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Abstract
The 21st century has started with several innovations in the medical sciences, with wide applications in health care management. This development has taken in the field of medicines (newer drugs/molecules), various tools and technology which has completely changed the patient management including abdominal surgery. Surgery for abdominal diseases has moved from maximally invasive to minimally invasive (laparoscopic and robotic) surgery. Some of the newer medicines have its impact on need for surgical intervention. This article focuses on the development of these emerging molecules, tools, and technology and their impact on present surgical form and its future effects on the surgical intervention in Ggastroenterological diseases.
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Core Tip: This editorial discusses the effect of newer medicines, emerging tools and technology, and their impact on surgery for gastrointestinal diseases and its future. Whether surgery is going to remain in its present form or will come up in a new makeover or vanish completely in the future?

INTRODUCTION
Surgical outcomes/results today are results of various refinements and innovations, which are ongoing and continuous in the field of surgical techniques, safer anesthesia, post-operative management, and better diagnostic modalities for early and timely diagnosis. Various emerging molecules, e.g., drugs, immunomodulators and targeted therapeutic agents, along with newer tools and techniques for early diagnosis, precise surgical planning, and intraoperative surgical decision-making have significantly reduced the postoperative complications and improved the survival of patients. Advancements in technology that have led to changes in surgery are computer-based tools, laparoscopes, robots, and artificial intelligence (AI). With this development, surgery has changed from maximally invasive (Open) to minimally invasive (MIS), from multi-port laparoscopic surgery to single port surgery (SILS) and now robotic surgery which is technically and oncological feasible even for malignant diseases with its added advantage over conventional surgery. In this editorial, we shall explore and discuss how the surgical knife has evolved and what shape it may take in the future in gastrointestinal (GI) surgery after all these developments.

HISTORICAL BACKGROUND
Historically the surgery can be traced back to the Before Christ (BC) era with the description of several procedures performed including amputation of leg[1]. In Egypt, nearly around 3000 BC, surgeons were immobilizing fractures, excising tumors and suturing was done with linen thread[2]. Sushruta close to 600 BC in India is known for pioneering surgical procedures and has written a book named Sushruta Samita which was the main source of surgical knowledge in ancient India[1]. Greek physician Hippocrates is considered the father of modern medicine as he was the one who described diseases and their treatment in a scientific manner[3]. Hanaoka in Japan was the first to perform Surgery using General anesthesia[4]. The first known open appendicectomy was performed on an 11-year-old child with perforated appendicitis in St. George Hospital in 1735[5]. Othersen et al[6] removed a large ovarian tumor. Johnston et al[7] performed the first Belfast gastrectomy for cancer. Surgical results were poor because of sepsis[1].
In the latter half of the 19th century, Joseph Lister gave the concept of antisepsis and initially, carbolic acid was used to prevent postoperative infections[1]. It was in the late 1900s that the likelihood of surviving surgery was more than that of dying from surgery[8]. Surgery in the 20th century became relatively safer with the introduction of Penicillin by Alexander Fleming in 1928. There were two notable developments in the latter half of the 20th century, which revolutionized surgery. First in transplant (first successful liver and pancreas transplant in 1967 and 1966 respectively) and second in MIS surgery/key role surgery in 1980 (laparoscopic/robotics)[1]. Today surgical armamentariums have more than 2500 different surgical techniques[1]. The focus of moving forward is placed more on refining these techniques to ensure better short and long-term results. Developments in the 21st century aim to make surgery less invasive through smaller incisions (Robotics, SILS, MIS, and interventional techniques) and to make surgery more precise with the help of computronics and AI. Whether surgery is going to remain in its present form or a newer remake or vanish completely in the future is unknown.

NEWER DEVELOPMENTS/INNOVATIONS AFFECTING THE GI SURGERY
Newer medicines/molecules
Various new molecules have emerged in the past decades, which have been found useful in several GI diseases by avoiding/delaying surgical intervention. These molecules have been divided into mature, advancing, and emerging molecules based on their present role in the medical field.

Mature molecules: Mature molecules are ones which are already established and proven their clinical efficacy and are in widespread use such as: (1) Small-molecule drugs; (2) recombinant proteins; and (3) monoclonal antibodies.
Small molecules peculiarly attracted researchers due to their ease of oral administration. JAK inhibitors (Tofacitinib & others) and sphingosine receptor modulators/agonists (Ozanimod & Etrasimod) are examples of small molecules which play an important in the treatment of ulcerative colitis. Sphingosine-1-phosphate receptor modulators/agonist induces the circulating lymphocytes to get collected in lymph nodes thereby decreasing effective circulating lymphocytes[9].
Recombinant proteins such as recombinant human IL-10 which by its anti-inflammatory action have helped in inducing remission in chronic active colitis[10]. Recombinant sjCystatin derived from Schistosoma japonicum, by upregulation of Th-2 cells (helper T cells) and regulatory T cells, decreases/ameliorates colonic inflammation[11].
Monoclonal antibodies/Biological therapy act against the TNF-alpha and IL-12/23 which are proinflammatory mediators in the pathogenesis of inflammatory bowel disease. Anti-TNF-alpha molecules like Infliximab and Adalimumab have been shown in various randomized controlled studies where usage of these molecules has led to a decrease in the rate of colectomy in ulcerative colitis patients[9]. Similarly, anti IL12/23 therapy (Ustekinumab, Mirikizumab, and Risankizumab) and anti-integrin therapy (Vedolizumab and Etrolizumab) have shown promising results in moderate to severe ulcerative colitis patients. After the introduction of the biological agents for management of the inflammatory bowel disease, there is a decline in the rate of surgical intervention which is established in several trials[12].

Advancing molecules: Advancing molecules are those which have passed their proof of concept and are in the late stages of clinical trials such as (1) RNAi therapeutics; (2) antibody-drug conjugates; (3) antibody-radio conjugates; (4) bispecific antibodies and derivatives; and (5) chimeric antigen receptor (CAR) T-cell therapy.
RNA modulation with small interfering RNA (siRNA) to target genes involved in the pathogenesis of gastrointestinal diseases such as inflammatory bowel disease, malignancy, gastroesophageal reflux disease (GERD), etc. siRNA can be designed to target messenger RNA coding faulty protein, proinflammatory cytokines. Therapeutic agents can be delivered by oral, rectal, and endoscopic delivery systems. Oral preparations have been modified to counter its degradation by acid and enzymes present in GIT[13].
Antibody-drug conjugates are monoclonal antibodies which are covalently bound to cytotoxic drugs with the help of a linker. Monoclonal antibodies provide specificity to attach to the tumor cells followed by destruction of the tumor cells by cytotoxic moiety. Initially, these conjugates had a role in hematological malignancies but now its role has extended to GI malignancies including Esophageal, Colonic and Pancreatic cancer. One such conjugate is Cetuximab sarotalocan in which a chimeric monoclonal antibody is conjugated with near-infrared dye. Photosensitizing dye can be activated with a laser to achieve targeted destruction of the cancerous cells[14].
Antibody-radio conjugates: Radiolabeled antibodies can target specific antigens present on the cancerous cells, with tumoricidal activity. Feasibility of the anti-CEA antigen-antibody labelled with I131 for pancreatic cancer has been demonstrated. Presently these studies are being done on unresectable cancer[15].
Bispecific antibodies and derivatives: Bispecific antibodies are the ones that have 2 antigen binding sites. One site will bind with T cells and the other site will bind with tumor cells expressing the antigen. When both sites are bound, it will lead to T cell activation with the release of cytokines and the destruction of tumor cells. Release of the cytokines will recruit further T cells[16].
In CAR-T cell therapy, the patient’s native T cells are engineered to attack tumor cells. Initially, they were utilized for leukemia but now they are also being utilized in solid tumors including Ovarian epithelial tumors, hepatocellular carcinoma, pancreatic, gastric, and biliary tract malignancy[17].
Biomarker-driven therapy for colorectal cancer: Some of the above-mentioned molecules are part of biomarker-driven therapy such as antibody-drug conjugates, antibody-radio conjugates, and bispecific antibodies. Biomarker-driven therapy for colorectal cancer is the one which targets cancer cells with particular mutations with drugs. Drugs such as tasins, statins, and azithromycin act on APC (adenomatous polyposis coli) mutated cells which further leads to apoptosis of mutated cells. Similarly, drugs acting on other genetically mutated cells like KRAS/MEK/BRAF, SMAD 4/CDC4 and P53 are likely to have a strong future potential impact on the surgical treatment of similar abdominal diseases[18]. Biomarker-driven therapy may have the potential to treat abdominal cancer with surgery being reserved for complications such as bleeding, acute obstruction, and perforation.

Emerging molecules: Emerging molecules are still in the proof-of-concept stage, i.e., in the preclinical or early clinical stage and include oncolytic viruses, stem cells, in vivo gene editing (for example, CRISPR/Cas, ZEN, TALENs, or other mega nucleases)-(discussed separately under heading genomics/stem cell therapy): (1) Microbiome treatments; (2) PROTACs, and several others; and (3) nanotechnology.
Microbiome treatments: Microbiomes can modify the efficacy of cancer therapy by regulating metabolism to increase or decrease the immune response to the tumor by modulating the metabolism of antitumor agents. The interaction between the host immune response and the microbiome needs to be studied further to derive any conclusions[19].
PROTACs and several others: PROTAC stands for proteolysis targeting chimaera. PROTAC consists of three components namely protein of interest binding area (POI), E3 Ubiquitin binding area and a linker between these two areas. When POI binds with a cancer-causing protein or mutated protein, the ubiquitin site starts binding ubiquitin leading to mutated protein being recognized by proteasome and leads to its destruction. PROTAC has shown promising results. Presently trials are being conducted with PROTAC in breast and prostate cancer but in the future many more cancers will be within reach of PROTAC therapy[20].
Nanotechnology: Gold nanoparticles (AuNPs) have a role in various medical applications such as spectroscopic cancer imaging, as imaging agents for cancer detection and prostate cancer treatment with fewer side effects. Nanosized particles are successful in evading the reticuloendothelial system. The development of nano theragnostic promises to improve the treatment of cancer through improved tumor targeting, controlled drug delivery, and therapeutic monitoring[21].
“Enhanced Permeability and Retention Effect” (EPR Effect), distinctly shown by gold nanoparticles have an enormous future impact on the treatment of cancer. Gold NPs of a particular size accumulate in higher concentrations in cancer cells than in healthy cells. Nanotechnology has led to advancement in the design of gold nanoparticles to allow for the generation of localized heat in the proximity of cancer tissues and additionally allow delivery of drugs in a controlled and targeted way. Colloidal Au can also be covalently linked onto adenoviral vectors for selective cancer targeting and induce hyperthermia by application of near-infrared laser light[21].
Newer treatment molecules for inflammatory bowel disease (IBD) include inhibitors of immune cell mobilization and inhibitory molecules against various cytokines involved in the inflammatory process of IBD. Surgical indications are limited and contained today. It seems surgical indications will be for complications of the disease, failure to respond to medical treatment, patient’s choice due to drug-related issues and that too with MIS techniques.

Genetics/genomics of diseases/stem cell therapies
Gene therapy and stem cell therapy are part of the emerging molecules. Gene therapy acts via four mechanisms. Firstly, induction of apoptosis/increasing tumor sensitivity to conventional therapy. Secondly by insertion of the wild type of gene. Thirdly by arresting the expression of the oncogene and lastly by increasing the immunogenicity of the tumor cells so that a natural defense mechanism can take care of the tumor cells[22].

Oncolytic viruses: Oncolytic viruses are genetically modified viruses and play a role in cancer therapy by preferentially replicating in the tumor cells causing its lysis and further by stimulating the immunity of the host. Various oncolytic viruses such as vaccinia virus, Reo, herpes simplex virus, and adenovirus and oncolytic measles virus have shown promise in the treatment of Colo-rectal cancer[23].

Stem cells: Pluripotent stem cells, adult stem cells and cancer stem cells have a role to play in cancer therapy. Various applications include post-cancer treatment, bone marrow suppression, as a therapeutic agent carrier, generation of immune effector cells and vaccine carrier[24].

In vivo gene editing and genomics: This therapy involves non-viral delivery of RNA for silencing of oncogenes, DNA delivery of tumor suppressors, apoptosis inducers, suicide genes or immune-stimulatory molecules. Presently this therapy is being studied for colorectal, gastric, and liver cancer[25].
Advancements in genomics will improve surgical outcomes through prevention, prediction and early diagnosis by genomic sequencing and further manipulating the genes by genetic engineering. Many surgical diseases have genetic basis which will be detected swiftly and precisely by genome sequencing. The risk of developing disease will guide surgical intervention in the early stage leading to organ-sparing surgical intervention. Estimating/calculating the risk of having a disease will be of prime importance[26].
Genetic engineering will lead to the manipulation of genes involved in the disease process. For example, aiming genetic defects using CRSIPR-cas9 will lead to the introduction of a new subspeciality of surgery, genome surgery. Initiatives have already been underway to expand the CRISPR toolbox for making gene editing precise, effective, and safe[27].

Tools and technology
Surgery is undergoing evolution at a fast pace. On one hand, emerging technologies such as robotics, AI, and machine learning promise to improve standardization and effectiveness of diagnosis and treatment while on the other hand, there is always humanitarian concern such as disparities in equal access to the highest quality surgical care worldwide[28].
Areas of technological advances that are having and going to impact surgical care are: (1) Computronics-advance computers or supercomputers; (2) MIS techniques such as laparoscopy or robotics; (3) MIS surgery with laparoscopy [standard, SILS, or natural orifice transluminal endoscopic surgery (NOTES)], interventional endoscopy and endoscopic ultrasound-guided procedures, endo-bariatrics along with its integration with AI; and (4) AI-based imaging, intraoperative surgical decision making and patient-specific implant/biomaterials[29].

MIS techniques: Refinement in surgical techniques has shown the world the era of MIS surgery and its benefits in terms of smaller incisions, better cosmesis, shorter hospital stays, less pain, less time for post-operative recovery, earlier resumption of daily activity with equivalent oncologic outcomes. Surgeons were initially skeptical about MIS surgery but trials have removed the doubts and concerns. The incorporation of charge-coupled devices (CCD) cameras added to the laparoscope, radically changed the perception of laparoscopic surgery[30].

Standard laparoscopic procedures: Laparoscopic cholecystectomy done by Philip Mouret, France in 1987 is considered the first laparoscopic surgery. Now in today’s world laparoscopic cholecystectomy is the gold standard for cholelithiasis. The domain of laparoscopic surgery has been increasing since then with its definite advantages with equal long-term outcomes including oncological outcomes. Presently surgical procedures that are done laparoscopically and have improved patient outcomes include: Staging and diagnostic laparoscopy; cholecystectomy; CBD exploration; splenectomy; anti-reflux surgery; cardio-myotomy for achalasia cardia; laparoscopic anti-obesity procedures; laparoscopic colonic and rectal surgery; laparoscopic appendicectomy; laparoscopic hernia surgery/gastrectomy; pancreatic surgery; liver resection; and hepaticojejunostomy and many others. Today majority of abdominal surgeries are being performed or can be performed with laparoscopy.

NOTES: NOTES is the most difficult and complex technique among minimally accessible techniques. Access to the peritoneal cavity and intraabdominal organs can be oral (via esophagus and stomach), trans-vaginal, trans-colonic and trans-vesical. Rendezvous NOTES is a term used when more than one portal for entry is used to access the target organ. The term “Hybrid NOTES” is used when along with laparoscopic access, NOTES access is used for completion of the surgical procedure[31].
The transvaginal route is associated with some amount of success in procedures like cholecystectomy and appendicectomy[32].
Presently there are hurdles associated with NOTES some of which are difficulty in achieving triangulation, delicate flexible endoscopic instruments to hold and retract the organs and excessive mobility associated with the technique[31].
NOTES technique has to undergo much refinement and improvement before its routine clinical use which seems difficult shortly.

SILS: Single incision laparoscopic surgery presently is in between standard laparoscopic technique and NOTES. In this technique single incision although somewhat larger than a standard laparoscopic incision because of the need to insert a camera and instruments via the same incision. Limitations of SILS include loss of triangulation, clashing of the telescope with instruments and limited mobility as compared with standard laparoscopy. Articulating instruments can circumvent the problem of triangulation but these articulating instruments cannot be placed through standard trocar and need special access devices like Triport and Quadport[31].
Another development is magnetic anchoring and guidance system technology in which a magnetic camera is delivered into the peritoneal cavity and the camera position is controlled with externally placed magnets on the abdominal wall. Limitations associated with this technology are the inability to clean the camera lens, insufficient lighting and the magnet can guide the camera in thin-built patients. SILS has not drastically changed the patient outcomes over standard laparoscopic procedures vs the results of standard laparoscopy over open surgical procedures. The benefits of SILS are more cosmetic[31].
Comparing SILS with standard laparoscopy, SILS may be potentially less invasive but it does not provide the same maneuverability as standard laparoscopy. Surgeons’ experts in SILS technique have not shown a similar level of skills and maneuverability as they have with laparoscopy[33].

Robotic surgery: Robotic surgery has extended the capabilities of surgeons to be more precise in surgical intervention. Robotic-assisted surgeries have all the advantages of MIS and may have fewer complications and similar or better outcomes albeit at higher cost and need for specialized training. Robotic technology encompasses tremor-free filtration which steadies the instrument and also provides magnification improving the precision needed for complex surgery with a narrow margin of error[34].
As of today, surgical robots are remote control devices which help the surgeon to do complex maneuvers intraoperatively with ease and precision. The surgical knife is still under the control of the surgeon. Technology or AI is a long way from delivering fully automated Surgical robots[35].
Some of robots like cyber knife are partially autonomous and robotic arm delivers radiation with a surgeon/physician monitoring it from another room[34]. The degree or level of autonomy depends upon the varying levels of AI. Vicarious, next-generation surgical robot has extraordinary reach and strength to mimic almost all surgical moves of the operating surgeon[36].
The fusion of AI programs with surgical robots can increase the efficacy of surgical procedures by decreasing technical errors, operating time and improving access to difficult body areas thereby reducing human errors[34].
Despite many advantages, robots have several issues and limitations which include expensive and bulky, lack of haptic feedback, single port access and NOTES, telesurgery, application with AI, lack of emotion and humanitarian touch, and automation in surgical tasks[37].

Endoscopy and endoscopic ultrasound-guided interventional procedures: Endoscopic procedures have advanced at the same pace as laparoscopic procedures. Initially from diagnostic endoscopy to simple endoscopic procedures such as polypectomy to complex endoscopic/endoscopic ultrasound-guided procedures. Currently, endoscopic procedures and guided interventions are possible for benign GI disease, malignant GI diseases, bariatric procedures, and hepatopancreatic biliary diseases.

Benign GI therapy: Includes procedures for achalasia cardia (per oral endoscopic myotomy), anti-reflux procedure (transoral incision-less fundoplication), and endoscopic ultrasound-guided gastrojejunostomy and stenting.

Malignant GI therapy: Includes endoscopic mucosal dissection, endoscopic submucosal dissection, endoscopic full-thickness resection, submucosal tunnelling mucosal resection, and stenting.

Endoscopic bariatric therapy: Various endoscopic therapies range from space-occupying devices to endoscopic procedures. Endoscopic procedure for the treatment of obesity includes primary obesity surgery endoluminal, endoscopic sleeve gastroplasty, transoral outlet reduction, duodenum-jejunal bypass sleeve (endo barrier), gastroduodenal-jejunal bypass (endo bypass system), and incisionless magnetic anastomotic system.
These procedures have been described, but compared with the standard surgical procedures such as laparoscopic sleeve gastrectomy or laparoscopic Roux-en-Y gastric bypass they are less efficacious in weight loss[38].

Hepatopancreatic biliary interventions: The scope of the endoscopic ultrasound ranges from diagnostic to therapeutic procedures and includes EUS-guided FNAC/FNAB, EUS-guided celiac plexus block, pancreatic collection drainage, EUS-guided biliary drainage procedures and EUS guided anti-tumoral therapy[39].

AI: Advancements in AI in the form of virtual reality (VR), mixed reality, and augmented reality (AR) are helping in the planning of surgical procedures and thus changing the outcomes of surgical procedures. VR helps to train surgeons for new procedures before they perform these procedures on patients in reality. VR can help surgeons practice various surgical procedures and invaluable lifesaving surgical maneuvers. VR can also improve the efficiency of medical care by training medical professionals in rural and far-flung areas[36].
The most efficient treatment of cancer is surgery with sufficient surgical margins to avoid local recurrence. During the surgical procedure, a hitch for the surgeon during surgery is the identification of the correct plane of resection for tumor tissues. AI can guide the surgeon in intraoperative decision making which in true clinical practice comes by experience.
Three main ways in which AI guides surgeons regarding intraoperative decision-making are by retrieving the data of similar situations/scenarios and providing better insight into the intraoperative condition. Intraoperative pathological tissue discrimination from normal healthy tissue. Suggestion of the surgical step which can be appropriate for the situation.
AI by helping in the detection of the vital surrounding structures, helps in deciding the level of transection and anastomosis has led to a decrease in the complication rate and improved surgical outcomes. In colorectal surgery, AI can be used to detect the surrounding structures such as nerve plexus, presacral venous plexus, ureter, bladder, prostate, and seminal vesicles and lymph nodes so that vital structures are protected without compromising the radicality of the oncological procedure. Various techniques are used for in vivo detection of margin status, i.e., optical biopsies using confocal laser endomicroscopy, hyperspectral imaging, optical coherence tomography, and contrast-enhanced ultrasonography[40].
AR inputs provide additional information intraoperatively in real-time which helps and guides the surgeon on table decision-making[35]. AR functions by providing the three-dimensional (3D) input of patient surgical anatomy based on preoperative imaging and provides surgeons with insight into the critical anatomical structures such as ureters, major vessels, CBD, etc. in the vicinity of the dissection field[41].
Virtual segmentation technique helps to view the deeper structures of the solid viscera thus guiding regarding the resection planes. Compared with mobile intraperitoneal organs such as small bowel, retroperitoneal structures are easily reconstructed. AR is much more beneficial in procedures involving the adrenal, kidney, pancreas and liver[41].

CAS-One system TM: CAS-One system TM (CAScination, Bern, Switzerland), which makes use of preoperative images along with intraoperative ultrasonography, has been used successfully to accomplish complex liver resections[41].
Intraoperative molecular imaging and live diagnostic aim to detect small or residual tumors post neoadjuvant therapy, to differentiate between normal and tumor tissue and to detect metastasis in nodal tissues in real-time. Intraoperative molecular imaging makes use of fluorescence-tagged antibodies that bind to receptors expressed in malignant tissue and to optically active nanomaterial hybrid tracers[41].
Fluorescent tracers detect the tumor tissue and facilitate the resection while the hybrid tracers (both fluorescent and radioactive) help in the detection of deeper tumor tissue where fluorescent tracers fail to do that[42].
The advent of the I knife by Professor Zoltan Takats of Imperial College, London further facilitates to identify the cancerous tissue by analyzing the smoke of the tissue using a mass spectrometer (REIMS- rapid evaporative mass spectrometry) in real time[36].

AI-BASED IMAGING AND PATIENT-SPECIFIC IMPLANTS/BIOMATERIALS
[bookmark: _Hlk123664709]Innovations in medical imaging on various fronts include: AI and machine learning; advanced functional imaging; 3D printing; photon-counting computed tomography (CT) scanners; liquid biopsy imaging; and AI-based radio mimics.

AI and machine learning
Application of AI and machine learning with AI algorithm can help in the segmentation of the solid viscera, differential diagnosis, histopathology prediction, early detection of recurrence, and evaluation of treatment response[43].

AI in the field of gastroenterology[44]: AI has vast applications in the field of gastroenterology which include diagnosis, prognosis and analysis of images.

For diagnostic: Artificial neural networks (ANN) can help in diagnosis based on the study of various clinical parameters. Pace et al[45] showed with the ANN model in 2005 diagnosis of GERD can be made using only 45 clinical variables with an accuracy of 100%.

For prognosis: Various authors have compared ANN models against various scoring systems such as the RANSON score, APACHE score for pancreatitis, BLEED criteria for lower GI bleed, and Rockall criteria for upper GI bleed.
ANN models have greater accuracy in predicting prognosis, rebleed rate and operative intervention. Various SVM-based models predict lymph node metastasis by studying clinicopathological factors based on the endoscopically resected specimen. A prediction model using the SVM model decreased the rate of unnecessary additional surgery (77%) when misdiagnosing lymph node metastasis than those of a prediction model using American (85%), European (91%), and Japanese guidelines (91%).

Image analysis: AI models have been created to distinguish between early cancer and Barrett’s esophagus based on specific texture, color filters, and machine learning.

Advanced functional imaging
[bookmark: _Hlk127975250]Functional imaging using the fusion of positron emission tomography/magnetic resonance imaging (MRI) or with functional MRI gives us clues regarding the tumor activity and thus aids in treatment strategies.

3D printing
3D printing is the process in which virtual image of the patient organ of interest is taken digitally, processed, and later used to create 3D model. Primary usage of 3D printing is preoperative planning of resection procedures. It shows how intimate structures are related to the pathological tissues. Surgeons after reviewing the 3D printed models have changed surgical strategy in some cases. Other advantages of 3D printing in educating the surgical trainees and also informing/explaining the patient about the surgical procedure planned[41].

Photon counting CT scanners
Advantages of photon counting CT scanner over and above presently used state of art CT scanner is that they have greater resolution, high signal-to-noise ratio, superior non-contrast imaging and spectral imaging data. First commercial photon counting got FDA approval in 2021[46].

Liquid biopsy
Over the last 10 years, diagnosis and follow-up of cancer patients has been shifting from invasive to less invasive procedures. Liquid biopsy is detection of cancers cells or its various products like circulating DNA, RNA, protein which are shed from the tumor and is being detected. Liquid biopsy can also detect circulating tumor cells. EPISPOT assay based on liquid biopsy can even detect a single circulating tumor cell and is used in the management of cancer such as breast cancer, colon, prostate and pancreas[47].

AI based radiomics
AI is a system that draws inferences from a large set of data. Typically, radiomics evaluates size, shape and textural features which are used to create models which help to arrive at the diagnosis and help in surgical decision making[48].

ETHICAL ISSUES ASSOCIATED WITH APPLICATION OF NEWER TOOLS AND TECHNOLOGY (AI) IN HEALTHCARE
Newer tools, technology, molecules, and procedures in medicine always come with enthusiasm and look attractive with many advantages described over conventional treatments and methods. However, many unanswered questions are always there, be it long-term outcomes or side effects. Over and above are the ethical issues that are usually ignored. Some of the concerns are regarding ethical dilemmas, privacy and data protection, informed consent, social gaps, medical consultation, empathy, and sympathy. Before embarking on AI, we must not violate four principles of ethics which are Autonomy, Beneficence, Non-maleficence, and Justice[44].

General data protection regulation
Organization such as Genetic Information Non-discrimination Acts in the United States prohibits employers from discrimination based on genetic health information. Clinical data collected by AI machines can be hacked and can be misused for discrimination.

Informed consent and autonomy
Patients have the right to information that if an AI algorithm goes wrong or equipment fails who is responsible?

Social gap and justice
With the introduction of AI, the standard level of care will increase which might not be available in poor resource countries leading to the widening of the social gap.

Medical consultation, empathy, sympathy
AI machines working on behalf of doctors and nurses are not empathic and sympathetic towards patients which will lead to the destruction of the doctor-patient relationship (Tables 1 and 2)[45,49-61].
 
PRESENT STATUS OF KNIFE (SURGERY)
Based on current developments and innovations described in the literature, surgical knife (surgery) has a dominant and primary role in the management of abdominal diseases. However, it has moved from maximally invasive to MIS form, with better preoperative diagnosis, accurate surgical planning, precision surgery on the table and minimum complications. The newer molecules are delaying or replacing surgery in some of the benign abdominal pathology but have a limited role in malignant diseases. Open surgery still occupies a significant part of surgical procedures in developing and underdeveloped countries. Despite this change, it is important to train surgeons in open abdominal procedures and expose them to anatomical planes with haptic/tactile sensation and ergonomics. Open surgical exposure will be of great help for learning MIS and handling complications if laparotomy is required[62].

POSSIBLE FUTURE REALITY OF ABDOMINAL SURGERY
The abdominal surgeon of the future will need to adapt and learn a wider range of emerging technologies quicker than ever before. The amount of information that needs to be learned will be enormous. The paradigm of training has changed from simple mentorship to proficiency-based, quantifiable assessment, and surgeons will be required to have higher standards than today. The extra amount of work will be required to achieve new standards with changing technology with greater responsibilities that the changes of the coming generation will bring. The future surgeon will not only hold the lives of their patients in their hands but may be responsible for the future of what it means to be human[63].
Future abdominal surgery would be miniature, MIS and hand-free. The knife will be replaced with an I knife or laser knife, and the Surgical trolly will be replaced simply by a computer, console, and robot with higher capability of AI but would be surgeon-centric. Surgical planning would be like a surgical strike on foreign soil with precision, in real-time execution of the task and return to the home ground safely with or without used arms and ammunition with success. Compliance would be like satellite launching and nuclear fission/fusion. The entire surgical team and instruments may be in the form of a surgical capsule, incorporated with 3D images, a nanocomputer with AI and an I knife/laser knife. The capsular theatre may be swallowed by patients for luminal lesions or it will be dropped into the peritoneal cavity (with a small incision or laparoscope) for extraluminal surgery. The incorporated information and the coded action will come out of the capsule at the precise site of the lesion, the knife will be released and an AI-based computer will execute the operation, albeit monitored and observed by an ungloved surgeon out of the surgical field. After the lesion is removed, or action is over, the lesion may be left in the abdominal cavity or removed subsequently either by an incision or by natural orifice. Once the designated task is over, the capsular operation theatre may come out by natural orifice or will disintegrate like a space shuttle based on its purpose and design.
The role of the knife (surgery) in abdominal diseases may be contained or be limited with the developments of newer molecules and medicines. Some of the benign abdominal diseases may not require surgery or will have selective surgical intervention. Malignant luminal or solid organ pathology too will be treated with medicines but in a selective manner. However, surgery will always remain in the centre stage of treatment. The form of future surgery will be miniature, MIS, precise, and individualized but with no instrument. Still, without surgical gloves, the surgeon’s role would be a meticulous planner for a successful, fruitful, and meaningful surgical strike. A world of caution and ethical issues will always be there for such futuristic operation theatre, of its design, use and application.

CONCLUSION
With the development of several newer molecules, targeted therapy, genomic manipulation (genetic surgery) and newer diagnostic tools for early and timely diagnosis some of the current surgical GI diseases may not require surgery or surgery may be delayed. Fast-emerging tools and technology have an impact on early and accurate diagnosis, pretreatment planning, intra-operative surgical decision-making and also on the mode of surgical intervention. MIS surgery, today has its fair amount of share in GI surgery and may likely to dominant in the future over open surgery. However, open surgery is and will be at the center stage, as it’s the basis for the development of all the newer modes of surgical intervention and works as a pivot for teaching and training and will always going to remain there, albeit in its limited role. Miniature theatre, miniature robots and AI are the future possibilities of GI surgery. Judicious selection of technology, tools and molecules are warranted within ethical limit for patient’s benefit.
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Table 1 Some of the applications of machine learning in gastroenterology[49]
	Modality
	Clinical presentation/
diagnosis
	Application

	Upper GI endoscopy
	Barrett’s oesophagus
	Identification of early cancerous lesion; target site for biopsy; endoscopic assistance

	
	Oesophageal cancer
	In the diagnosis of SCC

	
	H. pylori infection
	Atrophy vs metaplasia

	
	Gastric cancer
	Tumor vs non tumorous tissue; depth of invasion

	Capsule endoscopy
	GI bleed
	Source of bleed; detecting pathologic lesions such as erosions and ulcers

	
	Celiac
	Finding villous atrophy

	Colonoscopy
	Colorectal cancer
	Bowel preparation assessment; adenoma detection; assistance

	
	Ulcerative colitis
	Severity and relapses

	Ultrasound-based test-fibro scan/elastography
	Various liver diseases; benign & malignant
	Fibrosis stage

	
	Pancreatic diseases
	Tumour assessment, degree of intrapancreatic fat

	
	GI pathology
	Survival prediction in colorectal cancer; identification of MSI; HCC vs cholangiocarcinoma; predict prognosis and survival in HCC


GI: Gastrointestinal; SCC: Squamous cell carcinoma; H. Pylori: Helicobacter pylori; HCC: Hepatocellular carcinoma.

Table 2 Current use and application of newer tools and technology in gastrointestinal surgery
	Disease/pathology
	Aim
	Artificial intelligence used
	Ref.

	GERD, atrophic gastritis
	Diagnosis
	Artificial neural network
	Pace et al[45], 2005; Lahner et al[50], 2005

	Acute pancreatitis
	Prediction of prognosis- comparing with RANSON, APACHE score
	Artificial neural network
	Yang et al[51], 2019

	Ulcerative colitis
	Prediction of prognosis after apheresis therapy
	Artificial neural network
	Takayama et al[52], 2015

	Colorectal cancer
	To predict lymph node metastasis
	SVM
	Ichimasa et al[53], 2018

	
	Recognition of ureter in endoscopic images
	Convolutional neural network
	Harangi et al[54], 2017

	
	To distinguish normal colonic mucosa from malignant lesions with confocal laser endomicroscopy
	Fractal analysis and neural network modelling
	Ştefănescu et al[55], 2016

	
	Differentiation of colonic carcinoma from adenoma and healthy mucosa using hyperspectral imaging
	Artificial neural network
	Jansen-Winkeln et al[56], 2021

	Gastric cancer
	To define safe dissection planes
	Deep learning model based on u net
	Kumazu et al[57], 2021

	GI bleed
	Predicting mortality, recurrent bleeding, need for therapeutic intervention
	Artificial neural network
	Das et al[58], 2003

	GI polyp
	On colonoscopy
	SVM
	Billah et al[59], 2017

	HBV related fibrosis
	Shear wave elastography
	Convolutional neural network
	Wang et al[60], 2019

	Pancreatic adenocarcinoma
	Image analysis of endoscopic ultrasound
	Multilayer perception network
	Săftoiu et al[61], 2012


GI: Gastrointestinal; GERD: Gastroesophageal reflux disease; APACHE: Accuracy of Acute Physiology and Chronic Health Evaluation; HBV: Hepatitis B virus; SVM: Support vector machine.
