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ABSTRACT

This review article examines the utility of artificial intelligence (Al) in anesthesia, with a focus on recent developments and
future directions in the field. A total of 19,300 articles were available on the given topic after searching in the above mentioned
databases, and after choosing the custom range of years from 2015 to 2023 as an inclusion component, only 12,100 remained.
5,720 articles remained after eliminating non-full text. Eighteen papers were identified to meet the inclusion criteria for the
review after applying the inclusion and exclusion criteria. The applications of Al in anesthesia after studying the articles were
in favor of the use of Al as it enhanced or equaled human judgment in drug dose decision and reduced mortality by early
detection. Two studies tried to formulate prediction models, current techniques, and limitations of Al; ten studies are mainly
focused on pain and complications such as hypotension, with a P value of <0.05; three studies tried to formulate patient
outcomes with the help of Al; and three studies are mainly focusing on how drug dose delivery is calculated (median: 1.1%
+ 0.5) safely and given to the patients with applications of Al. In conclusion, the use of Al in anesthesia has the potential to
revolutionize the field and improve patient outcomes. Al algorithms can accurately predict patient outcomes and anesthesia
dosing, as well as monitor patients during surgery in real time. These technologies can help anesthesiologists make more
informed decisions, increase efficiency, and reduce costs. However, the implementation of Al in anesthesia also presents
challenges, such as the need to address issues of bias and privacy. As the field continues to evolve, it will be important to
carefully consider the ethical implications of Al in anesthesia and ensure that these technologies are used in a responsible

and transparent manner.
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Introduction

Artificial intelligence (Al) is a field of computer science
that focuses on creating systems or machines capable of
performing tasks that typically require human intelligence.
These tasks include reasoning, problem-solving, learning
from data, understanding natural language, and making
decisions.!"? Al systems use algorithms and computational
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models to simulate human cognitive functions, enabling
them to analyze large datasets, recognize patterns, and
make predictions or recommendations. Al is a rapidly
evolving technology that can transform healthcare delivery.
Machine learning (ML), fuzzy logic, and neural networks are
the methods used to train the model and obtain the desired
output, which performs complex calculations and mimics the
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function of the brain.?? In the field of anesthesia, Al has the
potential to improve patient outcomes, reduce healthcare
costs, and enhance the efficiency of anesthesia care delivery.
The use of Al in anesthesia is still in its infancy, but there is
growing interest in exploring its potential applications.?®l

Al in anesthesia can help treat physicians and surgeons
in multiple areas, such as patient monitoring; artificial
software analyzes multiple streams of data, such as
electrocardiogram (ECG) signals, blood pressure readings, and
respiratory rate, to detect changes that may be indicative of
an adverse event and alert treating physicians, allowing for
swift and appropriate intervention.”® Al can also be used to
optimize the delivery of anesthetic agents based on patient
characteristics and surgical requirements; the algorithms
take into account several factors such as patient age, weight,
medical history, and comorbidities, as well as the type and
duration of surgery, to determine the optimal anesthetic
plan. This can help ensure that patients receive safe and
effective anesthesia care while minimizing the risk of adverse
events.""!" Al algorithms can analyze patient data to predict
the risk of postoperative complications such as respiratory
failure, acute kidney injury, or delirium.'>' This can help
anesthesia providers identify patients requiring additional
monitoring or interventions and tailor their care accordingly
by recommending the optimal anesthetic plan based on patient
characteristics and surgical requirements. Al algorithms can
recommend the appropriate anesthetic agent, dosage, and
delivery method based on patient age, weight, medical history,
and comorbidities. This can help to standardize anesthesia
care and reduce the risk of human error."

While the use of Al in anesthesia holds great promise, this
technology has challenges and limitations. These include
the need for high-quality data, the potential for bias and
error, and the ethical and regulatory considerations that
must be addressed. As Al continues to evolve, we will likely
see further advancements in anesthesia care that leverage
the power of this technology. Instead of replacing human
judgment, anesthesiology should prioritize the doctor—
patient connection and be utilized to aid physicians in making
decisions.!"®l

This review aims to provide an overview of the field’s current
state, including the various ways in which Al is being used in
anesthesia, the benefits and limitations of this technology,
and future directions for research and development.

Methodology

The methodology for the research review article on the
utility of Al in anesthesia involved a comprehensive literature

search of various databases, including PubMed and Google
Scholar. The search was conducted using a combination of
keywords such as “Al,” “anesthesia,” “patient monitoring,”
“drug dosing,” and “decision-making.” MK and ST retrieved
and screened all the records, and any concerns were resolved
through discussion and a third reviewer, SJ.['"!

”

The Population, Intervention, Comparison, Outcomes, and
Study (PICOS) used for the review are as follows:

The proper dosage of medication administered to a patient
undergoing anesthesia during surgery is essential to a safe
and successful anesthetic experience. Drug dosages have
typically been decided by human judgment, based on the
training and experience of the anesthesiologist. However,
there may be a change in the way medication dosages are
determined and given as a result of the incorporation of Al
into medical procedures.!'s!

A major development in medical technology is the
incorporation of Al into surgical patient monitoring. There
are a number of possible advantages and factors to take into
account when comparing Al-based monitoring to conventional
human monitoring in terms of patient outcomes.!"!

Exclusion criteria

There are some specific standards that specify which subjects
or studies are not taken into account within the parameters
of the research, and they are found in manuscripts on the
application of Al in anesthesia and were excluded from the
study. Studies or applications of Al that were not directly
related to the field of anesthesia were excluded. Studies
conducted on animals or experiments that do not have
direct implications for human anesthesia practices were not
involved. Studies that primarily involve patient populations
not typically associated with anesthesia, such as pediatric,
high-risk, vulnerable patients, and obstetric populations,
if the focus is on adult general anesthesia, were excluded.
The studies conducted focusing on outdated or obsolete Al
technologies that are no longer relevant to current anesthesia
practices were not included.”?

Inclusion criteria

The inclusion criteria for the manuscript are as follows: The
studies that have included the use of anesthetic drugs are
involved. Also, participants who received general anesthesia
techniques are only included. Patients posted for elective
surgery are included in the given study.

Screening and data extraction
Two independent reviewers, MK and ST, conducted duplicate
title and abstract screening and full-text review to identify
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eligible studies. Two reviewers completed data extraction
independently and in duplicate, and a third reviewer, SJ,
verified the data. All disagreements were resolved by the
group consensus.

We extracted the following information:

1. Characteristics of the enrolled population at the baseline
and summary of the eligible trials, including study ID (last
name of first author or publication year), study arms,
region, mean age, surgery type, type of anesthesia,
conversion of anesthesia, a dose of the drug, type of
Al, P value of increased efficiency, P value of post-op
complications, area under the curve (AUC) of the studies,
inclusion and exclusion criteria of eligible studies,
primary endpoints, and conclusions.?'??

2. Outcomes: efficiency of Al and reduced postoperational
complications.

3. Domains of the Cochrane random risk-of-bias assessment
tool for randomized controlled trials (RCTs) and
prospective studies.!

Quality assessment

We use standardized critical appraisal instruments
from Joanna Briggs Institute for critical appraisal Tool
assessment, as appropriate for methodological quality. Any
disagreements that arose were resolved through discussion.
The essential results of the appraisal are reported in
narrative format and tables in an additional supplement
and are not mentioned in this review. Regardless of their
methodological quality, all studies were included in data
extraction and synthesis./***!

Literature search

Nineteen thousand three hundred articles were available
on a given topic after searching the databases mentioned
above, and after choosing the custom range of years from
2015-2023 as an inclusion component, only 12,100 remained.
Five thousand seven hundred twenty articles remained after
eliminating non-full text. After applying the inclusion and
exclusion criteria, 18 papers were identified to meet the
inclusion criteria for the review. As shown in Figure 1 which
shows how the data is collected after slecting inclusion
component.

Summary of included studies
The total number of included patients from 18 studies was

The study arms included atracurium + vecuronium,
vecuronium + rocuronium, rocuronium + mivacurium, and
Al + control. The most commonly reported outcome was
the efficiency of Al. All study characteristics are shown in
Table 1.1%5:201

Baseline characteristics of the included population

The primary chemotherapy type was anthracycline. The main
cancer type in our included studies was breast cancer.?”?!
The follow-up duration ranged from 6 to 12 months, with
12 months being the most common. Table 1 shows the
summary of the included studies.

A thorough literature search across several databases,
including PubMed and Google Scholar, was part of the
methodology for the research review article on the utility of
Al in anesthesia. The selected articles were reviewed, and
the relevant information was extracted and summarized. The
information extracted included the study design, sample size,
Al algorithms used, and outcomes measured.?>3'l

The information extracted from the articles was synthesized
and organized into themes related to the application of Al in
anesthesia. The themes included patient monitoring, drug
dosing, decision-making, and limitations and challenges of
Al in anesthesia.l*>33!

The review’s findings were analyzed and presented in
a narrative format, highlighting the essential findings
and recommendations for applying Al in anesthesia. The
limitations of the studies were also discussed, and areas for
future research were identified.

In addition to the literature search, expert opinions from
anesthesiologists and Al specialists were sought to provide
additional insights into Al's potential utility in anesthesia
and identify areas where further research is needed.?:3+3¢I

Results

Clinical application of Al in patient outcomes

The use of Al in anesthesia has been a topic of growing
interest in recent years, with several articles addressing
the current state of Al in anesthesia and the potential
benefits and challenges of incorporating Al into anesthesia
care; V Mihir (2022) conducted a questionnaire-based
feedback on the support of ML to anesthesiologists, and
the anesthesiologist reported that the efficiency of peak
glucose level estimation rose from 79.0 + 13.7% without
the assistance of ML to 84.7 = 11.5% (P < 0.001) when they
were provided with ML estimates, and opioid estimation
increased from 18% to 42% with the help of ML. Wag Hao
conducted another study validating multi-data analysis on
artificial neural network (ANN) to predict long-term pain
outcomes after microvascular decompression (MVD) in
patients with trigeminal neuralgia (TN). The model trained
could predict long-term pain with an efficiency of 95.2% and
an AUC of 0.862.
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Figure 1: Flowchart outlining how studies were chosen to be part of the review (Cochrane Method)

Al in automation of drug delivery

Al has been proven to help physicians automate drug
delivery. A study conducted by Shieh JS (2020) using
fuzzy logic, a subset of Al to automate the delivery of
neuromuscular blockades, in 10 patients with American
Society of Anesthesiologists (ASA) I and Il with blockade by
rocuronium and mivacurium showed that when the groups

252 Saudi Journal of Anesthesia /

were compared, the coefficient of variation in both cases
was 36.13 (standard deviation (SD) 9.35)% and 34.03 (SD
10.76)%, showing a good activity by the controller. H Yuh-Jyh
(2012) showed that decision tree had better efficiency
(80.9% and 73.1%) in predicting patient-controlled analgesia
consumption and its readjustment over other learning
methods.
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Another study conducted by Shamberg G et al. (2022)
shows that continuous action deep reinforcement learning
outperforms proportional integral derivative model control
in the delivery of anesthesia drug, and reinforcement
learning produces anesthetic control policies that are
interpretable.

Al in pain management

For the management of pain, clinicians prefer the use of
guidelines while making clinical decisions. The ASA provides
guidelines for pain management. The use of Al has been
vastly studied in the last 5 years. A study in this direction
was conducted by G. Bochen (2021) on 4674 participants
with knee pain, they created a deep learning (DL) algorithm
and compared it to the traditional method, and the AUC
for both was 0.692 (66.9% sensitivity and 64.1% specificity)
and 0.770 (76.7% sensitivity and 70.5% specificity), which
shows a higher significance (P < 0.001). Along with this,
a combined model was created and the AUC of the model
was 0.807 (72.3% sensitivity and 80.9% specificity), which
is higher than both traditional and DL models. Jae-Geum
Shim conducted another study on the prediction of chronic
lower back pain by using a ML algorithm, and he studied
6119 patients, out of whom 1394 had lower back pain.
Hence, ML is seen to help the anesthesiologist in the pain
management of the patient.

Armin Kiani’s 2020 article “Artificial Intelligence in Anesthesia:
Recent Advances and Future Direction” provides an overview
of recent advances in Al in anesthesia care, including the
use of Al for patient monitoring, decision support, and
predictive analytics. Kiani also discusses the potential future
directions of Al in anesthesia care, such as the development
of closed-loop anesthesia systems.

Michael P. W. Grocott’s 2021 review, “Anesthesia and
Artificial Intelligence: A Review,” provides an overview of
the current state of Al research in anesthesia, including
the use of Al for patient monitoring, decision support, and
predictive analytics. Grocott also discusses the potential
future directions of Al in anesthesia, such as the use of Al
for personalized medicine.

Limitations and future challenges

Al is more prone to bias and relies on associations and
relations drawn through its algorithm. There is a risk
of racial biases emerging in the healthcare field as the
artificial algorithm can make associations based on race.
The “statistical bias” in Al could lead to discrimination
and is one of the leading questions in the ethical and legal
space. Researchers have attempted to identify the desirable
and undesirable biases, which may affect the Al ability to

produce the best results expected, and the difference in
gender, effective treatment for each gender, and well-being
of the patients are the desirable bias and unrepresentative
samples, and adverse reactions and ineffective treatment
are the undesirable bias for Al in health (Cirillo et al.,
2020). Another case study showing the bias in medical Al
reported that the authors (Gainz et al.) used a cutting-edge
algorithm and training sets with a gender balance of 0/100%
to examine diagnoses of 12 different thoracic diseases
based on chest X-rays. 25% and 50% in women, 25%, 75%
and 100% in Men, respectively, as anticipated, diagnostic
Al outperformed when diagnosing women in one disease
and men in another. However, for some diseases, such as
pneumothorax, when used as an example, the diagnostic
Al was more effective in men, even though it was initially
programmed to diagnose more for women accurately. This
difference is emphasized by women and men, even if bias
remains.

The algorithm that worked best for women was to diagnose
women better than men. If the same algorithm is used for
different diseases, in women it performs the worst.

Ethical and legal issues must also be considered when
integrating Al into health care because patient health
is at stake. Research by Gerke et al. (2020) identifies the
legal and ethical issues, such as informed consent. This
pressing question still requires careful attention as to the
extent of responsibility of the physician or cardiologist
when teaching the complexities of Al to patients and, in
what cases, the principles of consent shall apply, optionally.
The black-box nature of the algorithm is worrying because
sometimes the mechanism the algorithm uses to trigger
an alert is unknown and may not be effective. Security
and transparency are also among the emerging issues, as
there is a need to train on good quality and large enough
data, as well as whether these algorithms should be open
to the public for verification because this conflicts with
intellectual property rights. The third issue addresses
concerns about algorithmic fairness and bias, as the
data used for training must be a diverse and faithful
representation of the population. Data protection and
privacy also play an important role, and many laws relating
to protection and privacy are currently in force."”!

Discussion

1. Decision Support Systems:
Studies focusing on Al-based decision support
systems reveal a growing body of literature in this
domain. The review suggests that Al algorithms show
promise in optimizing drug dosage, predicting patient
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responses, and aiding clinicians in decision-making.
However, the discussion also underscores the need for
further research to enhance the interpretability and
explainability of these Al models. The “black-box” nature
of some systems could challenge anesthesiologists’
acceptance and trust, emphasizing the importance
of developing transparent and collaborative decision
support tools.

Monitoring and Predictive Analytics:

The synthesis of evidence related to Al applications in
monitoring and predictive analytics during anesthesia
underscores their significant potential. Studies included
in the review demonstrate the ability of Al to monitor
vital signs, predict adverse events, and identify anomalies
in real time. However, the discussion critically evaluates
the translational challenges these technologies face,
emphasizing data quality, interoperability, and the
need for large, diverse datasets. Standardization and
collaboration among institutions emerge as crucial
factors for successfully integrating Al-driven predictive
analytics into routine clinical practice.

Personalized Anesthesia Care:

The systematic review delves into the emerging area
of personalized medicine in anesthesia, facilitated by
Al It is evident from the synthesized evidence that Al
holds promise for tailoring anesthesia interventions to
individual patient profiles, optimizing drug regimens,
and minimizing adverse effects. However, the discussion
also addresses ethical considerations, including data
privacy and algorithmic biases. The review calls for
further research to address these ethical implications
and ensure the responsible implementation of Al-driven
personalized anesthesia care.

Human-Machine Interaction:

The section on human-machine interaction reveals a
growing interest in understanding how anesthesiologists
interact with Al systems. The design of user-friendly
interfaces and decision support tools is explored in
the literature, and the review emphasizes the need for
interdisciplinary research involving clinicians, Al experts,
and human factor specialists. The discussion critically
evaluates Al's impact on healthcare professionals’ roles
and responsibilities, raising essential questions about
the optimal balance between Al support and human
decision-making in anesthetic practice.

Challenges and Future Directions:

This systematic review systematically addresses the
challenges faced by integrating Al into anesthetic
practice, including standardization issues, ethical
considerations, and human-machine interaction
complexities. The evidence synthesis highlights the
scarcity of high-quality, labeled datasets as a significant

challenge and emphasizes the need for ongoing
interdisciplinary collaboration between academia and
industry. The discussion encourages future research to
focus on overcoming these challenges, fostering ethical
Al practices, and ensuring the seamless integration of Al
into routine anesthetic care.

Usage of Al in Anesthesia

Al has the potential to revolutionize anesthesia care by
improving patient outcomes, reducing costs, and enhancing
the efficiency of anesthesia delivery. Here are some examples
of how Al can be used in anesthesia:

Patient Monitoring: Al can improve patient monitoring in
anesthesia care by enabling real-time monitoring of patient
vital signs and early detection of potential complications.
Here are some examples of how Al is being used in patient
monitoring in anesthesia by real-time monitoring of multiple
vital signs, predictive analytics for patient outcomes,
anomaly detection, patient risk stratification, and automated
documentation./?31

Anesthetic Delivery: Al can potentially improve anesthesia
delivery by optimizing the dosage and delivery of anesthetic
agents based on patient characteristics and surgical
requirements. Here are some examples of how Al is being
used in anesthesia delivery for personalized anesthetic plans,
automated dose adjustment, closed-loop anesthesia delivery
systems, and automated drug delivery.P3738]

Predictive Analytics: Al can be used for predictive analytics in
anesthesia by analyzing large datasets of patient information
to predict patient outcomes and identify patients at increased
risk for complications. Here are some examples of how Al
is being used in predictive analytics in anesthesia for risk
prediction models, real-time risk stratification, outcome
prediction, and early warning systems.?>27!

Decision Support: Al can be used for decision support
in anesthesia by providing anesthesia providers with
recommendations for the optimal anesthetic plan based on
patient characteristics and surgical requirements. Here are
some examples of how Al is being used in decision support
in anesthesia- anesthesia planning, medication selection,
intraoperative decision support, and postoperative care.?

Electronic Medical Record (EMR) Integration: Al can be
used for EMR integration in anesthesia by analyzing patient
data and integrating it into the EMR system in real time.
Here are some examples of how Al is being used for EMR
integration in anesthesia- automated documentation,
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real-time data integration, decision support, and data
analytics.

Conclusion

In conclusion, the use of Al in anesthesia has the potential
to revolutionize the field and improve patient outcomes.
Al algorithms can accurately predict patient outcomes and
anesthesia dosing, as well as monitor patients during surgery
in real time. These technologies can help anesthesiologists
make more informed decisions, increase efficiency, and reduce
costs. However, the implementation of Al in anesthesia also
presents challenges, such as the need to address issues of
bias and privacy. As the field continues to evolve, it will be
important to carefully consider the ethical implications of Al
in anesthesia and ensure that these technologies are used in
a responsible the promise of Al in anesthesia is substantial,
and it is an exciting time for researchers, clinicians, and
patients alike.
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