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Abstract
Background: Artificial intelligence (AI) has brought about advancements in several areas, 
including anesthesiology. A description of the current state of the literature regarding the use 
of AI in relation to anesthesiology is needed to analyze whether AI is implemented in clinical 
anesthetic practice. AI and machine learning (ML) have been proven to be useful in developing 
effective healthcare strategies. Although AI has been employed to automate anesthetic delivery, 
it is not yet that common in anesthesiology and pain management.
Methods: Various studies on the diverse uses of AI in the areas related to anesthesiology were 
compiled from several databases such as the Cochrane Library, Google Scholar, Medline (Ovid), 
and PubMed from 2003 to 2023. The obtained data were then classified, condensed, and 
juxtaposed finally. The study included diverse permutations of AI, ML, pain, and anesthesiology.
Results: Postoperative pain has been one of the major concerns of anesthesiologists, and poor 
management in this regard can be associated with adverse events. In recent years, remarkable 
advances have been made in pain management strategies. One of them, which has attracted 
increasing attention, is the use of AI in anesthesiology and pain management. However, despite 
its great popularity, it has not been without challenges.
Conclusion: In general, most of the studies explored in this review article have envisaged a 
bright future for the use of AI in anesthesiology and pain management. Some studies, however, 
have reported mixed results. Accordingly, further investigations with larger sample sizes are 
required to validate these findings. 
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Introduction
Artificial intelligence (AI), also known as machine 
intelligence, refers to the general idea of creating machines 
that possess the ability to comprehend and execute tasks 
independently in an intelligent manner. Initial efforts 
towards automating medical processes were based 
on manually devised algorithms that relied on strict 
regulations, making them unsuitable for intricate clinical 
scenarios. Given the current scarcity of human resources 
in healthcare, utilizing technology to bridge the gaps 
seems to be a plausible solution.1 AI is characterized as 
the exploration of algorithms that empower machines 
to rationalize and execute such tasks as resolving issues, 
identifying objects, and making decisions.2 AI has been 
utilized in diverse areas of medicine, from diagnostic 
implementations in radiology3 and dementia diagnosis4 
to more curative and interventional implementations in 

cardiology5 and surgery.6 Anesthesiology is a field that 
will likely benefit from advances in AI. Anesthesia can be 
subdivided into three main areas, including anesthesia, 
pain management, and intensive care medicine. There 
have been significant developments in this area of 
medicine, but the concept has essentially remained 
unchanged.7 A comprehensive review was conducted 
regarding the impact of AI on anesthesia to identify AI 
techniques used in anesthesia and pain management. 
The alleviation of postoperative pain by administering 
analgesics is a major issue in perioperative medicine. The 
use of effective strategies aiming at enhancing recovery, 
optimizing pain management, and reducing the risk of 
pain-related complications should be of high priority.7-10 
Therefore, better strategies should be developed to bridge 
the gap between the increasing demand for improved pain 
management and unsatisfactory practice in this regard.
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Methods
Evidence Acquisition
This review explored studies conducted on the use of AI 
in anesthesia and pain management. A total of 43 articles 
were collected from various scientific databases, including 
Cochrane Library, Google Scholar, Embase, Medline 
Ovid, and PubMed. The selected articles were all related 
to AI and its role in pain management and had been 
published in the form of systematic reviews, evidence-
based clinical practice guidelines, review articles, and 
randomized controlled trials. The applied keywords were 
AI, pain management, and anesthesia. A manual search 
was performed for references to ineligible articles in 
other studies that were not identified by a computerized 
search. Overall, 30 papers were identified at the end of this 
process. Finally, from among these articles, 15 papers that 
had the highest relevance to the topic were reviewed in 
detail (Figure 1). 

Inclusion and Exclusion Criteria
The inclusion criteria were using AI for pain management 
and investigating pain management in the field of 
anesthesiology. On the other hand, the exclusion criteria 
included publication without an abstract, lack of focus on 
pain as a primary variable, studies on animal groups, and 

lack of the required quality.

Results 
The roots of AI probably date back to the 1940s, 
particularly 1942, when the American writer Isaac 
Asimov’s short story ‘Runaround’, a story about a robot 
invented by Gregory Powell and Mike, was published. 
Donavan has evolved with the three laws of robotics; A 
robot is not allowed to hurt a human being. In addition, 
a robot shall follow the instructions of human beings, 
except those that would not be compatible with the first 
law, and robots shall defend themselves as long as such 
protection does not conflict with the first or second laws.11 
In recent years, there has been a great deal of interest 
among researchers in the role of AI in various fields of 
medicine. One such area is pain management, in which 
partial successes have been achieved, but they need to be 
expanded.12 Pain is a physiologic response to a noxious 
stimulus. Severe untreated perioperative pain affects not 
only the respiratory, circulatory, and immune systems, 
but the patient’s convalescence as well.13 Postoperative 
pain management has always been a serious concern for 
anesthesiologists. In recent years, significant progress has 
been made in various surgical procedures, from the use 
of intravenous opioid or non-opioid drugs14 to the use of 

Figure 1. Flowchart of the Study.
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ultrasound-guided methods.15

Pain Alleviation Before and After the Advent of AI
Clinicians believe that clinical practice guidelines may 
lead to better health outcomes. Guidelines provide useful 
information that can be used by physicians in making 
decisions about patient care. The federal government, 
through the Agency for Health Policy and Research, began 
to facilitate the development of clinical practice guidelines 
in 1992.16 Several national studies have been conducted 
regarding postoperative pain management. A US national 
survey of 300 adults who underwent surgery demonstrated 
that nearly 86% of the cases experienced pain after 
surgery. Of these cases, 75% experienced moderate to 
severe pain immediately after surgery, and 74% continued 
to experience similar pain after discharge. Approximately 
88% of the cases received analgesics to reduce pain. Of 
these, 80% experienced side effects, and 39% reported 
moderate to severe pain after the first dose.17 In another 
study, a systemic review and meta-analysis was performed 
on 765 patients with chronic postoperative pain, of whom 
38.82% had previously experienced acute postoperative 
pain. The risk ratio of chronic postoperative pain in 
patients with acute postoperative pain, as compared to 
those without it, was 3.10 (95% confidence interval: 2.44, 
3.96).18 A national survey was conducted on postoperative 
pain management in a sample of 76 surgical centers in 
France from June 2004 to July 2006. Data were collected 
from 1900 adult patients. The reported postoperative pain 
was mild at rest [2.7 (1.3)], moderate during exercise [4.9 
(1.9)], and strong at peak [6.4 (2.0)].19 In a study conducted 
in 2008, the incidence of postoperative pain in a sample of 
1490 patients underwent investigation. The results were 
disappointing; moderate to severe pain was reported in 
41% of the patients on day 0, 30% on day 1, and 19%, 16%, 
and 14% on days 2, 3, and 4, respectively. The frequency 
of moderate to severe pain on days 1-4 was high in the 
limb surgery (20%-71%) and spine surgery (30%-64%) 
groups.20 AI-enabled technologies and algorithms are on 
the rise and are currently transforming the healthcare 
landscape. AI has overtaken humans in several medical 
fields such as diagnosing diseases based on medical and 
pathological imaging or monitoring disease activity in 
atrial fibrillation and epilepsy relapses.21-23 AI has six main 
clinical applications in anesthesiology, including depth of 
anesthesia monitoring, control of anesthesia, event and 
risk prediction, ultrasound guidance, pain management, 
and operating room logistics.24 A study examined whether 
AI could be used as a decision support tool to improve 
anesthesiologists’ predictions of postoperative opioid 
needs.25 They were asked to predict postoperative opioid 
requirements for 100 surgical patients with and without 
using ML model estimates of opioid requirements. The 
accuracy of anesthesiologist’s estimates with and without 
ML estimates as the reference was compared, and the 
accuracy of opioid requirement estimation increased 
from 18% without ML support to 42% (P < 0.001) 

when ML estimates were provided as the reference. 
They concluded that ML models could improve the 
assessments of clinical parameters by anesthesiologists, 
and ML predictions could primarily serve as a reference 
to correct anesthesiologists’ clinical assessments. In 2021, 
another systematic review was conducted to examine the 
clinical use of ML in the diagnosis, classification, and 
management of pain. To this end, 26 research articles 
related to pain and ML were investigated, and most of the 
included studies used ML algorithms to effectively classify 
the patients’ pain levels and predict pain development 
and management. Based on the results obtained in this 
review, several studies indicated that the use of ML in pain 
research was of great importance as it was proved to be 
highly useful in the classification, prediction, diagnosis, 
and treatment of pain.26 Another study was performed on 
anesthesiologists’ attitudes toward the utilization of AI in 
anesthesia practices in developing countries. Based on the 
results, although the majority of anesthesiologists (88.6%) 
had heard of AI, only 6.8% believed they knew enough 
about it. Of them, 68.2% declared that AI had useful 
applications in anesthesia practice, and 56.8% believed 
that AI would bring breathtaking changes to their field. 
Few respondents (13.6%) believed that AI would surpass 
the clinical capabilities of human anesthesiologists and 
would completely replace human anesthesiologists in 
the future (6.8%). There was a significant association 
between clinical practice and the belief that AI could 
be effectively used in anesthesia practice. Moreover, 
a significant association was observed between the 
perception of AI and the belief that its capabilities were 
currently superior to the clinical experience of human 
anesthesiologists.27 Another study assessed the future of 
AI and anesthesiology aiming at investigating whether 
anesthesiologists’ opinions, motivations, and perceived 
barriers to using AI in clinical settings are associated with 
physician-level and real-world characteristics. Invitations 
to the study were emailed to 27 056 anesthesiologists 
working in the US. From May 2021 to June 2021, 1086 
physicians (4%) responded to the survey. When predicting 
the future role of AI in this field, anesthesiologists 
believed that AI could help predict perioperative adverse 
events (83%), develop pain management plans (67%), and 
perform airway assessments (45%). The majority of the 
respondents did not believe that AI would surpass human 
beings in providing healthcare services for patients 
(81%), performing endotracheal intubation (65%), and 
performing local anesthesia blocks (64%). The top barriers 
to using AI in clinical practice were found to be a lack of 
algorithmic transparency (60%), malpractice and liability 
concerns (47%), and the potential for malpractice (41%).28 

Discussion
Artificial intelligence and its subsets utilize information 
and algorithms to replicate the process of human 
cognition and education. Machine learning (ML) is a 
branch of AI that helps you make AI-based operations. 
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Deep learning itself is a branch of ML that uses a vast 
pool of data and algorithms to train a model. To gradually 
inform and improve the accuracy of algorithms, ML 
employs a set of methods for automatically detecting 
patterns in large data. These patterns are applied for the 
classification, prediction, or extraction of information 
from forthcoming data to which an algorithm has been 
able to infer new knowledge. Specifically, algorithm 
training is conducted to develop classifications or 
predictions based on statistical techniques that reveal key 
findings from data mining projects. Different techniques 
are applied for managing ML in line with the nature of 
the data.26 Most of the studies included in this review have 
been published from 2015 on, suggesting an increase in 
the use of AI for pain management issues in recent years. 
The main finding of this study is that using AI in the pain 
branch of anesthesiology, which is rapidly expanding, can 
yield positive outcomes. The results of the application of 
AI and ML in medical fields have been promising. Since 
its first use to automate the administration of anesthetics, 
AI has made many strides in its introduction into the field 
of anesthesiology, but it is still uncommon. The existing 
literature has indicated that ML calculations are of great 
value in pain management. Although such tools can 
ultimately support anesthesiologists’ clinical decision-
making, it is still unclear how real-time ML-based 
predictions will be governed. The area of postoperative 
pain management has benefited from AI by developing 
software programs that can predict pain levels and analgesic 
requirements, which, in turn, has made personalized care 
increasingly achievable. Furthermore, ML techniques 
not only aid in the provision of direct patient care but 
also provide highly accurate clinical scenarios and strict 
feedback that enhance simulation training capabilities, 
thereby potentially improving anesthesiology education. 
AI has extensive applications in anesthesia care as it 
provides real-time information about patients and allows 
doctors to focus on more complex tasks. However, more 
investigations are needed to fully understand what role 
AI will play in anesthesiology.29 As hinted above, AI is 
defined as “the study of algorithms that give machines this 
capability to deduce and perform tasks such as problem-
solving, reasoning, and decision-making.”30 The articles 
reviewed in the current investigation represent that AI is 
believed to be extremely helpful in classifying, predicting, 
diagnosing, and managing pain.  However, ambiguity 
remains in some related aspects. Although algorithms 
can be used to train machines to perform specific input-
output mappings, it is often unclear which parts of the 
training network are responsible for specific results. 
This is undesirable, as the physician must understand 
and trust how the autonomic anesthesia system works.7 
Anesthesiologists should continue to use this technology, 
stay abreast of the advances in AI, and make a real effort 
to seamlessly integrate it into their daily practice so that 
they can become their future revolutionaries. We hope to 
witness more widespread use of AI in all areas of medical 

practice, and anesthesiology is no exception. It is time for 
our colleagues to start visualizing various uses of AI in 
practice.30 In summary, the literature highlights the lack of 
knowledge about AI in anesthesiology and the acceptance 
of its use in practice among anesthesiologists. Although 
AI is believed to be useful in anesthesia practice and offers 
a wide range of applications and benefits, it is not expected 
to surpass or replace human anesthesiologists. There are 
also concerns about AI’s ability to provide empathetic, 
patient-focused care and its effectiveness in unforeseen 
circumstances. Overall, clinical care anesthesiologists have 
better judgments than AI.28 We recommend that further 
studies should be conducted on more anesthesiologists to 
better determine their quantitative knowledge regarding 
AI and gain a deeper and broader understanding of their 
attitudes towards the use of AI in clinical practice. 

Conclusion
Overall, most of the reviewed studies envisage a bright 
future for the application of AI in anesthesiology and 
pain management. Some studies, however, yielded mixed 
results, suggesting that further investigations with larger 
sample sizes are necessary to validate these findings.
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