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The Positive Impacts of Artificial Intelligence in Anesthesia and Anesthesia 
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Artificial Intelligence (AI) is profoundly transforming healthcare, with its impact becoming 
increasingly evident across various medical disciplines. The most promising and novel 
applications of AI are found in anesthesiology, where it is enhancing patient safety, clinical 
decision-making, and individualized care practices. Anesthesiologists face the complex task 
of maintaining anesthetic stability throughout surgical procedures, where even variations 
in patient parameters can lead to adverse outcomes. In this context, AI is emerging as a 
powerful tool that enhances the precision and effectiveness of anesthetic operations.
 The function of AI in anesthesiology includes several essential areas, such as improving 
operating room safety and tailoring medication dosages to the specific needs of individual 
patients. AI systems employ advanced machine learning algorithms to examine vast data 
from real-time physiological monitoring devices, such as heart rate, blood pressure, oxygen 
saturation, and respiratory rate. These devices can detect subtle changes in vital signs, providing 
early warnings of potential outcomes and supplying clinicians with evidence-based treatment 
alternatives.
 Moreover, AI is substantially enhancing the personalization of anesthetic administration. 
By evaluating patient-specific characteristics, including demographics, medical history, and 
genetic predispositions, AI systems can predict optimal medication dosages, mitigating risks of 
under- or overdose and enhancing recovery times. Furthermore, AI-driven predictive analytics 
can forecast patient-specific risks, including the likelihood of adverse reactions or postoperative 
complications, allowing anesthesiologists to execute preventive measures.
 This research aims to analyze the various ways in which AI is enhancing anesthesiology, 
encompassing sophisticated monitoring systems, predictive tools, and personalized treatment 
strategies. The advancement of AI significantly enhances anesthetic treatments, promising 
safer, more efficient, and highly tailored patient care in both surgical and non-surgical 
contexts. 
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Anesthesia equilibrates sedation, analgesia, and essential 
parameters such as blood pressure, heart rate, and 
oxygen saturation. Effectively monitoring these factors 
in real-time while anticipating and addressing changes 
or dangers during surgery is arduous (4). The expertise 
and discernment of anesthesiologists have been crucial 
throughout history. The intricacy of modern surgical 
methods and the growing amount of data gathered 
during operations present novel obstacles (5). 

Artificial intelligence is becoming an essential 
tool for tackling these challenges, enhancing human 
proficiency. Artificial intelligence, particularly 
machine learning (ML) and deep learning algorithms, 
can analyze vast quantities of data and discern 

INTRODUCTION
Anesthesia is essential to modern surgery, 

guaranteeing that patients undergo treatments without 
pain, worry, or awareness. Over the decades, physicians 
have perfected the process of sedating or producing 
coma in patients while preserving vital physiological 
functions (1, 2). Anesthesiologists depend on their 
knowledge, expertise, and diverse monitoring systems 
to maintain this fragile balance throughout surgery. 
As healthcare systems evolve and embrace data-
driven approaches, artificial intelligence signifies a 
new technological frontier (3). Artificial intelligence is 
becoming essential in anesthesiology, with substantial 
opportunity to improve anesthesia in novel ways.  
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patterns that clinicians might miss (6). In the realm 
of anesthesia, AI can evaluate patient data in real-
time, including vital signs, laboratory results, and 
historical medical information, to provide predictive 
insights and recommendations. This expertise aids 
anesthesiologists in making more informed decisions, 
reducing human error, and improving the safety and 
efficiency of anesthesia (7).

Artificial intelligence has considerably enhanced 
anesthesiology, particularly in patient monitoring. 
Anesthesiologists must monitor patients’ vital signs 
and modify anesthetic dosages during the surgical 
procedure (8). Traditional monitoring methods 
provide critical data; nevertheless, anesthesiologists 
are required to manually adjust parameters according 
to their evaluation. AI-driven systems can evaluate this 
data and provide real-time change recommendations. 
AI algorithms can evaluate heart rate variability, 
oxygen saturation, and blood pressure to detect 
hypotension, arrhythmias, and respiratory distress at 
an early stage (9).

 Anesthesiologists can utilize AI monitoring systems to 
respond more swiftly and accurately, thereby enhancing 
patient outcomes and reducing adverse events.  
Advancements in AI enable the oversight and 
personalization of pharmaceutical distribution (10). 
Age, weight, medical history, genetics, and immediate 
physiological responses influence each patient’s 
responsiveness to anesthetic agents. Traditional 
anesthesia dosing use established formulas or clinical 
judgment to estimate dosage. However, underdosing 
may result in consciousness or discomfort during 
the treatment, while overdose may lead to prolonged 
drowsiness or other side effects, but AI systems can 
examine patient data and change anesthetic drug 
dosages more precisely, ensuring that each patient 
receives the proper amount of anesthesia (11). 

Artificial intelligence can customize anesthetic 
protocols based on body composition, metabolic 
rates, and genetic predispositions, thereby reducing 
the risks associated with conventional doses. 
Moreover, AI is crucial in predicting possible issues. 
Artificial intelligence can detect adverse events such 
as postoperative nausea and vomiting, respiratory 
depression, and cardiovascular complications 
during surgery by utilizing previous patient data 
and predictive analytics (12). These predictive 
models are constructed using vast datasets that 
encompass a diverse array of attributes, enabling 
them to assess certain risks with enhanced accuracy. 
Artificial intelligence assists anesthesiologists in 
mitigating patient risk by identifying vulnerable 
patients promptly and adjusting anesthetic dosages or 
incorporating additional monitoring techniques (13). 

Although AI is altering anesthesia, it is not meant 
to replace anesthesiologists. AI is intended to enhance 

the job of these proficient personnel. Anesthesiologists 
leverage artificial intelligence, together with their 
extensive knowledge, clinical expertise, and human 
discernment, to render swifter and more precise 
decisions (14). AI liberates anesthesiologists to 
concentrate on clinical decision-making and patient 
care by executing routine and data-intensive anesthesia 
administration responsibilities. Anesthesiologists 
collaborate with AI to enhance patient care and 
establish a safety net, relying on human expertise for 
complex decision-making (15).

AI is enhancing anesthesiology through 
advancements in monitoring, drug administration, 
and risk evaluation. These innovations are 
enhancing the safety, efficiency, and personalization 
of anesthesia. The utilization of AI in anesthesia 
will undoubtedly increase as healthcare advances, 
enabling anesthesiologists to provide optimal 
care with contemporary technology. Artificial 
intelligence is enhancing human expertise, enabling 
anesthesiologists to deliver more certain and accurate 
care, hence improving surgical outcomes (16). 

Enhancing Patient Safety Through Predictive 
Analytics

Anesthesiology’s foremost priority is patient 
safety, as it manages essential physiological functions 
during surgery, where any departure may lead to 
grave outcomes. Anesthesiologists have proficiently 
administered sedation, analgesia, and autonomic 
modulation for decades using their expertise, 
experience, and traditional monitoring devices (17). 
These systems provide real-time vital indicators such 
as heart rate, blood pressure, oxygen saturation, and 
breathing rate to aid anesthesiologists in decision-
making. Conventional monitors are advantageous; yet, 
they merely present data without the ability to foresee 
changes. Modern anesthesiology is undergoing a 
transformation thanks to artificial intelligence (18).

 AI systems demonstrate talents that extend beyond 
just data presentation, unlike traditional displays. 
They gather, assess, and scrutinize substantial 
amounts of real-time patient data to discern patterns 
and trends that clinicians may neglect. The predictive 
capacity of AI has the potential to improve patient 
safety. AI systems can alert clinicians to identify risks 
before they intensify, enabling preventative measures 
and preventing negative results. Anesthesiology has 
advanced considerably with this anticipatory method, 
providing insights that surpass human perception 
(19). 

Various AI algorithms can forecast a reduction in 
blood pressure (hypotension) 10 to 15 minutes in 
advance. Anesthetic drugs often induce hypotension, 
a significant influence on the circulatory system 
during anesthesia. Upon detecting hypotension in 
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a standard setting, the patient may be at risk and 
necessitate immediate action. AI can alert physicians 
to small trends and fluctuations in vital signs, enabling 
them to adjust anesthetic dosages, inject fluids, or do 
other corrective actions prior to a significant drop in 
blood pressure. AI’s ability to predict hypotension is 
one way it can aid anesthesiologists in making safe, 
educated judgments (20).

 Artificial intelligence systems can assess oxygen 
saturation and respiratory patterns to detect hypoxia 
and respiratory depression. Anesthesia poses risks of 
respiratory complications, including compromised 
breathing or oxygenation, particularly in individuals 
with preexisting respiratory conditions or during 
high-risk interventions (21). Traditional monitoring 
techniques may detect hypoxia or respiratory 
depression too late to avert catastrophic consequences. 
Conversely, AI can detect nuanced changes in 
respiratory data, such as reductions in oxygen 
saturation or anomalies in breathing patterns, and 
notify clinicians before to the emergence of serious 
consequences. This enables swift interventions, 
such as adjusting ventilator parameters or providing 
supplemental oxygen, which can significantly reduce 
the risk of adverse outcomes (22).

 AI-driven monitoring systems anticipate 
conditions beyond hypotension and hypoxia. They 
also evaluate heart rate variability, hydration balance, 
and temperature. AI technologies provide a holistic 
view of the patient’s physiological state in real-time, 
allowing anesthesiologists to identify many concerns. 
This extensive monitoring method represents a 
notable progression, enabling anesthesiologists to 
navigate the complexities of anesthesia with enhanced 
accuracy and agility (23).

 The application of AI in anesthesiology signifies 
a transition from reactive to proactive healthcare. 
An alternative viewpoint that analyzes, assesses, and 
predicts functions as auxiliary support. The ability 
of AI to identify patterns in health data and derive 
insights from extensive databases of patient outcomes 
renders it powerful. These computers are taught 
on comprehensive clinical data to improve their 
predictions and offer insights derived from a wider 
range of experiences than any single clinician. Deep 
learning empowers AI systems to discern nuanced 
trends or anomalies, granting them a competitive 
advantage (24).

 Artificial intelligence is designed to continuously 
monitor these indicators, ensuring perpetual patient 
supervision during procedures. Anesthesiologists 
may encounter cognitive overload after extended or 
complex procedures, but AI stays impervious to such 
effects. It offers clinicians an ongoing safety net by 
monitoring, processing, and predicting dangers in 
real-time, enabling them to respond decisively and 

efficiently under duress (25). 

Smarter Drug Delivery and Real-Time Adjustments
The anesthesia procedure lacks standardization. 

Age, body mass, sex, pre-existing health issues, 
metabolic rate, and genetic factors affect individual 
reactions to anesthetic drugs. Selecting the appropriate 
anesthetic kind, dosage, and administration rate 
necessitates clinical acumen and expertise. Even the 
most experienced clinicians may make minor errors 
that can lead to considerable adverse outcomes, 
such as under-sedation, resulting in intraoperative 
awareness and discomfort, or over-sedation, which can 
prolong recovery time, induce respiratory depression, 
cause cardiovascular instability, or trigger other 
complications. This complex balance is where (AI) 
reveals its most compelling advantages (26).

 Artificial intelligence in closed-loop drug 
delivery systems signifies a leading achievement in 
anesthesiology. Real-time physiological data from 
patients is employed to autonomously modify anesthetic 
medication distribution. Closed-loop systems analyze 
patient data such as heart rate, blood pressure, oxygen 
saturation, and electroencephalographic signals 
(EEG), including the Bispectral Index (BIS) for 
assessing anesthetic depth, on a per-second basis, in 
contrast to manual titration techniques (27).  AI-driven 
algorithms assess this data to guarantee the precise 
administration of anesthetic dosages throughout 
treatment, hence ensuring patient safety and comfort. 
Closed-loop devices maintain a stable anesthetic 
concentration and prevent both over- and under-
dosing by responding to patient feedback in real-time.  
Artificial intelligence surpasses simple automation. 
Personalized anesthetic delivery is essential. Standard 
anesthesia techniques generally utilize population-
average methods, neglecting specific patient factors 
that could affect medication responses (28).

 AI algorithms can utilize electronic health records, 
biometric data, pharmacogenomic profiles, and 
previous anesthetic history to formulate personalized 
anesthesia programs. Genetic differences in liver 
enzymes like CYP2D6 or CYP3A4 may affect 
drug metabolism, leading to unexpected increases 
or decreases in blood concentrations. Artificial 
intelligence can evaluate genetic data and real-
time physiological information to swiftly discover 
unexpected reactions or drug sensitivities (29).  
Customization enhances safety and efficacy. 
Individuals with a sluggish metabolism are protected 
from excessive sedation, while rapid metabolizers are 
defended against insufficient anesthetic. AI can also 
incorporate medication clearance comorbidities, such 
as renal or hepatic diseases, hence improving dosing 
precision and safety. This method reduces intraoperative 
and postoperative problems, drug interactions, and 
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recovery time while improving outcomes (30).
 Moreover, AI can enhance preoperative planning by 

analyzing prediction models based on numerous similar 
patient characteristics. Anesthesiologists can evaluate 
optimal induction agents, maintenance procedures, 
and emergence techniques before the patient’s arrival. 
AI can recommend anesthesia approaches that have 
demonstrated efficacy for similar patient cohorts by 
leveraging comprehensive information from prior 
instances, so minimizing variability and enhancing 
consistency in complex or high-risk patients (31). 

In summary, artificial intelligence is transforming 
the management and personalization of anesthetic 
medications for individual patients. Employing 
advanced closed-loop technologies and individualized 
predictive analytics, AI optimizes drug delivery on a 
minute-by-minute basis according to each patient’s 
physiological and genetic traits. This reduces side 
effects, accelerates recovery, and enhances surgical 
outcomes while increasing anesthetic precision 
and safety. As artificial intelligence progresses, 
its incorporation into anesthesia management will 
certainly become widespread, revolutionizing a crucial 
component of surgical care (32).

  
Improving Preoperative Evaluation 

Preparing a patient for surgery is a complex 
procedure that involves more than simple instructions 
such as fasting or filling out paperwork. The process 
entails a thorough medical evaluation to determine a 
patient’s suitability for anesthesia, recognize potential 
dangers, and guarantee optimal readiness for the 
procedure. Traditional evaluations are labor-intensive 
and rely on the physicians’ knowledge and experience 
to examine the patient’s medical history, test outcomes, 
imaging, and additional health data. Any neglected 
aspect may lead to operational difficulties, including 
anesthetic responses or undetected medical issues that 
affect outcomes. The growing intricacy of healthcare 
is making the preparing phase progressively more 
difficult. Artificial Intelligence is transforming this 
phase (33).

 Artificial intelligence is transforming preoperative 
assessment by optimizing data analysis, improving 
precision, and retrieving critical information. 
Contemporary AI models can analyze extensive 
datasets in within seconds, whereas physicians may 
require an hour. This entails analyzing detailed 
medical histories, diagnostic test outcomes, imaging 
examinations, and physician documentation to ascertain 
risks or conditions that could compromise anesthetic or 
surgical procedures. AI systems can analyze data from 
diverse sources to assess a patient’s health and discover 
both explicit and subtle risk factors (34).

 An essential component of preoperative examination 
is the assessment of the patient’s risk for anesthesia-

related problems, sometimes utilizing a scoring system 
such as the American Society of Anesthesiologists 
(ASA) physical status classification system. This 
technique assesses patients based on their medical 
history, comorbidities, and physical state. An AI model 
can swiftly deliver an accurate ASA score by examining 
medical data and detecting diseases such as obstructive 
sleep apnea, heart failure, and extreme obesity. AI 
aids anesthesiologists in adjusting anesthetic dosages 
or choosing safer drugs for individual patients by 
predicting probable dangers (35). 

In addition to predicting ASA values, AI can 
anticipate the influence of medical problems on 
anesthetic administration. Individuals with obstructive 
sleep apnea may necessitate certain anesthetics to 
avert respiratory issues or challenges in sustaining 
oxygen levels during sleep. Anesthesia can impose 
strain on the heart and circulatory system; therefore, 
patients with heart failure may necessitate careful 
fluid management and cardiovascular support during 
surgical interventions. AI models can identify these 
illnesses and suggest anesthetic strategies based on the 
patient’s risk evaluation. This allows anesthesiologists 
to make data-driven decisions and adjust anesthetic 
procedures to improve patient safety and surgical 
outcomes (36).

 A significant benefit of employing AI in preoperative 
evaluation is its speed and dependability. Clinical 
practitioners specialize in analyzing patient data; 
nevertheless, the vast volume of information they 
must evaluate might result in time limitations and 
oversight. Artificial intelligence can rapidly examine 
vast databases, discerning trends and threats. AI can 
evaluate a patient’s medical information, laboratory 
findings, and imaging results in seconds, thus saving 
practitioners hours. This speed preserves time and 
guarantees that no facts are missed, offering clinicians 
a thorough and up-to-date assessment of the patient’s 
operational readiness (37).

The consistency of AI in employing designated 
algorithms and criteria ensures the uniformity of 
preoperative assessments across patients. AI is 
unbiased, ensuring that every patient is assessed 
consistently, unlike humans, who may be swayed by 
weariness, personal biases, or previous experiences. 
This ensures that all patients receive a standardized and 
thorough preoperative evaluation, hence mitigating 
errors in clinical decision-making (38).

Artificial intelligence enhances communication 
among surgical teams. AI can alert anesthesiologists, 
surgeons, and nurses to potential complications prior to 
the patient’s entry into the operating room by delivering 
precise, data-driven suggestions and risk assessments. 
This collaborative, AI-augmented method improves 
patient care coordination and proactivity (39).

 Artificial intelligence have the capacity to improve 

Zeng S, Qing Q, Xu W, Yu S, Zheng M, Tan H, et al. Personalized anesthesia and precision medicine: a comprehensive review of genetic factors, artificial intelligence, and patient-specific factors. 2024;Volume 11 - 2024.
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Ezzadeen Hadi Mohammad Al Kaiati

13

Pers Precis Med  J

long-term patient outcomes and facilitate swift 
advancements in preoperative assessments. AI aids 
clinicians in accurately and promptly detecting 
risk factors, facilitating preemptive interventions. 
Preventive techniques include enhancing the patient’s 
medical management before to surgery, adjusting 
anesthesia protocols to reduce risks, and requesting 
further testing or consultations. This leads to enhanced 
efficiency, expedited recoveries, and a decrease in 
postoperative problems (40).

 Ultimately, AI is augmenting the efficacy, accuracy, 
and consistency of preoperative assessments. Artificial 
intelligence can forecast risks, compute clinical scores 
such as the ASA score, and generate personalized 
anesthetic plans by analyzing comprehensive patient 
data in real-time. This improves therapy and patient 
safety by identifying and addressing potential hazards 
prior to operation. As AI technology advances, its 
role in preoperative evaluation will certainly expand, 
optimizing surgical preparation and improving patient 
outcomes across diverse surgical procedures (41). 

Improving Preoperative Assessment
Preparing for surgery encompasses more than merely 

abstaining from food and completing documentation. 
It involves a comprehensive medical assessment to 
ascertain a patient’s eligibility for anesthesia, identify 
risks, and ensure optimal operational preparedness. 
Conventional assessments are time-consuming and 
depend on physicians’ expertise and experience to 
evaluate the patient’s medical history, test results, 
imaging, and other health information (42). Any 
overlooked factor may result in operational challenges, 
including anesthesia reactions or undiagnosed medical 
conditions that influence outcomes. The increasing 
complexity of healthcare is rendering the preparatory 
phase increasingly challenging. Artificial intelligence 
is revolutionizing this stage (43).

 AI is revolutionizing preoperative evaluation by 
streamlining data analysis, enhancing accuracy, and 
extracting essential information. Contemporary AI 
models can evaluate extensive datasets in within 
seconds, whereas physicians may require an hour. 
Uncovering dangers or conditions that could complicate 
anesthesia or surgery, requires examining thorough 
medical histories, laboratory findings, imaging scans, 
and doctor’s notes. AI systems can evaluate data from 
various sources to assess a patient’s health and identify 
both overt and nuanced risk factors (44).

 Assessing the patient’s risk for anesthesia-related 
complications via the American Society of ASA 
physical status categorization system is essential for 
preoperative evaluation. This system evaluates patients 
based on their medical history, comorbidities, and 
physical condition. An AI model can rapidly provide 
an accurate ASA score by analyzing medical data 

and identifying conditions such as obstructive sleep 
apnea, heart failure, and severe obesity. AI assists 
anesthesiologists in modifying anesthetic dosages or 
selecting safer medications for specific patients by 
forecasting potential risks (44).

In addition to predicting ASA values, AI can 
anticipate how medical conditions may affect 
anesthetic administration. Individuals with obstructive 
sleep apnea may require specific anesthetics to prevent 
respiratory complications or difficulties in maintaining 
oxygen levels throughout sleep. Anesthesia can 
exert stress on the heart and circulatory system; 
hence, individuals with heart failure may require 
meticulous fluid management and cardiovascular 
assistance during surgical procedures. AI models 
can diagnose these disorders and recommend 
anesthetic treatments tailored to the patient’s risk 
profile. This enables anesthesiologists to make data-
informed judgments and modify anesthesia protocols 
to enhance patient safety and surgical results (45).  
The rapidity and reliability of AI preoperative 
assessment render it attractive. Clinical professionals 
excel at interpreting patient data; however, the extensive 
volume of information they must analyze can lead to 
time constraints and oversight. Artificial Intelligence 
can analyze extensive datasets instantaneously, 
identifying patterns and potential threats. Artificial 
intelligence may assess a patient’s medical data, 
laboratory reports, and imaging results within seconds, 
thereby conserving hours for clinicians. This velocity 
conserves time and ensures no details are overlooked, 
providing clinicians with a comprehensive and current 
evaluation of the patient’s operational preparedness.  
The consistency of AI in implementing established 
algorithms and criteria guarantees the standardization 
of preoperative evaluations among patients. AI is 
impartial, guaranteeing that each patient is evaluated 
uniformly, in contrast to humans, who may be 
influenced by fatigue, personal prejudices, or prior 
experiences. This guarantees that all patients undergo 
an identical comprehensive preoperative assessment 
and mitigates clinical decision-making errors (46). 

AI enhances surgical team communication. 
AI can notify anesthesiologists, surgeons, and 
nurses of potential issues before the patient enters 
into the operating room by providing clear, data-
driven recommendations and risk evaluations. 
This collaborative, AI-enhanced approach 
enhances patient care coordination and proactivity.  
Artificial intelligence has the potential to enhance 
patient outcomes in the long term and to immediately 
refine preoperative evaluations. AI assists clinicians 
in identifying risk variables with greater precision 
and timeliness, enabling proactive interventions. 
Preventive strategies encompass optimizing the 
patient’s medical therapy before to surgery, modifying 

Gala D, Behl H, Shah M, Makaryus AN. The Role of Artificial Intelligence in Improving Patient Outcomes and Future of Healthcare Delivery in Cardiology: A Narrative Review of the Literature. Healthcare (Basel, Switzerland). 2024;12(4).
http://Li P, Wang Y, Zhao R, Hao L, Chai W, Jiying C, et al. The Application of artificial intelligence in periprosthetic joint infection. Journal of Advanced Research. 2025.
Harrison M, Pellechi J, DuBois S. Updates to Thoracic Procedures: Perioperative Care and Anesthetic Considerations. In: Ng Pellegrino A, Stawicki SP, editors. Updates in Anesthesia - The Operating Room and Beyond. Rijeka: IntechOpen; 2022.
Bajwa J, Munir U, Nori A, Williams B. Artificial intelligence in healthcare: transforming the practice of medicine. Future healthcare journal. 2021;8(2):e188-e94
Bekbolatova M, Mayer J, Ong CW, Toma M. Transformative Potential of AI in Healthcare: Definitions, Applications, and Navigating the Ethical Landscape and Public Perspectives. Healthcare [Internet]. 2024; 12(2).
Bekbolatova M, Mayer J, Ong CW, Toma M. Transformative Potential of AI in Healthcare: Definitions, Applications, and Navigating the Ethical Landscape and Public Perspectives. Healthcare [Internet]. 2024; 12(2).
Melesse DY, Mekonnen ZA, Kassahun HG, Chekol WB. Evidence based perioperative optimization of patients with obstructive sleep apnea in resource limited areas: A systematic review. International Journal of Surgery Open. 2020;23:23-34.
Harris J, Matthews J. Artificial Intelligence: Predicting Perioperative Problems. British journal of hospital medicine (London, England : 2005). 2024;85(8):1-4.
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anesthetic protocols to mitigate hazards, and soliciting 
supplementary testing or consultations. This results 
in more efficient processes, quicker recoveries, and a 
reduction in postoperative complications (47).

Ultimately, artificial intelligence is enhancing the 
speed, precision, and consistency of preoperative 
evaluations. Artificial intelligence can predict risks, 
calculate clinical scores such as the ASA score, and 
provide individualized anesthetic plans by analyzing 
extensive patient data in real-time. This enhances 
treatment and patient safety by recognizing and 
mitigating any hazards before the surgery. As AI 
technology progresses, its function in preoperative 
assessment will undoubtedly increase, streamlining 
surgical preparation and enhancing patient outcomes 
across many surgical procedures (48).

  
Real-Time Monitoring and Intelligent Alerts

A notable and transformative application of Artificial 
Intelligence (AI) in the operating room (OR) is its 
ability to enhance patient monitoring. Traditional 
monitoring systems have been crucial in alerting 
clinicians to changes in vital signs, such as heart rate, 
blood pressure, oxygen saturation, and respiration rate. 
These systems are mostly reactive, alerting physicians 
only when a certain metric above a predefined 
threshold, such as when blood pressure falls below a 
designated level or oxygen saturation drops to critical 
levels. While these signals are essential for patient 
safety, their ability to detect urgent issues prior to 
reaching a critical phase may be limited. AI-enhanced 
monitoring solutions improve oversight by providing 
a more sophisticated, predictive approach that enables 
earlier intervention and more precise management (49).  
AI-enhanced monitoring systems surpass the basic 
function of simply alerting when a parameter has 
achieved a perilous level. These systems are designed 
to analyze patterns and detect subtle differences in real-
time data, offering critical insights into the patient’s 
state prior to the activation of alarms by traditional 
monitors. Through the continuous analysis of data 
from several sources—such as electrocardiograms 
(ECG), blood pressure readings, respiratory patterns, 
and temperature fluctuations AI systems can identify 
emerging issues that may not be apparent from 
singular measurements alone. For example, AI can 
detect nuanced variations in a patient’s heart rate, 
indicating the initial onset of arrhythmias or ischemic 
events (reduced blood supply to the heart), even when 
other vital signs stay within normal ranges. These 
early warnings are essential for allowing physicians to 
intervene before to the exacerbation of problems, so 
preventing potentially life-threatening complications 
(50). 

Standard ECG monitoring may fail to detect an 
abnormal rhythm or signs of myocardial ischemia if 

the results are subtle or the patient is asymptomatic. 
AI-driven ECG monitors can assess the patterns of 
the heart’s electrical activity over time, detecting even 
little deviations that may indicate the emergence of 
an issue. This predictive capability enables clinicians 
to undertake preventative measures, adjusting 
anesthetic agents or administering medications to 
stabilize the patient’s condition prior to a critical state. 
Prompt recognition and action significantly improve 
patient outcomes, especially in complex procedures 
where cardiovascular stability is essential (51). 
In addition to enhancing early detection, AI plays a 
crucial role in reducing false alarms, a common issue in 
traditional monitoring systems. In the operating room, 
false alarms may arise from multiple sources, including 
motion artifacts (patient movement), technical faults, 
or brief fluctuations in vital signs that do not indicate 
a legitimate problem. Although these false alarms are 
primarily intended to protect patients, they can be 
vexatious and lead to alarm fatigue—a condition in 
which doctors become desensitized to frequent alerts, 
occasionally dismissing or postponing responses to 
legitimately critical signals. This desensitization may 
ultimately result in delayed or inappropriate responses 
during a genuine emergency (52). 

AI-enhanced monitoring systems mitigate this 
problem by evaluating the context of vital sign variations, 
distinguishing between genuine physiological changes 
and clinically irrelevant anomalies. For example, AI 
can identify that a temporary drop in blood pressure 
may be attributed to the patient’s shift in position or 
a specific stage of anesthesia, rather than an actual 
cardiovascular failure. By removing these false 
positives, AI reduces unnecessary alarms and allows 
clinicians to focus on the most crucial and time-
sensitive events, hence improving productivity and 
alleviating stress in the operating room setting (53).

 This enhanced monitoring alleviates physician fatigue, 
especially during extended or complex procedures that 
need prolonged focus. Anesthesiologists and surgical 
teams sometimes oversee multiple aspects of patient 
care simultaneously during extended procedures. The 
presence of AI systems that consistently evaluate 
and highlight significant changes enables therapists 
to concentrate on high-priority tasks instead of being 
burdened by routine oversight. The ability of AI to 
provide concise, actionable insights improves decision-
making, hence increasing the overall efficiency of the 
surgical team (54).

The reduction of alert fatigue is a notable benefit of 
AI-driven monitoring systems. Traditional alarms can 
be onerous, especially when they trigger repeatedly 
during complex processes. Therapists may get 
desensitized to the constant stream of signals over 
time, leading to delayed responses or, in certain cases, 
missed opportunities for intervention. AI mitigates this 

Bellini V, Russo M, Domenichetti T, Panizzi M, Allai S, Bignami EG. Artificial Intelligence in Operating Room Management. Journal of medical systems. 2024;48(1):19.
Tsai F-F, Chang Y-C, Chiu Y-W, Sheu B-C, Hsu M-H, Yeh H-M. Machine Learning Model for Anesthetic Risk Stratification for Gynecologic and Obstetric Patients: Cross-Sectional Study Outlining a Novel Approach for Early Detection. JMIR Form Res. 2024;8:e54097.
Myatra SN, Jagiasi BG, Singh NP, Divatia JV. Role of artificial intelligence in haemodynamic monitoring. Indian journal of anaesthesia. 2024;68(1):93-9.
Soori M, Arezoo B, Dastres R. Artificial intelligence, machine learning and deep learning in advanced robotics, a review. Cognitive Robotics. 2023;3:54-70.
LaBoone PA, Marques O. Overview of the future impact of wearables and artificial intelligence in healthcare workflows and technology. International Journal of Information Management Data Insights. 2024;4(2):100294.
http://Zahradka N, Geoghan S, Watson H, Goldberg E, Wolfberg A, Wilkes M. Assessment of Remote Vital Sign Monitoring and Alarms in a Real-World Healthcare at Home Dataset. Bioengineering [Internet]. 2023; 10(1).
http://Tsvetanov F. Integrating AI Technologies into Remote Monitoring Patient Systems. Engineering Proceedings [Internet]. 2024; 70(1).
Montomoli J, Hilty MP, Ince C. Artificial intelligence in intensive care: moving towards clinical decision support systems. Minerva anestesiologica. 2022;88(12):1066-72.
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problem by prioritizing notifications based on clinical 
significance and providing more context. An AI system 
may categorize alerts by urgency, ensuring that the 
most critical events are swiftly brought to the doctor’s 
attention, while minimizing distractions from trivial or 
non-urgent fluctuations in patient data. This improves 
clinicians’ concentration and promotes the overall 
safety and responsiveness of the team (55). 

AI-enhanced monitoring devices facilitate 
personalized therapy by adapting to the distinct 
baseline and characteristics of each patient. Every 
patient is distinct, and AI systems may continuously 
adjust their thresholds and monitoring parameters 
based on particular factors such as age, comorbidities, 
medications, and previous surgeries. This allows AI 
to deliver more tailored recommendations, taking into 
account the patient’s specific needs and circumstances, 
which is particularly vital in high-risk surgeries or for 
patients with complex medical histories (56). 

Personalized Anesthetic Care: A Shift toward 
Precision

Anesthesiology utilizes established protocols for 
pharmacological selection, dosage calculation, and 
monitoring methods. These overarching standards 
have promoted patient safety and uniformity, however 
they often overlook patient variation. Indeed, every 
patient is distinct. Age, weight, metabolic rate, 
genetics, prior health issues, concurrent medications, 
psychological state, and surgical environment all affect 
anesthetic response. Thus, an anesthetic strategy that 
is successful for one patient may provide hazards for 
another. Artificial intelligence in anesthesiology is 
evolving from a standardized protocol methodology to 
precision anesthetic therapy customized for individual 
patients (57). 

Artificial intelligence may examine extensive 
datasets of anonymised health records from thousands 
or millions of individuals with machine learning 
techniques. These databases often include demographic 
information, laboratory findings, physiological 
reactions to anesthesia, intraoperative complications, 
recovery outcomes, and long-term postoperative data. 
By recognizing trends in the responses of analogous 
individuals to diverse anesthetic medications 
and methodologies, AI can construct predictive 
models to guide decisions for new patients. These 
recommendations are based not solely on assumptions 
or clinical intuition, but on comprehensive, data-driven 
evaluations grounded in actual clinical outcomes (58).

 Artificial intelligence may identify that volatile 
anesthetics and opioids are more likely to cause 
respiratory difficulties in elderly individuals 
with chronic obstructive pulmonary disease and 
congestive heart failure. This evidence indicates that 
AI can recommend regional anesthetics, short-acting 

medicines, or improved respiratory monitoring to 
reduce risk and improve postoperative recovery (59). A 
young, healthy adult undergoing a standard outpatient 
procedure may endure a broader range of anesthetics 
and advantage from a rapid-onset, rapid-offset protocol 
that enables same-day discharge. These customized 
insights are especially advantageous in high-risk or 
complex scenarios, where little changes in medication 
choice or dosage could affect patient safety and 
recovery. Besides preoperative planning, AI enables 
intraoperative adjustments (30).

AI can recommend dose titration or agent 
substitution by employing real-time physiological 
data during surgery, such as heart rate variability, 
blood pressure trends, oxygen saturation, and 
BIS index scores. This adaptability ensures 
sufficient anesthetic depth, reducing intraoperative 
consciousness and averting excessive sedation or 
hemodynamic instability. The conduct of each patient 
throughout surgery can aid AI in delivering enhanced 
recommendations for analogous circumstances (60).  
Pharmacogenomics, the study of how genetic variations 
affect drug metabolism, constitutes a compelling 
domain in AI-driven personalization. Many anesthetics 
are metabolized by hepatic enzymes, particularly 
those in the CYP450 family, which demonstrate 
considerable diversity (61). Rapid metabolizers 
necessitate increased or more frequent dosages, while 
slow metabolizers demonstrate greater susceptibility 
to drug buildup and toxicity. Pharmacogenomic data 
can aid AI in developing more precise anesthetic dose 
protocols. Future anesthetic strategies may integrate 
preoperative genetic testing, with AI analyzing the 
data to offer recommendations that reduce problems 
and improve efficacy (62). 

Furthermore, precision anesthesiology surpasses 
pharmacology. Artificial intelligence can forecast and 
regulate preoperative anxiety, postoperative nausea 
and vomiting (PONV), and the onset of delirium. 
Artificial intelligence can identify at-risk patients 
and provide non-pharmacological interventions, 
such as music therapy or cognitive-behavioral 
support, in conjunction with medical management to 
improve surgical outcomes and patient satisfaction by 
analyzing behavioral and psychological indicators.  
AI-driven tailored anesthetic therapy signifies a 
substantial advancement in anesthesiology (63). 
Artificial intelligence empowers physicians to 
provide personalized care via data analysis, real-time 
monitoring, and the incorporation of patient-specific 
information. This modification enhances safety, 
mitigates issues, accelerates recovery, and facilitates 
precision medicine. With the advancement and 
integration of AI technology into clinical workflows, 
precision anesthesiology will become achievable and 
vital for providing optimal surgical care (64). 

Fernandes CO, Miles S, Lucena CJP, Cowan D. Artificial Intelligence Technologies for Coping with Alarm Fatigue in Hospital Environments Because of Sensory Overload: Algorithm Development and Validation. Journal of medical Internet research. 2019;21(11):e15406.
Visco V, Izzo C, Mancusi C, Rispoli A, Tedeschi M, Virtuoso N, et al. Artificial Intelligence in Hypertension Management: An Ace up Your Sleeve. Journal of cardiovascular development and disease. 2023;10(2).
Chen J, Ren W, Liu J, Fu Z, Yao Y, Chen X, et al. Feasibility of intelligent drug control in the maintenance phase of general anesthesia based on convolutional neural network. Heliyon. 2023;9(1):e12481.
Collins C, Dennehy D, Conboy K, Mikalef P. Artificial intelligence in information systems research: A systematic literature review and research agenda. International Journal of Information Management. 2021;60:102383.
Ivascu R, Torsin LI, Hostiuc L, Nitipir C, Corneci D, Dutu M. The Surgical Stress Response and Anesthesia: A Narrative Review. Journal of Clinical Medicine [Internet]. 2024; 13(10).
Zeng S, Qing Q, Xu W, Yu S, Zheng M, Tan H, et al. Personalized anesthesia and precision medicine: a comprehensive review of genetic factors, artificial intelligence, and patient-specific factors. 2024;Volume 11 - 2024.
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Hoshijima H, Miyazaki T, Mitsui Y, Omachi S, Yamauchi M, Mizuta K. Machine learning-based identification of the risk factors for postoperative nausea and vomiting in adults. PloS one. 2024;19(8):e0308755.
Sahu M, Gupta R, Ambasta RK, Kumar P. Chapter Three - Artificial intelligence and machine learning in precision medicine: A paradigm shift in big data analysis. In: Teplow DB, editor. Progress in Molecular Biology and Translational Science. 190: Academic Press; 2022. p. 57-100.
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The Future of AI in Anesthesia
The future of anesthesiology is optimistic owing 

to breakthroughs in artificial intelligence that will 
transform anesthetic administration, surveillance, and 
oversight. Once confined to science fiction, robots that 
aid in decision-making, diagnose issues, and tailor to 
particular patient needs are rapidly becoming a clinical 
reality. AI technologies are expected to be progressively 
integrated into the anesthetic process, acting as a vital, 
intelligent companion during the perioperative journey 
(65).

The amalgamation of wearable technologies with 
remote monitoring systems signifies a potential 
progression for the future. AI-driven platforms will 
oversee a patient’s physiological data before and after 
surgery as wearable biosensors progress. To evaluate 
preoperative risk, AI may examine a patient’s heart rate 
variability, oxygen saturation, sleep quality, physical 
activity, and stress levels in the days preceding 
a procedure. These devices can detect delirium, 
respiratory depression, and pain crises postoperatively, 
enabling prompt interventions and a more efficient 
recovery at home. This promotes the progression of 
perioperative precision medicine, which customizes 
care during surgical interventions (66). 

Voice-activated surgical suites signify a further 
advancement. Natural language processing and machine 
learning will empower anesthesiologists to employ 
voice commands for the management of monitors, drug 
delivery systems, and medical records during surgical 
procedures. The clinical emphasis is maintained while 
improving efficiency, sterility, and cognitive burden. 
Imagine an anesthesiologist directing the AI, “Increase 
propofol infusion by 10%,” or “Exhibit BIS trend for 
the last 20 minutes,” with the AI responding swiftly. 
Integrations will enhance workflow and situational 
awareness in critical environments (67).

Explainable AI will progress markedly. Unlike 
“black-box” algorithms that provide recommendations 
without context, XAI systems offer transparent and 
interpretable explanations. An XAI model may not 
suggest a lower anesthetic dosage but instead assert, 
“Given this patient’s age, BMI, renal function, and 
genetic profile, there is a 30% increased risk of delayed 
drug clearance, indicating a reduced dosage.” Effective 
communication cultivates clinician trust, improves 
understanding, and ensures that AI supports clinical 
decision-making (68). 

In anesthesiology, immediate judgments can 
significantly impact lives; therefore, practitioners 
must have faith in their tools. Artificial intelligence 
is expected to broaden its impact in the realms of 
education and training. AI-powered virtual simulators 
will allow anesthesiology residents and trainees to 
emulate realistic surgical circumstances, including 
unusual complications and emergencies, inside 

an interactive and adaptive learning environment. 
These devices provide objective performance 
assessments to improve training quality and 
standardize education. Artificial intelligence can 
aid professionals in recognizing their strengths and 
weaknesses in competency-based assessments, 
therefore guiding their professional development (69).  
AI technologies are expected to be integrally 
incorporated into Clinical Decision Support Systems, 
Electronic Health Records, and robotic surgical 
platforms as they advance. AI-driven anesthetic systems 
may ultimately manage sedative levels, modify drug 
dosages on a minute-by-minute basis, and coordinate 
with robotic surgeons to improve timing and precision. 
These autonomous systems will be supervised; yet, 
their capacity to do repetitive, data-intensive activities 
with accuracy will alleviate weariness and improve 
precision in extended or intricate operations (70). 

Artificial intelligence could become as essential 
to anesthesiology as the stethoscope, monitor, and 
syringe, augmenting their functionality. Healthcare 
professionals will utilize AI to improve data analysis, 
decision-making, and patient management throughout 
treatment. It will function as a meticulous assistant, 
adept at continuously analyzing patterns, assimilating 
insights from prior cases, and producing customized 
recommendations for unique patient profiles in 
real-time. This sophisticated support system will 
improve patient outcomes by addressing difficulties, 
accelerating recovery times, and enhancing safety, while 
simultaneously strengthening provider confidence 
through the use of state-of-the-art technologies (71).

 Ultimately, artificial intelligence in anesthesiology 
will augment human capabilities rather than merely 
automate procedures. Anesthesiologists will provide 
more tailored, efficient, and educated care using 
advanced tools for analyzing, forecasting, and meeting 
patient demands. Artificial intelligence will provide 
accuracy, collaboration, and advancement in anesthetic 
care as it becomes increasingly integrated into clinical 
practice (72). 

CONCLUSION
Artificial Intelligence is transforming the field 

of anesthesia not by replacing practitioners, 
but by augmenting their talents. Artificial 
intelligence improves anesthesia via sophisticated 
monitoring, tailored drug delivery, predictive 
analytics, and automated support, leading to 
enhanced safety, efficiency, and personalization.  
As with any nascent technology, meticulous 
deployment, continuous evaluation, and ethical 
oversight are essential. The trajectory is clear: the 
future of anesthetic treatment will entail a partnership 
between human expertise and advanced technologies, 
presenting considerable advantages for both 
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practitioners and their patients. 
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