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Humans' great and quick technology breakthroughs in previous decades
have undoubtedly influenced how surgical duties are conducted in the
operating room (OR). As high-tech workplaces, modern ORshave

Published: July 2022 introduced unique computational technologies into the clinical

workflow, with the goal of optimizing operations and assisting the
surgical team. Artificial intelligence (Al) is becoming increasingly
important in surgical decision making to assist surgeons and patients in
making better predictions about the consequences of surgical decisions
by addressing diverse sources of information such as patient risk
factors, anatomy, disease natural history, patient values, and costs.
However, there was a controversy whether Al's capacity to deliver on
its promises is contingent on effectively overcoming the ethical and
practical concerns outlined, such as explainability and algorithmic bias.
Even if such concerns appear to be purely practical or technical, a
deeper investigation reveals considerations of value, justice, and trust.
This review will discuss Al applications as well as its effects and
limitations that appear and should be considered.
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Introduction:-

Artificial intelligence or Al is the capacity of a computer or a robot controlled by a computer to do activities that
normally require human intelligence and judgement. Nowadays, Al is slowly becoming a part of humans’ lives in
many ways, which makes life easier and more effortless, for instance, the autonomous driving. ™ This system helps
reduce car accidents and reduce the workload of humans. Moreover, Al encompasses a wide variety of concepts,
ranging from particular types of Al such as machine learning to a more far-fetched concept of Al that fits
consciousness and sentient requirements. Al systems range from those that attempt to model human reasoning in
order to solve a problem, to those that solely rely on large datasets to generate a framework in order to solve the
problem of interest, and to those that attempt to incorporate elements of human reasonings but do not require
accurate modeling of human processes. Machine learning (ML) is a collection of statistical and mathematical
modeling techniques that employs a number of ways to learn and improve the prediction of a target state without the
need of explicit programming. ™!

The word cardiothoracic means relating to the heart and chest part of the body, so cardiothoracic surgery is one of
the branches in surgeries that medical doctors need to be specialized in surgical procedures of heart, lungs,
esophagus, and other organs in the chest area which will treat diseases of cardiovascular system that mainly focus on
heart and blood vessels.””®! The examples of the case to meet cardiothoracic surgery are lungs cancer, strokes, heart
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valves disease, and heart muscle disease. After a certain disease is treated by a surgeon, patients may face few side
effects such as insomnia or chest pain; thus, the surgeon has to ask for a routine checkup for a while to ensure that
those individuals are truly cured.

Al is becoming more significant in surgical decision-making to help surgeons and patients make better predictions
about the implications of surgical decisions by addressing a variety of sources of information, such as patient risk
factors, anatomy, disease natural history, patient values, and costs. ” A deep learning model, for example, was used
to identify whether people with treatment-resistant epilepsy would benefit most from surgery. Al platforms can give
roadmaps for surgical teams in an operating room, lowering risk and making surgery safer.?? Previous research in
cardiothoracic surgery has established machine learning algorithms that can predict intrahospital mortality following
cardiac surgeries better than typical operational risk scores.?

Application of Al in Cardiothoracic Surgeries

Al is the technology that has endless applications. Focusing on surgeries, Al is becoming more significant in
surgical decision-making to help surgeons and patients better forecast the effects of surgical decisions by addressing
multiple sources of information such as patient risk factors, anatomy, disease natural history, patient values, and
costs. B Al may be used to modify surgical practices in addition to planning and decision-making. Remote-
controlled robotic surgery has been found to increase the safety of operations in which doctors are exposed to high
doses of ionizing radiation and to allow surgery in anatomic areas that would, otherwise, be impossible to reach with
human hands. As the technology for autonomous robotic surgery advances, physicians will undoubtedly be called
upon to supervise robot movements in some circumstances. F041211

In addition, Al can be used as the augmented cognition within an operation room. Humans' extraordinary and quick
technical breakthroughs in the previous decade have had a significant influence on how surgical procedures are
conducted in an operating room.™JA modern operation room, as a high-tech work environment, has introduced
innovative computational technologies into the clinical workflow, with the goal of optimizing operations and
assisting surgical teams. This sophisticated computational-based environment has enabled the augmentation of
human cognition at both individual and team levels, in addition to creating a huge quantity and diversity of data that
can be utilized to construct predictive machine learning models.™ In this kind of high-tech operating room,
cognition extends beyond individual brains to the whole surgical team, encompassing not just human agents but also
non-human systems that are active during surgery.

Another application is the computer vision for the surgery.®®” The surgical workflow segmentation, tool
recognition and detection, and image-guided surgical procedures are the key uses of computer vision in surgery. 68
However, analyzing individual and team behaviors is a new field of using computer vision in an operating room,
especially in team-based complicated operations like cardiothoracic surgery.®**! Automated body position and
movement monitoring are already being used in other sectors of health and psychology to examine human nonverbal
behaviors. The majority of uses of this technology in surgery include recording surgeons’ gestures and hand
mobility in order to obtain objective measurements of technical psychomotor abilities.”” Recent research, on the
other hand, has looked at using position and motion data provided by computer vision technologies to assess team
dynamics and coordination in an operating room. These studies looked at behavioral indicators such as team
centrality and team closeness.

Al is also used in the surgical data science. A new scientific discipline called surgical data science (SDS) was born
as a result of the introduction of modern technology and their integration into the operating room, as well as the
massive amount of data generated by patient surgical treatment. SDS's major purposesare to capture, organize,
process, and model data in order to improve the quality and value of interventional healthcare. Complex data can
come from a variety of sources within SDS, including patients, care providers, sensors for measuring patient and
procedure-related data and domain knowledge. Promising Al and ML applications have been built on top of SDS,
with the ultimate goal of assisting surgical decision-making and enhancing patient safety. SDS uses machine
learning techniques to learn associations between data features without much input from human modelers, as
opposed to more typical data modeling approaches that are largely dependent on regression techniques. There are no
pre-existing labels or annotations in unsupervised machine learning, for example, needing minimal human
supervision. In the past, supervised and unsupervised machine learning approaches were employed to evaluate
physician competency in a number of scenarios.**The operating room black box system is an illustration of how
SDS may be utilized for quality improvement projects. This analytic platform enables both human and Al-based
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measurements by capturing and integrating a wide range of intraoperative data (e.g. audio, video, and physiological
indicators). This platform has been used in recent studies to investigate technical and non-technical surgical
performances, as well as their relationship with patient outcomes. Few studies have lately been able to demonstrate
the feasibility and validity of machine learning algorithms in both noncardiac and cardiothoracic surgery to
anticipate intraoperative problems such as hypotension and hypoxemia. Another data-driven Al application in
surgery is the evaluation of intraoperative performance at both the individual and team level.™™ Expert observation
and grading are the current gold standard assessments of intraoperative technical and non-technical skills. Despite
their widespread use, these methods have a number of drawbacks, including intrinsic subjectivity, poor inter-rater
reliability, and limited reproducibility and scalability. The application of Al, particularly computer vision, has the
potential to automate, standardize, and scale performance evaluation in surgeries, including cardiothoracic surgery.
Prior research has shown that video-based surgical motion assessments are more reliable than the traditional time-
consuming human rater approach for measuring laparoscopic performance in the operating theater.

One of the applicattionsis the diagnostic and the detection of heart failure (HF). HF is linked to poor patient
outcomes, a high risk of recurrence, mortality, and a significant cost burden. With the use of Al in diagnostic
modalities, outcome forecasts, and HF care, there has been a significant advancement in the field of cardiovascular
medicine. The use of Al Deep Learning components like artificial neural network (ANN) and convolutional neural
network (CNN) for HF diagnosis, as well as remote monitoring of at-risk patients via internet of things (1oT) and
mobile health (mHealth), can substantially reduce mortality associated with all structural heart disorders, including
HF.?® Though Al has the potential to revolutionize medical diagnosis, treatment, risk prediction, clinical care, and
drug discovery by more efficiently interpreting vast databases than the human brain, it is limited by the lack of a
healthcare system that supports it, as well as a shortage of trained clinicians who can use Al models in clinical
decisions and patient monitoring.’®) To give more accurate outcomes, it is critical to develop a bridge between Al
models and clinical practitioners using hybrid expert and ML-driven systems like the artificial intelligence for
clinical decision on support (AI-CDSS). While Al systems will never be able to replace a human brain's
competence, they have the potential to revolutionize accurate diagnosis and prognosis of decompensation and
mortality in heart failure patients by functioning as a tool of help. In the post-COVID-19 pandemic era, when
healthcare systems will be overburdened with HF-related hospitalizations, HF specialists should make efforts to
train themselves in incorporating Al so that Al-dependent medicines can be made more efficient and provide
accurate diagnosis in a short period of time.?*]

Lastly, In the not-too-distant future, robotic technology will revolutionize surgery.P*™*2%1 Many popular
treatments such as cardiac bypass and abdominal surgery are projected to be replaced by robots.***”) Autonomous
and semi-autonomous modes are increasingly being researched and utilized in surgical operations, automating
various aspects of the procedure. The complexity of these activities is, likewise, increasing, with complicated
endoscopic surgical motions and shared-control techniques in stabilized image-guided beating-heart surgery
replacing early medical robots' low-level automation. With innovations like nanorobots entering the area, further
advancement will need continual multidisciplinary collaboration. Autonomous robotic surgery is a subject of study
that incorporates artificial intelligence advancements.'®) As a result, humans would team up with Al in an
operation room. New forms of contact, communication, and coordination have emerged as computational systems
have grown pervasive, and workplacesare full of computer-based gadgets and networks. The design and operation of
computer-based systems in a cardiothoracic operating room has a significant impact on workflow efficiency,
clinician cognitive load, and, ultimately, surgical performance. When Al technologies are integrated into a complex
operating room environment, the possibility of human-machine teaming develops, opening up new cognitive
engineering possibilities that could improve patient safety and clinical results in complex team-based surgery.

Effects of Artificial Intelligence in Cardiothoracic Surgery
Al in cardiothoracic surgery has both aspects of effects as Al takes a major role in order to improve and develop the
medication. A lot of things will change and being affected.

A positive effect of artificial intelligence isthat, first of all, it reduces the workload for humans. Regular surgery
requires a team that contains different roles to help one surgery case, but if artificial intelligence is utilized for the
surgery, fewer people will be required in a case, which leads to reduced cost in staff and effort. Aside from cost and
effort, the use of Al in the medical field will reduce the time and resources as medical personnel have more time to
analyze patients and identify illnesses and ailments as more important processes are automated. Al is speeding up
procedures at medical facilities, allowing them to save valuable production hours. Time is money in any industry, so
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Al has the potential to save a lot of money. The healthcare business is estimated to waste roughly $200 billion per
year. Administrative burdens, such as filing, evaluating, and resolving accounts, account for a large percentage of
these wasteful costs.Another area where there is a need for improvement is determining medical necessity. To
adequately establish medical necessity, hours of evaluating patient history and information are generally required.
Physicians can use new natural language processing (NLP) and deep learning (DL) algorithms to help them analyze
hospital cases and avoid denials. Moreover, Al has very few errors compared to a human, which shows that Al in
surgeries will be safer.*”! Furthermore, Al has the potential to improve patient outcomes as well as the productivity
and efficiency of healthcare delivery. It can also improve day-to-day lives of healthcare providers by allowing them
to spend more time caring for patients, hence improving staff morale and retention. Medical practitioners are given
more time to assist and interface with patients by freeing up valuable productivity hours and resources.”
Lastly,medical staff in the present develops both physical and mental stress because their work can affect people’s
lives and they have a long working period, but Al is going to reduce this problem. Due to deadline demands and
other employment factors, half of primary care physicians are stressed. Al aids in the streamlining of procedures, the
automation of activities, the quick sharing of data, and the organization of operations, all of which relieve medical
personnel of the burden of dealing with many jobs."Patient load and the nature of the job are the most major
contributors to physician burnout," Yang says. However, because Al can help with more time-consuming tasks, such
as explaining diagnosis, medical practitioners may feel less stressed. 24

On the other hand, a negative effect of Al is that while Al may help lower costs and relieve clinician stress, it may
also eliminate some jobs. This variable may result in the displacement of healthcare professionals who have invested
time and money in their education, posing equitable issues. According to a forecast published by the World
Economic Forum in 2018, Al will generate a total of 58 million employments by 2022. However, according to the
same report, Al will displace or eliminate 75 million employments by the same year. The main reason for the loss of
job possibilities is that as Al becomes more integrated across industries, positions that require repetitive tasks will
become obsolete. Though Al has the potential to imProve many aspects of healthcare and medicine, it is critical to
address social implications of its implementation.®** Furthermore, Al systems are vulnerable to security issues
since they rely on data networks. Improved cyber security will be necessary from the start of Offensive Al to ensure
the technology's long-term viability. According to Forrester Consulting, 88 percent of security industry decision-
makers believe aggressive Al is a growing concern. Cyberattacks will make Al wiser with each success and failure,
making it more difficult to forecast and avoid as Al leverages data to make systems smarter and more accurate.
When malicious threats outsmart security defenses, attacks will become considerably more difficult to counter.?*! In
addition, Al may lead to the overlook of the social variables. The requirements of patients frequently go beyond
their immediate physical ailments. Appropriate recommendations for specific patients might be influenced by social,
economic, and historical variables. For example, an Al system might be able to assign a patient to a specific
treatment center based on a diagnosis. However, this system may not take into consideration the patient's financial
constraints or other personal preferences. When an Al system is used, privacy becomes a concern. Regarding
gathering and utilizing data, companies like Amazon have complete control. Hospitals, on the other hand, may
encounter difficulties while attempting to transmit data via Apple mobile devices. These legal and social constraints
may limit Al's potential to aid medical practices.!*?

Limitation of Artificial Intelligence in Cardiothoracic Surgery

The limitation that appears in bringing the Al into the medical field is about ethical issues.™! Some discuss how Al
might change and disrupt care on the ground, such as the impact on the doctor-patient relationship and values of
trust and empathy, > the risk of a new type of paternalism as healthcare professionals defer decisions to Al tools,
and the dehumanization of healthcare as more and more tasks are outsourced to intelligent machines.™? Other
concerns are mostly about how technology is produced and implemented. These challenges may appear to be simple
practical or technical concerns that may be overcome with appropriate methodologies and technological
development steps. However, the manifestation as well as the resolution of these challenges can have significant
ethical implications. The challenge of the ability to explain, sometimes known as the "black box" dilemma, should
be concerned.™ This issue is related to Al techniques that optimize results using DL and artificial neural networks
(ANNS). The Al (images of malignant skin legions) supplies information in the form of data, which are utilized by
the system to 'autonomously' learn and deliver the desired outputs (identify cancerous skin legions when presented
with new pictures). However, individuals who use Al, as well as those who design it, are unaware of the 'thinking
process' that leads to these results. As a result, when mistakes are made, it is hard to comprehend and examine the
cause of the error in order to correct it. This is especially troublesome in fields like surgery, where errors may have a
dramatic and immediate impact on people's health or lives. However, there are Al tools that do not suffer from the

[14
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ability to explain a problem, such as those based on the tree branching, a sort of machine learning algorithm that
humans can understand.® There have been discussions regarding the significance of the ability to comprehend and
explain the process by which certain healthcare choices are made. As a result, a value judgment must be made as to
whether the ability to explain Al-driven decisions —and thus retain the ability to trace back and eliminate the sources
of error— is more important than the potential to save more lives and improve the wellbeing of more people by
employing more advanced, but less explainable, Al technologies.

Conclusion:-

In conclusion, people have aimed to create intelligent machine colleagues by using new computational techniques
and broadening the usage of human cognitive models in Al. Moreover, people produced the team up among the Al
and humans within the medication healthcare applications. Cardiothoracic surgery novel approaches have been
created to link physicians' physiological data with patient data, and operating room medical equipment as a
surrogate for cognitive ability. A positive effect is that it reduces workload for humans and stress, as well as saves
money, time, and effort. However, Al in cardiothoracic surgery also has negative effects, which are that it overlook
the social variables, increase the unemployment, and the susceptible to security risks. Moreover, the limitation about
bringing the artificial intelligence into the medical field is about ethical issues. Some discuss how Al might change
and disrupt care on the ground, such as the impact on the doctor-patient relationship. Other concerns are mostly
about how technology is produced and implemented. The manifestation as well as the resolution of these challenges
can have significant ethical implications.To enable the application of Al in cardiothoracic surgery, there are attempts
at trying to incorporate a data-driven approach that merges human and non-human agents to enhance safety and
mitigate errors in cardiothoracic operating rooms, and researchers aimed to maximize surgical coordination and
team communication.
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