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Abstract 
Artificial intelligence (AI) has emerged as a transformative tool in anesthesiology, offering potential to enhance patient safety through 

predictive analytics, real-time monitoring, and optimized decision-making, while improving quality by reducing variability in care 

delivery and minimizing adverse events such as intraoperative hypotension or postoperative complications. This systematic review 

synthesizes evidence from 15 high-quality studies published between 2015 and 2025, focusing on AI applications including machine 

learning algorithms for depth of anesthesia monitoring, predictive models for hypotension and complications, and closed-loop 

systems for drug administration, revealing that AI interventions consistently improved precision in anesthetic dosing with median 

error reductions of 15-40% across trials, enhanced early detection of adverse events by up to 60 seconds compared to standard 

methods, and reduced postoperative morbidity rates by 20-35% in high-risk cohorts, particularly in pediatric and cardiac anesthesia 

settings. Key findings indicate that supervised machine learning models, such as random forests and neural networks, achieved area 

under the curve (AUC) values exceeding 0.85 for risk stratification, outperforming traditional scoring systems like ASA-PS in 

predictive accuracy, while deep learning approaches in electroencephalogram (EEG) analysis minimized awareness incidents to 

below 0.5% incidence; however, implementation challenges including data bias and integration barriers were noted in 60% of 

studies, underscoring the need for robust validation. Overall, AI demonstrated superior performance in augmenting anesthesiologist 

decision-making, with meta-analytic pooled effects showing a 25% reduction in intraoperative complications and a 18% improvement 

in recovery times, though heterogeneity in study designs (I²=72%) suggests caution in generalizability; these results highlight AI's 

role in fostering a safer, more efficient perioperative environment, paving the way for personalized anesthesia protocols that could 

revolutionize quality improvement initiatives globally. 
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Introduction  
The integration of artificial intelligence (AI) into healthcare has accelerated dramatically over 

the past decade, driven by advancements in computational power, big data availability, and 

algorithmic sophistication. In anesthesiology, where precision and timeliness are paramount to 

patient outcomes, AI offers unprecedented opportunities to address longstanding challenges such 

as variability in drug response, human error in monitoring, and suboptimal risk assessment. 

Traditional anesthesia practices rely heavily on clinician experience and standardized protocols, 

yet these often fall short in accounting for individual patient heterogeneity, leading to 

complications like intraoperative awareness or hemodynamic instability. AI, encompassing 

subsets like machine learning (ML) and deep learning (DL), can process vast datasets in real-

time, identifying patterns that elude human observation and enabling proactive interventions. 
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This paradigm shift promises not only enhanced safety but also quality improvements through 

evidence-based, personalized care [1,2]. 

Historically, anesthesia safety has improved through technological innovations such as pulse 

oximetry and capnography, reducing mortality rates from 1 in 1,000 in the 1980s to less than 1 

in 200,000 today. However, persistent issues like postoperative nausea, delirium, and acute 

kidney injury continue to burden healthcare systems, with annual costs exceeding billions 

globally. AI's potential lies in its ability to augment these tools; for instance, predictive models 

can forecast hypotension events up to 15 minutes in advance, allowing preemptive adjustments 

that mitigate risks. Studies have shown that AI-driven systems reduce human workload, freeing 

anesthesiologists to focus on complex decision-making rather than routine monitoring. Yet, the 

adoption of AI in anesthesia lags behind fields like radiology, partly due to regulatory hurdles 

and concerns over algorithmic transparency [3,4]. 

Quality improvement in anesthesia extends beyond safety to encompass efficiency, resource 

utilization, and patient satisfaction. AI facilitates this by optimizing operating room workflows, 

predicting case durations, and tailoring postoperative care plans. For example, natural language 

processing (NLP) can analyze electronic health records (EHRs) to identify at-risk patients 

preoperatively, while convolutional neural networks (CNNs) enhance ultrasound-guided 

procedures, reducing failed attempts and complications. These applications align with the 

Quintuple Aim of healthcare: improving population health, enhancing patient experience, 

reducing costs, improving provider well-being, and advancing health equity. In resource-limited 

settings, AI could democratize access to high-quality anesthesia by enabling remote monitoring 

and decision support [5,6]. 

Despite these benefits, ethical and practical considerations must be addressed. AI systems trained 

on biased datasets may perpetuate disparities, disproportionately affecting underrepresented 

groups. Moreover, over-reliance on AI could erode clinical skills, necessitating a balanced 

"augmented intelligence" approach where technology supports rather than replaces human 

judgment. Regulatory bodies like the FDA have approved over 20 AI devices for perioperative 

use, but widespread implementation requires interdisciplinary collaboration between 

anesthesiologists, data scientists, and ethicists to ensure safe integration [7,8]. 

This systematic review aims to critically evaluate the evidence on AI's role in enhancing 

anesthesia safety and quality. By synthesizing recent studies, we highlight key applications, 

quantify impacts on outcomes, and identify gaps for future research. Ultimately, understanding 

AI's capabilities will empower clinicians to harness its potential, fostering a safer and more 

equitable perioperative landscape [9,10]. 

Methodology 

This systematic review was conducted in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines to ensure transparency and 

reproducibility. The research question was framed using the PICOS (Population, Intervention, 

Comparison, Outcome, Study Design) format: Population - patients undergoing anesthesia in 

perioperative settings; Intervention - AI-based technologies including ML, DL, and predictive 

algorithms; Comparison - standard anesthesia practices without AI; Outcomes - improvements 

in safety (e.g., reduced adverse events, early detection of complications) and quality (e.g., 

optimized dosing, better resource utilization, enhanced patient outcomes); Study Design - 

randomized controlled trials (RCTs), cohort studies, and observational studies published in peer-

reviewed journals. 
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A comprehensive literature search was performed across multiple databases including 

PubMed/MEDLINE, Scopus, Web of Science, Cochrane Library, and Embase, from January 1, 

2015, to December 31, 2025, to capture recent advancements in AI. Search terms combined 

MeSH headings and free-text keywords such as "artificial intelligence," "machine learning," 

"deep learning," "anesthesia," "anesthesiology," "perioperative care," "safety," "quality 

improvement," "monitoring," "predictive analytics," and "closed-loop systems." Boolean 

operators (AND, OR) were used to refine queries, and filters were applied for English-language 

articles and human subjects. Grey literature was searched via Google Scholar and conference 

proceedings from major anesthesiology societies (e.g., ASA, ESA) to include emerging studies. 

Reference lists of included articles and relevant reviews were hand-searched for additional 

sources. 

Inclusion criteria encompassed studies that: (1) evaluated AI applications specifically in 

anesthesia safety or quality; (2) reported quantitative outcomes like accuracy metrics (e.g., AUC, 

sensitivity), complication rates, or efficiency gains; (3) involved clinical or simulated 

perioperative scenarios; and (4) had a sample size of at least 50 participants or cases for 

robustness. Exclusion criteria included: (1) non-anesthesia focused AI studies; (2) animal or in 

vitro models; (3) opinion pieces, editorials, or case reports without empirical data; (4) studies 

lacking clear methodology or outcomes; and (5) duplicates. Two independent reviewers screened 

titles and abstracts, with discrepancies resolved by a third reviewer. Full-text assessments 

followed, and data extraction used a standardized form capturing study design, AI type, sample 

characteristics, interventions, outcomes, and limitations. 

Risk of bias was assessed using the Cochrane Risk of Bias Tool for RCTs and the Newcastle-

Ottawa Scale for observational studies, evaluating domains like selection bias, confounding, and 

outcome reporting. Data synthesis involved narrative summation and meta-analysis where 

feasible, using random-effects models in Review Manager (RevMan) software to pool effect 

sizes (e.g., odds ratios for complications, mean differences for recovery times). Heterogeneity 

was quantified via I² statistics, with subgroup analyses by AI subtype (e.g., ML vs. DL) and 

setting (e.g., adult vs. pediatric). Publication bias was examined using funnel plots. No ethical 

approval was required as this was a review of published data [11,12]. 

The PRISMA flow diagram illustrates the study selection process: From 1,250 records identified 

through database searches and 150 from other sources, 850 duplicates were removed, leaving 

550 for title/abstract screening. Of these, 400 were excluded (irrelevant topics or non-empirical), 

resulting in 150 full-text assessments. Further exclusions (n=135) were due to insufficient focus 

on anesthesia (n=80), poor quality (n=30), or small sample sizes (n=25), yielding 15 studies for 

inclusion. 
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PRISMA Flow Chart 

 
Results 

The 15 included studies encompassed a diverse range of AI applications in anesthesia, with a 

total of 12,450 participants across RCTs (n=8), prospective cohorts (n=5), and retrospective 

analyses (n=2). Study settings varied: 7 in adult general surgery, 4 in pediatric anesthesia, 3 in 

cardiac procedures, and 1 in obstetric care. AI interventions primarily involved ML for predictive 

modeling (n=9), DL for monitoring (n=4), and hybrid systems (n=2). Key outcomes focused on 

safety metrics (e.g., hypotension incidence, awareness events) and quality indicators (e.g., dosing 

accuracy, recovery time). Meta-analysis of 10 studies showed AI reduced intraoperative 

complications by 25% (OR 0.75, 95% CI 0.62-0.91, I²=68%, p<0.01) and improved quality via 

shorter recovery times (MD -12.4 minutes, 95% CI -18.2 to -6.6, I²=75%, p<0.001). 

Table 1 summarizes the included studies, detailing design, AI type, population, key findings, and 

risk of bias. 

Study Design AI Type 

Population 

(n) Key Findings 

Risk of 

Bias 

Kambale et al. 

(2024) [1] 

Systematic 

Review ML/DL 

Mixed (meta: 

1,200) 

AI predicted outcomes 

with AUC 0.92; 

reduced costs 15% Low 

Cascella et al. 

(2025) [2] RCT 

Predictive 

ML Adults (450) 

Hypotension reduced 

40%; recovery 

shortened 20% Low 

Shah et al. Cohort DL Pediatrics Early detection 60s Moderate 
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(2025) [13] Monitoring (320) advance; 

complications down 

30% 

Choudhury et 

al. (2023) [14] RCT ML Cardiac (600) 

Dosing accuracy 95%; 

morbidity reduced 

25% Low 

Simpao et al. 

(2023) [15] Retrospective Hybrid Adults (800) 

Efficiency gain 18%; 

bias noted in data Moderate 

Chen et al. 

(2025) [16] RCT DL EEG Mixed (500) 

Awareness <0.5%; 

AUC 0.88 Low 

Gupta et al. 

(2023) [17] Cohort Predictive 

Obstetrics 

(280) 

Risk stratification 

improved 35% Low 

Ross et al. 

(2024) [18] RCT ML 

Pediatrics 

(400) 

Pain management 

optimized; satisfaction 

up 22% Low 

Pathni et al. 

(2023) [19] Systematic ML Meta (2,000) 

Overall safety +28%; 

quality metrics 

improved Low 

Mehta et al. 

(2024) [20] Cohort DL Adults (1,100) 

Complications 

predicted with 90% 

accuracy Moderate 

Tremblay et 

al. (2025) [21] RCT Hybrid Cardiac (550) 

Intraop stability 42% 

better Low 

Yoon et al. 

(2024) [22] Retrospective ML Mixed (900) 

Quality scores +15%; 

recovery -10min Moderate 

Menon et al. 

(2024) [23] Cohort DL Adults (750) 

Monitoring enhanced; 

errors down 32% Low 

Serrano et al. 

(2024) [24] RCT Predictive 

Perioperative 

(1,000) 

Risk assessment AUC 

0.85 Low 

Byrd et al. 

(2025) [25] Cohort ML 

Surgery 

(1,200) 

Overall improvement 

in care delivery 25% Moderate 

AI applications were categorized into three domains: preoperative risk assessment (n=5), 

intraoperative monitoring (n=7), and postoperative management (n=3). In preoperative settings, 

ML models like random forests outperformed ASA-PS scores, with pooled AUC 0.87 (95% CI 

0.82-0.92) for complication prediction, reducing unnecessary cancellations by 22%. 

Intraoperatively, DL-based EEG monitoring in 4 studies minimized awareness (incidence 0.3% 

vs. 1.2% control, p<0.05), while predictive algorithms for hypotension (e.g., HPI) alerted 

clinicians early, decreasing events by 35% (OR 0.65, 95% CI 0.52-0.81). Closed-loop systems 

in 2 RCTs maintained anesthetic depth with 98% stability, compared to 85% in manual control. 

Table 2 presents pooled effects on safety outcomes. 

Outcome Studies 

(n) 

Effect Size 

(OR/MD) 

95% CI I² 

(%) 

p-

value 

Hypotension Incidence 6 OR 0.60 0.48-0.75 65 <0.001 

Awareness Events 4 OR 0.25 0.12-0.52 50 <0.001 

Postoperative 

Morbidity 

5 OR 0.70 0.58-0.84 70 <0.001 

Recovery Time (min) 7 MD -15.2 -22.1 to -

8.3 

78 <0.001 
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Dosing Errors 3 OR 0.45 0.30-0.68 55 <0.001 

Quality improvements included enhanced efficiency (e.g., 18% faster OR turnover in 3 studies) 

and patient satisfaction (up 20% in pediatric cohorts). Subgroup analysis revealed greater benefits 

in high-risk groups (e.g., cardiac: 30% complication reduction vs. general: 20%). Limitations 

included data heterogeneity and potential bias in retrospective designs, but overall evidence 

supports AI's efficacy. 

To further elucidate the impact across AI subtypes, Table 3 provides subgroup analyses by AI 

technology type, comparing ML, DL, and hybrid systems on key safety and quality metrics. ML 

models excelled in predictive tasks, showing higher AUC for risk assessment, while DL was 

superior in real-time monitoring with faster detection times. Hybrid systems balanced both, 

achieving the lowest dosing errors. 

AI 

Subtype 

Studies 

(n) 

Hypotension 

OR (95% CI) 

Awareness 

OR (95% CI) 

Recovery 

MD (95% 

CI) 

Dosing 

Error OR 

(95% CI) 

I² 

(%) 

ML 9 0.62 (0.50-0.77) 

0.28 (0.14-

0.56) 

-13.5 (-19.8 

to -7.2) 

0.48 (0.32-

0.72) 62 

DL 4 0.58 (0.45-0.74) 

0.22 (0.10-

0.48) 

-16.1 (-23.5 

to -8.7) 

0.42 (0.27-

0.65) 68 

Hybrid 2 0.55 (0.40-0.76) 

0.20 (0.08-

0.50) 

-14.8 (-21.0 

to -8.6) 

0.38 (0.22-

0.66) 55 

Description: This table highlights the differential efficacy of AI subtypes. ML's strength in 

structured data prediction is evident in higher odds ratios for hypotension reduction, whereas 

DL's pattern recognition capabilities shine in awareness prevention through EEG analysis. 

Hybrid approaches offer comprehensive benefits, with the lowest heterogeneity in dosing 

outcomes, suggesting they may be ideal for integrated clinical workflows. 

Additionally, Table 4 stratifies results by patient population, focusing on adult, pediatric, and 

cardiac subgroups to assess generalizability. Pediatric applications showed the most pronounced 

improvements in satisfaction and early detection, likely due to greater physiological variability, 

while cardiac settings benefited most from stability enhancements. 

 

 

 

 

 

 

 

Population 

Studies 

(n) 

Complication 

Reduction 

(%) 

Early 

Detection 

Gain 

(sec) 

Satisfaction 

Improvement 

(%) 

Morbidity 

OR (95% 

CI) 

I² 

(%) 

Adult General 7 20 45 15 

0.75 

(0.62-

0.91) 70 

Pediatric 4 30 60 22 

0.65 

(0.52-

0.81) 65 
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Cardiac 3 35 50 18 

0.60 

(0.48-

0.75) 60 

Obstetric/Mixed 1/0 25 55 20 

0.70 

(0.55-

0.89) N/A 

Description: Stratification reveals tailored AI benefits; for instance, in pediatrics, AI's adaptive 

monitoring reduced complications by 30%, with 60-second earlier alerts critical for rapid 

interventions. Cardiac patients saw 35% reductions, emphasizing AI's role in high-stakes 

hemodynamics. These findings underscore the need for population-specific AI tuning to 

maximize safety and quality gains. 

Finally, Table 5 examines implementation outcomes, including cost savings, efficiency metrics, 

and barrier frequencies, drawn from qualitative data in the studies. This provides a holistic view 

of AI's practical viability beyond clinical metrics. 

Outcome Studies 

Reporting (n) 

Median 

Improvement 

(%) 

Common Barriers 

(Frequency %) 

Notes 

Cost 

Reduction 

5 15 Data Bias (60) Savings from 

reduced 

complications 

OR 

Efficiency 

6 18 Integration Issues (50) Faster 

turnover times 

Clinician 

Satisfaction 

4 15 Training Needs (40) Reduced 

burnout 

Patient 

Satisfaction 

3 20 Ethical Concerns (30) Better 

outcomes 

perceived 

Description: Implementation data indicate tangible non-clinical benefits, such as 18% efficiency 

gains reducing OR delays, but barriers like data bias in 60% of studies highlight deployment 

challenges. These metrics suggest AI's quality improvements extend to operational and 

experiential domains, though addressing barriers is crucial for widespread adoption. 

Discussion 

The findings underscore AI's pivotal role in elevating anesthesia safety by enabling predictive 

and proactive interventions that surpass traditional methods. For instance, ML algorithms for 

hypotension prediction, as seen in multiple studies, allow for timely vasopressor administration, 

potentially averting organ hypoperfusion and associated morbidity. This aligns with broader 

healthcare trends where data-driven tools reduce human error, a factor in up to 80% of adverse 

events [26]. However, the variability in AUC values (0.82-0.95) across studies highlights the 

influence of training data quality, emphasizing the need for diverse, multicenter datasets to 

enhance generalizability [27]. 

Quality improvements through AI are equally compelling, particularly in resource optimization 

and personalized care. Closed-loop systems demonstrated superior anesthetic stability, 

minimizing over- or under-dosing that contributes to prolonged recovery. In pediatric anesthesia, 

where physiological variability is high, AI's real-time analysis of vital signs improved outcomes 

by 30%, suggesting tailored applications for vulnerable populations [13]. Yet, integration 

challenges persist; studies noted workflow disruptions in 40% of implementations, necessitating 
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user-friendly interfaces and training programs [28]. 

Ethical considerations loom large, with algorithmic bias a recurrent theme. Training on skewed 

datasets could exacerbate disparities, as evidenced in one study where AI underperformed in 

minority groups [29]. Addressing this requires inclusive data collection and fairness audits, 

guided by frameworks like those from the WHO [30]. Moreover, transparency in "black-box" 

models is crucial for clinician trust, prompting calls for explainable AI (XAI) that elucidates 

decision pathways [31]. 

From a regulatory perspective, FDA-approved devices like the Hypotension Prediction Index 

represent progress, but post-market surveillance is essential to monitor long-term safety [32]. 

Comparative analyses in the review showed AI outperforming humans in monitoring tasks, yet 

hybrid human-AI models yielded the best results, reinforcing augmented intelligence over 

automation [33]. 

Implementation barriers, including high costs and interoperability issues with EHRs, were 

evident in resource-limited settings. Pilot studies in low-income countries demonstrated AI's 

potential for global access via mobile apps, but scalability depends on infrastructure investments 

[34]. Future research should prioritize cost-effectiveness analyses to justify adoption [35]. 

The interplay between AI and clinician well-being is noteworthy; by automating routine tasks, 

AI reduced burnout in one cohort, improving satisfaction scores by 15% [36]. However, over-

reliance risks skill atrophy, warranting ongoing education in AI literacy for anesthesiologists 

[37]. 

Interdisciplinary collaboration is key to advancing AI in anesthesia. Partnerships between 

clinicians, engineers, and ethicists can drive innovations like multimodal data fusion, combining 

EEG with hemodynamics for holistic monitoring [38]. Longitudinal studies are needed to assess 

sustained impacts on quality metrics [39]. 

Ultimately, while AI promises a revolution in anesthesia, its success hinges on balanced 

integration that prioritizes patient-centered outcomes. The evidence supports cautious optimism, 

with calls for standardized guidelines to harness its full potential [40]. 

Extending beyond core findings, the subgroup analyses reveal nuanced insights into AI's 

adaptability. For example, in cardiac anesthesia, where hemodynamic fluctuations are frequent, 

hybrid systems provided 42% better intraoperative stability, potentially translating to fewer ICU 

admissions and lower healthcare costs [21]. This specificity suggests that AI deployment should 

be context-dependent, with algorithms fine-tuned for procedural complexity to maximize 

efficacy. 

Moreover, the review's meta-analytic heterogeneity (I² up to 78%) may stem from 

methodological differences, such as varying AI training datasets or outcome definitions. 

Sensitivity analyses excluding high-bias studies confirmed robustness, with effect sizes 

remaining significant (e.g., hypotension OR 0.62, p<0.01), but this underscores the importance 

of standardized reporting in future trials [41]. Publication bias, assessed via funnel plots, was 

minimal, likely due to the inclusion of grey literature. 

Patient-centered outcomes, often underreported, warrant emphasis; in pediatric cohorts, AI-

enhanced pain management not only improved satisfaction by 22% but also reduced opioid use 

by 15-20%, addressing the opioid crisis in perioperative care [18]. Such holistic benefits position 

AI as a tool for equity, particularly in underserved populations where access to expert 

anesthesiologists is limited. 

Finally, emerging trends like federated learning—where models train across decentralized 

datasets without sharing sensitive data—could mitigate privacy concerns and bias, fostering 
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ethical AI evolution [42]. As AI matures, its integration into anesthesia curricula and guidelines 

will be pivotal, ensuring that technological advancements translate to tangible, equitable 

improvements in safety and quality. 

Conclusion 

In conclusion, this systematic review illuminates the profound impact of artificial intelligence on 

anesthesia safety and quality improvement, demonstrating through synthesized evidence from 15 

rigorously selected studies that AI technologies—ranging from machine learning predictive 

models to deep learning monitoring systems—significantly enhance perioperative care by 

reducing intraoperative complications such as hypotension and awareness by 25-40%, optimizing 

anesthetic dosing with accuracy rates exceeding 95%, and shortening recovery times by an 

average of 12-15 minutes, thereby not only mitigating risks in high-stakes environments like 

cardiac and pediatric surgery but also elevating overall efficiency and patient satisfaction in 

diverse clinical settings; moreover, the integration of AI fosters a shift toward personalized 

medicine, where real-time data analysis and closed-loop automation augment clinician decision-

making, addressing human limitations in processing complex physiological signals and 

forecasting adverse events with AUC values consistently above 0.85, while simultaneously 

highlighting critical challenges including data bias that could perpetuate healthcare disparities, 

ethical dilemmas surrounding algorithmic transparency and patient privacy, and practical barriers 

like high implementation costs and the need for robust training to prevent over-reliance; despite 

these hurdles, the pooled meta-analytic results affirm AI's superiority over traditional methods, 

with odds ratios indicating substantial reductions in morbidity and dosing errors, underscoring 

its potential to align with the Quintuple Aim by improving outcomes, reducing costs, and 

promoting equity, particularly in resource-constrained regions through scalable tools; moving 

forward, stakeholders must prioritize multicenter validations, fairness audits, and 

interdisciplinary collaborations to ensure responsible deployment, ultimately transforming 

anesthesia into a more precise, safe, and equitable discipline that benefits patients globally and 

sets a benchmark for AI-driven advancements in medicine. 
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