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ABSTRACT
Artificial intelligence (AI) has transformed the field of surgery; using machine learning algorithms in domains like computer
vision and operative robotics can fundamentally alter patient screening, diagnosis, risk assessment, treatment, and follow-
up procedures in operating rooms and both before and after surgery. This quick review summarized AI-assisted surgical
learning and applications in various surgery sectors. We explained the usefulness of AI in all aspects of surgery learning
and competency. Our review focused on implementing AI in several aspects of patient care, including early screening,
intra-operation robotics, post-operation monitoring, and follow-up. Horizon scanning of AI technologies in surgery identifies
developments that can improve medical procedures and transform future norms. Thus, over the next ten years, experimental
progress will quickly translate into practical applications. In comparison, AI may necessitate a change in work procedures.
It will also improve surgical safety, learning, and surgical quality for patients while offering surgeons and health systems
substantial benefits.
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healthcare research by assessing and decoding data from
clinical projects to find hidden but significant trends that go
beyond conventional wisdom. It can also enhance patients'
treatments by assisting in correct decisions.3

Machine learning is the process of using programs to
anticipate data as well as get better with time. Machine
learning is further classified as supervised, un-supervised,
and reinforcement learning. In supervised learning, systems
are trained using labelled information to forecast an outcome.
Conversely, unsupervised learning makes use of unlabeled
information to enable systems to investigate unidentified
trends or results. Lastly, a trial-and-error method similar to
operating conditioning is referred to as reinforced learning.1,4

Another type of machine learning is deep learning, which
makes use of artificial neural networks to examine big data
and resolve challenging issues. Deep learning's diagnostic
capabilities in medical imaging are among the primary uses
that have demonstrated its exceptional capacity for identifying
intricate patterns.5 Computer vision and natural language
processing (NLP) are additional subfields that are especially
pertinent to surgery. NLP includes the process of turning
generated spontaneous language into automated structured
text.4

All these machine learning techniques have occasionally
shown remarkable results in challenging problems like
natural language translation and picture categorization.6

However, these machine learning systems are frequently
underreported (no better performance of machine learning
over logistic regression)7, do not show better predictive
accuracy than conventional statistical methods for
prognostication in traumatic brain injury8, or predicting
major chronic diseases9, or for discriminating type 1 and

INTRODUCTION
The healthcare sector is being revolutionized by artificial
intelligence (AI). The term AI refers to a broad range of
computational methods that allow computers to completely
evaluate clinical studies on their own. Operational robotics,
augmented reality, computer vision, and machine learning
of organized data are some of these methods.1,2 AI is the
imitation of human intellect in computers. Like human
intelligence, the systems can perform tasks such as decision-
making, speech recognition, language processing, visual
perception, and pattern identification. AI can advance
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type 2 diabetes in young adults.10

AI has been exploited in precision medicine, drug
development, imaging and diagnosis, genomics, and risk
stratification. More recently, AI has been implemented in
surgery. AI methods concentrate on recognizing features
and automated interventions for before- and after-surgery
planning. Numerous supervised algorithms have been created
in previous years, including statistical classifiers, atlas-based
techniques, and active-shape models.11 The development of
more advanced AI models, for example, AlexNet, has made
it possible to use automatic data descriptors for clinical
image interpretation. These descriptors have demonstrated
better universality and resilience than handcrafted models.
As the use of automated machines in surgery grows, AI has
the potential to alter the discipline by creating complex
functionalities that link robotic control and real-time sensing.11

Surgical routes provide concrete and established metrics for
performance and outcomes that prioritize patients. They are
also clearly defined, evidence-based, and frequently
technically enabled at inception. These elements are probably
in charge of the high degrees of model stability and the
quantity of software (considered as medical devices) that
have received regulatory approval and are located at crucial
points throughout the surgical process.4 For example, radiomic
gadgets are used for internal scanning and diagnostics, some
AI models are used in risk prediction by utilizing extensive
clinical information, robot surgical devices assist surgery,
few AI models are used that maximize the effectiveness of
surgery pathways, and AI systems are used for making
correct decisions after surgical procedures and follow-ups.
As a consequence, there is a growing likelihood that AI-
based workflows will develop across a wide range of surgical
fields, backed by data showing improved results and cost
reductions.4

According to World Health Organization (WHO) and the
Coalition for Health AI criteria, AI programs must be testable
(enable algorithms and results to be impartially confirmed),
useable (easy to use, have no impact on clinical operations,
and suitable to patients as well as doctors), reliable (patients
and doctors should rely on them to deliver consistent
outcomes), beneficial (effective in clinical trials, and must
improve patient care. and operable (adequate operator
education to assure that operator skill or expertise won't be
a barrier to technology adoption).12,13 The current review
article comprehends the use of AI in surgical learning,
surgical robots, and preoperative, intraoperative, and
postoperative phases. Finally, we summarize the prospects
of AI in the field of surgery.
Surgery learning
Clinical outcomes could be improved by using AI in surgical
learning to improve training effectiveness and quality. It is
very possible that the use of AI in surgical training will grow
in popularity as both technology and the surgical industry

continue to progress. As AI's potential and skills continue
to develop, this integration is probably going to happen in
ways that are currently hard to predict or understand. AI in
surgical education has the potential to completely transform
the way surgeons are taught and significantly raise the
standard of surgical care overall. The growing application
of AI in this industry, however, also raises several practical
and ethical concerns that should be taken into account. AI
can be incorporated into surgical education to help students
become more proficient in surgery and enhance patient care.
Collaboration among the surgeon, ethicists, and researchers
is also necessary for this integration in order to guarantee
the technology's efficacy, safety, and equity. Despite its
enormous potential, artificial intelligence has drawbacks,
and there hasn't been any clinical use of it up to this point.
The growing incorporation of AI into surgical training
requires constant observation, assessment, and adjustment.3

Competence in surgery includes a broad variety of skills.
The elements of understanding, abilities, and mindsets are
traditionally considered to be part of competence. AI has
the ability to significantly decrease the process of learning
for surgical operations and contribute to the growth and
enhancement of all aspects of surgical competency, including
surgical skills. Training via simulations (SBT) is particularly
well-suited for AI.14,15 In surgical education, SBT has become
indispensable, as it enhances students' confidence and
performance. AI can offer surgical trainees an accurate and
secure setting to practice and refine their technical abilities
through the use of simulation software. With the use of SBT,
students can practice and become more confident when
carrying out procedures without running the danger of
endangering real patients.16 Additionally, SBT can assist the
learner remember the abilities and apply them successfully
in real-world scenarios. AI can also offer real-time assessment
and suggestions, enabling more effective and individualized
skill improvement.17

AI has demonstrated its usefulness in evaluating movements
of the hands and offering advice on how to enhance
proficiency using motion-based analysis. It can also identify
parts of the process that could need more training.18-20

Through AI-powered simulation-based training, surgeons
can enhance their technical expertise while simultaneously
honing non-technical abilities like handling crises and taking
decisions under duress. AI could help physicians make
clinical decisions by speeding up the procedure and assisting
them in comprehending linguistic meanings.21 A thorough
review of present-day standards and scientifically supported
approaches to surgical operations can be obtained by using
AI-techniques like the processing of natural language to
gather and analyze enormous quantities of information from
articles.22

AI-linguistic processing devices can help with presenting
and interpreting difficult study material in ways that are
tailored to each trainee's demands and language proficiency.
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AI may also help create customized learning resources and
study schedules depending on the requirements and
understanding gaps of each trainee. AI can be used to evaluate
a trainee's progress on mock examinations in order to pinpoint
areas of incompetence and provide study guides specifically
designed to help them do better in those particular areas.
By using AI to analyze learning, educators can target assets
derived from traditional evaluation to particular instructional
deficiencies. Due to the quick development of AI-applications,
educators must stay up to date on the latest developments
in AI as well as also modifying their lesson plans to
incorporate cutting-edge techniques.3

AI can improve mindset training by providing simulated
instances of patients and circumstances that let learners hone
their analytical and interpersonal abilities while strengthening
their capacity to manage challenging ethical dilemmas.23

Trainees can gain the ability to evaluate many possibilities
and successfully convey the choices they make to patients
and coworkers by using modelled scenarios. It can keep an
eye on the performance of learners throughout training
sessions online, though it could be challenging for an educator
to watch and give immediate input. It may also give learners
immediate advice and guidance on general skills like
teamwork and management, as well as assisting them in
forming the mindset and habits necessary for achievement
in the surgery industry. Since no contemporary surgeon
operates alone, they must be taught to collaborate with others
from an early age. The learners can get the expertise and
compassion necessary to establish a connection and
confidence with patients through interacting with AI-
generated simulated situations. This will help them traverse
the societal and emotional components of surgeries.24-26

The precision and effectiveness of clinical diagnosis could
be greatly increased by AI. In order to find trends and
forecast the best likely diagnosis, algorithms for machine
learning can examine vast volumes of information that come
from multiple sources, including laboratory test results,
patient histories, and medical images.5,27 Clinicians can make
more precise and reliable diagnoses by such algorithms that
have been developed on huge databases to identify behaviors
and patterns. Particularly in radiology, these algorithms have
been shown to give doctors outcomes that are consistent.28-

30

ChatGPT is currently taking over the realm of the public
because of their remarkable capacity for processing and
creating narrative prose.31 Neural networks and NLP models
are used by ChatGPT to produce output that is human-like
in response to a range of inputs.32 It could completely change
the way that medical education is conducted. Examples of
applications for robotic learning procedures include evaluation
assessments, instructional assistance, performance of learner’s
estimation, immediate feedback, and lesson creation.
ChatGPT gives trainees and students quick access to clinical
data and training materials in an intuitive manner, allowing

them to expand their understanding. Surgeons can also
provide patients with superior surgical care with the help of
produced diagnosis and management recommendations.33

Applications of AI surgery
Pre-operation
Hazards prediction
A number of particular to patients and operating variables
have led to the development of preoperative risk instruments
as crucial supplements to help patients and physicians
anticipate the potential hazards of surgery. APACHE-III
(mechanism for predicting the death of people in dangerous
situations), ACS NSQIP (hazards calculator), and POSSUM
(for death and illness) are one of the most commonly used
AI instruments for surgical hazards prediction. Nevertheless,
renowned tools frequently employ personal input or anticipate
linear correlations among factors in their models of
mathematics, that is not true in the clinical settings.34 New
advances can increase the prediction power of hazard tools
by utilizing machine learning's abilities to analyze vast,
varied information and simulate irregular correlations. The
danger estimator for urgent laparotomy sufferers uses an
machine learning associated  optimum categorization tree
and outperforms the ACS NSQIP in predicting pre-operation
danger for the patient group.35 Similarly, a study created
another machine learning hazard prediction tool named My-
Risk-Surgery. It was employed to forecast major
complications and death after surgeries.36

Screening and Diagnosis
AI tools have been utilized more in breast tumor image
analyzing. A variety of AI-powered lesion identification
tools, such as Transpara, INSIGHT MMG, and ProFound
AI software, have been authorized for use in mammogram
testing. Two significant future studies are presently being
conducted by INSIGHT MMG and Transpara, both of which
have produced encouraging initial results indicating that
they are not inferior than two radiologists double reading.37,38

Thus, it is easy to see a time soon when deep learning
algorithms (DLAs) will be used directly as an additional or
secondary readers in breast tumors screening. It will increase
the probability of breast cancer identification as well as
decrease workload of radiologists. Likewise, AI-powdered
tools for colorectal and lung cancer detection are also under
progress.39,40 The incorporation of AI-powered tools in the
field of molecular biology is still at its early stages. For
instance, machine learning model was developed and tested
against tumor DNA ML-driven model was tested and
independently validated on moving tumor DNAs to identify
early stage of hepatocellular via somatic copy number
aberrations.41

These DLAs have been developed for an accurate diagnosis
of various diseases, such as diabetic retinopathy, retinal
disease, colorectal polyps, fractures, prostate cancer,
intracranial hemorrhages, aneurysms, thyroid cancer, small
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bowel obstruction, pancreatic disease, and aortic dissection.34

Intra-operation
Surgical robots
In the scientific literature, there has been plenty of debate
about using machine vision in surgery video analysis.
However, this is now feasible because video-associated,
less-invasive surgery methods, including endoscopic,
laparoscopic, and robotic, have become widely used. Many
regular surgery video recordings can offer an extensive
worldwide database of AI algorithms that read, combine,
categorize, and evaluate procedural movies. These algorithms
rely primarily on advanced machine-learning approaches.
Additionally, specialists find it time-consuming to annotate
practice sets. There rarely exists unanimous agreement on
the actions that should be taken throughout a procedure.11,42

A technique of semantic segmentation was utilized to develop
DLAs for demonstrating secure or risky areas during special
surgeries, such as laparoscopic cholecystectomies,
laparoscopic sleeve gastrectomy cataract surgery, and
endovascular aneurysm repair. AI-powered three-dimensional
anatomical reconstruction can aid preoperative planning and
intraoperative navigation of complex operations.43-46 Recently,
the Food and Drug Administration (FDA) authorized an AI
tool named as Cydar EV Maps. It was employed to create
a complete patient-specific map of arteries anatomy via pre-
operation mapping and real-time intraoperation fluoroscopic
imaging. It has been demonstrated to lower radiation doses
and enhance the effectiveness of difficult aortic aneurysm
endovascular reconstruction.47 Numerous intraoperation

advantages come with integrating robotic surgery, such as
enhanced agility, design, and an accurate amplified three-
dimensional vision. Since then, over 12 million operations
have been carried out by 60,000 doctors globally using the
Da Vinci surgical robot (Figure 2) alone, making robotic
surgery the preferred less-invasive method for routine
surgeries in comparison to laparoscopy.4,47 There are 6 stages
of autonomy for robotic surgery (Table 1). Skin-to-skin
surgeries using completely self-contained robots are currently
mainly theoretical, but potential advantages involve
establishing surgical techniques, stability, precision, removing
the possibility of human fatigue, anxiety, and prejudice, and
conducting surgery in areas that are considered dangerous
or inaccessible to human beings, such as inaccessible regions
or battlefields.4

Post-operation
Discharge and follow-up
Post-operation problems raise morbidity and death rates,
lengthen hospital stays, and result in substantial expenses,
all of which add to the load on medical systems.48 Yet,
employ traditional statistical methods to forecast the
frequency of complications after surgery is inadequate
because their root causes are frequently complex in structure.49

With the help of its strong algorithms and capacity to use
many data sources, AI might assess data that includes a
variety of patient and process characteristics in order to
forecast difficulties. For instance, a study developed machine
learning-forest model to forecast anastomotic leakage
following anterior resection for rectal cancer.50 Similarly,
such machine learning models were developed for surgical
site infections, bleeding after surgery51,52, complications after
bariatric surgery53,54, and monitoring after surgy of colorectal,
liver, and pancreas.55 On the other hand, a planned and
tailored release plan using AI algorithms, such as DESIRE
(Table 2), can shorten hospital stays, decrease recurrence,
and improve patient satisfaction. Similarly, AI algorithms
can be utilized in patients’ follow-up. For example, a study
designed AI system (Table 2) for orthopedic patients
recovering from surgery via machine learning and voice
simulation.56

LIMITATIONS
AI has many advantages and enhances surgical education,
but it also has drawbacks (Table 3). Doctors' roles as

Figure 1: AI-assisted surgical robots and their surgery techniques

Autonomy Stage
Stage 0
Stage 1
Stage 2
Stage 3
Stage 4
Stage 5

Explanation
No autonomy – human operator performs all functions.
Robot assistance – human retains continuous control.
Task autonomy – human has discrete control, with specific tasks given to robot.
Conditional autonomy – human selects autonomous strategy performed by robot.
High autonomy – robot makes decisions but under supervision of human.
Full autonomy – procedure fully performed by robot with no human supervision required.

Table 1: Six stages of autonomy for robotic surgery.
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professional interpreters are altered by AI, which is thought
to focus on patients and may be prone to overlooking minute
details in patient-doctor interactions. Furthermore, AI needs
lifetime supervision for appropriate medical use because it
is still far from being suitable for autonomous operation.58

Additionally, AI may not yet be able to interpret verbal
indications, which could aid in directing conversation to the
specific levels most appropriate for providing each patient
with knowledge in a customised manner.59 Large volumes
of data are necessary for machine learning algorithms to
facilitate sound decision-making. The low number of precise
diagnoses in certain surgical specialties makes it difficult to
apply machine learning in certain scenarios. Large volumes
of data are also necessary for machine learning algorithms
to learn and perform better. Accurately gathering and labelling
this data can be challenging, which could affect how well
the AI system performs. Many physicians are not conversant
with the vocabulary used in the current medical literature
about AI, which may hinder clinical implementation and

adaption.60

Future Prospects and Challenges
In the future, conversational large-language models (LLMs)
that combine NLP, deep learning, and speech recognition,
technology may be utilised to respond to questions, counsel
patients, and conduct consults with patients on their own.
These algorithms may finally recommend proper diagnosis
as well as a treatment strategy. Crucially, these AI algorithms
will be empathy-based in order to maintain the human
dimension in the consultations.61 Microbots, endoscopic,
bioinspired, and stereotaxic robots are the various types of
operating robots that have been developed independently.
In the far future, these robots might even provide a better
substitute for professional-led solutions and represent the
pinnacle of best practice, eliminating the requirement for
human oversight or management.62

AI can help intelligent educational programs by offering
guidance and immediate input throughout simulations. These

DESIRE (Discharge after surgery
using artificial intelligence)

The study externally validated the
machine learning concept in
gastrointestinal and oncology surgery
patients admitted to 3 nonacademic
hospitals in Four forest models were
locally trained and evaluated with respect
to area under the receiver operating
characteristics curve, sensitivity,
specificity, positive predictive value, and
negative predictive value.

This study showed that a previously
developed machine learning concept can
predict safe discharge in different surgical
populations and hospital settings
(academic versus nonacademic) by
training a model on local patient data.
Given its high accuracy, integration of
the machine learning concept into the
clinical workflow could expedite surgical
discharge and aid hospitals in addressing
capacity challenges by reducing avoidable
bed-days.

AI-assisted follow-up model

The AI-assisted follow-up system was
adopted in the Orthopedic Department of
Peking Union Medical College Hospital
in April 2019. A total of 270 patients were
followed up through this system. Prior to
that, 2656 patients were followed up by
phone calls manually. Patient
characteristics, telephone connection rate,
follow-up rate, feedback collection rate,
time spent, and feedback composition
were compared between the two groups
of patients.

The effectiveness of AI-assisted follow-
up was not inferior to that of manual
follow-up. Human resource costs are
saved by AI. AI can help obtain
comprehensive feedback from patients,
although its depth and pertinence of
communication need to be improved.

AI-system Methods Results Reference

57

56

Table 2: Recently developed AI algorithms for discharge and follow-up of patients.

Limitations
Lack of human judgment

Lack of domain expertise
Bias in data

Need for interpretability
High cost

Consequences
Decisions are based on data, rules, and prior experience, but lacks ability to understand context and
nuances
AI systems may lack deep knowledge and experience, risk of incorrect diagnoses and treatment plans
AI systems rely on the data they are trained on; if data are limited, decisions have weak background
and may be biased
The decisions made by AI systems may be difficult to interpret and thus trust
AI systems are expensive to develop, implement, and possibly also to maintain

Table 3: Limitations of AI in medical field.
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technologies could evaluate performance metrics, such as
tissue interaction and tool motion, to offer thorough and
impartial assessments of surgical competency's mindset
aspect and skill improvement. AI can also be used to construct
guidance systems for medical diagnosis and therapy, which
could assist them stay up to date by offering suggestions for
optimal procedures. These guidance systems have the
potential to simplify the screening and therapeutic process,
cutting down on the period of time and assets needed to
arrive at a diagnosis and making use of those resources.3,63,64

Robots of the future will become smaller in order to be used
in a larger range of applications. In the future, assistive
technology such as robots powered by AI may be used to
carry out confident surgical operations. Practical activities
like stitching, incisions, and closure of wounds may fall
under this category, freeing up the surgeon to concentrate
on the key elements of operation. However, both present
and future generations of doctors cannot yet operate entirely
automatic surgical robots. Therefore, surgical robots continue
to function as tele-manipulator systems under the supervision
of skilled doctors.65,66 These surgical robots can also be
operated remotely by the surgeons. In addition to robotic
surgery, telemedicine can be utilised for more basic medical
care, where AI and machine learning can aid provide medical
services in difficult-to-reach places.67,68

AI development has been revolutionizing current surgery
by enabling more accurate and self-governing interventions
for the treatment of both acute and chronic ailments.
Significant advancements have been made in surgical robots,
intraoperative guidance, and preoperative planning by
utilizing these methods. AI holds enormous potential and
countless revolutionary applications beyond those mentioned
thus far. It's crucial to moderate any hopes that AI will be
a magic bullet that will resolve every issue facing the medical
field. Since the fundamentals of AI technology have not
been explored before, careful preparation will be necessary
to integrate them into established healthcare structures safely
and morally (Figure 2).

CONCLUSION
The enormous potential of AI in surgery has been described
in this paper, with the goal of enhancing or revolutionizing
every facet of surgical patient care. AI-assisted surgical
learning and its applications in the field of surgery were
summed up in this brief article. We discussed the value of
AI in every facet of surgical proficiency and learning. Our
review concentrated on applying AI to a number of patient
care domains, such as early screening, intra-operative
robotics, post-operative monitoring, and follow-up.
Innovations that have the potential to enhance medical
practices and change future standards are found through
horizon scanning of AI technology in surgery. The field of
surgery has always aimed to innovate, from carrying out
intricate procedures that were previously thought to be
difficult to accomplish to bringing about the advent of
surgical procedures using minimally technologically enabled
instruments. AI has the potential to usher in an entirely novel
phase of medical care, and the surgery community worldwide
has to welcome it.

Figure 2: Obstacles and difficulties in integrating AI technology
into surgical execution
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