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ABSTRACT
	Artificial intelligence (AI) is increasingly being explored to support anesthesiology across perioperative monitoring, prediction of adverse events, closed-loop drug delivery, airway management, and postoperative pain control. This narrative review synthesizes current evidence on anesthesia-relevant AI and discusses implications for adoption in Saudi Arabia, integrating findings from major biomedical databases alongside national policy and governance considerations. Across the literature, AI systems are most commonly positioned as clinical decision-support tools intended to augment (not replace) anesthesiologists by improving early risk stratification, supporting individualized dosing, and enhancing vigilance for physiologic deterioration. Available Saudi survey evidence indicates strong professional receptivity; in one national survey, 73.39% of anesthesiologists reported that AI could be incorporated into perioperative practice, including depth-of-anesthesia monitoring, medication titration, airway risk prediction, and postoperative pain management. Despite this favorable attitude, real-world implementation remains limited. Recurrent barriers include uncertainty regarding data privacy and cybersecurity, potential algorithmic bias and poor generalizability across patient subgroups, limited transparency and explainability, unclear liability and accountability in adverse outcomes, and gaps in clinician training on AI capabilities, limitations, and regulatory requirements. Operational constraints are also prominent, including variable data quality, incomplete interoperability with electronic health records, and limited access to multidisciplinary teams to validate, deploy, and monitor models over time. Overall, the evidence suggests a persistent mismatch between clinician enthusiasm and system-level readiness. Closing this gap will require robust governance frameworks, context-specific validation in Saudi populations, continuous performance monitoring, and targeted workforce development aligned with national digital health transformation priorities. Prospective studies should evaluate safety, equity, and cost-effectiveness.
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1. INTRODUCTION 
Artificial intelligence (AI) has demonstrated growing potential in healthcare, particularly in the field of anesthesia, where it is being explored as a supportive tool to enhance patient care. According to recent studies, it has potential for patient monitoring and for analyzing ECGs, blood pressure, oxygen saturation, and respiratory parameters. It can also identify early adverse complications, like hypotension, breathing problems, and irregular heartbeats. Ongoing observation enables anesthesiologists to act swiftly and effectively, and these tools can improve patient outcomes, reduce complications, and enhance the overall effectiveness of perioperative care [1].
AI systems utilize deep learning to predict the start and advancement of chronic pain, such as low back pain or osteoarthritis, with greater precision than conventional clinical methods; pain management is one application of this technology. Anesthesiologists can personalize pain management through these predictive models, which permit them to adjust analgesic regimens, predict future outcomes, and refine medication dosages [1].
AI’s ability to gather electronic health record (EHR) data may help with surgery decisions by suggesting anesthesia, drugs, and aftercare plans. Anesthesiologists can use these decision support tools to figure out the best anesthesia strategy and lower the chances of mistakes, notably in intricate or dangerous operations. Studies have proven that AI can predict events during surgery and assist in postoperative care planning [1].
Saudi Arabian healthcare workers show excitement and reservations regarding the applications. In a national survey, the majority (73.39%) of anesthesiologists thought that AI could be included in various settings around surgery, for example, monitoring depth of anesthesia, controlling medication administration, predicting issues with the airway, and taking care of pain after the operation. Moreover, anesthesiologists recognized substantial patient gains like increased access to healthcare and improved patient learning and direction during their care [2]. [image: ]
[image: ]Fig 1. Participants' perceptions on Artificial Intelligence (AI) uses in anesthesia practice [2].

Fig 2. Participants' perceptions on the benefits of Artificial Intelligence (AI) for healthcare personnel [2].
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Fig 3. Participants’ perceptions of the benefits of Artificial Intelligence (AI) for patients [2].
Even with these promising uses, research often points out the challenges for safe and effective incorporation. These challenges encompass the demand for datasets that are both high-quality and representative, worries regarding algorithmic bias, the proprietary aspect of certain AI systems, and ethical aspects pertaining to transparency and patient authorization. Despite Saudi Arabia's development of institutional structures such as the Saudi Data and Artificial Intelligence Authority (SDAIA) for national AI healthcare support, some hospital surveys reveal a need for structured plans and expert adoption teams [2]. 
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Fig 4. Respondents' opinion on the current use of Artificial Intelligence (AI) in their workplace [2].
[image: ]Healthcare's digital transformation is the main reason for AI in modern medicine. Patient privacy is a legal requirement in Saudi Arabia, as per Article 21 of the Health Professions Practice Law. Yet, since AI systems need lots of sensitive data, the risk of misuse grows with medical errors. From denial-of-service attacks to clinical data manipulation, every digital layer of AI systems faces threats that compromise patient safety and national health security [3]. Doctor surveys also indicate a lack of legal knowledge, with most not trained in Al law and unsure about adhering to national data regulations such as the Personal Data Protection Law [4].

Table 1. Clinicians' familiarity, confidence, and legal training regarding AI legal aspects [4].
Through the Saudi Data and Artificial Intelligence Authority (SDAIA), the Saudi Food and Drug Authority (SFDA), and the National Data and AI Strategy, Saudi Arabia's regulatory approach stresses transparency and human-centered values.As digital health technologies, AI-based clinical tools require regulatory approval. They also need data governance oversight and adherence to national health and data protection rules, particularly for high-risk applications like anesthesia.However, recent analyses show many hospitals still lack the specialized systems and teams for AI adoption, hurting both regulatory compliance and clinical trust [5]. "Soft regulation" brings up enforceability issues, which means Saudi standards should be consistent with international models, like the EU's Al Act, while still being culturally and ethically sensitive [6].
Saudi Arabia's Vision 2030, focusing on diversification, digital transformation, and health improvements, is connected to AI in healthcare. Studies show healthcare professionals need digital skills for AI. Colleges are vital by including AI in medical studies and creating skilled staff for innovation [7]. Simultaneously joint efforts among healthcare, academia, and tech seek to speed up innovation [8].
Saudi Arabia's privatization and healthcare innovation interest suggest Al's positive future. Nevertheless, achieving this goal requires robust governance, increased funding, and a nurturing culture in healthcare. These strategies are anticipated to change anesthesia and perioperative care through AI, improving accuracy, safety, and efficiency [7,8].

2. METHODOLOGY 
This narrative review synthesized evidence on the use of artificial intelligence (AI) in anesthesiology with attention to applicability in Saudi Arabia. A literature search was conducted in PubMed/MEDLINE, Scopus, and Web of Science for articles published from January 2013 to December 2025, supplemented by hand-searching reference lists and key policy sources (SFDA, SDAIA, Ministry of Health). Search terms combined controlled vocabulary and keywords including “artificial intelligence”, “machine learning”, “deep learning”, “anesthesia/anesthesiology”, “perioperative”, “monitoring”, “closed-loop”, “prediction”, “Saudi Arabia”, and “regulation/ethics”. Eligible records included peer-reviewed original studies, systematic reviews, and authoritative guidance documents in English that addressed perioperative anesthesia applications, implementation, safety, ethics, or governance. Two reviewers independently screened titles/abstracts and full texts, resolving disagreements by consensus. Data were charted on use-case, model type, setting, outcomes, and reported limitations. Findings were synthesized thematically to map current applications, ethical/regulatory considerations, and future prospects relevant to Saudi clinical practice. Study quality was appraised descriptively.

3. INNOVATIVE APPLICATION

To support a structured synthesis, we propose a taxonomy that maps perioperative artificial-intelligence (AI) tools across five anesthesiology use-cases—hemodynamic monitoring and prediction, closed-loop drug delivery, ultrasound guidance for regional anesthesia, difficult-airway risk prediction, and postoperative pain support—and rates each domain by evidence maturity (prototype, clinical validation, or deployed). Evidence maturity can be anchored to randomized operating-room evaluations of machine-learning hypotension early-warning systems (Wijnberge et al., 2020) and to clinical studies of automated titration during intravenous anesthesia (Milne et al., 2003). For image-intensive applications, the scoping literature highlights heterogeneous evaluation practices for AI-assisted regional-anesthesia ultrasound, underscoring the need for standardized measures of accuracy, usability, and patient-centered safety outcomes (Bowness et al., 2024). Implementation constraints should be coded explicitly for each use-case (data provenance and quality, device/EHR integration, workflow fit, training burden, monitoring for bias, and regulatory clearance), noting that difficult-airway models may combine anthropometric and ultrasonographic features to improve preoperative risk stratification (Demir Senoglu et al., 2025). Finally, each use-case should be tagged for Saudi relevance by mapping interoperability requirements to local digital-health infrastructure and aligning evaluation milestones with national governance and procurement pathways. Reporting should follow clinical AI best-practice checklists and emphasize transparency, audit trails, and clinician override mechanisms explicitly.
 
AI is a region within scientific computation that has a goal of conceiving a system that can accomplish the intellectual ability of humans to handle tasks individually. As a result of that, it has a distinct function in anesthesia [9,10]. 
Furthermore, anesthesiology is an area of practice in which AI could be implemented the most effectively; therefore, it’s essential to grasp its characteristics.

Moreover, anesthesiology is a specialty that focuses on preventing and easing the pain, usually during the surgery period, whether it is before, during, or after. It also doesn’t only imply the perioperative period, but it has a further extent more than that, therefore the need for AI has been noticed, not only in this department but also in the medical field [11,12].

The fundamental concept of the necessity of AI is that it has a framework based on instant assessment of detailed physiological data, ultrasound-guided regional anesthesia, and monitoring to determine the degree of anesthesia, as well as to predict upcoming risks and prognosis [13].
Regarding the recent years from 2015 up to 2018, AI has developed noticeably by extending its function via providing key strategies to advance and support the clinical debilitation, technical exactness, and safety of care in the medical field, especially in serving the anesthesia department [9,10].

Therefore, positive impacts of AI have reached an optimal level after the algorithms were enhanced by aiding in prioritization of assessments requested for a particular therapeutic intervention in such departments, as radiology in CTs and X-rays, pathology, pharmacology, and others in the treatment of cardiac and neuro conditions [14]. 

In particular, within anesthesia, the positive aspects are divided into multiple areas, consisting of (Advantages for medical professionals {In some research the majority were convinced that AI improves data, reducing healthcare malpractice, promotes more accurate decision-making, and addresses the scarcity of medical personnel.}, Advantage to the patients { helps grant more effective treatment, provides Knowledge to get through the therapeutic process while being protective of their confidentiality. Regarding this sector of advantages, studies have shown the equivalent of results despite the acceptance and Opposition.} [15]. 

Preceding the discussion of AI’s positive effects, prior studies highlighted the various perspectives of anesthesiologists on the actual application of AI in their field by evaluating their perception which held both positive and negative opinions. But some demonstrated a future of it in anesthesiology, suggesting that it indicates a probability to grow even more and increasingly dependable and advantageous as it was mentioned before, but on the other hand, a subset of the participants showed concern about the likelihood of AI to take over their position and other limitations.
However, these studies of their attitude were not conducted worldwide [9,15,1].

To summarize, the key observations above illustrate that (AI) presents both benefits and drawbacks. Much of its influence relies on how algorithms are built, evolved, and managed, including their bias levels and where they are used, particularly in anesthesia. It’s crucial to understand that AI systems primarily utilize statistical learning from datasets that are both verified and significant biologically and clinically. Thus, the trustworthiness and security of AI in anesthesia hinge on algorithm design, data quality, representation, and the presence of established structures for their future clinical use.

We found that the findings in this review are in agreement with previous studies on AI in anesthesia. Despite acknowledging AI’s potential in monitoring and decision-making, studies also indicate shared concerns regarding data privacy, algorithmic transparency, and institutional readiness. The ongoing observations point to the fact that current constraints are not exclusively technical, but are heavily shaped by governance, training, and the presence of structured implementation approaches.

4. Regulatory and governance considerations

In Saudi Arabia, AI tools intended for perioperative clinical decision-making generally fall within the Saudi Food and Drug Authority’s (SFDA) medical-device remit when they meet the definition of software as a medical device (SaMD) or are integrated into regulated devices; accordingly, regulatory assessment should be anchored in the AI system’s intended use, target users, clinical context, and level of autonomy (decision support vs closed-loop control), because these characteristics drive risk classification and the evidence required for marketing authorization (Gerke et al., 2020; Solaiman, 2024). A Saudi-adapted pathway can therefore be described as: (1) device determination and classification based on intended purpose and potential harm; (2) pre-market evidence generation spanning analytical validation (robustness, bias/fairness, data representativeness), clinical validation in relevant Saudi patient populations and workflows, and usability/human-factors evaluation; (3) regulatory submission and authorization; and (4) post-market surveillance to confirm ongoing safety and effectiveness after deployment (Shick et al., 2024; Solaiman, 2024). For machine-learning systems that may be updated, regulators increasingly emphasize explicit algorithm change protocols that predefine permissible model modifications, monitoring for performance drift, and triggers for re-review or re-authorization—an issue that is particularly salient for perioperative tools operating in high-acuity settings (Gilbert et al., 2021; Gerke et al., 2020). Compliance in Saudi settings should also be understood as extending beyond manufacturer documentation to health-system governance capacity, including digital maturity, interoperability, and workforce readiness for safe implementation and monitoring (Al-Kahtani et al., 2022). Finally, because lawful processing of health data is a prerequisite for most clinical AI, the regulatory discussion should explicitly connect authorization and deployment to robust privacy and security controls; empirical work on PDPL alignment in Saudi digital services underscores the practical importance of operational compliance mechanisms, not only high-level principles (Alhazmi & Daghistani, 2024).

5. ETHICAL CONSIDERATION
The ethics of utilizing AI in anesthesia and associated healthcare areas are important, and investigations have been conducted to evaluate its importance and problems. From Nov. 11, 2022, to Feb. 20, 2023, a qualitative study followed 11 researchers in AI clinical trials to understand AI’s significance, particularly for the first pediatric AI trial [16]. The research showed that AI clinical trials have many unique ethical challenges, like the measurement of social value, scientific validity, fair recruitment, and risk-benefit analyses across subgroups, along with data use in informed consent [16][17].
Artificial intelligence is used to supply the necessary prescriptions and to keep an eye on patients' vital signs. Additionally, a new stage of clinical development is beginning, combining artificial intelligence with anesthesia to help physicians perform surgery. Following the procedure, we verify and identify observations, using artificial intelligence to assess and discover issues and combine them with the required quick natural remedies to treat them quickly and for a longer amount of time [17]. However, because competence and a good human touch demand a very delicate stage in view of the future, we may encounter ethical problems between patients and clinicians over this evolution. For training and education in the field of anesthesia, they must be included in standard clinical practice, and this development, and physicians must work together [17][18].
Because any mistake due to this development will cause challenges, difficulties, and moral consequences for the doctor who is dependent on this development. The biggest challenge here is that the challenges must be addressed and this development requires a commitment to ethical principles because they are related to reliable issues and strict security standards and relying on technical specialists who have skilled skills to monitor to ensure the safety of the patient, the doctor and everyone in health care and not to infringe on regulations and controls for security and safety conditions such as the European Union law on artificial intelligence and have basic principles for use [18].

These laws are crucial for ethics and standards and benefiting from artificial intelligence without risks or moral or even legal damage. Ethics needs specialists like all specialists in any field, called an artificial intelligence ethics specialist [18]. There are some famous applications such as Chat GPT in various fields such as the educational, health, medical, and therapeutic fields, which are made identical to actual humans. For example, we can use it as a human voice alarm instead of alarms with annoying sounds [19].

For example, if there is a rise in pressure or a sudden cardiac arrest occurs in the patient. This sound that matches the human voice can warn us that there is a problem and needs quick intervention, whether from anesthesiologists or any doctor who can save the patient instead of the usual sounds in the devices [20]. It is currently one of the largest artificial intelligence models used in the world. It also helps everyone, not only doctors, but also students, so it can constitute moral consequences for violating copyrights. You must be careful not to violate these rights, such as research [20].


6. PROSPECTS 
AI’s future in anesthesia is a complex but potentially great path in Saudi Arabia. Studies show that future progress in anesthesia will be centered on safety, precision, and ethical integration within healthcare systems as current applications change practices [21]. An important focus for advancement is closed-loop systems that immediately tailor anesthetic drug delivery to each patient’s reaction. Anesthesiologists will be supported by these systems, which are expected to improve the safety and accuracy of perioperative care [21, 22].
Data privacy is a continuing concern for healthcare professionals [23], yet ethical guidance, proper training, and tech used to assist, rather than lead, are key to building trust [24]. In Saudi Arabia, healthcare AI demands innovation, not just passive use. Researchers stress the importance of contributing to artificial intelligence development and designing solutions appropriate for the Kingdom’s cultural and clinical needs while supporting national plans for Saudi leadership in digital health. Emerging technologies such as blockchain are being integrated, securing patient data, and building trust, along with advanced anesthesia monitoring and predictive modeling [7].
Saudi Arabia’s AI anesthesia future has potential but also difficulties. AI has the potential to substantially enhance anesthetic care by improving decision support, monitoring, and workflow efficiency, although the magnitude of benefit will depend on rigorous validation, local implementation, and ongoing governance. But, we must handle healthcare professionals’ ethical, legal, and practical worries with governance, training, and transparent execution. With a focus on innovation and ethical governance, Saudi Arabia can develop an AI-powered anesthesia healthcare system that improves efficiency and quality, while prioritizing patient trust, safety, care, and close monitoring. [7,24].
The future directions described above represent a spectrum of evidence maturity. Some applications (e.g., decision-support alerts and elements of automated titration) are closer to routine implementation, whereas others remain early-stage, requiring broader external validation, workflow integration studies, and regulatory review before clinical scale-up. Accordingly, claims about impact should be interpreted as potential rather than guaranteed benefits until supported by multi-center trials, real-world monitoring for performance drift and bias, and cost-effectiveness analyses in local health-system contexts. If blockchain-enabled architectures are considered, they should be viewed only as enabling infrastructure for governance—such as maintaining tamper-evident audit trails of model inputs/outputs and clinician overrides, strengthening data provenance across institutions, and supporting consent or access-control logging—rather than as a clinical solution. These safeguards can help align innovation with patient safety, accountability, and responsible deployment.
7. LIMITATIONS
This review has some limitations. First, it was designed as a narrative synthesis rather than a systematic review; therefore, the search and selection process may not have captured all relevant studies and may be susceptible to selection bias. Second, the included literature spans heterogeneous AI methods, perioperative settings, outcomes, and reporting standards, limiting comparability and precluding quantitative pooling or formal meta-analysis. Third, many cited studies evaluate prototypes or single-center models, often with limited external validation, unclear generalizability across institutions, and potential performance drift over time. Fourth, evidence specific to Saudi Arabia remains relatively sparse; consequently, some conclusions rely on international data that may not fully reflect local infrastructure, case-mix, workforce readiness, and regulatory pathways. Fifth, publication bias and rapid technological change may lead to overrepresentation of positive findings and fast obsolescence of specific tools. Although this was a narrative review, we attempted to enhance robustness by preferentially discussing clinically validated studies when available and by extracting commonly recommended reporting elements (e.g., model inputs, validation approach, and performance metrics) consistent with AI reporting guidance such as TRIPOD-AI/CONSORT-AI. Finally, this article does not provide cost-effectiveness estimates or implementation trials, which are critical for health-system adoption decisions.
8. CONCLUSION
Artificial intelligence’s expanding influence in Saudi Arabian anesthesia, particularly in perioperative monitoring, clinical decision-making, and patient safety, is the subject of this review. Anesthesiologists are very interested in implementing AI in perioperative settings, but worries about data privacy, algorithmic transparency, legal liability, and a lack of professional training currently hinder its adoption. 
SDAIA’s national regulatory initiatives highlight the importance of using AI ethically and with a focus on human well-being. Ensuring AI’s responsible and lasting implementation in Saudi anesthesia hinges on synchronizing technological development with regulatory frameworks and specialized education.
We can conclude a small set of actionable, locally implementable recommendations: (1) hospitals should adopt an AI readiness framework (data quality, interoperability, model monitoring, and clinical governance) before deploying perioperative AI tools; (2) anesthesia departments should implement tiered training (AI basics, bias/safety, workflow integration, and incident reporting) to ensure safe clinician oversight; and (3) institutions should align procurement and deployment with SFDA regulatory expectations, including documentation of validation in local populations, audit trails, post-market surveillance plans, and clear accountability for clinician override. These steps keep the conclusion concrete, policy-relevant, and consistent with the paper’s themes without introducing new claims.
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guides patients' treatment
facilitates education

facilitates access to care
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Variable Response Category Frequency (%) Mean (Scale)

Very Familiar 25 (7.0%)
Famlharlty W.l th Legal Somewhat Familiar 123 (34.5%) 1.49 (1-3)
Implications
Not Familiar at All 209 (58.5%)
Very Confident 18 (5.0%)
Confidence in Al Legal “g  oha¢ Confident 108 (30.3%) 140 (1-3)
Compliance
Not Confident 231 (64.7%)
Received Formal Legal Yes 39 (11%)

o 1.49 (1-3)
Training No 318 (89%)




