Gastroenterology

Baishideng Publishing Group Inc



World Journal of
Gastroenterology

Jaishideng®

Contents Weekly Volume 27 Number 21 June 7, 2021

FRONTIER

2664  Cystic pancreatic lesions, the endless dilemma
Okasha HH, Awad A, El-meligui A, Ezzat R, Aboubakr A, AbouElenin S, EI-Husseiny R, Alzamzamy A
REVIEW

2681  Status quo and future prospects of artificial neural network from the perspective of gastroenterologists
Cao B, Zhang KC, Wei B, Chen L

2710  Molecular alterations in pancreatic tumors
Visani M, Acquaviva G, De Leo A, Sanza V, Merlo L, Maloberti T, Brandes AA, Franceschi E, Di Battista M, Masetti M,
Jovine E, Fiorino S, Pession A, Tallini G, de Biase D

2727  Toward a new era of hepatitis B virus therapeutics: The pursuit of a functional cure
Tsounis EP, Tourkochristou E, Mouzaki A, Triantos C
MINIREVIEWS

2758  Artificial intelligence in perioperative management of major gastrointestinal surgeries
Solanki SL, Pandrowala S, Nayak A, Bhandare M, Ambulkar RP, Shrikhande SV

2771  Direct antiviral agents in hepatitis C virus related liver disease: Don’t count the chickens before they’'re
hatched
Compagnoni S, Bruno EM, Madonia G, Cannizzaro M, Madonia S

2784  Rethinking the Barcelona clinic liver cancer guidelines: Intermediate stage and Child-Pugh B patients are
suitable for surgery?
Romano F, Chiarelli M, Garancini M, Scotti M, Zago M, Cioffi G, De Simone M, Cioffi U

2795  Potential risk factors for constipation in the community
Werth BL, Christopher SA

2818  Requirements for implementation of artificial intelligence in the practice of gastrointestinal pathology
Yoshida H, Kiyuna T
ORIGINAL ARTICLE
Basic Study

2834  Fecal microbiota transplantation ameliorates experimental colitis via gut microbiota and T-cell modulation
Wen X, Wang HG, Zhang MN, Zhang MH, Wang H, Yang XZ

WJG | https://www.wjgnet.com I June 7,2021 | Volume?27 | Issue?2l



World Journal of Gastroenterology

Contents
Weekly Volume 27 Number 21 June 7, 2021

2850  Insight into molecular mechanisms underlying hepatic dysfunction in severe COVID-19 patients using
systems biology

Hammoudeh SM, Hammoudeh AM, Bhamidimarri PM, Mahboub B, Halwani R, Hamid Q, Rahmani M, Hamoudi R

Clinical and Translational Research

2871  Survival-associated alternative splicing events interact with the immune microenvironment in stomach
adenocarcinoma

Ye ZS, Zheng M, Liu QY, Zeng Y, Wei SH, Wang Y, Lin ZT, Shu C, Zheng QH, Chen LC

Retrospective Study

2895  Clinicopathological characteristics and prognosis of 232 patients with poorly differentiated gastric
neuroendocrine neoplasms

Han D, Li YL, Zhou ZW, Yin F, Chen J, Liu F, Shi YF, Wang W, Zhang Y, Yu XJ, Xu JM, Yang RX, Tian C, Luo J, Tan HY

Observational Study

2910  Prediction of hepatic inflammation in chronic hepatitis B patients with a random forest-backward feature
elimination algorithm

Zhou JY, Song LW, Yuan R, Lu XP, Wang GQ

Bishidengs WIG | https://www.wjgnet.com I June7,2021 | Volume27 | Issue2l |



World Journal of Gastroenterology

Contents
Weekly Volume 27 Number 21 June 7, 2021

ABOUT COVER

Editorial Board Member of World Journal of Gastroenterology, Takaaki Arigami, MD, PhD, Associate Professor,
Department of Onco-biological Surgery, Kagoshima University Graduate School of Medical and Dental Sciences, 8-
35-1 Sakuragaoka, Kagoshima 890-8520, Japan. arigami@m.kufm kagoshima-u.ac.jp

AIMS AND SCOPE

The primary aim of World Journal of Gastroenterology (WJ]G, World | Gastroenterol) is to provide scholars and readers
from various fields of gastroenterology and hepatology with a platform to publish high-quality basic and clinical
research articles and communicate their research findings online. WJG mainly publishes articles reporting research
results and findings obtained in the field of gastroenterology and hepatology and covering a wide range of topics
including gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING

The WJG is now indexed in Current Contents®/Clinical Medicine, Science Citation Index Expanded (also known as
SciSearch®), Journal Citation Reports®, Index Medicus, MEDLINE, PubMed, PubMed Central, and Scopus. The 2020
edition of Journal Citation Report® cites the 2019 impact factor (IF) for W]G as 3.665; IF without journal self cites:
3.534; 5-year IF: 4.048; Ranking: 35 among 88 journals in gastroenterology and hepatology; and Quartile category:
Q2. The W]G's CiteScore for 2019 is 7.1 and Scopus CiteScore rank 2019: Gastroenterology is 17/137.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Yu-Jie Ma; Production Department Director: Xiang I.i; Editorial Office Director: Ze-Mao Gong.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastroenterology https:/ /www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1007-9327 (print) ISSN 2219-2840 (online) https:/ /www.wijgnet.com/bpg/Getlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
October 1, 1995 https:/ /www.wignet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Weekly https:/ /www.wignet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Andrzej S Tarnawski, Subrata Ghosh https:/ /www.wjgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

http:/ /www.wjgnet.com/1007-9327/ editotialboard.htm https:/ /www.wijgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
June 7, 2021 https:/ /www.wjgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com https://www.wjgnet.com

Bishidengs WIG | https://www.wjgnet.com 111 June7,2021 | Volume27 | Issue2l |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
http://www.wjgnet.com/1007-9327/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.3748 / wjg.v27.i21.2758

World Journal of
Gastroenterology

World | Gastroenterol 2021 June 7; 27(21): 2758-2770

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

MINIREVIEWS

Artificial intelligence in perioperative management of major
gastrointestinal surgeries

Sohan Lal Solanki, Saneya Pandrowala, Abhirup Nayak, Manish Bhandare, Reshma P Ambulkar, Shailesh V

Shrikhande

ORCID number: Sohan Lal Solanki
0000-0003-4313-7659; Saneya
Pandrowala 0000-0001-6367-4879;
Abhirup Nayak 0000-0001-6832-
3074; Manish Bhandare 0000-0002-
5390-130X; Reshma P Ambulkar
0000-0002-3353-4303; Shailesh V
Shrikhande 0000-0002-8036-4212.

Author contributions: Solanki SL
contributed idea of writing,
literature search, scientific writing
and manuscript writing, editing
and final approval; Pandrowala S
contributed literature search,
scientific writing and manuscript
writing, editing and final approval;
Nayak A contributed literature
search, manuscript editing, and
final approval; Bhandare M,
Ambulkar RP and Shrikhande SV
contributed manuscript editing,
proofreading and final approval.

Conflict-of-interest statement: The
authors declare that they have no
competing interests.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,

Jaishideng®

WJG | https://www.wjgnet.com

Sohan Lal Solanki, Abhirup Nayak, Reshma P Ambulkar, Department of Anesthesiology, Critical
Care and Pain, Tata Memorial Hospital, Homi Bhabha National Institute, Mumbai 400012,
Mabharashtra, India

Saneya Pandrowala, Manish Bhandare, Shailesh V Shrikhande, Gastro-Intestinal Services,
Department of Surgical Oncology, Tata Memorial Hospital, Homi Bhabha National Institute,
Mumbai 400012, Maharashtra, India

Corresponding author: Sohan Lal Solanki, MD, Professor, Department of Anesthesiology,
Critical Care and Pain, Tata Memorial Hospital, Homi Bhabha National Institute, E Borges
Marg, Parel, Mumbai 400012, Maharashtra, India. me sohans@yahoo.co.in

Abstract

Artificial intelligence (AI) demonstrated by machines is based on reinforcement
learning and revolves around the usage of algorithms. The purpose of this review
was to summarize concepts, the scope, applications, and limitations in major
gastrointestinal surgery. This is a narrative review of the available literature on
the key capabilities of Al to help anesthesiologists, surgeons, and other physicians
to understand and critically evaluate ongoing and new Al applications in periop-
erative management. Al uses available databases called “big data” to formulate an
algorithm. Analysis of other data based on these algorithms can help in early
diagnosis, accurate risk assessment, intraoperative management, automated drug
delivery, predicting anesthesia and surgical complications and postoperative
outcomes and can thus lead to effective perioperative management as well as to
reduce the cost of treatment. Perioperative physicians, anesthesiologists, and
surgeons are well-positioned to help integrate Al into modern surgical practice.
We all need to partner and collaborate with data scientists to collect and analyze
data across all phases of perioperative care to provide clinical scenarios and
context. Careful implementation and use of Al along with real-time human
interpretation will revolutionize perioperative care, and is the way forward in
future perioperative management of major surgery.

Key Words: Algorithms; Artificial intelligence; Big data; Data management; Machine
learning; Perioperative care
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Core Tip: Artificial intelligence (AI) has revolutionized the way surgery and anesthesia
are taught and practiced. Applications of Al in anesthesia are risk prediction, control of
anesthesia by closed-loop anesthesia delivery systems, monitoring the depth of
anesthesia, robotic intubation, monitoring cardiac output based on algorithms and
ultrasound guidance. In surgery, Al focuses on generating evidence-based, real-time
clinical decision support designed to optimize patient care and surgeon workflow. Al
can be used to appropriately convey the results of prognosis and treatment algorithms
to patients. Nevertheless, there is a lack of problem-solving by Al and a continuing
dependence of human analysis.

Citation: Solanki SL, Pandrowala S, Nayak A, Bhandare M, Ambulkar RP, Shrikhande SV.
Artificial intelligence in perioperative management of major gastrointestinal surgeries. World J
Gastroenterol 2021; 27(21): 2758-2770

URL: https://www.wjgnet.com/1007-9327/full/v27/i21/2758 .htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i21.2758

INTRODUCTION

Artificial Intelligence (AI) which means intelligence demonstrated by machines is
based on reinforcement learning and revolves around the usage of algorithms. AI has
already found an irreplaceable place in our lives with it use by smartphones, personal
assistants like Alexa and many other applications. Al derives inspiration from the
brain's complex neural network and uses artificial “neurons” that learn by comparing
themselves to the desired output and "reinforce" connections that are useful, thus
creating the basis of the artificial neural network approach. The healthcare field
generates vast medical databases, also known as “big data” that include healthcare
records, imaging, pathology, and surgical videos. Analysis of big data with the help of
Al can help diagnose diseases early as well as predict outcomes better, which will
eventually lead to effective and economical healthcare. Involvement of Al in periop-
erative management includes preoperative assessment with accurate risk predictions,
intraoperative management includes intubating and operating robots, infusion
devices, monitoring the depth of anesthesia (DOA), and early detection of anesthesia
and surgical complications. The vast spectrum of Al and the ability of deep neural
networks (DNN) to analyze intraoperative videos, the learning curve, and near misses
may be reduced in minimally invasive surgery[1]. Postoperatively, Al has shown a
role in reducing surgical site infections (SSI), intra-abdominal SSI after gastrointestinal
(GI) surgeries[2,3], and identifying anastomotic leaks from electronic health records
(EHRs)[4,5]. The applications of Al in the near future are expected to be significantly
practice-changing, hence it becomes essential for surgeons and anesthesiologists to be
updated with current applications and possible future uses.

BASICS OF Al IN A NUTSHELL

Al is a vast field in which machine learning (ML) forms a subfield (Figure 1). ML
enables machines to learn from experience just as humans do. ML depends on the
ability to perform tasks based on algorithms without actual programming and can be
divided into supervised, unsupervised, and reinforcement learning[6]. Supervised
learning enables the ML algorithm to achieve a predesigned outcome, unsupervised
ML does not have prescribed output categories and can detect subtle patterns in large
datasets that are imperceptible to human analysis. In supervised ML, datasets are
divided into a training set and a test set to test the algorithm using the new dataset.
Reinforcement learning is similar to conditioning and involves repeated trial and error
situations that lead to a reward. DNN or deep learning involves multiple layers of the
network that allow for the learning of more complex patterns (Figure 2). In DNN, to
achieve the best association between the input and output layer, there are multiple
intermediate hidden layers in that are fed data by their previous layers and thus
influence the outcome. DNN can use EHR variables and accurately predict
anastomotic leaks or mortality in postoperative patients[4,5]. Conventional neural
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Figure 1 Machine learning is a subfield of artificial intelligence; deep neural networks in turn form a subfield of machine learning. Al:
Artificial intelligence; DNN: Deep neural networks; ML: Machine learning.

Hidden layers

Figure 2 Deep neural networks have multiple intermediate layers that are hidden between the input and output layers.
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networks, recurrent neural networks, and residual neural networks are currently
commonly used architectures in deep learning. Techniques used by Al include
computer vision (CV) and natural language processing (NLP). CV allows Al to
identify objects through the processing of patterns and images; NLP allows machines
to analyze human language beyond their machine language or code. CV and NLP
have diverse applications in surgery and anesthesia.

PREOPERATIVE MANAGEMENT AND PLANNING

Preoperative planning of GI surgeries includes the combined use of pathological
diagnosis, endoscopy, and imaging to identify patients at risk of complications, for
early detection, and for timely treatment. Digital pathology with the transfer of slide
images is in practice to report them remotely and can help obtain second opinions by
remote centers with pathological dilemmas. Due to the sheer volume of specimen and
ability to focus the microscope in an area of the field, even expert pathologists are
bound to miss areas of interest. Al helps to analyze the whole field as well as to detect
subtle changes[7,8]. Al algorithms can identify celiac disease[9], Helicobacter pylori[10],
grade liver fibrosis[11], classify colonic polyps[12], grade dysplasia[13], predict 5-year
overall survival in colorectal cancer from pathology[14], and predict microsatellite
instability[15]. The drawbacks include large data storage and the need for an efficient
network, computer, and equipment. ML learns from the data feed and because of
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baseline inter-individual variability amongst pathologists, there is a grey zone
regarding a 100% precision. Endoscopists have embraced Al and currently used it
increase detection of polyps as well as to differentiate hyperplastic from adenomatous
polyps based on endoscopic images[16,17]. However, most of the additional polyps
detected by trained DNN are sub-centimetric adenomas[17]. It can also be used to
differentiate malignant vs nonmalignant tissue, identify the depth of invasion, and
margins of endoscopic resection[18,19]. An important feat achieved through Al is the
evaluation of huge numbers of endoscopic images obtained by wireless capsule
endoscopy[20] as well as an integrated ultrasound system in the capsule for evaluation
as described by Sonopill[21]. Owing to the problem of organ deformation in the
abdomen, integration of Al in imaging of GI pathologies has not been as fast as in
breast or lung diseases. However, for a complex solid organ like the liver Al has
expanded the scope of complex surgeries by three-dimensional (3D) visualization,
virtual simulation surgery[22-24] and navigation-assisted surgery (see below). With
that technology, it is possible to assess patients with large tumors initially considered
inoperable[25]. The ability of 3D imaging to assess biliary anatomy and the liver
remnant helps to predict the optimal surgical path to avoid residual tissue in complex
hepatolithiasis[26-28]. 3D imaging has helped to better understand pancreatic vascular
anatomy and determine the resectability of tumors[29-31]. Photoacoustic imaging
combines optical imaging with high resolution ultrasound and large penetration
depth. This has shown promise in Crohn's disease to assess intestinal hemoglobin
levels and differentiate between active and inactive disease to avoid unnecessary
invasive procedures[32].

The other aspect of perioperative planning is decision making and risk assessment.
The surgical decision is not made only by the surgeon, a shared-decision includes
patient involvement in the management, increases patient satisfaction, compliance and
allows the patient to cope up with any unfortunate complications[33]. IBM Watson
Oncology was built to help oncologists to keep up to date with current evidence and
guide decision making. Despite the associated hype, it has not been able to deliver
well for GI cancers[34,35]. Unfortunately, the available risk assessment models like
major adverse cardiac events, the Revised Cardiac Risk Index, and Gupta Periop-
erative Risk for Myocardial Infarction or Cardiac Arrest underestimate the risk
involved[36-38]. The American Society of Anesthesiologists (ASA) classification, which
is used widely is also not devoid of subjective assessment errors[39]. Al and ML
platforms that are fed data from vast databases of patients outcomes can identify and
accurately predict risk based on the variables available EHRs. The MySurgeryRisk
platform uses EHR data of 285 variables and has been shown to predict perioperative
risk with better accuracy than clinical judgement[5]. It utilizes the big data from EHRs
and obviates manual input of variables to give accurate mortality prediction. ML has
been shown to accurately predict mortality, sepsis, and acute kidney injury using
intraoperative data[40-43]. The Predictive OpTimization Trees in Emergency Surgery
Risk (POTTER) calculator is an ML platform based on the American College of
Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) database to
calculate perioperative risk and mortality[44]. POTTER is accurate, user-friendly and
can be integrated with EHR data to identify and prevent risks like SSI, sepsis,
pneumonia, urinary tract infection, cardiac complications, and prolonged intensive
care unit (ICU) stay in postoperative patients. Similarly, for the prevention of
anesthesia-related complications, ML algorithms can interpret data from previous
surgery that includes both patient risk factors and postoperative outcomes to
recommend the anesthetic drugs to be used[45].

INTRAOPERATIVE MANAGEMENT

Al has led to several advancements for the induction and maintenance of anesthesia in
the current era. Intubation robots like the Kepler intubation system, which uses a
video laryngoscope and a robotic arm to place the endotracheal tube, has shown a 91%
success rate[46]. Monitoring DOA requires the assessment of a multitude of
parameters and is a complex task to be converted in real-time to an ML algorithm. Al
utilizes the bispectral index (BIS), which is derived from electroencephalogram data, to
maintain tight feedback and control of DOA[47]. McSleepy automated intravenous
infusion machines use the BIS along with vital signs to maintain DOA by adminis-
tering propofol, narcotics, and muscle relaxants[48]. The maintenance of DOA is a
critical balance between infusion and assessment of parameters and under-dosing or
excessive DOA may be caused by equipment imbalance, therefore automated
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anesthesia is still in its infancy and not ready to be adopted in general practice. Closed-
loop anesthesia delivery systems which are another automated delivery system based
on BIS have been shown to be effective and efficient[49].

Apart from induction and maintenance, automated regional anesthetic blockade has
been performed by the da Vinci® system, and the Magellan robot has been used to
place peripheral nerve blocks[50,51]. Intraoperative intelligence can help to predict
return of consciousness after general anesthesia, and neural networks can predict post-
induction hypotension as well as the rate of recovery from neuromuscular blockade
[47]. Hatib et al[52] have utilized arterial waveforms to formulate a model that was
able to predict hypotension 15 min before its occurrence using waveform analysis. In
an unblinded randomized clinical trial (HYPE trial), the use of a ML-derived early
warning system compared resulted in less intraoperative hypotension with standard
care[53]. Neural networks can assist in the identification of vertebral level and
epidural landmarks for postoperative pain from ultrasound images[47]. In supra major
abdominal surgeries like cytoreductive surgeries or hyperthermic intraperitoneal
chemotherapy, it is recommended to use cardiac output monitoring. Currently,
noninvasive arterial pressure-based cardiac output monitoring is used in a majority of
cases[54]. A noise-robust bioimpedance approach for cardiac output monitoring using
a regression support vector machine and DNN is the most accurate and robust method
for monitoring cardiac output, but it has not been used in surgical patients[55].

Today’s operation theater (OR) utilizes a multitude of anesthesia and surgical
machines that provide a regular status report and adequate assistance. The hetero-
geneous sensors in the OR are known as “context-aware assistance” and help in the
smooth functioning of the surgical procedures[56]. ML and data annotation can be
used to identify the phases of surgery and apply them to identify any deviation or
delay in surgical steps[57]. Surgical navigation technology or computer-assisted
abdominal surgery use preoperative or intraoperative imaging to track surgical
instruments and help to describe hidden surgical anatomy. These have been described
in case reports in laparoscopic adrenalectomy[58], splenectomy[59], pancreatico-
duodenectomy[60], and esophagectomy[61]. However, integrating this entire system
in current practice is difficult because of the effort required in the setup and the
problem of organ deformation in the abdomen. Liver surgery, with its complex biliary
and vascular anatomy, makes a perfect match for the use of navigation-assisted
procedures[62-65]. Prediction of the resectability of peritoneal carcinomatosis often
requires a laparotomy to assess the burden of disease. ML like the random forest
model have been shown to predict resectability with an accuracy of 97.82% in
peritoneal carcinomatosis[66] and could help prevent unnecessary laparotomies and to
improve the efficiency of the OR.

The da Vinci Surgical System® (Intuitive Surgical, Sunnyvale, CA, United States) is
the most commonly used robotic platform and is used for a majority of pelvic
surgeries, where it has shown superior postoperative outcomes[67]. Robotic surgery
gives surgeons full control with robotic arms, but there is an increase in operative time
and cost. A standalone robotic camera can reduce costs and has been evaluated for
pancreatic procedures[68] and for laparoscopic cholecystectomy[69]. In laparoscopic
cholecystectomy, there was an increase in operating time, which was possibly caused
by a lack of real autonomy or reinforced learning and needs to be controlled by the
surgeon either verbally or by manual interaction. The human-machine interface can be
controlled by gaze gesture recognition or recognition of the surgeon’s head movement
to control the laparoscope or endoscope remotely[70-72]. As an alternative to
automated anesthesia and robotic surgery, Jacob et al[73,74], designed Gestonurse, a
robotic scrub nurse with a sensor that understands nonverbal hand gestures, can help
to deliver surgical instruments to surgeons. The Smart tissue anastomosis robot is used
for minimally invasive suturing and it has been shown in experimental models to have
better accuracy and consistency than human surgeons[75,76]. Minimally invasive
laparoscopic surgery is a continuously evolving process for surgeons, requires skill
and has a learning curve. With Al it is possible to identify the real-time automatic
surgical phase for real-time workflow recognition and teaching[77]. A DNN approach
has shown an accuracy of 91.9% for the identification of surgical phases in 71 patients
with laparoscopic sigmoidectomy[77]. With the help of AI and DNN, it will be
possible to predict the occurrence of intrasurgical events and to avoid near-miss events
in laparoscopic surgery[1].
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POSTOPERATIVE MANAGEMENT

A smooth postoperative recovery for all patients is the goal. NLP allows ML
algorithms to understand EHR data and to utilize it to predict outcomes[5,78]. ML
algorithms have been shown to accurately predict superficial SSI, organ space SSI,
sepsis, and bleeding requiring transfusion after liver, pancreatic, or colorectal
surgery[79]. Statistically, it has shown to outperform the ASA and ACS-Surgical Risk
Calculator. One of the most undesirable complications after major GI surgeries is an
anastomotic leak. Various clinical signs and biochemical and radiological investig-
ations are used to assess leaks. The use of NLP data from EHRs can predict
anastomotic leaking after colorectal or bariatric surgery[5,80]. Al has been shown to
predict the risk of postoperative pancreatic fistula (POPF) after pancreaticoduoden-
ectomy by using prediction platform algorithms. A patient’s predicted POPF risk
could guide clinical management and prevent or mitigate untoward outcomes[81]. ML
has been used in the postoperative period or in ICUs in patients with sepsis to predict
urine output and fluid status after fluid administration and to help avoid fluid
overload and oliguria[82].

As has been recently published, an ML algorithm performed by the DASH
Analytics High-Definition Care Platform can use EHR data predict the risk of SSI and
suggest ways to reduce the risk in real-time during the closure. The platform reduced
SSlIs by 74% in 3 years at the University of lowa Hospitals and Clinics[83]. Al research
has also focused on minimizing postoperative pain and maximizing patient comfort.
Postoperative pain after abdominal surgeries was studied in a randomized controlled
trial (RCT) involving 50 patients using the Nociception Level (NOL) index, a
multiparameter Al-driven index designed to monitor nociception during surgery. That
study found no differences in perioperative opioid (fentanyl and morphine)
consumption, but there was a 1.6-point improvement in postoperative pain scores in
the NOL-guided group[84] (Figure 3).

EDUCATION AND TRAINING

Al can help in the training of anesthesiologists by recreating realistic case scenarios not
encountered in routine training, which makes them more prepared for possible
situations in the OR. Virtual reality (VR) uses computer technology to simulate the real
environment. Minimally invasive surgeries or liver surgeries that require a high level
of skill or expertise, are performed better by surgeons who have been trained by
VR[85,86]. Currently, there is no robust objective assessment tool to assess competency
in advanced laparoscopic colorectal surgery. Observational clinical human reliability
analysis and assessment of errors in laparoscopic videos may potentially be useful for
specialist recertification and revalidation[87,88].

ROLE IN THE CORONAVIRUS DISEASE 2019 PANDEMIC

The coronavirus disease 2019 (COVID-19) pandemic has changed lives worldwide and
has affected healthcare delivery to a great extent. Elective major surgeries were put on
hold because of the sudden need of beds and the risk of postoperative infection with
the virus, which could lead to adverse outcomes[89]. Healthcare workers were at high
risk for infection along with the elderly and individuals with comorbidities. As of July
2020, more than 1800 healthcare workers from 64 countries had died of COVID-19[90].
Intubation generates aerosols that increase the risk of infection, and the use of
intubation robots might reduce exposure of healthcare workers. The da Vinci®system,
the most widely used surgical robot can reduce exposure allowing minimal contact
with the patient. Robotic surgeries require fewer OR personnel than open surgeries,
require less intrabdominal pressure than laparoscopic surgery, which reduces aerosol
generation[91,92]. Robotic procedures are moving towards contactless surgeries with
the help of magnetic navigation systems, which require an external magnet placed on
the patient’s body[93]. Delaying elective surgery has resulted in a patient backlog.
Clearing the backlog requires the efficient use of OR time and resources. An ML
algorithm with a custom Python script has been shown to optimize the efficiency of
operating room booking times that resulted in a reduction in nursing overtime of 21%,
which was equivalent to saving of half a million dollars[94]. Robots can be used to
perform surgery on weekends and after hours under supervision that will help to clear
the surgical backlog and mitigate surgeon fatigue[95]. Training programs have also
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Figure 3 Comprehensive view of areas that reflect the benefits of artificial intelligence in management of major gastrointestinal surgery.
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been transformed by the pandemic is the surgical. Conversion of hospitals to
dedicated COVID-19 centers, halting of non-urgent surgeries, and reallocation of space
to ICU services have drastically hampered the training of surgery residents[96]. VR
can allow residents to engage in minimally invasive surgeries amongst others rather
than experiencing a complete void in surgical training[85,86]. Al can help to resolve
and provide alternative solutions to a few of the problems resulting from the
pandemic.

LIMITATIONS

Al should not be looked upon as the answer to all problems. Al can help identify
subtle differences in large datasets, but there are certain instances where traditional
methods perform better. Al is as good as the data that is used to generate the answers.
The results will depend on the questions asked, the variables labelled, and the datasets
that are available. Any glitches in those components will result in an incorrect
algorithm. Also, the generalizability of the algorithm is dependent on the data that is
used to generate it. If the algorithm has been derived from data extracted from an
Asian population, then it cannot be generalized and used to predict accurate answers
for white Americans. Similarly, there unknown confounders might be present. For
example, in one study, an algorithm was more likely to classify a skin lesion as
malignant if an image had a ruler in it[97]. The practice of evidence-based medicine
has been built upon strictly regulated RCTs. To adopt Al as standard, it will need to
undergo vigorous RCTs to confirm their performance in a blinded fashion. Lack of
transparency because of multiple layers in a neural network becomes problematic and
may not be considered trustworthy or accepted in healthcare because wrong results
can lead to devastating consequences[98].

LEGAL IMPLICATIONS

Ethicos is a Greek word meaning a way of conduct accepted in society. Moralis is a
Latin word that denotes judgement of the appropriateness of a given action. Most of
the time, ethics and morality are used interchangeably. The ethical and legal implic-
ations of Al are heavily debated. It has already been explained that if the algorithm is
flawed, Al will generate inaccurate results. Those errors are different from ones that
occurring because of network loss or computer malfunction. Al was initially used only
to augment clinical decision making but with its current development and autonomy,
flaws in the device that harm patients, resulting in medical negligence, require that
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responsibility needs to be predetermined. The allocation of responsibility was
traditionally to the surgeon, but with the self-learning capability of Al, it may not be
possible for the surgeon to override certain procedures. Legal implications have still
not reached a consensus regarding allocation. O’Sullivan et al[99] have classified the
responsibility of Al and autonomous robotic surgery as (1) accountability; (2) liability;
and (3) culpability. Accountability means the capacity of a system to explain its
actions, liability is subject to action by the legal system, and culpability relates to
punishment. Accountability can be determined by recording the actions, but the issues
of liability and culpability require a consensus to adapt to the scenario of Al and
robotics.

CONCLUSION

Al is emerging as a powerful tool in healthcare, with the ultimate aim of achieving
better patient outcomes. However, we have not yet achieved that goal. Many aspects
need to be refined or addressed, beginning with algorithm development and
extending to legal and ethical issues. Future advances could definitely allow patients
entering the clinic to be given accurate perioperative risks related to both anesthesia
and surgery derived from previous surgical experience and patient histories. Intraop-
eratively along with automated anesthesia and robotic surgery, Al could help predict
events like hypotension or delay in surgical steps or to avoid near misses. Al could
identify the risk of postoperative complications like sepsis or renal failure as well as
anastomotic leak to plan for early intervention. The use of Al in the OR is not intended
to replace the surgeon or the anesthesiologist but to expand human capacity and
capability through enhanced vision, dexterity, and complementary machine
intelligence for improved surgical safety and outcomes.
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