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ABSTRACT

Artificial intelligence plays a crucial role in predicting patient
conditions, optimizing drug doses, monitoring clinical status, and providing clinical decision
support during anesthesia. This narrative review examines the applications of artificial

intelligence in the field of anesthesia.
S EESERERVYEREeS This review article was conducted in 2023 [Solar Hijri 1402] by

searching international databases, including Scopus, PubMed, IEEE Xplore, and Web of
Science, as well as Iranian databases such as IranDoc and SID, for the period 2019-2024.
The applications of artificial intelligence in anesthesia include the Infuse-OR system,
which operates via magnetic coding, and Stanpump software, designed to automate the
anesthetic process and reduce reliance on manual clinical intervention. Furthermore,
machine learning models are utilized to determine anesthetic dosages by analyzing input
datasets and patient conditions. Neural network algorithms are specifically applied for dose
optimization, while Long Short-Term Memory (LSTM) networks are employed to analyze
and predict anesthetic performance. For signal classification during anesthesia, a
Convolutional Neural Network (CNN) architecture is utilized, consisting of an initial layer
with 32 convolutional filters and max-pooling, a second convolutional layer with 32 filters
followed by a secondary pooling layer, and a final fully connected layer.
m/l ntegrating artificial intelligence into anesthesia enhances the quality of medical
care, improves diagnostic accuracy, and increases patient safety. However, this integration
also presents several challenges such as protecting patient privacy, ensuring responsible Al
) decision-making, preventing discrimination, improving the transparency of algorithms,
Eg\clfs"efgdz‘; g’:ti%‘zg clarifying physician responsibility, and addressing the impact of artificial intelligence on the
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Introduction

nesthesia is a fundamental component of

surgical procedures, defined as a state of

unresponsiveness to stimuli. The primary goal

of any anesthesia control system is to

determine the exact dosage of anesthetic drugs
needed to achieve an optimal depth of anesthesia.
Various methods are employed to assess this depth,
including measuring mean arterial pressure (MAP),
systolic arterial pressure (SAP), electromyography (EMG),
and electroencephalography (EEG). Artificial Intelligence
(Al) has the potential to enhance the monitoring and
management of the anesthesia process significantly.
The benefits offered by Al include improved prediction
and control of patient conditions during anesthesia, precise
drug dosing, accurate monitoring, and response prediction,
all of which contribute to increased patient safety. By
utilizing automated monitoring systems and advanced
algorithms to analyze data, Al improves the accuracy,
speed, and overall performance of surgical procedures.
This integrated approach minimizes human error,
facilitates optimal drug dosing, and enhances post-
operative outcomes, playing a crucial role in elevating
patient safety and the quality of medical care. The
integration of Al into anesthesiology enhances
physiological ~ monitoring  precision, allows for
personalized drug dosage settings, reduces diagnostic
errors, improves the prediction of patient responses, and
heightens safety during surgical procedures.
Machine learning algorithms simplify data analysis, reduce
surgical risks, and improve patient outcomes. Al also
enables automated monitoring of vital signs—such as heart
rate, blood pressure, and blood oxygen levels—allowing
clinicians to better evaluate patient responses during
anesthesia and react quickly to any changes.
Al-driven data analysis assists in predicting patient
reactions, enabling more accurate decision-making during
critical situations like hemodynamic instability or
unexpected respiratory issues. By tailoring drug types and
dosages to each patient's physiological status, personalized
data analysis minimizes the risk of complications and
enhances the performance of the anesthetic team.
Additionally, Al contributes to the development of
advanced surgical robots capable of performing operations
with high precision and sensitivity. Through continuous
analysis of patient data during anesthesia, Al identifies
patterns and trends, using these insights to improve
monitoring. Clinicians can also utilize Al to predict
recovery trajectories post-anesthesia and assess the need
for  additional care, optimizing post-operative
management.
Consequently, incorporating Al into anesthetic procedures
enhances the precision and speed of patient monitoring,
ultimately improving the overall quality and safety of
anesthesia care.

Methods
This narrative review, conducted in 2023, aimed to explore
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the roles, types, and applications of Al in intraoperative
anesthesia. Using Mesh terms from the PubMed database,
English and Persian keywords were selected, including:

"Artificial Intelligence”, "Anesthesia", "Pain
Management”, "Machine Learning", "DSS in Anesthesia",
and their Persian equivalents.

A comprehensive search was done for articles published
between 2019 and 2024 in international databases: PubMed,
Scopus, Web of Science (WOS), IEEE Xplore, and national
repositories such as IranDoc, SID, as well as academic
search engines like Google Scholar and Semantic Scholar.

Retrieved studies were imported into EndNote version 20,
where duplicates were removed. The inclusion criteria
consisted of original articles in English or Persian that
examined the role and application of various types of Al in
anesthesia, focusing on clinical outcomes and practical
experiences. The exclusion criteria included short articles,
letters to the editor, conference abstracts, review articles, and
studies that were not available in full text or were written in
languages other than English or Persian.

Screening was conducted in three stages. In the first stage,
article titles were reviewed, and those meeting the inclusion
criteria were selected for abstract screening. In the second
stage, relevant abstracts were assessed for alignment with
the research objectives. Finally, in the third stage, full texts
of selected articles were qualitatively analyzed and used to
write the final article. Common themes and patterns
regarding the application of Al in anesthesia were identified
and categorized into three main groups: a) Types of Al
technologies used during anesthesia, b) Positive and
negative impacts of Al on patient outcomes, anesthesiologist
performance, safety, and c) Challenges, limitations, and
ethical considerations associated with Al implementation in
anesthesiology.

Results

Based on the findings, several Al technologies have been
integrated into anesthesiology. These include clinical
delivery systems such as Infuse-OR and Stanpump software.
For dosage control and predictive modeling, Recurrent
Neural Networks (RNNSs), Perceptron neural networks,
Bayesian models, linear regression, and Random Forest
algorithms are frequently utilized. Furthermore, specialized
tools are employed for feature extraction from
electrocardiogram (ECG) signals, while Convolutional
Neural Networks (CNNs) are applied to analyze surface-
level anesthesia datasets. Overall, Al facilitates automatic
integration of patient data and physiological parameters,
enabling prediction of intraoperative responses. This allows
physicians to act rapidly during emergency or acute
situations.

However, the use of Al in anesthesia presents challenges
and ethical concerns, including: patient privacy and data
protection, accountability for Al-related errors or incorrect
decisions, algorithmic accuracy and reliability, acceptance
of Al technologies by clinicians, and broader ethical and data
governance issues.
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It is important to note that despite advancements in Al and
monitoring tools, the anesthesiologist remains the central
figure in ensuring patient safety. The critical role of Al in
anesthesia is hardly disputable, but it cannot replace the
expert judgment and clinical experience of trained
professionals.

Conclusion

Al can personalize anesthetic drug dosages based on each
patient's physiological profile, preventing overuse and
reducing associated risks. Due to its diagnostic precision and
low error margin, Al minimizes inappropriate interventions
and helps reduce healthcare costs. It also shortens decision-
making time and expedites anesthetic procedures,
significantly contributing to surgical efficiency.

Overall, the integration of Al into intraoperative anesthesia
improves therapeutic performance, reduces risks and errors,
enhances patient safety, and elevates the quality of medical
care. It also increases diagnostic accuracy and contributes to
better clinical outcomes.

As with any technological advancement, this progress
comes with its own set of challenges, including ensuring
patient privacy and responsible Al decision-making,
avoiding algorithmic bias, enhancing transparency in Al
systems, and clarifying the roles and responsibilities of
physicians in Al-assisted care.

Addressing these challenges requires developing ethical
guidelines, improving algorithm transparency, establishing
regulations and oversight, and updating training for
healthcare professionals and the public.

Furthermore, investment in fostering positive human-Al
relationships and creating alternative job opportunities is
essential. By considering these ethical and practical aspects,
effective and safe application of Al in medical sciences can
be achieved, ultimately enhancing surgical care and patient
outcomes. To fully harness the potential of Al in
anesthesiology, further research, algorithm refinement, and
extensive clinical evaluations are necessary.
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