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Abstract: Objective: The use of machine learning (ML) has revolutionized every domain of medicine.
Surgeons are now using ML models for disease detection and outcome prediction with high precision.
ML-guided colorectal surgeries are more efficient than conventional surgical procedures. The primary
aim of this paper is to provide an overview of the latest research on “ML in colorectal surgery”, with
its viable applications. Methods: PubMed, Google Scholar, Medline, and Cochrane library were
searched. Results: After screening, 27 articles out of 172 were eventually included. Among all of
the reviewed articles, those found to fit the criteria for inclusion had exclusively focused on ML in
colorectal surgery, with justified applications. We identified existing applications of ML in colorectal
surgery. Additionally, we discuss the benefits, risks, and safety issues. Conclusions: A better, more
sustainable, and more efficient method, with useful applications, for ML in surgery is possible if
we and data scientists work together to address the drawbacks of the current approach. Potential
problems related to patients” perspectives also need to be resolved. The development of accurate
technologies alone will not solve the problem of perceived unreliability from the patients” end.
Confidence can only be developed within society if more research with precise results is carried out.

Keywords: machine learning; colorectal surgery; PubMed database; Google Scholar; Cochrane library

1. Introduction

Machine learning (ML) and neural networks can be amalgamated to improve existing
technologies and to create novel ones. ML involves computer systems simulating human
intelligence processes. Potential applications of ML in cancer detection, surgery, and
postoperative care have changed the diagnostic and outcome of colorectal cancer [1].
In modern surgical approaches, we can use ML systems to collect data from medical
professionals performing surgery [2]. In combination with ML, the collected data allows
surgical robots to develop reasoning, wherein the robots can undertake functions like
decision-making and problem-solving.

ROBODOC systems, introduced in 1992, revolutionized the medical domain by intro-
ducing ML into medicine [3]. Recently, several researchers have utilized ML with numerous
benefits, such as cost reduction and higher levels of patient satisfaction, especially when
compared to conventional methods involving only human doctors. Researchers are already
working on applications of ML at the preoperative stage, for instance, in the detection of
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existing ailments [4]. Using ML algorithms for colonic investigations has been a break-
through [5]. Researchers are working to examine the future and further implementations
of ML, particularly in the field of surgery.

A persistent problem in this field is the lack of experiments and studies focusing on
the future of ML. The increase of publications considering ML in medicine, in general, has
also made it necessary to conduct this review. Moreover, there is a lack of research focusing
on the applications of ML in colorectal surgery specifically.

The results of this review will be beneficial for fellow scholars to add to their knowl-
edge on this topic. Students, for instance, could use this study as a reference in projects
which are part of their curriculum. This collective information will also contribute to future
research. In addition, the information acquired through this research will be not only bene-
ficial for patients undergoing colorectal surgery but also for various medical practitioners.
Both surgeons and patients will have access to more knowledge on the benefits of ML and
its future in surgery. Furthermore, this will help clinicians to realize the various unexplored
opportunities of ML and devise ways of maximizing them in the future. The developers
of different ML systems may benefit from this research as well, as it may guide them to
improve the development of techniques.

This study aims to summarize the current extent of ML in colorectal surgery and
determine its future scope. To achieve this, the objectives were:

o  To discuss the existing applications of ML in colorectal surgeries.
o  To discuss the possibility of safe applications of ML in clinical environment.
o  To examine the benefits of utilizing ML in the surgical domain and its future scope.

2. Methods
2.1. Search Strategy

We used various search engines, such as the PubMed database, Google Scholar, Med-
line and Cochrane library, to search for articles. We preferred and selected articles which
appeared mutually in all the search engines we used. In addition, the articles which were
relevant to our theme were given priority. After comparing the main results of the search
engines, we found that the articles mentioned in this paper contained the most relevant
information and had large overlaps (>95%) with the search engines we decide not to use.

Later, a screening of articles published between 2015 and 2021 was performed, as they
included the most up-to-date information. The articles published before 2015 were not
considered because they were more likely to include outdated information. The PRISMA
approach for scoping reviews was then used to choose the articles for our final reference
and, finally, to draft this study.

The terms searched for were ‘colorectal surgery” and ‘machine learning in surgery’,
‘the application of machine learning in surgery’, ‘machine learning in colorectal surgery’
and ‘the future of machine learning in colorectal surgery’. Any search using artificial
intelligence (Al) as keyword would have provided ambiguous results of articles, as ML is
a part of much broader field known as Al. Whereas the articles we referenced have brief
discussions on Al, this topic was discussed by the authors to merely show the beautiful
amalgamation of two different fields.

Furthermore, the Boolean operators were used to combine the terms to guarantee a
vast search. In addition, we reviewed the references in the chosen studies manually. Three
authors engaged in the search strategy individually. Discrepancies were discussed and
solved by re-reviewing the article to establish a consensus decision.

2.2. Selection of Criteria and Evidence Quality

Only English literature and full-text analyses were included in this review. To ensure
the accuracy of the information, only peer-reviewed studies were included, as the quality
of their results was considered reliable. With the assistance of a skilled librarian, the
authors devised the search strategy, and the librarian who drafted the data sources also
peer-reviewed the search strategy. The PRESS approach was used for the peer review to
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determine whether the search strategy matched the research topic [6]. We excluded studies
that failed to address the research topic, and to avoid duplicates, only the latest publication
of a research group was included. Among all data and information available in the precisely
chosen articles, the most relevant data was the type of surgery. Since this study specifically
focused on colorectal surgery, only information pertaining to it was selected.

ML uses two types of techniques: supervised learning, which trains a model on known
input and output data so that it can predict future outputs, and unsupervised learning,
which finds hidden patterns or intrinsic structures in input data.

Supervised machine learning builds a model that makes predictions based on evidence
in the presence of uncertainty. A supervised learning algorithm takes a known set of input
data and known responses to the data (output) and trains a model to generate reasonable
predictions for the response to new data. Supervised learning is used if you have known
data for the output you are trying to predict.

Unsupervised learning finds hidden patterns or intrinsic structures in data. It is used
to draw inferences from datasets consisting of input data without labelled responses. Both
types of models can be used to detect patterns in surgery.

2.3. Data Extraction

A data charting form was established, including the study design, year of publication,
and the theme discussed in the article. This helped the authors to categorize the reviews
based on relevance. We assessed the reliability, usefulness, and authority of the studies
to ensure quality evidence for this review. The extraction of information depended on
discussions between the authors, including their perspective on ML in colorectal surgery.
The types of studies that matched our eligibility criteria are summarized in Table 1. Fur-
thermore, a count of included and excluded studies due to failure to meet the developed
criteria was kept.

3. Results
3.1. Selection of Sources of Evidence

Selecting sources involved three steps in addition to the inclusion and exclusion criteria.
The primary step was to identify the theme of the articles. This involved categorizing all
articles sourced from the PubMed database, Google Scholar, Medline, and Cochrane library.
This part also involved the recognition of the articles that underwent elimination before
screening, either because of duplication or ineligibility.

Further screening of the remaining articles was performed to identify those eligible
for the study. The publications included in the research are shown in Figure 1.

3.2. Characteristics of Evidence Sources
A summary of the articles included in the study is presented in Table 1.

Table 1. Summary of included articles.

Authors

ML Algorithm Study Design and Summary

Hashimoto, et al.

(2]

Surgeons are the most significant enablers of ML adoption. Computer Vision and
- Natural Language Processing are popular subfields of Al used to derive insights.
Review on ML in colorectal surgery.

Beyaz [3]

ROBODOC

ML in surgery began in 1992. The paper described the development of ML in
surgery and the problems surgeons have had implementing ML in their practice.

Kitaguchi et al. [7]

convolutional neural ~ Automated colorectal surgery workflow recognition using a CNN to identify
network (CNN) surgical stages and diagnosis of surgical actions with 82% accuracy.

Wang et al. [8]

ML in colorectal surgery has received a lot of interest. Authors worked on

FR-CNN ML-assisted pathological biopsy. CNN efficient in managing colorectal cancer.
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Table 1. Cont.

Authors

ML Algorithm

Study Design and Summary

Park et al. [9]

Al Real-time Analysis

To create an ML-based real-time analytic model for indocyanine green angiography during
colorectal surgery. AIRAM model accuracy and consistency higher compared to traditional

Microperfusion approaches.
. Use of CNN in diagnosing, screening, and treating colorectal cancer. Performing analysis on
Mitsala et al. [10] CNN medical images with the help of CNN.
C-CAD

Wang and Dong [11]

(Conventional Computer
Assisted Diagnosis)

C-CAD is effective in the detection of colorectal adenomas and cancer.

Merath et al. [12] DT DT algorithms predict the occurrence of complications after colorectal surgery.
) (Decision Tree) Complications were predicted in 13 of 17 instances.
MSINet Model The authors used ML in their approach by developing a deep learning model titled MSINet,

Yamashita et al. [13]

(Microsatellite Instability)

which was found to be successful in forecasting MSI in colorectal cancer patients.

ShuffleNet is a deep learning system designed to detect MSI in patients with colorectal

Echle etal. [14] ShuffleNet cancer. The study found this model to be accurate in predicting MSI in colorectal cancer.
Ahmad et al. [15] CNN CNN is now the most often utlhs.ed strategy in cc.)lpregtal surgery, a'ccord%ng to .the authqrs.
Many scholars have proposed using image magnification ML algorithms in clinical practice.
ML-based prognostic markers effectively classified colorectal cancer patients into two phases,
Skrede et al. [16] Deep Learning (DL) allowing surgeons to choose appropriate treatment while avoiding overtreatment of low-risk
patients.
ANN . . . . .
o ANN effectively recognized patients with T1 colorectal cancer with lymph node metastases
Kudo et al. [17] (Artificial Neural . ifv individuale wh . ‘tional followi . .
Network) to identify individuals who require additional surgery following endoscopic resection.

Residual Networks +

ResNet + SVM classifier can detect synchronous peritoneal carcinomatosis in colorectal

Yuan etal. [18] SVM (Supp ort Vector cancer. The model gave 94% accuracy rate.
Machine)
Ichimasa et al. [19] Machine Learning (ML) The use qf ML in colorectal cancer surgery gives a successful prediction, lowering the need
for additional procedures after endoscopic resection of T1 tumors.
Loftus et al. [20] ML The use of ML in colorectal cancer improves decision-making by augmenting informed
’ consent and the choice to operate. ML-based electronic health also records algorithms.
Hildebrand et al. [21] CNN CNN Prechcts immunotherapy responses for cancer patients and detects microsatellite
instability.
ML-automated polyp detection system could increase polyp detection rate. Increasing the
Luo etal. [22] ML use of ML in colorectal surgery can minimize surgeon load while maintaining service
efficiency.
Wane. Dene. and Wu ML models can also use magnetic resonance imaging (MRI) results as inputs. This has been
& [23g], CNN proved effective in predicting the responses of various patients towards chemotherapy with
an accuracy rate of 95%.
Humans, unlike computers, cannot detect algorithmic patterns. However, most ML methods
Chen et al. [24] DL need complicated processing, making data extraction tedious. Although, DL and alternative
learning strategies for retrospective real-world clinical data have proved to be a boon.
CNN models are efficienct in diagnosing, screening, and treating colorectal cancer. This
Hardy et al. [25] CNN suggests that researchers will likely improve colorectal cancer detection technologies to aid
in successful treatment.
Shung and Byrne [26] CNN Scllljn};ixg/e enhanced the quality of colonoscopy processes and also helped in cancer
FR-CNN allows to detect malignancies and recommend treatment options which is effective
Gaoetal. [27] FR-CNN in diagnosing colorectal cancer.
McKendrick et al. ML ML encourages the development of mixed tech but more ML algorithms will need to be
[28] developed and improved.
. ML through high tech operating rooms supports cognitive augmentation during surgical
Dias, Shah, and L. . . .
Zenati [29] ML care. The future success of technological integration will be determined by how we handle
data security and privacy.
Kim [30] ML Future aspects and advancements of ML are discussed in detail by the author, one of them
- being ML-based medical treatments to colorectal patients.
Ramesh et al. [31] ANN Studies on the future of ML demonstrated that ML algorithms like ANN are more effective

than surgeons in detecting colorectal cancer.
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Figure 1. Identification of studies. Inclusion and exclusion criteria adopted for this research.

4. Discussion
4.1. Application of ML in Colorectal Surgery

To optimize and decrease postoperative morbidity and mortality of patients, preop-
erative colorectal surgery patient assessment has become increasingly crucial. Various
identification systems have been created in the past, but their clinical use is typically re-
stricted. In medicine, Al is being examined for diagnostic and prognostic utility. This
coincides with the growth of big data and the usage of electronic health records (EHR) in
hospitals. Al can aid preoperative risk assessment by efficiently combining data such as
basic demographics, biochemistry, and radiology results [1].

Al is frequently used in place of more precise words like ML or deep learning. So,
for example, Al might be regarded as a parent area that includes subfields like ML, which
includes techniques like neural networks and deep learning. Inspired by organic nervous
systems, neural networks analyze data in layers of basic computing units similar to neurons.
Deep neural networks (DNN) include more layers than basic 1-layer or 2-layer networks,
allowing them to learn more complicated patterns than simple 1-layer or 2-layer networks.
Computer vision (CV) and natural language processing (NLP) are two popular subfields
of Al in medicine (and especially surgery). CV involves a system combining information
from pixels, recognizing things inside images, and maybe even analyzing free areas within
images. NLP allows robots to grasp human language as it is used in everyday life. It aims
to grasp syntax and semantics to deduce meaning from phrases, sentences, or paragraphs.
The primary sources in this review included necessary information on ML in colorectal
surgery. The study by Hashimoto et al. [2], for instance, focused on the notion of ML and
how various surgeons have adopted it in their practice.
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The article by Beyaz revealed the steps taken toward developing ML in surgery. Addi-
tionally, the review addressed the implementation challenges that we have encountered
when trying to integrate ML, through the Da Vinci system, into their practice [3].

For instance, many surgeons have reported that they worry that the invention of better
ML systems may lead to job losses for human surgeons. Authors like Kitaguchi et al. [7] and
Wang et al. [8] evaluated the significance of ML applications in surgery; the former praised
the convolutional neural network (CNN) technology for its accuracy. At the same time,
the latter acknowledged the relevance of faster R-CNN ML in detecting colorectal cancer.
Recently, the use of ML in colorectal surgery has gained much attention. A study conducted
by Kitaguchi et al. [7], for example, revealed that the use of automated laparoscopic ML
through a CNN to recognize surgical phases and actions automatically yielded an accuracy
of 81% and 82%, respectively. This implies that many surgeons have adopted ML as it can
give an accurate diagnosis.

Similarly, Wang et al. [8] argued that ML-assisted pathological biopsy could be ap-
plied in the colorectal domain to examine colorectal illnesses and identify colon cancer.
However, the integration of faster regions with CNN in diagnosing and treating colorectal
cancer has not been systematically researched [8]. More importantly, a study carried out
by Park et al. [9] aimed to develop an ML-based real-time analysis microperfusion model
for indocyanine green angiography to forecast anastomotic complications during laparo-
scopic colorectal surgery and showed that ML had an accurate and consistent performance
compared to traditional methods.

DNN-based ML algorithms are also being used to detect colorectal polyps by defining
the color channel in a different manner compared to conventional methods, generating
better and more accurate results [32]. Another review by Mitsala et al. [10] indicated
that CNN-based ML assists surgeons performing colorectal surgery to screen, diagnose,
and treat colorectal cancer. For instance, we can use CNN to perform medical image
analysis. According to Wang and Dong [11], automated polyp detection ML through
conventional computer-assisted diagnosis (CAD) supports the diagnosis of the various
stages of colorectal cancer. It does this by guiding us on the appropriate approaches to
undertake. On a similar note, Merath et al. [12] proved that ML allows the creation of
algorithms like the decision tree model that can accurately predict the possibility of patients
developing problems after undergoing colorectal surgery. The study came to this conclusion
after the decision tree algorithm accurately predicted the occurrence of complications in
thirteen out of seventeen scenarios [12]. Yamashita et al. [13] applied ML in their practice
by creating a deep learning model, referred to as MSINet, aiming to detect the prevalence
of microsatellite instability (MSI) among individuals with colorectal cancer.

The study’s findings showed the approach’s effectiveness in predicting MSI, which
exceeded the performance of gastrointestinal pathologists. Further, Echle et al. [14] devel-
oped a ShuffleNet deep learning system to clinically detect MSI in patients with colorectal
tumors. The study results indicated that this system scored 65% on specificity and 95% on
sensitivity in predicting MSI in colorectal cancer.

These findings suggest that ML can improve the procedures undertaken during col-
orectal cancer surgeries. Similarly, Ahmad et al. [15] claimed that the adoption of deep
learning methodologies through CNN has increased in colorectal surgery, and they are
now the most commonly used approach. Furthermore, many researchers and doctors have
considered utilizing magnification imaging ML algorithms in practice [15].

Further evidence of the application of ML in colorectal surgery was obtained through
the research initiated by Skrede et al. [16], which revealed that a prognostic marker was able
to be established via deep learning to digitally scan tumor tissues stained with conventional
hematoxylin and eosin. The tag demonstrated efficiency in separating stage I from stage II
patients, which allowed surgeons to select adjuvant treatment, preventing therapy among
low-risk individuals and recognizing the patients who would acquire maximum advantages
from more intense medical programs [16]. These conclusions indicate that individuals are
realizing and applying ML in the colorectal surgery domain.
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The application of ML in colorectal surgery is also evident through the ML method-
ology established by Kudo et al. [17]. The authors developed an artificial neural network
using information from 3134 patients with T1 colorectal cancer [17].

Further, Yuan et al. [18] established the ResNet3D + SVM classifier by using the
ResNet-3D algorithm to detect synchronous peritoneal metastases in colorectal cancer.
The researchers found the algorithm compelling, as it demonstrated an accuracy rate of
94% and a specificity degree of 93%. These results showed that the approach could be
applied in colorectal surgeries to determine the patients needing additional surgery after
endoscopic resection [18].

Another ML-based algorithm named EndoBRAIN was developed to identify colorectal
neoplasms. This algorithm showed improved endoscopic activity. It was able to provide
better and more significant results compared to 30 endoscopists collectively, including
10 experts [33].

The outcomes derived from these studies proved that ML is a suitable approach to
enhancing the quality of care delivered to patients, especially colorectal cancer patients,
before, during, and after surgery. All the studies outlined in this section prove that many
colorectal surgeons have realized the significant role of ML through the various approaches
applied to different situations in colorectal cancer care.

4.2. Advantages and Limitations of ML in Colorectal Surgery

The primary benefit of applying ML to colorectal cancer surgery is that it allows the
prediction of the occurrence of lymph node metastasis, thereby reducing the need for
surgeons to conduct additional surgeries after endoscopic resection of a T1 colorectal ade-
nocarcinoma [19]. For instance, the ML algorithm model developed by Ichimasa et al. [19]
permitted enhanced sensitivity and accuracy of algorithms used in this prediction. Another
advantage of using ML in colorectal cancer is that it facilitates improved decision-making
by ensuring the augmentation of the informed consent procedure and the decision to
operate [20]. Further, ML-assisted electronic health records algorithms guarantee opti-
mal surgical decision-making. This algorithm allows colorectal surgeons to recognize
and mitigate potential risk factors of a process, derive appropriate decisions concerning
postoperative management, and establish shared decisions relating to resource utiliza-
tion [20]. Hildebrand et al. [21] claimed that ML-assisted MSI/dMRR tests through a CNN
network are an effective tool for detecting MSI and predicting responses to immunotherapy,
particularly among colorectal cancer patients.

Another study by Luo et al. [22] presented the advantages of ML in colorectal surgery
by proving that an ML-automated polyp detection system had the ability to increase the
polyp detection rate and minimize the amount of time that surgeons spent in the process.
This illustrates that the increased utilization of ML in colorectal surgery will reduce the
workload for surgeons while simultaneously guaranteeing the efficiency of services.

Similarly, research spearheaded by Wang, Deng, and Wu [23] found that ML models
that utilize magnetic resonance imaging (MRI) have proved effective in predicting the
responses of various patients to chemotherapy, in addition to the evaluation of patient
prognosis. The authors’ focus was patients with rectal cancer, and the algorithm yielded an
accuracy rate of 95% [23].

This statement implies that the precise nature of ML-based algorithms has triggered
their wide application in colorectal surgery. The different functions performed by various
ML algorithms have supported their widespread use, from screening to surgery, which
has made it easier for surgeons to undertake procedures that would take a long time to
complete when using traditional approaches.

On the contrary, the main disadvantage of applying ML in colorectal cancer is its
interpretability. Human scientists cannot evaluate how and why computers discern some
patterns in various algorithms [24]. Another limitation of incorporating ML in colorectal
surgery is that the majority of the ML systems require complex processing, which makes it
challenging to extract data appropriately, thereby leading to erroneous results [24].
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Furthermore, the application of ML in colorectal surgery faces the challenge of the
expensive costs of offering training to staff on various deep learning networks. However,
the main challenges facing the application of ML in colorectal surgery stem from the
disconnection between scientific researchers and surgeons. This makes it challenging for
developers to design ML systems that cater to the needs of patients and clinicians.

4.3. Future of ML in Colorectal Surgery

Another study by Hardy et al. insinuated that a promising future of ML algorithms,
like deep CNN models, in colorectal cancer is possible given the current advancements in
detecting the prevalence of colorectal cancer [25]. This implies that researchers will likely
advance the technology used in detecting colorectal cancer to support effective treatment.
The adoption of ML in colorectal surgery in the future has been supported in an article
by Shung and Byrne [26], that posits that CNNs can enhance the quality of colonoscopy
processes. This suggests that we are likely to implement the advantages of ML in colorectal
surgery due to the benefits the algorithms provide during screening.

Recognizing these strengths will encourage further studies to develop the technology,
to enhance the quality of other procedures involved in colorectal surgeries. Gao et al.
offered a similar argument by demonstrating the success of a faster region-based CNN in
diagnosing colorectal cancer. The technology enables surgeons to identify the prevalence
of tumors and suggest appropriate medication for addressing the condition [27]. These
advancements in technology will improve in the future, as surgeons will value strategies
that make their work easier.

Moreover, ML is the future of colorectal surgery since we, as surgeons in different
institutions, have the unique capability of driving innovations in the field instead of waiting
passively for the technologies to advance [2]. The pivotal role that we have in promoting
the adoption of ML implies that we will have to dedicate efforts toward developing the
technologies since they make our work easier, improve efficiency, and enhance patient
outcomes. According to McKendrick, Yang, and McLeod [28], ML in surgery will prompt
mixed reality technologies, including advanced sensory systems, display schemes, and
simulation platforms.

Additionally, the developers of future systems must engage in comprehensive research
of those systems. Dias, Shah, and Zenati [29] reported that surgeons use ML algorithms
through high-tech operation rooms to support surgical care via cognitive augmentation.
This implies that the advantages attained by colorectal surgeons when applying ML will
prompt them to develop the technologies further. Further, the successful integration of
concepts in the future will largely depend on how the concerned parties handle issues of
safety and confidentiality of data.

A study by Kim revealed that the future of colorectal surgery will involve instances
where ML offers medical treatment to patients. Future medical technology discoveries will
be based on intensive advances in nano and biotechnology, as well as on computers and
the human genome. CAD, organ transplantation, gene therapy, tailored medications, and
perhaps even age reversal would be achievable with this technology. 3D system technology
will let surgeons visualize critical clinical aspects and plan out complex surgeries. Surgery
might be performed by a medical robot under the supervision of surgeons in a virtual
world. The incorporation of ML in colorectal surgery will probably yield positive results,
thereby triggering more applications in the future [30].

ML algorithms have been tested in practically every medical sector. Other ML algo-
rithm approaches such as decision tree systems, evolutionary computation, and hybrid
intelligent systems have all been employed in diverse clinical situations. It has the potential
to revolutionize medicine. More well-designed clinical studies are required before these
new approaches may be used in the real world [31].

It seems as though the future application of ML is certain, provided that developers
handle the current challenges facing different systems. Collaboration of developers, sur-
geons, and researchers will be necessary to achieve this goal, since they are able to envision
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the disadvantages of ML algorithms from different angles. It is essential for colorectal
surgeons to rethink their work practices to integrate ML approaches, to permit the delivery
of precise operations while minimizing the risk of harm to the patient.

Further, an interesting predictive model had been built by our team at the University
of Basel and Clarunis for anastomosis leakage with a small population of patients having
colon surgery as shown above. Our team utilized the “Streamlit” library of python to create
a user-interactive prediction model “https:/ /share.streamlit.io /aic-score-1/b” (accessed
on 2 February 2022).

This model has not yet been developed for clinical purposes and is still in a trial phase.
It will be explained in the next publication, where we will present a glimpse of how it
functions and obtains predictions.

4.4. Literature Gap

The primary literature gap realized via this review is the tendency of articles to
focus on surgery in general when evaluating the application of ML in surgery. Very few
publications have concentrated on ML in colorectal surgery. This suggests that surgeons in
the field lack sufficient information to guide and enhance their practices, contributing to
minimal application of ML in colorectal surgery.

The low application rates might imply that surgeons are not providing yet the quality
care that patients would receive using ML algorithms. The lack of articles in the area further
increases surgeons’ fears, especially about replacement by more intelligent systems. This
could negatively affect the quality improvement of services given to patients, particularly
during surgery.

From this analysis, many studies have shown that the adoption of ML in colorectal
surgery leads to reduced surgery time and lengths of hospital stay after surgery. Therefore,
surgeons who refrain from adopting new technological approaches risk lagging behind
and continuing to experience challenges, i.e., presented by open surgeries. The solution to
this problem requires scientists to engage in comprehensive research on this topic. When
participating in the studies, scientists should consider gathering the insights of surgeons to
ensure that they present their views on the subject. This will make it easier to address the
various concerns, ultimately promoting the integration of ML in surgery.

4.5. Future Work

The natural question arises of “When can this be implemented in the mainstream?”
whenever a new and valuable technology emerges. In the case of ML and its application in
medical fields, the questions include: “How feasible is it to include ML in the treatment
process?”, “Is it cost-effective?”, and “Is it reliable and appropriate for technologies to
diagnose and recommend treatment, or must humans be included?” These are a few
natural considerations to establish some basic norms to future-proof the use of these tools.
Surgeons’ collaboration with data scientists could pave the way for ML utilization in
surgical domains [34].

Protective measures should be taken into consideration prior to proper implementation
and before these ML methods become mainstream. The most immediate step should be to
establish ML medical ethical guidelines. It will be useful to ascertain when it is and is not
suitable to establish these technologies in the medical field. This will be an important step
toward sustainable future applications.

In addition, there is a strong need to understand the underlying data from which
conclusions have been drawn. One of the major problems faced by ML is the lack of credible
data for the training of models or clear conclusions. For example, in studies conducted
using CT scanned images, the total number of input images has ranged roughly from 5000
to 50,000 images, whereas the average number of images trained for the general purpose
work of ML is in the hundreds of thousands. This can lead to unreliable results for difficult
tasks, such as treating and diagnosing.
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The issue of insufficient data will hopefully be addressed as ML prevails in the fu-
ture. Big data facilitates better training and results of ML models. This involves a huge
investment of money and time. Better arrangements need to be made that promote better
data collection methods for enhanced decision making. As more institutions join these
arrangements in the future, the amount of data accrued will increase. An open-source data-
bank for the accessibility of information, such as symptomatology, geographic distribution,
patient characteristics, imaging modeling, etc., could significantly benefit the researchers
and scientists working in this domain.

4.6. Limitations

Many studies outlined in Table 1 tended to focus on the advantages of ML in colorectal
surgery, while very few focused on the shortcomings. Some of the limitations are stated
here. One of the main drawbacks of using Al in medicine is the fact that we are limited in
data, which doubts the authenticity of the findings of its methods. Another limitation is
the installation of Al equipment for its application, as not all can operate on such novice
technology. Also, not all geographical locations or patients have similar medical datasets
during their treatment, but Al tools are trained for universal data, thus making it not
suitable for patient-specific treatments.

5. Conclusions

Many researchers have evaluated studies focusing on the future of ML in colorectal
surgery. The purpose of this research was to demonstrate how surgeons have used ML in
this medical field. The study results revealed that the adoption of ML in colorectal surgery
in the future will lead to multiple benefits, such as enhanced efficiency. However, its success
requires the development of cheaper systems, widespread availability, and collaboration
between surgeons and relevant scientists and researchers. This will promote enhanced
acceptance and the integration of ML features into colorectal surgery. In addition, it will
equip surgeons with the proper knowledge, enabling surgeons to appreciate the advantages
of ML, and refrain from viewing the concept as competition instead envisioning it as an
intelligent assistant.

Furthermore, the results of this study indicate a lack of understanding of the chal-
lenges of ML, contributing to its slow adoption in colorectal surgery. The included articles
have focused on the advantages of ML systems, and the lack of attention paid to the disad-
vantages of ML systems has contributed to their slow adaption. Thus, it remains vital for
researchers in the field to conduct more studies on the topic to raise the public’s awareness
of current and future issues facing the application of ML in colorectal surgery.

Author Contributions: Conceptualization A.T., S.T.-M.; data collection L.B.; visualization S.T.-M.;
writing—original draft S.T.-M., A.T.; writing—review and editing S.D., M.v.E, D.S., V.O., A.T. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

1. Ng, Z.Q.; Jung, ] K.; Theophilus, M. Machine learning in Pre-operative Assessment of Patients in Colorectal Surgery. Turk. J.
Colorectal Dis. 2021, 32,99-104. [CrossRef]
2. Hashimoto, D.A.; Ward, T.M.; Meireles, O.R. The role of machine learning in surgery. Adv. Surg. 2020, 54, 89-101. [CrossRef]

[PubMed]


http://doi.org/10.4274/tjcd.galenos.2021.2021-2-6
http://doi.org/10.1016/j.yasu.2020.05.010
http://www.ncbi.nlm.nih.gov/pubmed/32713441

J. Clin. Med. 2022, 11, 2431 11 0f12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Beyaz, S. A brief history of machine learning and robotic surgery in orthopedics & traumatology and future expectations. Jt. Dis.
Relat. Surg. 2020, 31, 653-657. [PubMed]

Huang, S.; Jie, Y,; Fong, S.; Zhao, Q. Artifcial intelligence in cancer diagnosis and prognosis: Opportunities and challenges. Cancer
Lett. 2019, 471, 61-71. [CrossRef]

Deding, U.; Herp, J.; Havshoei, A.L.; Kobaek-Larsen, M.; Buijs, M.M.; Nadimi, E.S.; Baatrup, G. Colon capsule endoscopy
versus CT colonography after incomplete colonoscopy. Application of machine learning algorithms to identify complete colonic
investigations. United Eur. Gastroenterol. J. 2020, 8, 782-789. [CrossRef]

McGowan, J.; Sampson, M.; Salzwedel, D.M.; Cogo, E.; Foerster, V.; Lefebvre, C. PRESS Peer Review of Electronic Search
Strategies: 2015 Guideline Statement. ] Clin Epidemiol. 2016, 75, 40-46. [CrossRef]

Kitaguchi, D.; Takeshita, N.; Matsuzaki, H.; Oda, T.; Watanabe, M.; Mori, K.; Kobayashi, E.; Ito, M. Automated laparoscopic
colorectal surgery workflow recognition using machine learning: Experimental research. Int. ]. Surg. 2020, 79, 88-94. [CrossRef]
Wang, Y.; He, X.; Nie, H.; Zhou, J.; Cao, P.; Ou, C. Application of machine learning to the diagnosis and therapy of colorectal
cancer. Am. J. Cancer Res. 2020, 10, 3575-3579.

Park, S.H.; Park, H.M.; Baek, K.R.; Ahn, H.M.; Lee, .Y.; Son, G.M. Machine learning based real-time microcirculation analysis
system for laparoscopic colorectal surgery. World J. Gastroenterol. 2020, 26, 6945-6950. [CrossRef]

Mitsala, A.; Tsalikidis, C.; Pitiakoudis, M.; Simopoulos, C.; Tsaroucha, A.K. Machine learning in Colorectal Cancer Screening,
Diagnosis and Treatment: A New Era. Curr. Oncol. 2021, 28, 1581-1607. [CrossRef]

Wang, K.W.; Dong, M. Potential applications of machine learning in colorectal polyps and cancer: Recent advances and prospects.
World . Gastroenterol. 2020, 26, 5090-5096. [CrossRef]

Merath, K.; Hyer, ].M.; Mehta, R.; Farooq, A.; Bagante, F; Sahara, K.; Tsilimigras, D.L; Beal, E.; Paredes, A.Z.; Wu, L.; et al. Use of
machine learning for prediction of patient risk of postoperative complications after liver, pancreatic, and colorectal surgery. J.
Gastrointest. Surg. 2020, 24, 1843-1851. [CrossRef] [PubMed]

Yamashita, R.; Long, ].; Longacre, T.; Peng, L.; Berry, G.; Martin, B.; Higgins, ].; Rubin, D.L.; Shen, J. Deep learning model for the
prediction of microsatellite instability in colorectal cancer: A diagnostic study. Lancet Oncol. 2021, 22, 132-141. [CrossRef]
Echle, A.; Grabsch, H.I.; Quirke, P,; van den Brandt, P.A.; West, N.P; Hutchins, G.G.A.; Heij, L.R.; Tan, X.; Richman, S.D.; Krause,
J.; et al. Clinical-Grade Detection of Microsatellite Instability in Colorectal Tumors by Deep Learning. Gastroenterology 2020, 159,
1406-1416. [CrossRef] [PubMed]

Ahmad, O.F; Soares, A.S.; Mazomenos, E.; Brandao, P; Vega, R.; Seward, E.; Stoyanov, D.; Chand, M.; Lovat, L.B. Machine
learning and computer-aided diagnosis in colonoscopy: Current evidence and future directions. Lancet Gastroenterol. Hepatol.
2019, 4, 71-80. [CrossRef]

Skrede, O.J.; De Raedt, S.; Kleppe, A.; Hveem, T.S,; Liestel, K.; Maddison, J.; Askautrud, H.A.; Pradhan, M.; Nesheim, J.A;
Albregtsen, F,; et al. Deep learning for prediction of colorectal cancer outcome: A discovery and validation study. Lancet 2020,
395, 350-360. [CrossRef]

Kudo, S.E.; Ichimasa, K.; Villard, B.; Mori, Y.; Misawa, M.; Saito, S.; Hotta, K.; Saito, Y.; Matsuda, T.; Yamada, K.; et al. Machine
learning System to Determine Risk of T1 Colorectal Cancer Metastasis to Lymph Node. Gastroenterology 2021, 160, 1075-1084.
[CrossRef]

Yuan, Z.; Xu, T.; Cai, J.; Zhao, Y.; Cao, W,; Fichera, A.; Liu, X,; Yao, J.; Wang, H. Development and Validation of an Image-based
Deep Learning Algorithm for Detection of Synchronous Peritoneal Carcinomatosis in Colorectal Cancer. Ann. Surg. 2020, 275,
e645-e651. [CrossRef]

Ichimasa, K.; Kudo, S.E.; Mori, Y.; Misawa, M.; Matsudaira, S.; Kouyama, Y.; Baba, T.; Hidaka, E.; Wakamura, K.; Hayashi, T.;
et al. Machine learning may help in predicting the need for additional surgery after endoscopic resection of T1 colorectal cancer.
Endoscopy 2018, 50, 230-240.

Loftus, T.J.; Tighe, PJ.; Filiberto, A.C.; Efron, P.A.; Brakenridge, S.C.; Mohr, A.M.; Rashidi, P.; Upchurch, G.R.; Bihorac, A. Machine
learning and surgical decision-making. JAMA Surg. 2020, 155, 148-158. [CrossRef]

Hildebrand, L.A.; Pierce, C.J.; Dennis, M.; Paracha, M.; Maoz, A. Machine learning for Histology-Based Detection of Microsatellite
Instability and Prediction of Response to Immunotherapy in Colorectal Cancer. Cancers 2021, 13, 391. [CrossRef] [PubMed]
Luo, Y;; Zhang, Y.; Liu, M,; Lai, Y,; Liu, P; Wang, Z.; Xing, T.; Huang, Y.; Li, Y.; Li, A.; et al. Machine learning-assisted colonoscopy
for detection of colon polyps: A prospective, randomized cohort study. |. Gastrointest. Surg. 2021, 25, 2011-2018. [CrossRef]
[PubMed]

Wang, PP; Deng, C.L.; Wu, B. Magnetic resonance imaging-based machine learning model in rectal cancer. World . Gastroenterol.
2021, 27, 2122. [CrossRef] [PubMed]

Chen, D,; Liu, S.; Kingsbury, P.; Sohn, S.; Storlie, C.B.; Habermann, E.B.; Naessens, ]. M.; Larson, D.W.; Liu, H. Deep learning and
alternative learning strategies for retrospective real-world clinical data. NPJ Digit. Med. 2019, 2, 1-5. [CrossRef]

Hardy, N.P; Mac Aonghusa, P.; Neary, PM.; Cahill, R.A. Intraprocedural Machine learning for Colorectal Cancer Detection and
Characterisation in Endoscopy and Laparoscopy. Surg. Innov. 2021, 28, 768-775. [CrossRef] [PubMed]

Shung, D.L.; Byrne, M.FE. How machine learning will impact colonoscopy and colorectal screening. Gastrointest. Endosc. Clin. 2020,
30, 585-595. [CrossRef]

Gao, Y.; Zhang, X.X,; Li, S.; Lu, Y. Application of machine learning technology in the diagnosis and treatment of colorectal cancer.
Zhonghua Wei Chang. Wai Ke Za Zhi/Chin. |. Gastrointest. Surg. 2020, 23, 1155-1158.


http://www.ncbi.nlm.nih.gov/pubmed/32962606
http://doi.org/10.1016/j.canlet.2019.12.007
http://doi.org/10.1177/2050640620937593
http://doi.org/10.1016/j.jclinepi.2016.01.021
http://doi.org/10.1016/j.ijsu.2020.05.015
http://doi.org/10.3748/wjg.v26.i44.6945
http://doi.org/10.3390/curroncol28030149
http://doi.org/10.3748/wjg.v26.i34.5090
http://doi.org/10.1007/s11605-019-04338-2
http://www.ncbi.nlm.nih.gov/pubmed/31385172
http://doi.org/10.1016/S1470-2045(20)30535-0
http://doi.org/10.1053/j.gastro.2020.06.021
http://www.ncbi.nlm.nih.gov/pubmed/32562722
http://doi.org/10.1016/S2468-1253(18)30282-6
http://doi.org/10.1016/S0140-6736(19)32998-8
http://doi.org/10.1053/j.gastro.2020.09.027
http://doi.org/10.1097/SLA.0000000000004229
http://doi.org/10.1001/jamasurg.2019.4917
http://doi.org/10.3390/cancers13030391
http://www.ncbi.nlm.nih.gov/pubmed/33494280
http://doi.org/10.1007/s11605-020-04802-4
http://www.ncbi.nlm.nih.gov/pubmed/32968933
http://doi.org/10.3748/wjg.v27.i18.2122
http://www.ncbi.nlm.nih.gov/pubmed/34025068
http://doi.org/10.1038/s41746-019-0122-0
http://doi.org/10.1177/1553350621997761
http://www.ncbi.nlm.nih.gov/pubmed/33634722
http://doi.org/10.1016/j.giec.2020.02.010

J. Clin. Med. 2022, 11, 2431 12 0of 12

28.
29.
30.
31.

32.

33.

34.

McKendrick, M.; Yang, S.; McLeod, G.A. The use of machine learning and robotics in regional Anaesthesia. Anaesthesia 2021, 76,
171-181. [CrossRef]

Dias, R.D.; Shah, J.A.; Zenati, M.A. Machine learning in cardiothoracic surgery. Minerva Cardioangiol. 2020, 68, 532-537.

Kim, Y.J. The future medical science and colorectal surgeons. Ann. Coloproctol. 2017, 33, 207. [CrossRef]

Ramesh, A.N.; Kambhampati, C.; Monson, ].R.; Drew, P.J. Machine learning in medicine. Ann. R. Coll. Surg. Engl. 2004, 86, 334.
[CrossRef] [PubMed]

Lai, L.L.; Blakely, A.; Invernizzi, M.; Lin, J.; Kidambi, T.; Melstrom, K.A; Yu, K.; Lu, T. Separation of color channels from
conventional colonoscopy images improves deep neural network detection of polyps. J. Biomed. Opt. 2021, 26, 015001. [CrossRef]
[PubMed]

Kudo, S.E.; Misawa, M.; Mori, Y.; Hotta, K.; Ohtsuka, K.; Ikematsu, H.; Saito, Y.; Takeda, K.; Nakamura, H.; Ichimasa, K ; et al.
Machine learning-assisted System Improves Endoscopic Identification of Colorectal Neoplasms. Clin. Gastroenterol. Hepatol. 2020,
18, 1874-1881.€2. [CrossRef] [PubMed]

Hashimoto, D.A.; Rosman, G.; Rus, D.; Meireles, O.R. Machine learning in Surgery: Promises and Perils. Ann. Surg. 2018, 268,
70-76. [CrossRef] [PubMed]


http://doi.org/10.1111/anae.15274
http://doi.org/10.3393/ac.2017.33.6.207
http://doi.org/10.1308/147870804290
http://www.ncbi.nlm.nih.gov/pubmed/15333167
http://doi.org/10.1117/1.JBO.26.1.015001
http://www.ncbi.nlm.nih.gov/pubmed/33442965
http://doi.org/10.1016/j.cgh.2019.09.009
http://www.ncbi.nlm.nih.gov/pubmed/31525512
http://doi.org/10.1097/SLA.0000000000002693
http://www.ncbi.nlm.nih.gov/pubmed/29389679

	Introduction 
	Methods 
	Search Strategy 
	Selection of Criteria and Evidence Quality 
	Data Extraction 

	Results 
	Selection of Sources of Evidence 
	Characteristics of Evidence Sources 

	Discussion 
	Application of ML in Colorectal Surgery 
	Advantages and Limitations of ML in Colorectal Surgery 
	Future of ML in Colorectal Surgery 
	Literature Gap 
	Future Work 
	Limitations 

	Conclusions 
	References

