and computer vision.3 

AI is transforming various aspects of medicine, including 

anesthesiology. This article explores AI's growing role in 

anesthesia practice, emphasizing its applications, benefits, 

and challenges.
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INTRODUCTION 
Artificial intelligence (AI) is the study of algorithms that 

allow machines to reason, and perform tasks that would 

necessitate human intelligence, such as word and object 

recognition, problem-solving, perception, and decision-

making. Although many people associate AI with computers 

and robots exclusively, its roots are found across several 

fields such as psychology, linguistics, statistics and medicine. 

The implementation of AI in medicine involved in various 

aspects including diagnostic applications in radiology, 

pathology, and interventional applications in surgeries and 

cardiology.1
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1.	 AI in Patient Monitoring 

AI functions as a powerful tool during the intra-operative 

and post-operative periods, empowering anesthesia 

providers with informed and timely decision-making abilities. 

According to Bellini et al., several tasks accomplished with 

AI showed good results, such as depth of anaesthesia 

monitoring, sedation management, and vital signs 

monitoring.4

Pushing beyond the constraints of traditional monitoring, 

AI models offer a personalized assessment of a patient’s 

physiological state. By evaluating fundamental indicators 

such as vital signs and drug levels. AI algorithms surpass 

at identifying subtle variations that may signify potential 

complications. The combination of AI in anesthesia 

monitoring enhances the precision of real-time assessments 

while marking a shift towards a more personalized and 

proactive approach to maintaining patient health during 

surgeries.2 

Closed-loop systems use AI algorithms for automated 

drug delivery, improving the accuracy and efficacy of 

anesthetic administration. These systems continuously 

monitor patient vital signs, including heart rate, blood 

pressure, and bispectral index (BIS) using AI, and modify 

drug administration rates accordingly to maintain optimal 

anesthetic depth.10

EEG monitoring is an emerging area of interest in anesthesia, 

EEG can give valuable insights into the effects of anesthestic 

drugs. However, different anesthetic medications cause 

distinctive changes in EEG patterns, new EEG monitoring 

tools need extensive clinical trials to confirm the 

effectiveness of each particular drug. AI, especially through 

DL models, has the potential to revolutionize this process. Via 

training on large datasets of EEG patterns and corresponding 

drug effects, AI could predict the impact of various 

anesthetics on the brain without conducting separate clinical 

trials for each drug.⁵  

ML models analyze complex EEG data by integrating both 

linear and nonlinear features, offering a more comprehensive 

understanding of drug effects. For example, research 

conducted by Shalbaf et al. demonstrated that ML algorithms 

outshine traditional methods like BIS and entropy indices, 

achieving remarkable accuracy rates of 88.4% and 92.91% 

in identifying different anesthesia states.⁷

Currently, AI advancements have introduced deep neural 

networks (DNNs) for real-time depth of anesthesia (DoA) 

monitoring. A system developed Park et al. predicts 

anesthesia depth in just 20 milliseconds, outstanding BIS in 

both speed and accuracy. Other approaches, such as using 

artificial neural networks (ANNs) to analyze EEG frequency 

domains and entropy features, have also proven highly 

accurate in recognizing different anesthesia states.⁶

Early AI algorithm’s detection of subtle changes in important 

indicators such as vital signs and depth of anesthesia, 

may assist anesthesia providers avoid complications. And 

its predictive ability allows suitable clinical intervention, 

promoting a proactive management strategy that highlights 

patient safety. The combination of AI and anesthesia 

monitoring not only raises the precision of intraoperative 

assessments but also represents a transformative shift 

toward a data-driven, patient-centered approach. This 

approach anticipates risks before they occur, ensuring 

personalized care and optimizing outcomes throughout 

surgeries and invasive interventions.⁷

2.	 AI in Drug Administration and Delivery 

AI in drug delivery can enhance anesthesia administration by 

using systems that deliver anesthestic agents depending on 

the patient’s characteristics and surgical requirements. These 

AI systems used in drug administration and delivery include 

closed-loop anesthesia delivery systems, automated dose 

adjustment, as well as automated drug delivery. The goal of 

these systems is to provide personalized anesthetic plans 

and enhance patient safety.⁸

Automated Closed-Loop Anesthesia Delivery (CLAD) 

represents a vital step forward in anesthesia delivery, 

integrating advanced feedback mechanisms to improve 

precision in analgesia, hypnosis, and muscle relaxation 

administration. The basis for CLAD is formed by the 

advances in non-invasive monitoring of cardiac output, EEG 

processing, cerebral oximetry and nociception evaluation. 

Currently, intraoperative analgesia-nociception monitors are 

available and used to titrate opioid use based on changes in 

autonomic nervous system (ANS) activity.⁵

CLAD has been also used for goal-directed fluid therapy 

depending on patient parameter such as stroke volume 

changes, urine output, pulse pressure changes, mean 

arterial blood pressure, or a combination of these. Other 

models have been developed to control blood pressure 

by vasopressor titration such as norepinephrine and 

phenylephrine using CLAD.⁹

Proportional integral-derivative (PID) is a model employed by 
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Absalom et al. to stabilize anesthesia. During induction, the 

PID ensured uniform effect-site drug concentrations, while 

maintenance phases witnessed decreased fluctuations in the 

depth of anesthesia and mitigated dosing errors.⁹

Further advancement includes a pharmacodynamics-

driven deep neural network developed by Schamberg et al. 

suggested that the algorithm continuously adjusts propofol 

dosing by running batch simulations, modifying strategies 

based on error analysis until it precisely correlates anesthetic 

states with drug concentrations. This model outstands 

traditional PID systems in personalizing drug doses according 

to patient characteristics. Thus, improving delivery and 

precision in anesthesia administration.10

3.	 AI in Risk Assessment and Prediction 

The application of AI in anesthesia extend to predictive 

analytics and works by processing large amount of patient 

data to predict outcomes and identify people at higher risk 

for complications. AI systems that are used in prediction and 

risk assessment include outcome prediction, real-time risk 

stratification, and early warning systems.⁸

Researchers have been investigating ML for risk stratification 

based on analysis of extensive perioperative data and 

outcomes based on intervention. This type of risk prediction 

is particularly beneficial for counselling, optimization, and 

planning the anesthestic management of patients with 

unusual co-morbidities.⁵

Predicting hypoxemia before it occurs would allow 

anesthesia providers to take proactive actions to prevent 

hypoxemia and mitigate patient harm. Lundberg et al. 

developed an ML model called Prescience (hypoxemia 

prediction tool), which utilizes standard operating room 

sensors to predict the risk of hypoxemia during general 

anesthesia and offers explanations of the risk factors. It 

explains why predications are made and information on the 

possible causes which produce it differs from the previous 

attempts in the same field.11

Similarly, AI has been applied to predict postoperative 

nausea and vomiting (PONV), which occur in 20-30% 

of cases under general anesthesia. A study by Peng et 

al. demonstrated that an artificial neural network (ANN) 

achieved 83.3% accuracy in recognizing high-risk patients 

using seven key variables, including surgery type, gender, 

ASA status, anesthesia duration, smoking habits, history of 

previous PONV and opioid use. Compared to other models, 

ANN showed the highest predictive abilities, emphasizing AI’s 

potential in guiding preventive interventions and improving 

patient outcomes.12

ML has shown potential in the anticipation and prevention 

of hypotension during anesthesia. Kang et al. developed 

models using clinical records and intraoperative monitoring 

data to predict the last post-induction hypotension (PIH). 

The random forest model achieved the utmost accuracy.13 

In the same way, a neural network model outperformed 

senior anesthesiologists in identifying patients at high risk 

of hypotension during spinal anesthesia. In a randomized 

controlled trial, Wijnberg et al. evaluated a machine 

learning early warning system that analyzed 23 parameters 

from arterial pressure waveforms to detect cardiovascular 

deterioration. The system decreased median hypotension 

duration from 32.7 minutes (standard care) to 8.0 minutes 

(ML-based care), demonstrating AI’s potential to improve 

intraoperative hemodynamic stability.14

4.	 Challenges and limitations

AI integration in anesthesia poses a set of challenges, the 

main concerns focus on data security and privacy which 

require careful attention. Sensitive patient information is 

the cornerstone of the extensive datasets that AI depend on, 

making the guarantee of the confidentiality and integrity of 

this data of utmost significance.⁸

These concerns include data breaches, unauthorised access, 

and the potential misuse of sensitive patient information 

which emphasizes the need for implementing ethical 

principles in AI use within anesthesia. To address these 

challenges, it becomes essential to establish robust data 

security measures. This incorporates the implementation of 

strict access controls, advanced data encryption techniques 

and the formulation of transparent policies governing data 

usage. By integrating these precautions, the healthcare 

industry can create a balance, utilizing the potential of 

AI for enhanced healthcare outcomes while preserving 

the principles of patient privacy and data security in the 

progressing field of AI in medical setting.⁹

The risk of bias in AI algorithms is another major challenge 

that AI introduces, which can occur from training the AI 

models on biased or unrepresentative datasets. Such biases 

may lead to discriminatory outcomes, disproportionately 

affecting specific demographic groups and creating care 

inequalities. To ensure justice and equity in AI use in 

anesthesia, it is essential to evaluate and address biases 

in datasets continuously. By minimizing these biases, the 

healthcare sector can foster inclusive and unbiased AI 
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applications, advancing the goal of equitable healthcare for 

all.15

Moreover, AI presents important implications about the 

patient-doctor relationship. While AI can boost efficiency and 

objectivity in decision-making, keeping open communication, 

empathy, and a human touch in patient care remain vital. The 

ethical application requires mediating between utilizing AI's 

capabilities and maintaining the personalized, empathetic 

characteristics of healthcare. Ensuring that AI complements 

rather than replaces human judgment is critical to nurturing 

patient trust. By addressing these dynamics, the healthcare 

community can employ AI's potential to enhance care 

delivery while upholding the human connection that is 

fundamental to a trusting and collaborative patient-doctor 

relationship.16

CONCLUSION 
AI is transforming anesthesiology by improving patient 

monitoring, optimizing drug administration, and enhancing 

risk assessment. AI enables timely decision-making, 

predictive analytics, and personalized anesthesia care. This 

can be done through machine learning, deep learning, and 

automated systems, Closed-loop drug delivery systems and 

AI-driven monitoring that improves accuracy and efficiency. 

Moreover, predictive models help anticipate complications, 

reducing risks and improving patient outcomes.

Despite its great potential, AI adoption in anesthesiology 

must be approached thoroughly. Ensuring data privacy, 

minimizing algorithmic biases, and ensuring human 

supervision are crucial to incorporating AI ethically and 

effectively. AI should complement, not replace, the expertise 

of anesthesia providers, supporting rather than diminishing 

the patient-doctor relationship.

Collaboration between technologists and clinicians is 

essential to fully employ AI's benefits. Continuous research, 

rigorous validation, and transparent implementation will 

drive AI’s safe and effective integration into anesthetic 

practice. By incorporating innovation while prioritizing 

patient safety and ethical considerations, the future of AI in 

anesthesiology holds great promise for advancing precision 

medicine and improving healthcare outcomes. 
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QUIZ 1

Continuing Education Quiz

1. Which of the following best explains artificial 
intelligence (AI)?

A) 	A technology limited to robotics
B) 	A field of study focused on making machines 

perform tasks that require human intelligence
C) 	A method used only in radiology and cardiology
D) 	A tool that replaces human decision-making in 

anesthesia

2. Why is anesthesiology specifically suited for AI 
applications?

A) 	It does not require human intervention
B) 	It involves extensive data collection and real-time 

decision-making
C) 	AI can completely automate anesthesia care without 

supervision
D) 	It primarily focuses on post-operative care

3. Which AI subset focuses on training machines to 
learn from data without explicit programming?

A) 	Robotics
B) 	Expert Systems
C) 	Machine Learning (ML)
D) 	Computer Vision

4. How does AI improve patient monitoring in 
anesthesia?

A) 	By completely eliminating the need for human 
anesthesiologists

B) 	By dynamically analyzing vital signs and drug 
concentrations to detect complications early

C) 	By reducing the number of sensors used in 
monitoring

D) 	By relying only on historical data without real-time 
analysis

5. What is the role of closed-loop anesthesia delivery 
(CLAD) systems?

A) 	To provide real-time adjustments to drug 
administration based on patient monitoring

B) 	To replace anesthesia providers in the operating 
room

C) 	To eliminate the need for intraoperative monitoring
D) 	To manually control drug infusion without 

automation

6. Which monitoring tool benefits from AI-based deep 
learning models for analyzing anesthetic drug 
effects?

A) 	ECG
B) 	EEG
C) 	Blood pressure cuff
D) 	Pulse oximeter

7. What is the primary function of AI in risk assessment 
for anesthesia patients?

A) 	To make real-time risk stratification and predict 
potential complications

B) 	To prescribe anesthesia without physician oversight
C) 	To standardize drug doses for all patients
D) 	To focus only on post-operative pain management

8. In predictive analytics, how does "Prescience" AI 
model assist anesthesia providers?

A) 	It automatically administers anesthesia without 
human intervention

B) 	It predicts the risk of hypoxemia during general 
anesthesia using standard OR sensors

C) 	It focuses only on post-operative nausea 
management

D) 	It replaces anesthesia providers in making clinical 
decisions

9. What ethical concern is associated with AI in 
anesthesiology?

A) 	AI increases the cost of anesthesia procedures
B) 	The risk of bias in AI algorithms leading to care 

inequalities
C) 	AI eliminates the need for patient monitoring
D) 	AI does not require validation before clinical use

10. What is the recommended approach for integrating 
AI into anesthesiology?

A) 	Using AI to replace human judgment in anesthesia 
care

B) 	Ensuring AI complements anesthesia providers 
while maintaining patient safety and ethical 
considerations

C) 	Relying solely on AI for decision-making in high-risk 
cases

D) 	Eliminating anesthesia providers and replacing them 
with AI systems
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