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Abstract 

As opportunities for artificial intelligence to augment surgical care expand, the accompanying surge in published 
literature has generated both substantial enthusiasm and grave concern regarding the safety and efficacy of artificial 
intelligence in surgery. 

Artificial intelligence (AI) is gradually changing the practice of surgery with technological advancements in imaging, 
navigation, and robotic intervention. Collectively, evidence suggests that artificial intelligence has the potential to 
augment surgeons via decision-support, technical skill assessment, and the semi-autonomous performance of tasks 
ranging from resource allocation to patching foregut defects, In this article, we review the challenges of AI in surgery 
especially for surgeons and intraoperative. Recent progress in using artificial intelligence to achieve performance 
advantages in surgery suggest that remaining challenges can and will be overcome.  
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1 Introduction 

The term artificial intelligence (AI) was first coined by John McCarthy in his Dartmouth Summer Research Project in 
1956, but the foundations for the concept date back to the famed Alan Turing(1).AI is the marriage of numerical 
calculations done with the aid of a computer to create a form of intelligence. Some authors like to think that AI creates 
simulations, again done on a computer, with three main objectives: to analyze, to understand, and to predict(2).AI 
involves the use of a computer to interpret a situation and/or help accomplish a task, and in short to make our lives 
easier and better. Two branches of AI in medicine that are often discussed are machine learning and deep learning (3). 
Machine learning is a field analyzing how computer algorithms and statistics can be used to autonomously improve 
through trial and error with pattern recognition. Deep learning, or deep structured learning, is a vaster application of 
machine learning concepts whose basis is centered-around the formation and utilization of artificial “learning” or 
“neural” networks (ALNs and ANNs) that are based on the structure of biological brains, such as being multi- layered. 
Natural language processing deals with pattern recognition of data that comes in unstructured formats (4). Machine 
learning, deep learning, and natural language processing have enormous potential to improve surgical decision making 
pre-operatively and post-operatively(5). 

In addition to overly inflated expectations, AIS suffers from the fear that surgeons have that robotics are being 
developed to replace them (6) 
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This fear of being replaced in the workforce is enhanced by the growing fear of the technological singularity (TS), or 
when AI exceeds mankind’s intelligence,Although this fear seems to originate from watching one too many science 
fiction films(7). 

2 Intraoperative and technical skill assessment 

● Technical errors are a leading cause of preventable harm in surgical patients. 
● Intraoperative and technical skill are variable and affect clinical outcomes(8). 

AI operating rooms also use machine learning and deep learning to improve the workflow and resource utilization in 
the operating theatre, pre-operative area and post-anesthesia care unit(9). augmented reality (AR) can superimpose 
images onto structures during operations either during open or minimally invasive procedures.These AR systems are 
essentially guidance systems that enable the surgeon to see the tumor and its relationship to major intra-parenchymal 
vascular structures in real time(10).Solid organs are currently the best intra-cavitary organs to integrate with AR, 
similarly, the spine has also had good success with AR. Initially surgeons had to use glasses to reap the benefits of AR in 
spine surgery; however, this practice is cumbersome and has limited AR utilization. Because of this other systems that 
enhance the intra-operative placement of spinal screws has been developed that projects the image directly onto the 
patient, thus, eliminating the need to wear special glasses(11).In addition to improving accuracy of screw placement, 
this technology can reduce fluoroscopy times, which is beneficial to the patient, surgeon, and operating room staff.(12) 

Today’s operating theaters are characterized by a multitude of information sources. For example, preoperative image 
and planning data provide information about the positions of tumors and the planned course of the operation, various 
medical devices (e.g., a suction-irrigation system, operating light, and anesthesia monitor) provide regular status 
reports and intraoperative imaging devices (endoscope, ultrasound, etc.) provide data about the patient and current 
processes in the OR. In their entirety, these heterogeneous sensors provide the information necessary to infer the actual 
course of the operation and to provide proper assistance at the right time. This is subsumed under the term “context-
aware assistance” (13), which avoids an information overflow and decreases the cognitive load, in particular in an 
already stressful and complex environment such as the OR( operative room). A prerequisite for providing such 
assistance is a SensorOR in which all devices are connected to collect their data. 

3 Data annotations  

In order for AI to learn from collected data, the original raw data has to be enriched with additional knowledge through 
annotation. The most common forms of annotation are classification (e.g., which organs are visible in an image), 
semantic segmentation (e.g., which pixels belong to which organ in an image), and numerical regression (e.g., the size 
of an object). The process of data annotation is often time-consuming, especially for large data sets. Annotation of 
surgical data requires expert knowledge, which can be expensive to muster and is often a bottleneck. In addition, only 
a fraction of the data is digitally available, and there are no standard acquisition and annotation protocols. The data has 
to be representative of the task to be learned, preferably from multiple centers and accessible in comprehensive open 
data registries, highlighting questions regarding privacy and confidentiality. 

Several approaches to reducing the annotation effort have been proposed, such as active learning(14).A promising 
pathway for overcoming the lack of annotated data is to generate realistic synthetic images based on a simple simulation 
by using generative adversarial networks (15),To ensure a consistent vocabulary for annotation, ontologies are used. 
Ontologies are widely used in the medical domain – for instance, for clinical terms , for modeling surgical knowledge , 
to identify risks across medical processes , or for surgical processes (16). 

4 Machine learning 

Machine learning (ML) is a genre of artificial intelligence including algorithms that allow machines to solve problems 
without specific computer programing. While analyzing big data, machines are enabled to assimilate a large amount of 
information, applicable for risk stratification, diagnosis, treatment decisions, and survival predictions. Not only can AI 
models analyze large amounts of data collected over long periods of time, providing predictions for future events on the 
basis of the statistical weight of past correlations, they can also continuously improve with new data. Through a process 
called “incremental learning”, trainable neural networks improve over time, surpassing unchanging scoring systems 
and standardized software. Moreover, the human–machine interaction further improves the performance of ML tools. 
Indeed, the learning process goes far beyond the textbook data, incorporating real-life scenarios and can improve 
experts’ opinions. 
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Most of the studies conducted on ML tools have focused on machine vision, biomarker discovery, and clinical matching 
for diagnosis, classification and outcome prediction (17) 

Reinforcement learning (RL) is a branch of ML that uses Markov Decision Processes (MDP), which are based on Markov 
chains, named after Andrey Markov, a Russian mathematician who used this framework to help predict the outcomes 
of random events (18). In addition to AI in medicine, it has also been applied to autonomous actions in surgery (19). 
Currently, most research in RL and surgery involves simulations . Due to the vast amount of data that must be analyzed, 
researchers first used 2-dimensional (2D) models to devise researchable RL applications. One such model involves a 2D 
model for teaching gynecological surgeons how to do a hysterectomy. The researchers theorized that by defining precise 
goals or rewards (also known as “models”), and reproducible tasks or movements mimicking a hysterectomy, that they 
could combine RL with surgery and develop worthwhile algorithms that could be analyzed, studied and improved 
(20).In a recent study, Kim et al. used reinforcement learning to facilitate accurate manipulation and navigation of 
surgical tools during eye surgery; in particular, they proposed a method to predict the relative goal position on the 
retinal surface from the current tool-tip position (21). 

5 Natural Language Processing 

Natural Language Processing (NLP) is the evolution of the interaction of Artificial Intelligence (AI) and linguistics. 
Distinct from simple text information retrieval (IR), which indexes and searches a large volume of text based on a 
statistical technique (22). NLP evolved from basic approaches (word to word), through a complex process of coding 
words, sentences, meanings and contexts, to its modern structure. Since 1950, NLP and IR converged into what is known 
today as NLP, namely, a computer-based algorithm that handles and elaborates natural (human) language, making it 
suitable for computation (23). 

When applied to surgery, NPL has been extensively proposed pre-operatively and looking at different post-operative 
complications such as surgical site infection (SSI). Bucher et al. developed and validated a model of SSI prediction with 
NLP algorithm by analyzing EHRs(Electronic Health Records ) from 21,000 patients entered into the ACS-NSQIP, using 
only text-based documents regarding history and physical condition, operative, progress and nursing notes, radiology 
reports and discharge summaries .This predictive model had a sensitivity of 79% and a specificity of 92% on external 
validation, but its added value was the absolute reliable negative predictive value (NPV), which is a relevant issue for 
events with a low incidence.(24). 

NLP can be used to validate datasets that are the basis of surgical risk predictive models, but the main limit of their 
widespread use is the non-homogeneity of NLP models and EHRs data entry forms across institutions and 
countries.Surgeons and their low-level confidence with AI represent another limit to developing a system that is 
theoretically perfect and promising: it is important for them to understand how AI may impact healthcare and to 
elaborate strategies of safe interaction to implement this nascent technology, Lastly, ethical issues and privacy rules 
protecting patients’ sensitive data, can limit the large-scale applicability of NLP over EHRs.  

6 Conclusion 

The complexity of the field of artificial intelligence surgery is highlighted by the finding that only 9.8% of medical devices 
undergo in-human testing within 10 years, and that involvement with an actual clinician during the development of new 
devices significantly improved the chances of this (25). ML(Machine learning), Deep Learning (DP), Computer Vision 
(CV) and possibly Natural Language Processing (NLP) will ultimately be the best path towards more autonomous 
actions in surgery.Surgeons must understand the basics of AI and learn to better understand its potential benefits 
instead of insisting on resisting innovation.Robotic surgery in its present form is a form of AIS and a necessary step 
towards fully autonomous actions in surgery. AIS has the potential to improve surgical outcomes, doctor-patient 
relationships, and job satisfaction for surgeons in all phases of surgical care.  
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